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LRG1 in pancreatic cancer cells promotes inflammatory factor 
synthesis and the angiogenesis of HUVECs by activating VEGFR 
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Background: This study aimed to investigate the roles of leucine-rich alpha-2-glycoprotein 1 (LRG1) in 
regulating angiogenesis during pancreatic cancer (PC) pathogenesis. 
Methods: LRG1 expression in tissues was detected by qRT-PCR and immunohistochemistry. LRG1 
in BxPC-3 and Capan-2 cells was knocked down or overexpressed. Cell viability and the migration and 
invasion abilities of cells were analyzed using the Cell Counting Kit-8 (CCK-8) assay and Transwell 
system, respectively. Interleukin-1 beta (IL-1β), IL-18, and vascular endothelial growth factor A (VEGFA) 
contents in cell culture were measured by ELISA, and the angiogenesis of HUVECs was assessed by the 
in vitro tube formation assay. In vitro LRG1 expression in BxPC-3 and Capan-2 cells was determined using 
immunofluorescence. 
Results: The results showed that LRG1 expression was significantly increased in pancreatic cancer tissues 
and cell lines. LRG1 knockdown inhibited the viability, migration, invasion, and IL-1β and IL-18 synthesis 
of BxPC-3 and Capan-2 cells. VEGFA synthesis in BxPC-3 and Capan-2 cells was also inhibited by LRG1 
knockdown, which caused impaired tube formation of co-cultured HUVECs. LRG1 overexpression 
enhanced the viability, migration, and invasion of BxPC-3 and Capan-2 cells, also causing elevated tube 
formation of HUVECs and IL-1β and IL-18 synthesis in co-cultures of HUVECs and BxPC-3 or Capan-2 
cells. Silencing of VEGF receptor (VEGFR) abrogated the enhanced tube formation and IL-1β and IL-18 
synthesis in HUVECs co-cultured with BxPC-3 or Capan-2 cells overexpressing LRG1.
Conclusions: In conclusion, LRG1, which is highly expressed in pancreatic cancer cells, promotes 
inflammatory factor synthesis and the angiogenesis of HUVECs though activating the VEGFR signaling 
pathway.
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Introduction

Pancreatic cancer is one of the most common human 
malignancies. It is characterized by rapid progression and 
a high mortality rate, and is listed as one of the leading 
causes of cancer-related death worldwide (1,2). A recent 
epidemiological analysis demonstrated that pancreatic 
cancer was estimated to cause more than 44,000 and 79,000 
deaths annually in the United States and China, respectively, 
and its incidence is still increasing especially in developed 
countries (3,4). Pancreatic ductal adenocarcinoma (PDAC) 
is the major subtype of pancreatic cancer. It accounts for 
over 95% of all global pancreatic cancer cases and has a 
5-year survival rate of less than 5% (2,5). More importantly, 
pancreatic cancer is notoriously difficult to treat, mainly 
due to its typically late diagnosis at the metastatic stage, 
lack of an effective cure, and high relapse rates following 
surgical resection (1,2,5). Extensive investigations have 
shown that the pathogenesis of pancreatic cancer is 
predominantly driven by genetic mutations in major 
signaling components, such as Kirsten rat sarcoma viral 
oncogene homolog (KRAS), cyclin-dependent kinase 
inhibitor 2A gene (CDKN2A), which is alternatively called 
p16, tumor suppressor protein-53 (TP53), and mothers 
against decapentaplegic homolog 4 (Smad4) (2,6). However, 
the molecular events driving pancreatic cancer initiation 
and progression, especially metastasis which contributes to 
its high malignancy, still remain poorly understood.

Angiogenesis refers to the formation of new blood 
vessels. It plays essential roles in various physiological 
processes and pathological conditions such as embryonic 
and fetal development, bone regeneration, and would 
healing, as well as regenerative medicine and tissue 
engineering (7,8). Angiogenesis has been regarded as a 
risk factor in pancreatic cancer (9). Previous reports have 
established that the processes of angiogenesis are modulated 
by a panel of chemical stimuli and cell factors, such as 
vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), fibroblast growth factor 
(FGF), hypoxia-inducible factor (HIF), and transforming 
growth factor beta (TGF-β) (7,8,10). Specifically, VEGF 
is known to perform its angiogenic functions by activating 
the tyrosine kinase-mediated signaling networks through 
directly binding with 3 VEGF receptors (VEGFRs), which 
are widely expressed in vascular smooth muscle cells, 
vascular endothelial cells, and other cell types involved in 
angiogenesis (8,10,11). In the context of cancer progression, 
VEGFA levels in tumor tissues are usually elevated to a 

maximum degree at the vascular sprout sites. VEGFA binds 
with VEGFR2 to enhance signaling events, promoting 
cell proliferation and vascular permeability, which finally 
contribute to angiogenesis and cancer progression and 
metastasis (8,9,12). For instance, the inhibition of VEGFR 
expression and activation was shown to effectively suppress 
tube formation and lymphatic endothelial cell sprouting, 
along with angiogenesis and pancreatic cancer growth 
and progression (13). Meanwhile, angiogenesis in human 
cancers may also be initiated and modulated by hypoxia 
and inflammation (10,14). Therefore, elucidation of 
the molecular mechanisms underlying inflammation 
and angiogenesis in pancreatic cancer may facilitate the 
development of new therapeutic strategies.

