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Background: Pancreatic cancer (PC) is one of the worst prognoses amongst all malignant 
diseases. It is therefore of great significance to identify biomarkers with predictive clinical 
value for the prognosis and recurrence of PC.
Methods: In our study, enzyme-linked immunosorbent assays (ELISA) were used to detect 
the expression of Exo-EphA2 in the serum of PC patients and controls. Kaplan–Meier curve 
and Cox regression analyses were used to evaluate the prognostic value of Exo-EphA2 
expression in patients with primary and recurrent PC.
Results: The level of serum Exo-EphA2 was significantly higher in the PC group when 
compared to that of the control group. High expression of Exo-EphA2 in PC was associated 
with shorter overall survival (OS) and proved to be a significant negative prognostic factor in 
the multivariate analysis (HR = 1.04, 95% CI: 1.00–1.09, P <0.001). Additionally, we found 
that the level of serum Exo-EphA2 in recurrent PC patients (first recurrence < 12 months) 
was positively correlated with the level of Exo-EphA2 at primary diagnosis. Multivariate 
analysis showed that a high expression of Exo-EphA2 in recurrent PC was associated with 
shorter recurrence-free survival (RFS) (HR = 1.41, 95% CI: 1.10–1.70, P < 0.001).
Conclusion: High expression of serum Exo-EphA2 represents a novel biomarker for a poor 
prognosis in PC patients.
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Introduction
Pancreatic cancer (PC) is one of the most lethal malignancies with a five-year 
survival rate of approximately 5%, and is the fourth leading cause of cancer-related 
deaths globally.1,2 Because of its invasiveness and high metastasis rate, surgical 
resection remains the most effective treatment with prolonged median survival of 
12.6 months.3 However, it remains difficult to predict the prognosis based on 
resection alone. Therefore, there is a high unmet medical need to identify molecular 
biomarkers for the prognosis, and develop individualized therapy to improve the 
survival of PC patients.

Accumulating evidences have shown that exosome signaling pathways are 
involved in cancer progression.4 Exosomes are small membranes vesicles (40– 
150nm) containing various active biological molecules involved in intercellular 
communication and tumor progression.5 Cancer cells can translocate growth factors 
and cytokines to the surface and release exosomes to communicate with other cells 
in the environment, leading to establish the invasive growth of a tumor.6 For 
example, recent research indicates that exosomes from pancreatic ductal adenocar-
cinoma cells induce mouse liver Kupffer cells to secrete transforming factor β 
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(TGF-β) and to upregulate the expression of fibronectin in 
hepatic stellate cells.7 In addition, with the rise of liquid 
biopsies, circulating exosomes have been widely reported 
as noninvasive biomarkers for the diagnosis and prognosis 
of various malignancies, such as liver, colorectal, and 
prostate cancer.8–10 For example, serum exosomal miR- 
125b was reported as a novel prognostic marker for hepa-
tocellular carcinoma with high specificity and sensitivity. 
Serum exosomal miR-122 has been considered a potential 
biomarker for diagnosis and prognosis of colorectal cancer 
with liver metastasis. Similarly, plasma exosomal miR-141 
and miR-375 were overexpressed in patients with recur-
rent prostate cancer after radical prostatectomy compared 
to patients with non-recurrent disease.

Ephrin type-A receptor 2 (EphA2) is overexpressed in 
multiple types of cancers such as breast, melanoma, ovar-
ian adenocarcinoma.11–13 Due to its strong association 
with tumor progression, metastasis, and prognosis, 
EphA2 is considered a possible therapeutic target, as 
well as a diagnostic and prognostic marker. A previous 
study indicated that EphA2-enriched exosomes (Exo- 
EphA2) could induce chemoresistance in PC cells, which 
could help predict the biochemical response to gemcita-
bine-based chemotherapy.14 Additionally, Exo-EphA2 acts 
as an oncogene in PC. In support of these findings, we 
observed that Exo-EphA2 could transfer metastatic poten-
tial to recipient cells.15 Consistent with this, the level of 
circulating Exo-EphA2 was higher in PC patients when 
compared to that of healthy controls, suggesting it could 
serve as a potential diagnostic marker for PC.16 However, 
the relationship between the underlying dynamic expres-
sion of serum Exo-EphA2 and the prognosis and recur-
rence of PC remains unclear.

