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Abstract— Exosome vesicles (EVs) released by macrophages 

are potential biomarkers for the analysis of immune responses. 

This study reports a high-throughput EV detection assay 

developed using a label-free EV microarray. The EV microarray 

consists of a panel of seven antibodies that are specific to multiple 

membrane receptors of the target EVs. The EV microarray was 

fabricated on a photonic crystal (PC) biosensor surface. The 

hyperspectral imaging approached was implemented to quantify 

the antibody and EV absorptions on the PC-based microarray. 

The label-free EV microarray enables low-cost, rapid, and high-

throughput characterization of macrophage EVs with a 

significantly reduced sample volume of 1 μL.   
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I. INTRODUCTION 

Recent studies showed that exosomes vesicles (EVs) can 

transport a variety of molecular constituents, such as proteins, 

mRNA, and microRNAs, from their originating cells [1]. The 

analysis of circulating EVs in body fluids has emerged as a 

promising non-invasive molecular diagnostic method [2, 3]. 

The EVs secreted by macrophages are particularly interesting 

since the macrophage-derived EVs may play a role in immune 

system responses [4, 5]. The size of the macrophage-derived 

EVs ranges from 50 nm to 150 nm in diameter. These EVs can 

be isolated using centrifugation. To analyze the transmembrane 

receptors carried by these EVs, this study demonstrates the 

label-free EV microarray assay. The label-free EV microarray 

is built upon the photonic crystal (PC) sensor platform in 

conjunction with the hyperspectral imaging approach [6-10]. 

The EV microarray assay is designed to simultaneously 

measure seven membrane proteins of the macrophage-derived 

EVs using their corresponding antibodies printed on the EV 

microarray.  

 
Fig. 1 Schematic flowchart of the EV isolation process. (a) Secretion of EVs 

from a macrophage cell. The EVs samples are (b) centrifuged and (c) re-

suspended before being pipetted onto the EV microarray. 

II. MATERIAL AND METHODS 

A. Preparation of EVs 

Fig. 1 summarizes the major steps to collect EVs secreted by 
the macrophages (Fig. 1(a)) from cell line J774A.1 (TIB-67, 
ATCC). The J774A.1 cells were cultured for 24 hours before the 
medium was collected. Fig. 1(b) and (c) show the process of EV 
isolation from the culture medium by centrifugation and 
resuspension.  The concentrations of the isolated EV samples 
were measured using a nanoparticle analysis tool (NanoSight 
LM10, Malvern Instruments).  

 

Fig. 2 Label-free detection of EVs using the PC biosensor. (a) Schematic 

diagram of the PC biosensor that is functionalized with the antibodies to 

recognize the target EVs. (b) Measured transmission spectra before and after 

the coating of the antibody. The spectral position of the minimal transmission 

represents the resonance wavelength.  (c) Shifts of the resonance wavelength as 

a function of six different EV concentrations. The measured shift values are 

fitted to generate the dose-response curve. (d) SEM image of the EVs 

immobilized on the PC substrate. Scale bar: 500 nm. 

B. Label-free microarray on PC biosensor 

The PC biosensor used in this study consists of a one-

dimensional grating substrate coated with a 100-nm-thick thin 

film of titanium oxide (TiO2) as shown in fig. 2(a). The high-

refractive-index TiO2 film acts as a light confinement layer to 
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