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ABSTRACT
Context Our recent study suggested that natural IgG antibodies against vascular endothelial growth factor receptor 1 (VEGFR1) had a role 
in inhibiting the proliferation of nasopharyngeal carcinoma (NPC) cells. Objective The present work was designed to test if plasma anti-
VEGFR1 IgG could also inhibit the proliferation of pancreatic cancer cells. Design PANC-1 and SW1990 cell lines derived from pancreatic 
cancer were used for this in vitro study. They were cultured with 15% human plasma either positive or negative for anti-VEGFR1 IgG. Main 
outcome measures Cell viability was detected by cell counting kit-8. Flow cytometry was used to analyse cell apoptosis and quantitative 
real-time PCR was used to examine the expression of VEGFR1 mRNA. Setting Guangdong Medical University, Dongguan, China. Results 
Plasma anti-VEGFR1 IgG exhibited significant inhibitory effects on the proliferation of PANC-1 cell line but not SW1990 cell line; the 
proportion of apoptotic cells was higher in PANC-1 cells treated with anti-VEGFR1 IgG positive plasma than those cells treated with anti-
VEGFR1 IgG negative plasma. Moreover, the expression of VEGFR1 mRNA was significantly higher in PANC-1 cells than SW1990 cells. 
Conclusions Plasma anti-VEGFR1 IgG antibody may be a promising agent for the treatment of pancreatic cancer that highly expresses 
VEGFR1.
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INTRODUCTION

With the increase of morbidity and mortality, cancer 
has become a major problem with public health in 
humans [1, 2, 3]. Pancreatic cancer is the most fatal 
malignancy with a 5-year survival rate of less than 5%, 
which is the eighth leading cause of cancer-related deaths 
worldwide [4] and the sixth in China [5]. Of all forms 
of pancreatic malignancies, 85–95% were pancreatic 

ductal adenocarcinoma [6, 7]. Surgical resection is the 
only curative treatment of pancreatic cancer but 80% of 
pancreatic adenocarcinoma is not resectable. There is 
an urgent need to develop powerful treatment of such a 
malignant disease.

Angiogenesis is a crucial event for tumor growth and 
is regulated predominantly by several different growth 
factors such as vascular endothelial growth factor (VEGF), 
epidermal growth factor (EGF) and fibroblast growth factor 
(FGF). Monoclonal antibodies against VEGF and against 
EGF receptors have been used clinically for systemic 
anticancer treatment [8, 9, 10] although detrimental 
side-effects have been observed [11, 12]. VEGF is highly 
expressed in most tumors and its expression has been 
found to be associated with tumor progression [13]. VEGF 
is thus likely to play an important role in stimulating the 
growth of new blood vessels within tumor tissues and 
promoting tumor progression by interacting with their 
corresponding receptors on the surfaces of cancer cells 
[14]. Accordingly, blockage of the VEGF signaling pathway 
might represent an effective anti-angiogenic therapy for 
most types of tumors [15]. Bevacizumab, a humanized 
anti-VEGF monoclonal antibody that has been approved by 
the USA Food and Drug Administration (FDA), was the first 
monoclonal antibody for treatment of solid tumors. It has 
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also been studied for possible use as an anti-angiogenic agent 
in patients with pancreatic cancer although clinical outcomes 
did not appear to be satisfactory [15, 16, 17, 18]. Possibly, 
direct inhibition of VEGF receptor function would be more 
powerful in treatment of such a malignant disease.

Natural antibodies are part of the humoral immune 
system and there is evidence that natural antibodies are 
able to kill distinct human tumor cells both in vivo and in 
vitro [19, 20]. In a recent study, we found that plasma 
natural IgG antibodies against VEGF receptor 1 (VEGFR1) 
significantly inhibited the proliferation of cancer cell lines 
derived from nasopharyngeal carcinoma [21]. Accordingly, 
the present work was designed to examine if plasma anti-
VEGFR1 IgG could also inhibit the proliferation of cancer 
cells derived from pancreatic cancer. 