Leucine-rich alpha-2-glycoprotein 1 (LRG1) is a serum 
glycoprotein consisting of 312 amino acids with leucine-
rich repeats. It has been shown to regulate cell adhesion, 
apoptosis, and migration, and is associated with various 
biological processes such as would healing, ischemia/
reperfusion injury, osteoarthritis, and cancer initiation 
and progression (15-19). More importantly, LRG1 has 
been shown to be a key regulator of inflammation and 
angiogenesis under distinct contexts (18,20-23). For 
instance, the angiogenesis and migration of mesenchymal 
stem cells in subchondral bones during osteoarthritis were 
shown to be significantly promoted by tumor necrosis 
factor-alpha (TNF-α)-induced LRG1 expression (18). 
Also, LRG1-regulated angiogenesis processes could be 
effectively induced by TGF-β, which has been implicated 
in various pathogenic conditions including ischemia and 
diabetic kidney disease progression (20-22). In addition, 
recent reports also revealed that LRG1 could enhance 
angiogenesis to regulate cancer growth and migration 
(23,24). Specifically, the angiogenesis and epithelial-
mesenchymal transition processes in colorectal cancer 
were shown to be promoted by LRG1 through activation 
of the expression of hypoxia-inducible factor 1 alpha  
(HIF-1α) (23). However, little is known about the potential 
roles of LRG1 in angiogenesis processes during pancreatic 
cancer pathogenesis.

In the present study, we aimed to investigate the 
expression and roles of LRG1 in pancreatic cancer cells, as 
well as its influence on the tube formation ability of human 
vascular epithelial cells. In this study, we firstly found that 
LRG1 can promoted pancreatic cancer through HUVEC. 
This study may provide new insights into the molecular 
mechanisms regulating angiogenesis processes associated 
with pancreatic cancer development and progression.
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We present the following article in accordance with the 
MDAR checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-21-910/rc).

Methods

Patient cohort and bioinformatics

Serum samples were collected from 15 patients diagnosed 
with PDAC treated at the Department of Gastroenterology, 
The First Affiliated Hospital of Hainan Medical University 
between July 2018 and May 2019. Serum samples collected 
from another 15 healthy volunteers were used as the 
control group. The correlation between LRG1 expression 
and survival in pancreatic cancer was analyzed using the 
online Kaplan-Meier plotter (KMplot) database. Relative 
LRG1 expression between cancerous and adjacent non-
cancerous tissues in pancreatic cancer patients was analyzed 
by searching the GEPIA (Gene Expression Profiling 
Interactive Analysis) database. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the ethics committee of the First 
Affiliated Hospital of Hainan Medical University (No. 
2000-227) and informed consent was taken from all the 
patients.

Cell culture and co-culture

Five pancreatic cancer cell lines BxPC-3, Panc-1, CFPAC, 
Capan-2, and AsPC-1, the human normal pancreatic duct 
epithelial cell line HPDE6-C7, and HUVECs (human 
umbilical vein endothelial cells) were purchased from the 
Shanghai Cell Bank, Chinese Academy of Science (Shanghai, 
China). Cells were cultured in DMEM (Dulbecco’s Modified 
Eagle’s medium; Thermo Fisher Scientific, Waltham, 

MA, USA) supplemented with 5% [fetal bovine serum 
(FBS); Thermo Fisher Scientific] at 37 ℃ in a humidified 
incubator with a supply of 5% CO2. To analyze the impact of 
pancreatic cancer cells on the tube formation and expression 
of cytokines, we used a model cell for blood vessel formation, 
HUVECs in this study. Pancreatic cancer cells and HUVECs 
were cultured in a Transwell chamber system. 

Quantitative RT-PCR (qRT-PCR)

Relative mRNA expression levels in patient serum and 
cultured cells were detected by the qRT-PCR method using 
total RNA samples extracted using the RNAprep Pure Cell/
Bacteria Kit (#DP430; Tiangen Biotech, Beijing, China) 
according to the manufacturer’s protocol. The cDNA library 
for the quantitative PCR assay was then synthesized from 
2.5 µg RNA samples of each group using the FastQuant RT 
Super Mix (#KR108; Tiangen Biotech, Beijing, China) as 
per the manufacturer’s instructions. The expressional levels 
of mRNAs were then measured by real-time quantitative 
PCR using the Talent Fluorescent Quantitation Detection 
Kit-SYBR Green (#FP209; Tiangen Biotech, Beijing, 
China) following the manufacturer’s protocol. Relative 
mRNA expression levels were finally calculated via the 
standard 2−ΔΔCt method following normalized the expression 
of β-actin. Information of primers used for qRT-PCR 
analysis are shown in Table 1.