Therefore, we evaluated the predictive value of serum 
Exo-EphA2 levels for prognosis and recurrence of PC.

Patients and Methods
Patients and Samples
We collected 200 serum samples from patients with PC, 
benign pancreatic disease and healthy controls at the 
Tianjin Medical University Cancer Institute and Hospital 
(China) from January 2017 to December 2017. After cen-
trifugation at 3000rpm for 10min, 1 mL of serum samples 
collected from venous blood were transferred to fresh 
tubes. All patients received a regular telephone follow-up 
every three months to record 1-year recurrence rates and 
3-year survival rates. The tumor stage was classified 

according to the American Joint Committee on Cancer 
(AJCC) TNM classification. Clinical samples were col-
lected from all participants after obtaining informed 
consents.

Exosome Isolation and Purification
We used the ExoQuick Exosome Precipitation Solution 
(System Biosciences, Mountain View, USA) to precipitate 
exosomes from 250 μL of serum, according to the manu-
facturer’s protocol. In short, 250 μL of serum and 63 μL of 
EXO-Quick solution were mixed and refrigerated at 4 °C 
for 30 min. Then, we centrifuged the mixture at 1,500 x g 
at 4 °C for 30 min. The pelleted exosomes were suspended 
in 100 μL of PBS solution. After that, the mixture was 
centrifuged at 100,000 x g for 60min to purify exosomes. 
The pelleted exosomes were resuspended in 100 μL of 
PBS solution and frozen at −80 °C until further proces-
sing. Unnecessary freeze-thaw cycles were avoided.

Exosome Quantification
Quantification of serum exosomes was performed using 
the ExoQuantTM Overall Exosome Capture and 
Quantification Assay Kit (ELISA). (Biovision, CA, USA) 
according to the manufacturer’s protocols. Briefly, 100 μL 
of serum samples were added to 96-well plates and shaken 
at room temperature for 30 min. The plate was then 
incubated at 4°C overnight. Wash the plates three times 
with 300 μL/well of Washing Buffer. Then 100 μL of 
exosome detection antibody (1:500) was added to each 
well and incubate at room temperature for 15 min and at 
4°C for 2 h. After washing the plate three times, 100 μL of 
Streptavidin-HRP antibody solution was added to each 
well and incubate at room temperature while shaking for 
15 min. This solution was then kept at 4°C for 1 h. Next, 
100 μL of substrate chromogenic solution was added to 
each well and incubate at room temperature in the dark for 
5–10 min. The reaction was stopped by the addition of 100 
μL of stopping solution and the absorbance recorded at 
450 nm within 10 minutes.

Transmission Electron Microscopy 
Analysis
The exosomes were examined by transmission electron 
microscopy (TEM) as described previously.15 Briefly, pur-
ified exosomes was loaded onto non-glow-discharged car-
bon-coated grids for 10 min with 4% paraformaldehyde 
and negatively stained with 2% uranyl acetate for 1 min at 
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room temperature. The fried grids were viewed under 
a FEI/Philips CM12 TEM operated at 80 kV.

Western Blot Analysis
Proteins were extracted from the exosome pellets using 
RIPA buffer (Thermo Fisher Scientific, Waltham, USA). 
The protein concentration was determined using a BCA 
kit (Thermo Fisher Scientific, Waltham, USA). An amount 
of exosome lysate (10 μg) was run on 10% SDS-PAGE 
(Bio-Rad Laboratories, Hercules, USA), transferred to 
nitrocellulose membranes and blocked in PBS with 0.05% 
Tween-20 (PBST) containing 5% skimmed milk at room 
temperature for 2 h. The membranes were incubated with 
anti-CD63 (Abcam; 1:500), anti-CD9 (Abcam; 1:500) or 
GAPDH at 4°C overnight. The membranes were washed 
four times with PBST and incubated with an appropriate 
secondary antibody for 1 h at room temperature. Protein 
bands were visualized using ECL Western Blotting 
Detection Reagent (ABM Inc., Canada) and analyzed with 
ImageJ software (version 1.8.0).