METHODS
Detection of Plasma Anti-VEGFR1 IgG

A total of 150 plasma samples collected from healthy 
blood donors were kindly provided by Dongguan Blood 
Center, Guangdong Province, China. Pooled plasma from 
20 randomly selected healthy individuals was used as a 
reference sample (RS) to detect plasma rich in anti-VEGFR1 
IgG. This work was approved by the Institutional Review 
Board of Guangdong Medical University, Dongguan, China. 

An enzyme-linked immunosorbent assay (ELISA) was 
used to detect plasma that abundantly contained natural 
IgG antibodies against the extracellular domain of human 
VEGFR1 protein (NCBI accessionNP_002010). The ELISA 
antibody test kit provided by Hailanshen Biotechnology 
Ltd, Qingdao, China, mainly comprised the following 
components: (1) Assay Buffer that was 0.1 M phosphate 
buffer containing 0.15 M NaCl and 10 mM EDTA, pH 7.2, (2) 
Wash Buffer that was 0.1 M phosphate buffer containing 
0.15 M NaCl and 0.05% Tween-20, pH 7.2, and (3) foil 
film-sealed 96-well plates coated with specific antigens. In 
brief, the antigen-coated plate was washed twice with 200 
μL Wash Buffer before use; 50 μL plasma sample diluted 
1:200 in Assay Buffer was added to each sample well, and 
50 μL Assay Buffer was added to each negative control 
(NC) well. After incubation at room temperature for 2 
hours, the plate was washed three times with 200 μL Wash 
Buffer, and 100 μL peroxidase-conjugated goat anti-human 
IgG antibody (A8667, Sigma-Aldrich, Shanghai, China), which 
was diluted 1:30000 in Assay Buffer, was then added to 
each well. Following incubation at room temperature for 2 
hours, 50 μL Stabilized Chromogen (SB02, Life Technologies, 
Guangzhou, China) was added to develop color; 25 minutes 
(min) later, 50 μL Stop Solution (SS04, Life Technologies) 
was added to terminate the color development. The optical 
density (OD) was measured by a microplate reader within 10 
min at 450 nm with a reference wavelength of 620 nm. All 
the samples were tested in duplicate and the positive sample 
ratio (PSR) was used to represent antibody levels. Calculation 
of PSR is as follows:

PSR= (OD Sample – OD NC) / (OD RS – OD NC)

Cell Proliferation Assay

Two cell lines, PANC-1 and SW1990 derived from 
human pancreatic cancer, were used for this in vitro study. 
These two cell lines were purchased from Shanghai Cell 
Bank of Chinese Academy of Sciences. PANC-1 cells were 
initially seeded in a 96-well plate, 100 μL/well with a 
density of 2.5×104 cells/ml Dulbecco’s Modified Eagle 
Medium (DMEM, GIBCO, Guangzhou, China) containing 
10% fetal calf serum (FCS), and cultured in humidified 
atmosphere with 5% CO2 at 37°C for 24 hours. SW1990 
cells were initially cultured in RPMI 1640 medium (1640, 
GIBCO, Guangzhou, China) supplemented with 10% FCS in 
the same condition as mentioned above. After incubation 
for 24 hours, the cells were cultured in DMEM or RPMI 
1640 medium containing 15% human plasma either 
positive or negative for anti-VEGFR1 IgG and cells for 
48 hours in the same conditions as mentioned above; 
cell viability was then detected with cell counting kit-8 
(CCK-8, Sigma-Aldrich). According to the manufacturer’s 
instruction, 10 μL CCK-8 solution was added to each well; 
after incubation at 37oC for 1.5 hours, OD of each well was 
measured on a microplate reader at a wavelength of 450 
nm. The complete medium was used as blank. Cell viability 
was used to present data and calculated as follows:

Cell viability = (OD positive – OD blank) / (OD negative 
– OD blank),

where OD positive is defined as OD measured in cancer 
cells cultured with 15% human plasma positive for anti-
VEGFR1 IgG, and OD negative is defined as OD measured 
in cancer cells cultured with 15% plasma negative for anti-
VEGFR1 IgG.