Cell transfection

For knockdown of LRG1 and VEGFR expression in pancreatic 
cancer cells or HUVECs, the siRNA sequences LRG1 
siRNA#1 (5'-GCUGCAAUUGAACGGCUA dTdT-3'), 
LRG1 siRNA#2 (5'-CCUGGAUCUGUGACCAGAA dTdT-
3'), and the corresponding negative control (NC) sequences 
(5'-GUGCACUAUCUAGAGGACA dTdT-3'), and VEGFR 

Table 1 Primers used for qRT-PCR analysis

Gene Primer sequences (5'-3') Product length (bp)

LRG1 forward TGTTCGTCATGGGTGTGAAC 154

LRG1 reverse ATGGCATGGACTGTGGTCAT

VEGFR forward TTACTTGCAGGGGACAGAGG 170

VEGFR reverse TTCCCGGTAGAAGCACTTGT

β-actin forward GGACACCCTGGTATTGAAAGAAA 226

β-actin reverse TAGCCGTTCTAATTGCAGCGG

https://jgo.amegroups.com/article/view/10.21037/jgo-21-910/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-21-910/rc
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siRNA (5'-GAUGAAAGUUACCAGUCUA dTdT-3') and the 
NC sequences (5'-UGCAGAAUCCGAAUACGCU dTdT-
3'), were all synthesized by Sangon Biotech Company (Shanghai, 
China). For overexpression of LRG1, the coding sequences 
(CDS) of LRG1 were ligated with the pcDNA3.0 plasmid 
for establishing the recombinant pcDNA3.0-LRG1 vector. 
These siRNA sequences and vectors were transfected into 
cultured pancreatic cancer cells or HUVECs with the 
Lipofectamine 3000 reagent (#L3000001; Thermo Fisher 
Scientific) as per the manufacturer’s protocol. 

Cell viability

The viability of BxPC-3 and Capan-2 cells after transfection 
and treatment was assessed in this study using the Cell 
Counting Kit (CCK-8/WST-8) (#AMJ-KT0001; AmyJet 
Scientific, Wuhan, China) following the manufacturer’s 
instructions. Briefly, approximately 3,000 cells (100 µL) 
from each group were seeded in 96-well plates and cultured 
at 37 ℃ for 24 h. Subsequently, 100 µL CCK-8 reagent 
was added to each well followed by incubation at 37 ℃ for 
another 2 h. The viability of pancreatic cancer cells was 
finally assessed by measuring the OD450 (absorbance at  
450 nm) using a microplate reader.

Cell migration and invasion

The migration and invasion abilities of cultured BxPC-
3 and Capan-2 cells were detected in this study using the 
Transwell culture system (Corning). Briefly, BxPC-3 and 
Capan-2 cells were placed into the upper chamber filled 
with DMEM medium containing no FBS at 37 ℃ for  
48 h. Cells which migrated into the lower chamber filled 
with DMEM supplemented with 10% FBS were then fixed 
with 4% paraformaldehyde for 15 min and stained with 
0.5% crystal violet for 10 min, followed by imaging and 
quantification of cell migration under a microscope. The 
invasion ability of cultured BxPC-3 and Capan-2 cells was 
determined following similar procedures except that the 
inner surfaces of the Transwell upper chamber were pre-
coated with Matrigel matrix (Corning).

ELISA 

The relative contents of LRG1, IL-1β, IL-18, and VEGFA 
in serum samples and cell supernatants were quantified 
by ELISA (enzyme-linked immunosorbent assay) using 
the Human LRG1 ELISA Kit (#E-EL-H1287c), Human 

interleukin-1 beta (IL-1β) ELISA Kit (#E-EL-H0149c), 
Human IL-18 ELISA Kit (#E-EL-H0253c), and Human 
VEGFA ELISA Kit (#E-EL-H0111c), respectively, following 
the experimental procedures provided by the manufacturer. 
Their contents in serum and cell culture supernatants were 
biologically repeated for at least three biological replicates.

Immunofluorescence

The in vitro expression of VEGFA in BxPC-3 and Capan-2 
cells was detected by immunofluorescence staining. 
Briefly, cultured BxPC-3 and Capan-2 cell were fixed and 
permeabilized with 4% paraformaldehyde for 12 min at 
room temperature and blocked with 5% BSA (bovine 
serum albumin) for 40 min at room temperature. Cells 
were then incubated with anti-VEGFA antibody (#ab52917; 
Abcam; 1:500) for 1 h at room temperature and FITC-
conjugated anti-rabbit IgG antibody for another 1 h at 
room temperature. The expression of VEGFA in pancreatic 
cancer cells in vitro was finally determined by observation 
under a laser confocal microscope.

