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Supplementary Methods 
 
      Preparation of EV-free plasma samples. Plasma samples were centrifuged at 110,000 g 

overnight, and supernatants were collected as EV-free plasma, and analyzed by Western blot 

analysis, which found that the EV marker proteins CD63 and Tsg101 were markedly depleted in 

EV-free plasma supernatants, but highly enriched in the matching plasma precipitates (Fig. S3c 

and S3d) 

      Selection of the pixel intensity threshold for the procession of DFM images. NIH IMAGE 

J image analysis software was used to analyze DFM images. DFM AuS-EV-AuS signal was 

quantified using a pixel intensity threshold of 255 to exclude AuS-EV signal detected at lower 

thresholds (Fig. S13), since this cut-off was found to detect < 0.4 % of AuS-EV spots and 0 % of 

AuR-EV spots in 20 EV wells incubated with both AuS and AuR probe, where false positive 

AuS-EV signal accounting for ≤ 0.2 % of the total AuS-EV-AuR signal.  
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Figure S1. SEM images of (a) bare EV captured on the sensor chip, (b) EV binding with one AuR GNP 
and (c -d) EVs binding with both AuR and AuS GNPs, and (e) EV dispersion on the assay chip. Scale bar: 
(a-d) 50 nm and (e) 250 nm. 
 
 
 

 
Figure S2. (a) TEM image and (b) dynamic light scattering (DLS)-determined size distribution of 
purified human plasma EVs. Scale bar: 20 nm. 
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Figure S3. Complete images of Western blot analyses for EVs isolated from (a-b) human pancreatic cell 
lines (Figure 3) or (c-d) human plasma after hybridization with (a) anti-EphA2, (b) anti-CD81, (c) anti-
CD63 or (d) anti-TSG101. The same amount of BCA-quantified protein extract was loaded in all wells. 
Data shown in (a) and (b) represent different regions of the same blot that were cut and then separately 
hybridized with the indicated antibodies. Extra bands detected in (c) and (d) represent blocking artifacts 
from high abundance plasma and marker proteins. All wells were loaded with 10 µg BCA-quantified 
protein extract. Target protein bands are labeled by dashed boxes.  
 
 
 

 

Figure S4. Linear range of the log (nPES-calculated EV concentration) vs. log (known EV concentration) 
in EV-spiked standard samples (5E-4, 3.75E-3, 1.5E-2, 0.1, 0.8, 3.2, 12.8, 51.2 µg/µL). A strong 
correlation (r2 = 0.99) was obtained in this concentration range. Data represent mean ± SEM; n = 3 
replicates/sample.  
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Figure S5. Representative nPES signal in undiluted human plasma (> 50 µg/µL nPES assay upper limit) 
and successive PBS dilutions. Data represent mean ± SEM; n = 3 replicates/sample. 
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Figure S6. EphA2 expression levels in two Oncomine datasets comparing gene expression in (a)1 normal 
human pancreas (No value; n = 5), pancreatic cancer (pancreatic adenocarcinoma, n = 14; pancreatic 
carcinoma, n = 1; pancreatic ductal adenocarcinoma, n = 2) and Pancreatitis (n=5) tissue samples and (b)2 
normal human pancreas (No value; n = 16) and pancreatic carcinoma (sample number, n = 36) tissue 
samples. The “No Value” label indicates normal samples not assigned a cancer designation. Boxes span 
the interquartile range, the line within boxes represent the median, and whiskers indicate the minimum 
and maximum values.  
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Figure S7. Correlation of pancreatic tumor size with (a-c) nPES signal and (d) time post-injection in nude 
mice subcutaneously injected with 2 × 106 with PANC-1 pancreatic tumor cells. 
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Figure S8. Comparison of EphA2-EV levels in plasma samples from normal control (n = 48), chronic 
pancreatitis (n = 48) and pancreatic cancer (n = 59) patients, with 1 µL unprocessed plasma. Data 
represent mean ± SEM. ***, p < 0.001 by one-way ANOVA. 

 
 
 

 

Figure S9. Comparison of EphA2-EV levels in plasma samples from normal control (n = 48),  
pancreatitis (n = 48) and stage I + II (S1 + S2; n = 37) and III (S3; n = 12) pancreatic cancer patients. 
Note that 10 pancreatic cancer patients did not have recorded tumor stage data. Data represent mean ± 
SEM. ***, p < 0.001 by one-way ANOVA. 
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Figure S10. Comparison of CA19-9 levels in plasma samples from normal control (n = 44), pancreatitis 
(n = 43) and pancreatic cancer patients (n = 49). Note that some patients did not have recorded CA19-9 
data due to insufficient sample. Data represent mean ± SEM; ***, p < 0.001 by Kruskal-Wallis one-way 
ANOVA. 

 
 

 

Figure S11. Comparison of CA19-9 levels in plasma samples from normal control (n = 44), pancreatitis 
(n = 43) and stage I + II (S1 + S2; n = 31) and III (S3; n = 9) pancreatic cancer patients. Note that some 
patients did not have recorded CA19-9 data due to insufficient sample. Data represent mean ± SEM. 
Kruskal-Wallis one-way ANOVA was used for data comparison. 

 
 
 

 

 

 



	   11	  

 

Figure S12. Difference in plasma CA19-9 levels before (C(pre)) and after (C(post)) therapy in patients 
with good/partial (< 50 % viable tumor cells, n = 13) and poor (> 50 % viable tumor cells, n = 10) 
responses to therapy. Data represent mean ± SEM. Student t-test was used for data comparison.	  

	  
	  
	  
	  

 
Figure S13. Image of nPES signal detected (a) without a software threshold and “AuS-EV-AuR” signal 
recognized after intensity thresholds of (b) 80, (c) 160 and (d) 255 are applied to the image, with detected 
signal indicated by intense red pixel maps. Circles indicate AuS-EV signal and arrow mark true AuS-EV-
AuR signal. Note that AuR-EV (dim red) spots were not recognized at these thresholds. 
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Table S1. Reproducibility of nPES results with different input plasma volumes. 

 
	  
 
 
 
Table S2. Repeatability of EphA2 EV nPES results in two selected plasma samples with low and high 
nPES signals, subsequently found to be from patients with stage II (patient 1) and stage III (patient 2) 
pancreatic cancer. Samples were analyzed with 20 replicates per day over 3 days to generate 60 values per 
sample. 
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Table S3. Membrane proteins identified by proteomic analysis of EVs from the human pancreatic cancer 
cell lines PANC-1, MIA PaCa-2, and BXPC-3. The 26 proteins that were expressed in at least 2 cell lines 
(highlight with gray) were then analyzed in ONCOMINE database, to compare gene expression level of 
each protein in pancreatic cancer, NC, and chronic Pancreatitis tissue samples. 
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Table S4. Estimated Total-EV and EphA2-EV concentrations in pooled patient plasma samples. 

 

 

 

 

Table S5. Demographics of normal control, pancreatitis, stage I + II pancreatic cancer, stage III 
pancreatic cancer and all pancreatic cancer patients. Note that 10 pancreatic cancer patients did not have 
recorded tumor stage data. 
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Table S6. Demographics of neoadjuvant treated pancreatic cancer patients. 
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