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Abstract: The development of sensitive and specific exosome detection devices is highly desirable because it is 

believed to deliver specific important information for cancer screening, diagnosis, and monitoring. Among 

many detection techniques, nanoplasmonic sensors are optical detection methods that offer advantages in 

sensitivity and detection speed and this makes the sample analysis process faster and more accurate. This paper 

summarizes the development of nanoplasmonic biosensors, especially Surface Plasmon Resonance (SPR) and 

Localized Surface Plasmon Resonance (LSPR)-based biosensors for exosome detection. There are three main 

parts in this paper. The first part will focus on introducing the theoretical background regarding the working 

principles of SPR and LSPR biosensors. After that, we will introduce several methods that can be used for 

exosome isolation. This article will close by explaining the engineering of nanoplasmonic sensors both in terms 

of transducer modification to amplify the signal and functionalization strategies to increase sensor specificity. 

In this section, the detection mechanism, the type of exosomes detected, and the resulting detection limits are 

some of the points highlighted in this paper. 
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1. Introduction 

Exosomes are the smallest material in extracellular vehicles which have a diameter of 30 – 150 

nm and are produced by cells and released into the extra-cellular environment. This type of material 

is found in all biofluids including blood, urine, saliva, synovial fluid, and cerebrospinal fluid[1][2]. 

Recent reports state that an exosome can contain 4563 proteins, 194 lipids, 1639 messenger ribonucleic 

acids (mRNAs), and 764 micro RNAs (miRNAs) [3]. Due to their abundant presence, exosomes have 

recently been considered as promising biomarkers in the early diagnosis of diseases because 

exosomes released by cells directly reflect the pathological condition of the host cells[2]. 

Due to the above-mentioned advantages, analysis and quantification of exosomes has become 

one of the widely explored topics for the purpose of early detection of diseases. Several methods have 

been developed for this purpose such as nanoparticle tracking analysis[4], flow cytometry[5], 

dynamic light scattering[6], and western blot[7]. However, because the process is time consuming 

and the operation requires skilled operators, mass sample testing is difficult to realize. Recently, the 

use of biosensors, especially nanolasmonic biosensors, has become a very reliable alternative method 

because it is easy, label-free and offers real-time detection. The label-free characteristic of biosensors 

can reduce the experimental complexity that comes from using labels. To date, various configurations 

have been explored in nano-plasmonic biosensors and some of them are based on SPR, LSPR, and 

extraordinary optical transmission (EOT). 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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Apart from configuration, another aspect that is widely researched in nanoplasmonic biosensors 

is transducer engineering to obtain more sensitive analytical devices. The two most popular 

approaches for this purpose are to increase the molecular loading capacity of the biosensor chip[8] or 

to enhance the plasmonic effect[9]. Increasing the molecular loading capacity is carried out by coating 

the sensor surface with materials that have a high surface area to volume ratio such as graphene and 

MoS2[10][11]. Based on research conducted by Chiu et al in 2017, the presence of graphene oxide on 

the surface of the SPR chip can increase the sensitivity of the biosensor up to 16 times higher[12]. 

This paper summarizes recent developments in nanoplasmonic biosensors and their utilization 

for exosome detection. The types of nanoplasmonic biosensors discussed will focus on the 

development of SPR and LSPR biosensors. The theoretical background and working principles of 

these two types of biosensors will be discussed in the next section. In addition to introducing the 

latest results and detection mechanisms that have been developed in exosome detection, we will also 

introduce several methods that can be used for exosome isolation. 

2. Theoretical Background and Working Principles of Nanoplasmonic Biosensors 

2.1. SPR Based Biosensor 

Surface Plasmons are the collective oscillations of free electrons at the interface between a 

conductive material, such as a metal, and a dielectric or insulating material. Resonance in surface 

plasmon waves occurs when the frequency of the incident light matches the vibration frequency of 

the electrons. In this situation, there is a transfer of energy from the incident light to the surface 

plasmon wave and this causes the intensity of the reflected light which is measured by the 

photodetector to decrease until it finally becomes zero after reaching the optimum resonance 

condition[13]. Figure 1a below shows one type of SPR biosensor based on prism coupling with an 

incident angle-based investigation mode. The binding and releasing phenomena on the sensing 

surface will cause a shift in the resonance angle and this shift is monitored in real time in the form of 

an SPR sensorgram. In resonance condition, the electric field produced is very high and this zone is 

a very sensitive area to changes in the refractive index[14] as shown in the electric field contour in 

Figure 1b. The resonance angle of the SPR chip which is composed of SF10 prism and Au film with a 

dielectric layer of water is at an incidence angle of ~560. There is a very significant difference 

regarding the electric field around the resonance angle and other incidence angles.    

 

Figure 1. (a). The SPR biosensor is based on prism coupling and the resulting signal. (b). Differences 

in Electric field profiles at different angles of incidence. 
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To obtain suitable conditions between the incident light frequency and the surface plasmon 

vibration frequency, a coupling medium is needed to implement the SPR biosensor. Coupling media 

that have been developed to date include using high refractive index prisms, gratings, waveguides, 

or optical fibers. The basic differences between these four types of biosensors are shown in Figure 2. 