Tube formation assay

The angiogenesis potential of HUVECs was evaluated by 
the in vitro tube formation assay as previously described (25). 
Briefly, 96-well plates were pre-coated with Matrigel matrix  
(50 µL matrix each well) followed by polymerization at 37 ℃ 
for 50 min. Approximately 3×104 cultured HUVECs in normal 
medium were seeded in each well after specified treatments, 
followed by incubation at 37 ℃ under normal conditions for 
another 6–8 h. The tubular structures formed by the HUVECs 
in 96-well plates were finally observed under microscopy.

Hematoxylin and eosin staining

The tissues collected from PC patients were immersed 
in 4% paraformaldehyde at 4 ℃ overnight. Immersion-
fixed tissues were embedded in paraffin and sectioned at  
5 µm. Subsequently, slides were dehydrated and dewaxed by 
ethanol and xylene, respectively, followed by staining with 
hematoxylin and eosin (H&E). Finally, the stained slides 
were sealed with neutral resin and observed and recorded 
under a light microscope.

Immunohistochemistry

Paraffin sections were dehydrated and dewaxed by ethanol 
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and xylene, respectively. Tissues were blocked using 
5% BSA for 30 min at room temperature. The primary 
antibody (LRG1, ab178698, 1:200) and secondary antibody 
(DAKO, K5007) were added one after another and covered 
the tissue on the slide. Then, slides were color developed by 
DAB. Finally, hematoxylin was used to stain the cell nucleus 
before sealing with neutral resin. Slides were observed and 
imaged under a light microscope.

Statistical analysis

Quantitative data from at least 3 biological replicates, 
presented as mean ± standard deviation, were analyzed by 
SPSS 20.0 software for statistical significance. Differences 
between 2 or more groups were evaluated by the Student’s 
t-test or ANOVA method. Significant differences were 
defined by P<0.05.

Results

Elevated LRG1 expression was associated with poor 
pancreatic cancer survival

To explore the involvement of LRG1 in angiogenesis 
and pancreatic cancer progression, we first analyzed the 
expression of LRG1 in cancerous tissues from pancreatic 
cancer patients and cell lines, as well as its correlation 
with the survival of pancreatic cancer patients. Through 
searching the KMplot database, we found that the 
survival of pancreatic cancer patients with high LRG1 
expression was significantly lower than those with low 
LRG1 expression (Figure 1A). Also, expression data from 
the GEPIA database showed that the expression levels of 
LRG1 in cancerous tissues of pancreatic cancer patients 
were markedly higher than the corresponding adjacent non-
cancerous pancreatic tissues (Figure 1B). Pancreatic cancer 
tissue and adjacent non-cancerous tissue was stained using 
the H&E method as shown in Figure 1C. The expression 
of LRG1 in pancreatic cancer tissue and adjacent non-
cancerous tissue was detected using immunohistochemistry 
(Figure 1D). Using ELISA, we found that the LRG1 
expression levels in the serum samples of 15 pancreatic 
cancer patients were markedly higher than those of healthy 
volunteers (Figure 1E). Consistent with this, we also found 
that the expression of LRG1 in 5 pancreatic cancer cell 
lines, BxPC-3, Panc-1, CFPAC, Capan-2 and AsPC-1, was 
significantly increased compared with the human normal 
pancreatic duct epithelial cell line HPDE6-C7 (Figure 1F). 

Among the cell lines, the highest expression of LRG1 was 
observed in BxPC-3 and Capan-2 cells, which were then 
used for the subsequent assays. The highly elevated LRG1 
expression in clinical tissues and cell lines suggests the 
potential roles of LRG1 in regulating pancreatic cancer 
progression and angiogenesis.

LRG1 knockdown suppressed pancreatic cancer cell 
viability, migration, invasion, and the secretion of 
inflammatory factors

To analyze the influence of LRG1 on pancreatic cell 
functions, we knocked down the expression of LRG1 in 
2 pancreatic cancer cell lines by transfection with specific 
siRNAs (Figure 2A). We found that silencing LRG1 
expression significantly repressed the viabilities of both 
BxPC-3 and Capan-2 cells compared with the blank and 
NC groups (Figure 2B,2C). Moreover, the Transwell assay 
showed that the migration abilities of both BxPC-3 and 
Capan-2 cells were significantly impaired by the transfection 
of siRNAs targeting LRG1 expression (Figure 2D).  
Similarly, the invasion abilities of BxPC-3 and Capan-2 
cells after LRG1 knockdown were significantly repressed 
compared to the blank and NC group (Figure 2E). In 
addition, the secretion of 2 important inflammatory 
factors, IL-1β and IL-18, by both BxPC-3 and Capan-2 
cel l s  was  great ly  inhibited by LRG1 knockdown  
(Figure 2F,2G). Further results of western blot assay showed 
LRG1 knockdown by siRNA suppressed expression of 
N-cadherin and Vimentin, but promoted E-cadherin 
(Figure 2H). These results suggest that LRG1 can promote 
pancreatic cancer proliferation, migration, invasion, and the 
synthesis of inflammatory factors.

