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Abstract
Objective: Pancreatic cancer diagnosis is difficult because it usually doesn’t have symptoms until cancer migration. 
So, it was called the ‘King of cancer’. To diagnose pancreatic cancer, commonly CA 19-9 was used, but CA 19-9 has 
some problems that make it difficult to use solely to diagnose pancreatic cancer. Therefore, new biomarkers for 
prognosis and diagnosis of pancreatic cancer were urgently required.
Design: To find exosomal biomarkers, screening was performed using qRT-PCR with exosomal protein coding 7145 
genes. Among the candidates, AZGP1 of cell pellets and exosomes was detected by western blot. To check whether 
exosomal AZGP1 affects cancer migration, the transmembrane assay was performed.
Result: The gene expression of AZGP1 is only detected in LNCaP and AsPC-1 among tested samples. Interestingly, 
AZGP1 was detected in the entire pancreatic cancer cell lines tested with different 2 types in the exosome. SNU 
pancreatic cancer cell lines showed only one type (lower type) of AZGP1. According to transmembrane assay, a 
lower form of exosomal AZGP1 could induce cancer migration better than higher type of AZGP1 and negative 
control.
Conclusion: AZGP1 can detect all of the pancreatic cancer cell lines. According to proteomics data, exosomal 
AZGP1 expression and pattern were different between pancreatic cancer patients and healthy people. Exosomal 
AZGP1 should be a good candidate to diagnose pancreatic cancer. Moreover, the lower type of exosomal AZGP1 
can induce cancer migration better than other types of AZGP1, and this suggested that Korean-derived cancer cell 
lines might migrate faster than others.
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INTRODUCTION
Pancreatic cancer is the most lethal malignant cancer with an 
overall 5-year survival rate of 11% [1]. Pancreatic cancer is also 
a major concern in the West world [2]. The United States Sur-
veillance, Epidemiology, and End Results Program researched 
from 1973 to 2014, the age-standardized occurrence rate of 
pancreatic cancer increased by 1.03% per year. It can eventual-
ly be predicted that it will become the second most deadly can-

cer in the United States by 2030 year [3,4]. Pancreatic cancer 
is caused by damage to the DNA of the pancreas, which should 
promote abnormal growth of cells. Symptoms of pancreatic 
cancer appear after several stages and are initially confused 
with other diseases to the extent that it is difficult to think of it 
as a serious disease [5]. Tumours within the pancreas are made 
up of small lumps, which are difficult to detect with current 
imaging techniques [6]. For these reasons, when pancreatic 
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cancer is diagnosed, 80%-90% of patients are diagnosed with 
advanced stages, and treatment is impossible at the time of di-
agnosis. In addition, patients who are possible for surgical re-
section also show a short survival rate [7].

MRI, CT, and ultrasound imaging tests are commonly used to di-
agnose pancreatic cancer, but are still insufficient to detect small 
sizes of cancers [8,9]. In addition, endoscopic ultrasound-guid-
ed fine needle aspiration allows for preoperative biopsy with 
various complications [10,11]. Therefore, carbohydrate antigen 
19-9 is currently being used for the diagnosis of pancreatic can-
cer. This became known in the 1980s with the development of 
the N19-9 monoclonal antibody [12]. At first, it was developed 
for the diagnosis of colorectal cancer [13], but it has been found 
that it is easier to diagnose pancreatic cancer or biliary tract 
cancer [14]. The sensitivity of the CA 19-9 test was reported to 
be 79% and specificity to 82% [15]. However, it is also increased 
in gastric cancer, lung cancer, thyroid cancer, ovarian cancer, liv-
er cancer and various benign diseases [16-20]. In addition, since 
5% of the total population is known as Lews a-b-genotype, even 
if a malignant tumor appears, it is difficult to diagnose pancre-
atic cancer with CA19-9 alone [21]. Therefore, new biomarkers 
that can diagnose pancreatic cancer are needed.

AZGP1 (2-zinc-glycoprotein) is a secreted glycoprotein with a 
size of 41 kDa. The exact mechanism of AZGP1 and its effect on 
tumor growth have not yet been elucidated, but its association 
with cancer is reported [22]. AZGP1 is produced by secretory 

epithelial cells and found in body fluids [23-25]. AZGP1 is relat-
ed to cachexia of cancer, which may affect metastasis of can-
cer. According to proteomics analysis, AZGP1 is differently ex-
pressed in the plasma of pancreatic cancer patients compared 
to non-disease patients and chronic pancreatitis controls. Based 
on these results, we tested whether AZGP1 can be used as a 
pancreatic cancer biomarker and contribute to cancer metas-
tasis.

METHODS AND MATERIALS
Cell Culture
Pancreatic cancer cell lines (AsPC-1, Panc-1, MIA PaCa2 and Ca-
pan-1), Prostate cancer cell lines (DU145, PC3 and LNCaP clone 
FGC), Pancreatic cancer SNU cell lines (SNU-213, 2466, 2469, 
2485, 2491, 2543, 2570, 2571 and 2608), Keratinocyte cell line 
(HaCaT) were bought at Korean Cell Line Bank. Prostate normal 
cell line (RWPE-1) was bought at ATCC. All of the cells cultured 
at appropriate medium (DMEM, RPMI and Keratinocyte-SFM).