Of the several methods mentioned, prism coupling media with the Kretschmann configuration is an 

approach that has been widely explored. Light incident on one of the Au film interfaces passes 

through the high-index prism and facilitates total internal reflection at the prism-metal interface. In 

the resonance condition, most of the light is transferred to the metal-dielectric interface as surface 

waves causing a sharp decrease in the reflection spectrum. The resonance conditions to achieve SPR 

can be determined based on the following relationship[14]: 

√𝜀𝑝 sin 𝜃𝑟𝑒𝑠 = √
𝜀𝑚𝜀𝑑
𝜀𝑚+𝜀𝑑

 (1) 

where 𝜀𝑝, 𝜀𝑚, and 𝜀𝑑 represent the dielectric constant of the prism, plasmonic material (metal), and 

dielectric layer (analyte medium), respectively, while 𝜃𝑟𝑒𝑠 represents the resonance angle. 

F 

Figure 2. Various common configurations to achieve SPR. (a). Prism based, (b). Grating based, (c). 

Waveguide based (d). Optical fiber based. 

SPR biosensor development is still being carried out to obtain sensors with better performance. 

One of them is by utilizing nanomaterials to increase the sensitivity and resolution of biosensors. 

Chiu et al modified the SPR chip by utilizing the functional groups in graphene oxide. When 

compared with conventional SPR chips, the sensitivity of the biosensor can be increased up to 16 

times[11]. Another development direction of SPR biosensors is in miniaturization and integration. 

Miniaturization and integration are carried out by creating tools that are smaller, portable, and can 

be integrated with other devices to obtain more complete information during experiments. Chiu et al 

utilized electrochemical surface plasmon resonance (EC-SPR) signals to quantitatively detect real-

time changes in the removal of oxygen functional groups in electrochemically-reduced graphene 

oxide (ERGO)[15]. Miniaturization can also be done by integrating it with microfluidic technology. 

This integration offers the advantages of automation, small volumes, fast processing, and can also 

increase the sensing efficiency of the sensor[16]. 

2.2. LSPR Based Biosensor 
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In the previous section we discussed types of biosensors that utilize the propagation of surface 

plasmon wave in their work. In this section we will discuss plasmonic phenomena in a nanometal 

structure with a size much smaller than the wavelength of the incident light. When light interacts 

with this type of nanometal, the collective oscillations of electrons will be localized around the 

nanoparticle. This occurs because the surface of the nanostructure is shorter than the propagating 

plasmon decay length, causing plasmon oscillations to tend to produce standing waves rather than 

propagating waves. The electromagnetic field brought by the incident light causes charge separation 

between the free electrons and the ionic metal nucleus. Furthermore, the repulsive force of coulomb 

repulsion between free electrons will act as a restoring force that causes collective oscillations of these 

electrons[17]. 

Materials that can be used as transducers in LSPR biosensors must meet the Frohlich conditions, 

namely[18]: 

𝜀𝑟 = −2𝜀𝑚 (2) 

In this context, 𝜀𝑟 denotes the real part of the complex dielectric function of the nanoparticle while 

𝜀𝑚 denotes the permittivity of the medium around the nanoparticle. From this equation it can be 

concluded that to implement an LSPR-based biosensor, we must use a material with negative 𝜀𝑟 and 

the imaginary part of the dielectric constant (𝜀𝑖) is expected to be positive or perhaps ignored. For 

this reason, Au and Ag are the types of metals that are widely used in LSPR biosensor applications 

due to their small imaginary dielectric values. 

The LSPR phenomenon is characterized by very strong absorption bands at certain 

frequencies[19]. The LSPR signal can be tuned from the UV-Visible to the infrared region by 

controlling the size, shape, refractive index around the nanoparticle and its composition[20]. Figure 

3 depicts oscillations in nanoparticles in the form of nanospheres and nanorods. Two different 

oscillation directions in the nanorod give rise to new absorption bands called transverse and 

longitudinal modes. When the analyte binds to the nanoparticle surface, it will cause a change in the 

refractive index on the nanoparticle surface, which further shifts the LSPR peak frequency. The LPSR 

peak shift is also influenced by the arrangement and shape of the nanoparticles. Materials with 

greater negative real dielectric constants will produce sensors that are more sensitive to changes in 

local refractive index[21]. In addition, nanoparticles with asymmetric shapes are more sensitive than 

spherical shapes. Nurrohman and Chiu detected BSA with gold nanoparticles (Au NPs) with a 

diameter of 15 nm, the resulting detection limit was only 1 ng/mL[17]. Prajna et al utilize 

nanomaterials with a more complex shape, namely Au nanostars, to detect difficult infections. In this 

research, the sensor detection limit can be reduced to 8.6 pM[22]. 
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Figure 3. Schematic representation of (a) LSPR phenomena, electrical oscillations of (b) nanospheres, 

(c) nanorods (d) absorption spectra of nanospheres and nanorods. Note: TM and LM denote 

transverse and longitudinal modes respectively. 