LRG1 knockdown suppressed VEGFA expression in 
pancreatic cancer cells and the tube formation of HUVECs

To further investigate the effects of LRG1 expression on 
angiogenesis associated with cancer progression, we firstly 
obtained the expression of VEGFR in pancreatic cancer 
based on GEPIA database. Result showed that VEGFR was 
relative higher in tumor tissues (Figure 3A). Then results 
detected the expression of VEGFA in pancreatic cancer 
cells with LRG1 knockdown and the alteration of tube 
formation of HUVECs co-cultured pancreatic cancer cells. 
Result of qRT-PCR showed that expression of VEGFR was 
relative higher in BxPC3, but lower in Capan-2 cell line 
(Figure 3B). While, VEGFR was also elevated in PC tissues 
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Figure 1 Increased LRG1 expression in pancreatic cancer tissues and cell lines. (A) The correlation between LRG1 expression and the 
survival of pancreatic cancer patients. Data from the KMplot database was used to generate survival curves. (B) The differential expression 
of LRG1 in cancerous and adjacent non-cancerous tissues from pancreatic cancer patients. The expression of LRG1 in pancreatic cancer 
patients was analyzed using the GEPIA database. (C) H&E staining was used to investigate the pathology of pancreatic cancer tissues and 
adjacent non-cancerous tissues. (D) LRG1 expression was detected using immunohistochemistry in pancreatic cancer tissues and adjacent 
non-cancerous tissues. (E) LRG1 content was increased in the serum of pancreatic cancer patients. LRG1 levels in serum samples from 
15 pancreatic cancer patients and another 15 healthy volunteers were detected by the ELISA method. (F) Significant elevation of LRG1 
expression in pancreatic cancer cell lines. The mRNA expression levels of LRG1 in BxPC-3, Panc-1, CFPAC, Capan-2, AsPC-1, and 
HPDE6-C7 cells were detected by the quantitative RT-PCR method. *, P<0.05; **, P<0.01, compared with HPDE6-C7. LRG1, leucine-
rich alpha-2-glycoprotein 1; KMplot, Kaplan-Meier plotter; GEPIA; Gene Expression Profiling Interactive Analysis; H&E, hematoxylin 
and eosin. 
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compared to para-carcinoma tissue (Figure S1). We found 
that the in vitro expression levels of VEGFA in both BxPC-
3 and Capan-2 cells were significantly lower compared with 
the blank and NC groups (Figure 3C). Immunofluorescence 
detection showed that LRG1 siRNA suppressed expression 
of VEGFA in BxPC3 and Capan-2 cells (Figure 3D,3E). 

Also, the tube formation of HUVECs co-cultured with 
both BxPC-3 and Capan-2 cells was greatly suppressed 
by the silencing of LRG1 expression in these 2 pancreatic 
cancer cell lines (Figure 3F). Furthermore, using ELISA, 
we demonstrated that the secretion of VEGFA by the co-
culture of HUVECs with BxPC-3 or Capan-2 cells was 

https://cdn.amegroups.cn/static/public/JGO-21-910-supplementary.pdf
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Figure 2 Inhibition of pancreatic cancer cell viability, migration, invasion, and inflammatory factor secretion by LRG1 knockdown. (A) 
Relative expression of LRG1 in BxPC-3 and Capan-2 cells transfected with siRNAs targeting LRG1. The mRNA expression levels in 
cells were assessed by the quantitative RT-PCR method. (B,C) The effects of LRG1 knockdown on the viabilities of BxPC-3 and Capan-2 
cells by using CCK8 assay (B) and EdU staining (C). (D,E) Suppression of BxPC-3 and Capan-2 cell migration and invasion by siRNAs 
targeting LRG1 expression. The migration (D) and invasion (E) abilities of cancer cells were detected using the Transwell assay. Cells were 
stained with crystal violet. (F,G) Inhibition of the secretion of inflammatory factors in BxPC-3 and Capan-2 cells by the silencing of LRG1 
expression. The contents of IL-1β and IL-18 in cell culture were determined by the ELISA method. (H) Expression of Vimentin, N-cadherin 
and E-Cadherin was measured by using Western blot assay. *, P<0.05; **, P<0.01, compared with NC. LRG1, leucine-rich alpha-2-
glycoprotein 1; NC, negative control. 
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effectively inhibited by the knockdown of LRG1 expression 
in pancreatic cancer cells (Figure 3G). These results showed 
that LRG1 expression in pancreatic cancer cells could 
promote VEGFA synthesis and promote angiogenesis 
during pancreatic cancer progression.