Quantitative Real-Time PCR (qRT-PCR)
The qRT-PCR was performed the same way as before [26]. Cells 
were seeded in 6 well plates and incubated for 24 hours. Medi-
um was removed and 500 ul of Trizol (Life Technology, Thermo 
Fisher Scientific, USA) was directly added. cDNA was synthe-
sized using 1 ug of total RNA. The primer sequences listed in 
Table 1.

Gene 5'-3' Primer sequence Annealing temp. (C°) Reference

AZGP1

Forward AAA TAT CCT GGA CCG GCA AG 55.9

In this study

Reverse GAC TGG TAA GTG CCA TTT CC 54.5

GAPDH

Forward GTG AAG GTC GGA GTC AAC G 57.1

26

Reverse TGA GGT CAA TGA AGG GGT C 55.3

Table 1: The primer list for Quantitative Real-Time PCR.

Real-time PCR was performed using QGreen 2x SybrGreen qPCR 
Master Mix (CellSafe, Korea) with cDNA as a template. GAPDH 
was used as a quantitative control. Gene expression was calcu-
lated as the fold change value and indicated as delta-Cq.

Exosome Purification and Western Blot Analysis
Because of the difference of amount of exosome produced and 
variable doubling time of cells between the cancer cell types, 
the cell line was grown to 60% of the plate. For quantitative 
comparison for western blot analysis, the volume of medium 
was adjusted. Mediums were changed with serum free medi-
um and incubated for 24 hours. Cells were centrifuged at 2000 
grams for 30 minutes and 8 ml of supernatant was transferred. 
Exosome was isolated with the medium using Total Exosome 
Isolate (Invitrogen™, #4478359) based on the manufacturer’s 
protocol. After purifying the exosome, exosomes were kept at 
-78°C before use.

Equal volume (30 μl) of exosomes was separated at 10%, and 
12% acrylamide SDS-PAGE gel.

Total proteins extracted from cells at the time to extract exo-
some samples were used for the cell pellet control. First an-
tibody [AZGP1 (#PA5-13580, Invitrogen), CD9 (#ab236630, 
abcam)] and secondary antibody [2nd anti-Rabbit (#ab6721, Ab-
cam)] were used in this study.

Transmembrane Assay
The slightly modified transmembrane assay was used [27]. A549 
cells (2 × 105 cell/ml) in the 750 μl of serum-free medium were 
added to the upper chamber with an exosome. In the down 
chamber, 1.5 ml of serum medium was added. After 24 hours 
of incubation, chambers were washed with PBS to remove the 
non-migrated cells. Migrated cells were stained with 1% crystal 
violet. After 15 minutes, the cells were observed using a micro-
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scope (EVOS FL, Invitrogen™).

Statistics
All experiments were repeated more than three times inde-
pendently. Results are indicated as mean values ± standard de-
viation. Statistically significant differences were analyzed using 
a GraphPad Prism. When only two groups were compared, the 
student’s t-test was used (***: P<0.01).

RESULTS
General Schemes for Candidate Identification
Exosomal protein coding 7145 genes of different types of can-
cer were extracted from Extracellular vesicles database; Vesi-

clepedia (http://microvesicles.org/). Except reported protein as 
a biomarker, primers for candidate genes were made to check 
mRNA expression using Quantitative Real-Time PCR [28].

The Expression of AZGP1 was Detected in Pan-
creatic Cancers
The expression of AZGP1 mRNA of cancer cells was tested with 
Quantitative Real-Time PCR. ΔCq values of AZGP1 mRNA were 
0.004 at LNCaP clone FGC, and 0.006 at AsPC-1 cell line (Figure 
1). Even though AZGP1 is considered a diagnostic marker for 
prostate cancer [29,30], AZGP1 mRNA expression of AsPC-1 was 
higher than that of LNCaP clone FGC. We suggest that AZGP1 
should be better to diagnose pancreatic cancer.

Figure 1: mRNA of AZGP1 only expressed in AsPC-1 and LNCaP cell line, AZGP1 of various cell lines was detected by Quantitative Real-Time 
PCR. GAPDH was used as innate reference for gene expression.