Detection of Exo-EphA2
Concentrations of serum Exo-EphA2 levels were deter-
mined using the enzyme-linked immunosorbent assay 
(ELISA) kits as described by Wei et al16 (Raybiotech, 
Atlanta, USA). Details of the procedure are outlined in 
the manufacturer’s instructions. In short, a 96-well micro-
plate was coated with 100 μL of anti-human EphA2 anti-
body overnight before use. Plates were blocked at room 
temperature for 1 hour, after which serum samples were 
added and incubated at room temperature for 2.5 hours. 
After washing three times, the samples were incubated 
with the detection antibody for another two hours at 
room temperature, followed by the addition of 
a streptavidin solution for 45 minutes. Finally, the plates 
were washed three times, a chromogenic was added for 30 
minutes, and finally the reaction was stopped using a stop 
solution. A microplate reader (Model 680, Bio-Rad 
Laboratories, Hercules, USA) was used to measure the 
absorbance at 450 nm. All samples were measured in 
duplicate.

Statistical Analysis
The statistical analyses were conducted with the Statistical 
Package for Social Scientists (SPSS, version 23.0; IBM 
Corp, Armonk, USA) and GraphPad Prism Software 5.0 
(GraphPad Software Inc, San Diego, USA). All data were 
expressed as median and interquartile range. The Wilcoxon 

Signed-Rank test was used to compare levels of serum Exo- 
EphA2 between groups. Differences in overall survival (OS) 
and recurrence-free survival (RFS) in different subgroups 
were visualized using Kaplan–Meier plots and differences 
between groups were analyzed using the Log rank test. 
Univariate and multivariate Cox regression analyses were 
performed to study the prognostic relevance of Exo-EphA2 
in PC. The correlation between serum Exo-EphA2 at primary 
diagnosis and recurrence was assessed using Spearman’s 
rank-order analysis. P < 0.050 was considered statistically 
significant. All experiments were performed three times.

Results
Clinical Characteristics of the Patient 
Cohort
We analyzed 200 serum samples, including 90 serum 
samples of PC patients before any therapeutic procedure 
(chemotherapy and/or chemoradiotherapy), 55 patients 
with a benign pancreatic disease, and 55 age-matched 
healthy controls. The 90 PC patients consisted of a male/ 
female ratio of 2:1 and a median age of 60 years (ranging 
from 28 to 87 years). According to the AJCC staging 
TNM classification, patients were divided into those with 
early-stage (stage I/II) and those with advanced-stage 
(stage III/IV). Furthermore, all 90 patients were treated 
with gemcitabine-based chemotherapy after surgery. 
Detailed data on clinical parameters, including age, gen-
der, drinking and smoking habits, hypertension, lymph 
node metastasis, and stage, are summarized in Table 1.

Validation of the Isolated Serum 
Exosomes
Isolated serum exosomes were identified by TEM and 
Western blot. As shown in Figure 1A, the exosome struc-
ture and shape were observed via TEM. Western blot 
showed that the exosomal markers CD9 and CD63 were 
both enriched in the purified exosome pellets (Figure 1B). 
These results indicated that the isolated exosomes were 
purified adequately. Furthermore, we observed that the 
relative expression of exosomes in the serum of PC 
patients did not differ from that of benign pancreatic dis-
ease patients or healthy controls (Figure 1C).

Serum Exo-EphA2 is Elevated in 
Pancreatic Cancer
We detected the expression of Exo-EphA2 in the 200 serum 
samples. As shown in Figure 2A, serum Exo-EphA2 levels 
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in PC patients were significantly higher than those of 
benign pancreatic disease patients and healthy controls. In 
addition, serum Exo-EphA2 levels in PC patients with 
advanced-stage (III+IV) were significantly higher than 
those of PC patients with early-stage (I+II) (Figure 2B).