LRG1 overexpression enhanced pancreatic cancer cell 
migration and invasion and promoted inflammatory factor 
synthesis in HUVECs via VEGFR

To validate the pathogenic roles of LRG1 in angiogenesis 
during pancreatic cancer development, we subsequently 
overexpressed LRG1 in BxPC-3 and Capan-2 cells  
(Figure 4). LRG1 overexpression in BxPC-3 and Capan-2 
cells was verified by ELISA assay (Figure 4A). Through the 
CCK-8 assay, we observed that the viabilities of both BxPC-
3 and Capan-2 cells were significantly enhanced by LRG1 
overexpression compared with the NC group (Figure 4B,4C). 
Moreover, the migration rates of BxPC-3 and Capan-2 cells 
were also significantly elevated by LRG1 overexpression 
compared with the NC group. Similar enhancement of the 
invasion abilities of both BxPC-3 and Capan-2 cells was 
caused by overexpression of LRG1 in these 2 pancreatic 
cancer cell lines (Figure 4D,4E). To investigate whether 
LRG1-induced VEGFA secretion by pancreatic cancer cells 
could regulate inflammatory factor synthesis in HUVECs, 
we silenced the expression of VEGFR in HUVECs, 
which were then co-cultured with pancreatic cancer cells 
overexpressing LRG1. We showed that synthesis of IL-
1β and IL-18 by HUVECs was significantly enhanced by 
co-culture with BxPC-3 or Capan-2 cells overexpressing 
LRG1, which was then effectively abrogated by the 
silencing of VEGFR in HUVECs (Figure 4F,4G). Finally, 
the expression of Vimentin, N-cadherin and E-cadherin was 
measured by Western blot assay, and results showed that 
LRG1 overexpression induced promotion of N-cadherin 
and Vimentin. While E-cadherin was inhibited by LRG1 
overexpression (Figure 4H). These results indicated that 
LRG1-induced VEGF secretion in pancreatic cancer cells 
could effectively promote the synthesis of inflammatory 
factors in HUVECs via VEGFR.

LRG1 overexpression in pancreatic cancer cells promoted 
the tube formation of HUVECs through activating VEGFR

Finally, we analyzed the alteration of tube formation of 
HUVECs induced by LRG1 overexpression in pancreatic 
cancer cells. We showed that the tube formation of 

HUVECs could be significantly enhanced by co-culture 
with the pancreatic cancer cell lines BxPC-3 and Capan-2 
(Figure 5A). Moreover, the tube formation of HUVECs 
was enhanced to an even greater level by co-culture with 
BxPC-3 and Capan-2 cells with overexpression of LRG1, 
compared with those co-cultured with pancreatic cancer 
cells without LRG1 overexpression (Figure 5A). However, 
the enhanced tube formation of HUVECs caused by co-
culture with LRG1-overexpressing BxPC-3 and Capan-2 
cells was significantly abrogated by the silencing of VEGFR 
expression in HUVECs with specific siRNAs (Figure 5A). 
In addition, we showed that the synthesis of VEGFA in the 
co-culture of HUVECs and BxPC-3 or Capan-2 cells was 
also greatly increased by LRG1 overexpression in these 2 
pancreatic cancer cells (Figure 5B). Together, these results 
showed that LRG1 expression could enhance VEGFA 
synthesis in pancreatic cancer cells, which promoted 
angiogenesis during pancreatic cancer progression by 
activating VEGFR in vascular epithelial cells. 