Figure 2: All of the pancreatic cancer cell lines have AZGP1 band, AZGP1 expression of pancreatic cancer cells was detected by western blot 
assay. Cell pellets that were extracted at the time of preparing the exosome were used. GAPDH was used as an innate control. The bands were 
quantified using Image J

Interestingly, all of the pancreatic cancer cell lines showed sim-
ilar expression of AZGP1 in the cell pellet sample (Figure 2). 
In the previous proteomic research, human plasma samples 
from patients with pancreatic cancer compared with healthy 
and chronic pancreatic control samples showed that a higher 

amount of AZGP1 was detected in patients [31]. So, we used an 
exosome to detect exosomal AZGP1. All of the cell lines showed 
the protein band at 48 kDa, except AsPC-1 and DU145 (lower 
than 48 kDa band). CD9 was used as an exosome marker (Figure 
3).
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Only Lower Form of AZGP1 was detected in SNU 
Pancreatic Cancer Cell Line
SNU (Seoul National University) cell lines have been made from 
Korean cancer patients since 1982 [32]. In the SNU cell lines of 
pancreatic cancer, AZGP1 was detected at the same size (Figure 

4A). To compare the band size of Figure 4A, the exosomes of 
SNU-2469, SNU-2491, AsPC-1 and Panc-1 were analysed. The 
band of AZGP1 of only Panc-1 showed at the 48 kDa but the 
band of SNU-2469, SNU-2491 and AsPC-1 showed lower than 
that (Figure 4B).

Figure 3: Exosomal AZGP1 was detected two types in cancer cell line; The exosome was isolated from the cell culture medium. When cells were 
grown 60% of plates, the media was changed to serum free. After 24 hours, the media was prepped and the exosome was isolated from the 
media. CD9 was used as an exosome marker.

Figure 4: (A) SNU pancreatic cancer cell lines only have lower type of exosomal AZGP1; SNU pancreatic cancer cell lines have same size of AZGP1 
Exosomes of SNU pancreatic cancer cell line were isolated and analysed with same way with previous experiment (B) SNU pancreatic cancer cell 
lines have lower band of AZGP1; To compare the size of exosomal AZGP1 derived from SNU pancreatic cancer cell line, western blot assay was 
performed. The sample is same with the previous experiment.

Lower Form of AZGP1 can Increase Cancer Cell 
Migration
To check whether exosomal AZGP1 can increase cancer mi-
gration, exosomes of DU145, RWPE-1, AsPC-1, Panc-1 and 
NCI-N87 were treated to A549, the lung cancer cell line. Can-

cer cell migration treated with exosomes of DU145 and AsPC-1 
which showed lower form of AZGP1 were increased 4.28 and 
3.71-fold, respectively compared to control that was not treat-
ed with exosome. Cancer cell migration treated with exosomes 
of Panc-1 and RWPE-1 which showed 48 kDa size of AZGP1 in-
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creased 2.7 fold and similar extend, respectively with the con-
trol, and NCI-N87 which showed no AZGP1 band increased sim-

ilar extend with the control (Figure 5).

Figure 5: Lower type of exosomal AZGP1 induced cancer migration; Exosomes from cancer cells were isolated in the same way. A549 cells were 
treated with 200 μl of cancer derived exosome. After 24 hours, non-transferred cells were removed. 1% crystal violet was treated for staining and 
pictures were taken by microscope.

DISCUSSION
Pancreatic cancer is one of the most malignant cancers because 
of an overall 5-years survival rate of 11%. The only marker to 
diagnose pancreatic cancer, CA 19-9, can’t detect the pancreatic 
cancer. Because CA 19-9 doesn’t have specificity to pancreatic 
cancer perfectly, some pancreatic cancer patients could not be 
detected using CA 19-9. So, we tried to find a new biomarker 
candidate to diagnose pancreatic cancer more exactly.

After checking the mRNA expression level to find pancreatic 
cancer biomarkers among the exosomal proteins, AZGP1 was 
only detected in LNCaP clone FGC and AsPC-1. At the protein 
level, AZGP1 was detected in all of the pancreatic cancer cell 
lines. For convenient diagnosis, biomarkers must be detected in 
the blood. So, we checked whether AZGP1 can be detected in 
the exosome of pancreatic cancer cell lines or not.

Exosome is secreted in various forms with 30 nm-150 nm size 
and is one of the extracellular vesicles that originate from endo-
somes. Exosome can influence intracellular signaling. Exosomal 
AZGP1 was detected in pancreatic cancer and prostate cancer, 
but the size of exosomal AZGP1 of DU145 and AsPC-1 is differ-
ing from that of another cell line. AZGP1 could have 7 different 
sizes because of glycosylation [33].

CONCLUSION 
SNU pancreatic cancer cell lines also showed the same lower 
size of AZGP1 with that of DU145 and AsPC-1. To check wheth-
er lower size of exosomal AZGP1 can increase cancer migration 
or not, we performed a transmembrane assay. Treatment of 
exosomal AZGP1 of DU145 and AsPC-1 that have lower size of 
AZGP1 increased cancer migration better than another exoso-
mal AZGP1. This result suggested that SNU pancreatic cancer 
cell lines might migrate more easily and pancreatic cancer in Ko-
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rean might migrate more easily. In conclusion, exosomal AZGP1 
should be valuable to detect pancreatic cancer biomarker with 
or without CA 19-9, and can be used to predict whether cancer 
migration will be faster or not, but it is necessary to study in 
more detail why the different sizes of AZGP1 are made and how 
the lower size of AZGP1 affects cancer migration.
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