Serum Exo-EphA2 Level is an 
Independent Predictor for OS in 
Pancreatic Cancer
To investigate the prognostic value of Exo-EphA2 in PC, 
we analyzed the 3-year overall survival of patients with 
early and advanced disease stages. The 90 PC patients 

were divided into two groups based on the median level 
of Exo-EphA2 expression. Kaplan–Meier curves of OS 
showed that a higher Exo-EphA2 expression was signifi-
cantly associated with a poorer outcome. The median OS 
time was 17 months in the high Exo-EphA2 group and 31 
months in the low Exo-EphA2 group (Figure 3A). 
Subgroup analysis showed that high Exo-EphA2 signifi-
cantly affected OS in patients with early (P <0.001) and 
advanced stage cancer (P = 0.036) (Figure 3B and C). 
Univariate analysis suggested that positive lymph nodes 
(P = 0.03), tumor stage (P = 0.01), and Exo-EphA2 
expression (P = 0.02) were associated with a poor OS, 
but not age (P = 0.39), gender (P = 0.76), drinking (P = 
0.63), smoking (P = 0.19) or hypertension (P = 0.13). 
Multivariate analysis revealed that Exo-EphA2 is indeed 
an independent risk factor for OS in PC patients (HR = 
1.04, 95% CI: 1.00–1.09, P <0.001; Table 2).

Serum Exo-EphA2 Levels in Recurrent 
Pancreatic Cancer
Among 90 PC patients, 51 patients experienced recurrence 
within one year. From those 51 patients, the corresponding 
serum samples at primary diagnosis and recurrence were 
available. The Exo-EphA2 levels in patients with recurrent 
PC were significantly higher than those of patients with 
non-recurrent PC (Figure 4A). Moreover, we found 
a strong correlation between the Exo-EphA2 level at the 
primary diagnosis and at the first recurrence (R = 0.668, 
P < 0.001; Figure 4B).

Serum Exo-EphA2 Level is an 
Independent Predictor of RFS in 
Pancreatic Cancer
A high expression of Exo-EphA2 was significantly asso-
ciated with poor RFS (Figure 5A). Subgroup analysis 
identified that high Exo-EphA2 expression was signifi-
cantly associated with RFS in patients with early stage 
(P < 0.001), but not in patients with advanced stage cancer 
(P = 0.105) (Figure 5B and C). Univariate analysis showed 
that positive lymph nodes (P = 0.03), tumor stage (P = 
0.01) and Exo-EphA2 expression (P = 0.01) were asso-
ciated with RFS, but not age (P = 0.53), gender (P = 0.34), 
drinking (P = 0.83), smoking (P = 0.53) or hypertension (P 
= 0.72). The multivariate analysis confirmed that Exo- 
EphA2 was an independent risk factor for RFS in PC 
patients. (HR = 1.41, 95% CI: 1.10–1.70, P = 0.001; 
Table 3).

Table 1 Clinic Characteristics of Pancreatic Cancer Patients

Characteristics (N=90)(%)

Age

<55 30(33.3)

>55 60(66.7)

Gender

Female 29(32.2)

Male 61(67.8)

Smoke

Yes 35(38.9)

No 55(61.1)

Drink

Yes 21(23.3)
No 69(76.7)

Hypertension

Yes 20(66.7)

No 70(66.7)

Lymph nodes metastasis

Yes 58(64.4)

No 32(35.6)

TNM stage

Stage I/II 60(66.7)
Stage III/IV 30(33.3)

Recurrence (1 year)

Yes 51(56.7)

No 39(43.3)

Overall survival

Survival 7(7.8)

Death 83(92.2)
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Figure 1 The validation of isolated serum exosomes. (A) Transmission electron microscopy micrographs showing exosome morphology and size. (B) Western blotting 
showing the expression of exosomal positive marker CD9 and CD63. (C) Exosome capture and quantification assay showing the relative expression of exosome in different 
cohort. 
Abbreviations: PC, pancreatic cancer; DC, benign disease; HC, healthy control.