Discussion

The current clinical management of pancreatic cancer, 
especially the major subtype PDAC, is mainly dependent 
on surgical resection combined with chemotherapy, 
radiotherapy, and targeted therapy (1,2). The global survival 
rate of pancreatic cancer patients has not been effectively 
improved over the past decades, mainly because of its high 
malignancy which manifests as rapid metastasis and high 
relapse rates (1,2). As introduced above, angiogenesis in 
tumor tissues and associated inflammation play essential 
roles in the progression and metastasis of pancreatic 
cancer (10,13,14). However, the molecular events driving 
inflammation and angiogenesis during pancreatic cancer 
progression remain poorly understood. In the present 
study, we showed that the expression of LRG1, a serum 
glycoprotein associated with angiogenesis under distinct 
contexts, was highly expressed in pancreatic cancer tissues 
and cell lines. Moreover, the expression of LRG1 could 
positively regulate the viability, migration, invasion, and 
VEGFA synthesis of pancreatic cancer cells, shown by 
the silencing and overexpression of LRG1 in 2 pancreatic 
cancer cell lines. Importantly, we demonstrated that co-
culture with pancreatic cancer cells effectively promoted 
the secretion of inflammatory factors and tube formation of 
HUVECs, which was mediated by the activation of VEGFR 
in HUVECs. These results have established LRG1 as a 
critical factor driving angiogenesis during pancreatic cancer 
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Figure 3 Suppressed VEGFA synthesis and tube formation of HUVECs co-cultured with pancreatic cancer cells with LRG1 knockdown. 
(A) Expression of VEGFR in pancreatic cancer based on GEPIA database. (B) Expression of VEGFR was measured in cell lines by using 
qRT-PCR. (C) The in vitro expression levels of VEGFA in both BxPC-3 and Capan-2 cells with knockdown of LRG1 expression. VEGFA 
expression in pancreatic cancer cells was measured by immunofluorescence. (D,E) VEGFA expression in BxPC3 and Capan-2 was detected 
after LRG1 knockdown. (F) The effects of LRG1 silencing in BxPC-3 and Capan-2 cells on the tube formation of co-cultured HUVECs. 
HUVECs were used as an in vitro angiogenesis model. (G) The secretion of VEGFA by the co-cultured HUVECs and pancreatic cancer 
cells with knockdown of LRG1 expression. The content of VEGFA in cell cultures was quantified by the ELISA method. *, P<0.05; **, 
P<0.01, compared with NC. LRG1, leucine-rich alpha-2-glycoprotein 1; VEGFA, vascular endothelial growth factor A; NC, negative 
control; HUVECs, human umbilical vein endothelial cells. 

progression.
The elevated expression of LRG1 associated with cancer 

progression has been extensively reported in previous 
studies, including ovarian cancer (15,26), gastric cancer (24),  

esophageal squamous cell carcinoma (17), colorectal cancer (23),  
glioma (19), and endometrial carcinoma (27). Also, the 
altered expression of LRG1 has been suggested as a 
biomarker for predicting the prognosis of cancer patients 
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Figure 4 Enhanced pancreatic cancer cell migration and invasion and inflammatory factor synthesis of HUVECs by LRG1 overexpression. 
(A) Overexpression of LRG1 was verified by ELISA assay. (B,C). The viabilities of pancreatic cancer cells were altered by overexpression 
of LRG1. BxPC-3 (A) and Capan-2 cell viabilities were measured by the CCK-8 assay (B) and EdU staining (C). *, P<0.05, **, P<0.01 
compared with NC. (D,E) Enhanced migration and invasion abilities of pancreatic cancer cell lines by LRG1 overexpression. The migration 
rates and invasion ability of BxPC-3 and Capan-2 cells were evaluated using the Transwell system. Cells were stained with crystal violet. 
*, P<0.05, compared with NC. (F,G) The influence of VEGFR silencing in HUVECs on inflammatory factor synthesis by HUVECs co-
cultured with pancreatic cancer cells overexpressing LRG1. IL-1β (F) and IL-18 (G) contents in the cell co-culture were measured by the 
ELISA method. *, P<0.05, **, P<0.01, compared with HUVECs; #, P<0.05, ##, P<0.01, compared with HUVECs + PCC-Vector; $$, P<0.01, 
compared with HUVECs + PCC-LRG1. (H) Expression of Vimentin, N-cadherin and E-cadherin was measured by Western bolt assay. 
LRG1, leucine-rich alpha-2-glycoprotein 1; NC, negative control; HUVECs, human umbilical vein endothelial cells; VEGFR, vascular 
endothelial growth factor receptor.
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(24,26,27). However, little is known about its expression 
changes and pathogenic roles in pancreatic cancer initiation 
and progression, as well as its potential as a biomarker 
for pancreatic cancer patients. In the present study, based 
on bioinformatics analysis and our own experiments, we 

showed that the expression of LRG1 in pancreatic cancer 
tissues and cell lines was significantly elevated, and was 
correlated with the poor survival of pancreatic cancer 
patients. This greatly increased expression indicates the 
potential of LRG1 as a new candidate biomarker for 
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Figure 5 Enhanced tube formation of HUVECs by LRG1 overexpression in pancreatic cancer cells was mediated by VEGFR in HUVECs. 
(A) The altered tube formation of HUVECs with knockdown of VEGFR following co-culture with LRG1-overexpressing pancreatic 
cancer cells. The tube formation assay was used as an in vitro angiogenesis model for evaluating the ability of pancreatic cancer cells to 
regulate angiogenesis during tumorigenesis. (B) The VEGFA contents in the co-culture of LRG1-overexpressing BxPC-3 or Capan-2 cells 
and HUVECs with knockdown of VEGFR expression. **, P<0.01, compared with HUVECs; #, P<0.05, compared with HUVECs + PCC-
Vector; $, P<0.05, compared with HUVECs + PCC-LRG1. LRG1, leucine-rich alpha-2-glycoprotein 1; HUVECs, human umbilical vein 
endothelial cells; NC, negative control; VEGFA, vascular endothelial growth factor A; VEGFR, vascular endothelial growth factor receptor. 
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pancreatic cancer diagnosis and prognostic prediction, 
which requires further evaluation by larger-scale clinical 
studies. Our subsequent analysis also confirmed that 
overexpression of LRG1 could promote pancreatic cancer 
cell viability, migration, and invasion, while silencing LRG1 
resulted in completely opposite effects on pancreatic cancer 
cell functions. These in vitro assays indicated the critical 
roles of high LRG1 expression in pancreatic initiation and 
progression, suggesting that LRG1 may be a promising new 
target for pancreatic cancer diagnosis and treatment, which 
deserves further verification using in vivo animal cancer 
models.