Analysis of Apoptosis

The cells were seeded in 12-well plates, 1 mL/well 
with a density of 1×105 cells/ml DMEM or RPMI1640 
medium containing 10% FCS. After incubation in humidified 
atmosphere with 5% CO2 at 37°C for 24 hours, the cells 
continued to were cultured with DMEM or RPMI 1640 
medium containing 15% human plasma positive or negative 
for anti-VEGFR1 IgG. Cultured cells were collected at 24 hours 
and 48 hours, respectively, for analysis of apoptosis.

Annexin V-FITC Apoptosis Detection Kit I (BD 
Biosciences, USA) was used to analyze apoptosis of 
pancreatic cancer cells. According to the manufacturer’s 
instruction, cells were harvested and washed twice with 
cold PBS and then resuspended in 1X Binding Buffer at a 
density of 1×106 cells/ml, and 100 μL cells (1×105 cells) 
were transferred to a 5 mL tube; 400 μL 1X Binding Buffer 
was then added to each tube, and a 5 μL volume of each 
FITC Annexin V and PI was added. The cells were vortexed 
gently and incubated for 15 min at room temperature 
(25°C) in the dark and then analyzed by FACSCalibur flow 
cytometer (Becton Dickinson, UK).

Analysis of VEGFR1 Gene Expression

Total RNA was extracted from PANC-1 and SW1990 
cells using TRIzol reagent (TaKaRa Bio-technology, Dalian, 
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China). To eliminate DNA contamination, total RNA samples 
were treated with a DNA-free kit (Fermentas, Hanover, 
USA) and then reversely transcribed into cDNA using 
PrimeScript™ RT Master Mix (TaKaRa Bio-technology, 
Dalian, China). Quantitative real-time PCR assay with 
SYBR Premix Ex Taq kit (TaKaRa Bio-technology, Dalian, 
China) was performed to detect expression of the 
VEGFR1 gene on the ABI 7500 Real-Time PCR system. 
Primers’ sequences used for PCR amplification are as 
follows: 5’-TTAGGACCAGGAAGCAGCAC-3’ (forward) 
and 5’-CCGAGGTTCCTTGAACAGTGA-3’ (reverse). 
Glyceraldehydes-3-phosphate dehydrogenase (GAPDH), 
purchased from QIAGEN (Shanghai, China), was used as 
a housekeeping gene for normalization. Relative quantity 
of gene expression was calculated using the comparative 
Ct method; fold change (FC) was used to present data and 
worked out based on the formula: FC=2-ΔΔCt.

STATISTICS
All experimental data were expressed as mean±standard 

deviation (SD). GraphPadInStat™ (version 5.02) statistical 
software was used to perform Student’s t-test (two-tailed) 
to examine the differences in cell viability and proportions 
of apoptotic cells between cells treated with anticancer 
IgG positive plasma and those treated with anticancer IgG 
negative plasma as well as in mRNA expression between 
two cell lines. 

RESULTS
These 150 plasma samples showed a mean PSR of 

1.01±0.33 ranging from 0.36 to 1.63. Of these plasma 
samples, 2 with the highest PSR values of 1.63 and 1.62 
and 2 with the lowest PSR values of 0.36 and 0.37 were 
selected for cell culture work. The 2 plasma samples with 
the highest PSR values were used as anti-VEGFR1 IgG 
positive plasma (namely A for 1.63 and B for 1.62); the 2 
plasma samples with the lowest PSR values were mixed 
and then used as anti-VEGFR1 IgG negative plasma.

Inhibitory Effects of Plasma Anti-VEGFR IgG on the 
Proliferation of Pancreatic Cancer Cells

As shown in Figure 1, when compared with anti-
VEGFR1 IgG negative plasma, anti-VEGFR1 IgG positive 
plasma significantly inhibited the proliferation of PANC-
1 cells (0.52±0.09, t=-8.98, df=16, P<0.0001 for plasma 
A; 0.47±0.13, t=-8.39, df=16, P<0.0001 for plasma B; and 
0.50±0.09, t=9.44, df=16, P<0.0001 for positive A+B). The 
results also showed, that anti-VEGFR1 IgG positive plasma 
A inhibited the proliferation of SW1990 cells (0.88±0.03, 
t=7.71, df=16, P<0.0001) but plasma B appeared to 
stimulate cell proliferation although positive A+B plasma 
failed to influence the proliferation of SW1990 cells 
(1.03±0.03, t=-1.56, df=16, P=0.1376). 