Figure 2 Serum Exo-EphA2 is upregulated in pancreatic cancer. (A) Expression of serum Exo-EphA2 in pancreatic cancer, benign pancreatic disease and healthy controls 
(p < 0.001). (B) Expression of serum Exo-EphA2 in PC Stage I/II and PC Stage III/IV (p < 0.001). 
Abbreviations: PC, pancreatic cancer; DC, benign disease; HC, healthy control.
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Discussion
There is a high incidence of postoperative recurrences in 
PC patients due to histological aggressiveness and che-
motherapy tolerance of the malignant tumor.17 Therefore, 
early diagnosis and surgical therapy are the preferred 
treatment. However, in clinical practice, the effect of 
only surgical treatment alone is limited, as well as radio-
therapy, chemotherapy, and targeted therapy.18,19 Despite 
recent progress in diagnosing and treating PC, the prog-
nosis remains poor due to frequent postoperative recur-
rences and metastasis.20 Therefore, to improve prognosis, 
the identification of novel prognostic biomarkers and spe-
cific signaling pathways are vital to stratify the risk of 
recurrence and identify new potential therapeutic targets.

Exosomes mediate the interaction between cells and 
their surrounding microenvironment by carrying bioactive 
molecules.21–23 In recent years, more attention has been 
paid to exosome signaling pathways as diagnostic and 
prognostic biomarkers for multiple solid tumors. For 
example, circulating exosomal miR-150-5p acted as 
a novel diagnostic and prognostic marker for colorectal 

cancer, which in combination with carcinoembryonic anti-
gen (CEA), could improve the diagnostic accuracy.24 An 
increased expression of exosomal miR-17-5p in breast 
cancer suggested that it might serve as a potential diag-
nostic biomarker for breast cancer with 66.67% sensitivity 
and 83.59% specificity.25 In addition to miRNAs, exosome 
proteins also play essential roles in cancer diagnosis and 
prognosis assessment. Øverbye et al found that exosomal 
transmembrane protein 256 (TM256) in urine has high 
sensitivity and specificity for the diagnosis of prostate 
cancer.26 Exo-linc-fam138b secreted by cancer cells can 
inhibit the occurrence and development of liver cancer by 
targeting miR-765, providing new prospects for the further 
understanding of the complex signaling regulation of liver 
cancer.27

Recent studies have shown that EphA2 can promote the 
growth and invasion of a variety of cancer cells.28–30 This 
membrane protein has a similar expression level in pure 
exosomes and serum. We have previously shown the diag-
nostic value of Exo-EphA2 combined with CA 19–9 and 
CA 242 in PC, but to the best of our knowledge, the effect 

Figure 3 Higher Exo-EphA2 expression was significantly associated with poor overall survival (OS). Kaplan–Meier curves of OS (A) in pancreatic cancer (p < 0.001), (B) in 
stage I/II (p < 0.001) and (C) in stage III/IV (p = 0.036). Based on the median level of Exo-EphA2 expression (1768 ng/L), pancreatic cancer patients were divided into two 
groups (EphA2-high expression and EphA2-low expression).

Table 2 Univariate and Multivariate Analysis of Overall Survival in Pancreatic Cancer

Univariate Analysis Multivariate Analysis

Parameters HR 95% CI P HR 95% CI P

Age 0.99 0.96–1.01 0.39

Gender 1.07 0.67–1.71 0.76
Smoke 1.11 0.71–1.73 0.63

Drink 0.70 0.41–1.20 0.19

Hypertension 1.55 0.88–2.72 0.13
Lymph-node-metastasis 3.78 2.28–6.27 0.03 0.99 0.56–1.78 0.99