Although LRG1 was originally discovered to be a 
regulator of various cellular processes such as proliferation, 
apoptosis, migration, and invasion (16,17,19), it has been 
characterized as key modulator of angiogenesis associated 
with cancer pathogenesis in recent years (18,20,23). 
However, the regulation of angiogenesis by LRG1 
expression during pancreatic cancer development has not 
been addressed in previous reports. In the present study, we 
used HUVECs as an in vitro angiogenesis model. HUVECs 
were used for co-culture experiments with pancreatic cancer 
cells with altered LRG1 expression. We clearly showed that 
co-culture with pancreatic cancer cells could enhance the 
tube formation of HUVECs, which was greatly suppressed 
by LRG1 silencing and promoted by LRG1 overexpression 
in pancreatic cancer cells. These investigations demonstrate 
the pathogenic functions of LRG1 in driving angiogenesis 

associated with pancreatic cancer progression. From 
previous reports, it is known that the regulation of 
angiogenesis by LRG1 is mediated by the TGF-b signaling 
pathway (20-22). Meanwhile, the pathogenic process of 
pancreatic cancer has also been shown to be mediated by 
significant tumorigenic alterations of the TGF-b signaling 
networks (28-30). These findings indicate that angiogenesis 
processes in the context of pancreatic cancer could also 
possibly be regulated by the TGF-b signaling pathway, 
which warrants further investigations.

As introduced above, angiogenesis is linked to cancer 
metastasis and progression and is usually triggered by 
VEGFs (1). It is also associated with inflammation and 
altered synthesis of inflammatory factors (10,14), and 
inflammatory factors play a role in exacerbating the 
development of pancreatic cancer (31). Researchers 
have been demonstrated that IL-18 and IL-1β promotes 
pancreatic cancer progression and metastasis. Sun et al 
recently discover that Pin1 activates NF-κB pathway and 
promotes IL-18 production by interacting with P65 in 
pancreatic cancer (32). besides, research supports that  
IL-1β promotes pancreatic ductal adenocarcinoma through 
a immune suppression (33). In the present study, we showed 
that the expression of VEGFA as well as the synthesis of 2 
inflammatory factors, IL-1β and IL-18, in pancreatic cancer 
cells could be greatly repressed by the knockdown of LRG1 
expression, indicating the roles of LRG1 in promoting 
VEGFA secretion and inflammatory factor production in 
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pancreatic cancer cells. Also, the IL-1β and IL-18 levels in 
the co-culture of LRG1-overexpressing pancreatic cancer 
cells and HUVECs could be significantly reduced by the 
silencing of VEGFR expression in HUVECs, showing that 
VEGF produced by pancreatic cancer cells in response to 
LRG1 overexpression also stimulates inflammatory factor 
production in HUVECs. Furthermore, the enhanced tube 
formation of HUVECs induced by co-culture with LRG1-
overexpressing pancreatic cancer cells was shown to be 
effectively abrogated by silencing VEGFR expression 
in HUVECs. This observation demonstrates that the 
angiogenesis process enhanced by LRG1 expression in 
pancreatic cancer cells is mediated by the binding of VEGF 
with VEGFR in HUVECs and the activation of signaling 
pathways downstream of VEGFR in HUVECs. Combined 
with the already known roles of VEGR in pancreatic cancer 
(13,34,35), our discovery further highlights the applicability 
of VEGFR inhibition as a preventive strategy for pancreatic 
cancer progression.

In summary, we revealed that LRG1, which was highly 
expressed in pancreatic cancer tissues and cell lines, 
promoted the migration, invasion, and production of 
VEGF and inflammatory factors in pancreatic cancer cells, 
and could enhance the tube formation of HUVECs by 
activating VEGFR signaling. These results provide new 
insights into the molecular mechanisms of angiogenesis 
processes underlying pancreatic cancer progression and 
metastasis, and may provide targets for the development of 
new therapeutic drugs for advanced cancer patients.
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Supplementary

Figure S1 Expression of VEGFR was detected in tumor tissues and paracancer tissues by using immunohistochemistry (magnification, 
100×). Tissues were stained by using DAB developing kit.
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