Effect of Plasma Anti-VEGFR1 IgG on Apoptosis of 
Pancreatic Cancer Cells

Anti-VEGFR1 IgG positive plasma A was used to treat 
both PANC-1 and SW1900 cell lines. As shown in Table 1, 
the percentage of apoptotic cells was significantly higher in 

PANC-1 cells treated with anticancer IgG positive plasma than 
those treated with negative plasma (t=-2.82, df=8, P=0.022 
for 24-h treatment and t=-7.82, df=8, P<0.0001 for 48-h 
treatment). However, the percentage of apoptotic cells of 
SW1990 cells showed no significant differences between 
anti-VEGFR1 IgG positive plasma and negative plasma 
treated cells (t=-0.28, df=8, P=0.787 for 24-h treatment 
and t=-0.65, df=8, P=0.534 for 48-h treatment).

Expression of VEGFR1 mRNA in Pancreatic Cancer 
Cells

As shown Figure 2, PANC-1 and SW1990 cell lines 
were used to investigate the expression of VEGFRI mRNA 
was detected in both PANC-1 and SW1990 cell lines; the 
results showed that expression levels of VEGFR1 mRNA 
were significantly higher in PANC-1 cells than SW1990 
cells (t=7.01, df=10, P<0.0001).

Figure 1. Effects of anti-VEGFR1 IgG positive plasma on the proliferation 
of pancreatic cancer cell lines. 
The data of cell viability were expressed as mean±SD. Anti-VEGFR1 IgG 
positive plasma A was used to treat cells.
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DISCUSSION

Natural antibodies secreted primarily by B1 
lymphocytes in the absence of external antigen 
stimulation or immunization are defined as a subset 
of immunoglobulins [22, 23], which are composed of 
different classes known as isotypes IgA, IgM and IgG. Most 
natural antibodies are IgM, but IgA and IgG isotypes have 
also been reported [24]. It has been indicated that natural 
antibodies play an important role not only in elimination of 
invading pathogens but also in maintaining homeostasis of 
the immune system and destruction of cancer cells formed 
in our body [20, 25]. In a previous study, we found that 
plasma anti-VEGFR1 IgG antibodies significantly inhibited 
the proliferation of cancer cell lines derived from 
nasopharyngeal carcinoma [21]. Similarly, the present 
work also showed an inhibitory effect of plasma anti-
VEGFR1 IgG on the proliferation of pancreatic cancer-
derived cell lines (Figure 1). The mechanism behind 
anticancer activity of plasma anti-VEGFR1 IgG is due 
to its induction of apoptosis of pancreatic cancer cells 
(Table 1). 

Both PANC-1 and SW1990 cells were tested in this study 
but they had different responses to plasma anti-VEGFR1 
IgG. Both plasma A and B decreased PANC-1 cell viability 

by 50% but only plasma A (not plasma B) decreased cell 
viability by 12% in SW1990 cells (Figure 1). Analysis of 
apoptosis suggests that plasma A could induce apoptosis 
of PANC-1 cells but not SW1990 cells (Table 1). Because 
SW1990 cells express a significantly lower level of VEGRF1 
mRNA than PANC-1 cells (Figure 2), this may be the major 
reason why the response of SW1990 cells to plasma anti-
VEGFR1 IgG was much weaker than PANC-1 cells. 

CONCLUSION
PANC-1 cell line was derived from epithelioid 

carcinoma while SW1990 cell line from adenocarcinoma. 
Because more than 85% patients with pancreatic 
malignancies may suffer from adenocarcinoma, further 
screening of target molecules expressed by pancreatic 
adenocarcinoma cells and their corresponding natural 
antibodies in human plasma is needed. In addition, there 
may be some growth factors exiting in the circulation; 
these growth factors may stimulate the growth of 
malignant tumors and partially counteract the inhibitory 
effects of plasma anticancer antibodies on cancer cells. It is 
possible that gamma-globulins purified from plasma rich 
in anticancer antibodies may become a promising agent 
for immunotherapy of pancreatic cancer and other types 
of cancer in the future.
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