TNM stage 5.49 3.29–9.16 0.01 1.06 0.57–1.98 0.84

Exo-EphA2 expression 1.05 0.96–1.21 0.02 1.04 1.00–1.09 <0.001

Note: P < 0.05 in bold is statistically significant. 
Abbreviations: CI, confidence interval; HR, hazard ratio.
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of Exo-EphA2 on the prognosis of PC remains unclear. In 
this study, we found that serum Exo-EphA2 was highly 
elevated in PC patients, and positively correlated with the 
tumor stage of these patients. Consistent with our previous 
study, which has found elevated expression of Exo-EphA2 
in metastatic PC, the level of Exo-EphA2 in patients with 
an advanced stage disease was higher than that of patients 
with early stage cancer, providing an important signal for 
poor prognosis. Indeed, Kaplan–Meier curves of OS sug-
gested that high expression of serum Exo-EphA2 was asso-
ciated with a low OS rate. As an individual biomarker, 
univariate and multivariate analyses showed that the expres-
sion of serum Exo-EphA2 had a prognostic value in PC 
patients.

High serum Exo-EphA2 levels at the initial diagnosis 
indicated disease progression and poor OS. Tumor recur-
rences hinder outcomes, which complicates the choice of 
treatments. Based on this, the advantage of our study is 
that we analyzed serum Exo-EphA2 at both the initial 
diagnosis and at recurrence. We found that the expression 
of serum Exo-EphA2 at diagnosis in recurrent PC patients 
was significantly higher than that of non-recurrent PC 
patients. In addition, a positive correlation was found 
between Exo-EphA2 levels at the initial diagnosis and at 
recurrence. Indeed, a high Exo-EphA2 expression resulted 
in a poor RFS, suggesting that Exo-EphA2 could be used 
to guide treatment selection. However, due to the small 
number of patients with advanced stage, the expression of 

Figure 5 Higher Exo-EphA2 expression was significantly associated with poor recurrence-free survival (RFS). Kaplan–Meier curves of RFS (A) in pancreatic cancer (p < 
0.001), (B) in stage I/II (p < 0.001) and (C) in stage III/IV (p = 0.105). Based on the median level of Exo-EphA2 expression, recurrent PC patients were divided into two 
groups (EphA2-high expression and EphA2-low expression).

Figure 4 Serum Exo-EphA2 is upregulated in recurrent PC patients. (A) Expression of serum Exo-EphA2 in recurrent patients and non-recurrent patients (p < 0.001). (B) 
Correlations of serum Exo-EphA2 expression at primary diagnosis and at recurrence (p < 0.001).
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Exo-EphA2 was not found to be associated with RFS in 
PC patients with advanced stage, which is inconsistent 
with our hypothesis. Univariate and multivariate analyses 
reiterated that the expression of serum Exo-EphA2 as an 
individual biomarker has a good prognostic value for PC 
patients with recurrence. In our previous study, we found 
that Exo-EphA2 could transfer chemoresistance in pan-
creatic cancer cells, which supports the hypothesis that 
a high expression of Exo-EphA2 at recurrence may be 
associated with chemoresistance. The selection pressure 
of chemotherapy triggers chemoresistance, leading to the 
growth of chemotherapy-resistant tumor cells. Therefore, 
Exo-EphA2 can be used as a blood biomarker for the 
therapy of PC, predicting an invasive disease with a high 
recurrence risk and poor prognosis.

We acknowledge several limitations in our current 
research. First, this is a retrospective observational study, 
which may suffer from sampling biases; therefore, the 
conclusions need to be confirmed in a large cohort. For 
example, in our study, we did not find a significant corre-
lation between smoking and poor outcome of PC patients, 
however, previous studies with larger sample sizes have 
reported that smoking was associated with reduced survi-
val in PC patients.31 In addition, we speculated that the 
high levels of Exo-EphA2 might lead to chemoresistance 
in PC patients, however, further studies are required to 
investigate the clinical application value of Exo-EphA2 for 
therapy monitoring.

In conclusion, we provided evidence that serum Exo- 
EphA2 is upregulated in PC. A high expression of Exo- 
EphA2 may serve as an independent risk factor for poor 
OS and RFS in PC patients treated with gemcitabine-based 
chemotherapy. Our findings suggest that serum Exo- 

EphA2 can be used as a prognostic biomarker in pancrea-
tic cancer patients.
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