3. Exosomes Isolation Methods 

Exosomes have become a promising biomarker for early detection of cancer. However, the 

heterogeneity and complexity of biological fluids as well as the presence of nanoscale contaminants 

make the isolation of exosomes still a major challenge [23]. There are at least five types of isolation 

techniques that have been developed, namely differential ultracentrifugation-based techniques, size-

based techniques, immunoaffinity exosome capture-based precipitation, and microfluidics-based 

techniques[24]. These techniques utilize the properties of exosomes in the isolation stage, such as 

density, shape, size, and proteins on the surface of exosomes. All of this will be explained in the 

following section. 

The first method is called differential ultracentrifugation. The working principle of differential 

ultracentrifugation method utilizes differences in volume and physical properties of the material 

present in human tissue samples[26]. Figure 4 illustrates the exosome isolation steps using the density 

ultracentrifugation method[25]. The step in this method begins with low-speed centrifugation (e.g., 

300 g) to eliminate large particles such as cells. The centrifugation speed was then increased gradually 

to remove other contaminants in the sample such as cell debris and apoptotic bodies. The exosomes 

that have been cleaned are then precipitated by centrifuging the sample at a speed of 100,000 g for 90 

minutes. All these steps are carried out in an environment with a temperature of 4℃. 
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Figure 4. Schematic representation of differential ultracentrifugation-based exosome isolation[25]. 

Copyright (2020), Ivyspring International Publisher. 

The second method for exosome separation is the density gradient method. The working 

principle of this method is carried out by utilizing centrifugation force where at a certain speed the 

materials in the sample will settle in the isodensity zone. As shown in Figure 5, initially the exosome 

sample is placed at the top of an inert gradient medium such as a linear sucrose gradient (2.0-0.25M 

sucrose)[25]. The gradient is then centrifuged at a certain speed and time at a temperature of 4℃ so 

that zones with different densities are produced in the sample. For exosomes, the density zone is in 

the range 1.10 – 1.18 g/mL. Because this method utilizes isodensity zones in exosome isolation, in 

several papers this method is also called the zone centrifugation method[26]. 

 

Figure 5. Schematic of gradient density ultracentrifugation-based exosome isolation. (A). Isopycnic 

density gradient ultracentrifugation. (B). Moving-zone gradient ultracentrifugation[27]. Copyright 

(2022), Springer Nature BV. 

Exosomes are composed of proteins, lipids, and polysaccharides. Therefore, exosome isolation 

can be carried out by utilizing the bond between antigen and antibody. This technique is called the 

immunoaffinity technique, which is an approach that uses the affinity between antibodies and 

antigens to capture, purify, or detect certain compounds in a sample. As shown in Figure 6, antibodies 

on the surface of magnetic beads can be used to capture specific proteins such as CD9, CD63, or CD81 

on the surface of exosomes[27]. As a result, the exosomes obtained will have high purity. Apart from 

that, the use of magnetic material in this method can simplify the separation process and speed up 

the exosome isolation time. Three methods of exosome isolation have been described. Other exosome 

isolation methods are summarized in Table 1 below: 

Table 1. The characteristics of each method in exosome isolation[23][24]. 

Isolation method Principle Advantages Disadvantages 

differential 

ultracentrifugation 
Size and density 

Relatively high purity, 

widely used, large sample 

capacity 

Time consuming, exosome 

damage, large sample 

volumes, expensive 

instrumentation 

gradient density 

ultracentrifugation 

Size and density High purity, high 

recovery rate 

Time consuming, exosome 

damage, large sample 

volumes 

Chromatography Size Cost and time saving, Fast 

and simple, Maintain the 

biological activity and 

integrity of exosomes 

Specialized instrumentation, 

Nanoscale contaminants 

(e.g., lipoproteins) 
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Immunoaffinity 

capture 

Specific binding High purity, Sub 

populations can be 

isolated, Can be integrated 

with detection systems 

Expensive, Low yield, 

Nanoscale contaminants, 

Intermolecular cross 

reactions 

microfluidics Specific 

binding, size 

and density 

Fast, low cost, portable, 

easy automation and 

integration, high 

portability.  

Lack of standardization and 

large scale tests on clinical 

samples, lack of method 

validation, moderate to low 

sample capacity 

 

Figure 6. Schematic of the magnetic bead–based exosome isolation[27]. Copyright (2022), Springer 

Nature BV. 

4. Development of Nanoplasmonic Biosensor for Exosome Detection 

4.1. SPR Based Biosensor 

There are at least two main problems that remain challenges in exosome detection using SPR 

biosensors[28]. The first is due to the physical properties of the exosome itself. The small size of the 

exosome and its low mass make the measured SPR signal very small. Clear signal differences in 

exosomes with different concentrations were not visible. In this context, signal amplification becomes 

an unavoidable necessity. The second challenge arises because the collected exosomes are always 

mixed with serum-free target proteins. This makes the measurement results inaccurate because they 

are influenced by the presence of false positive signals. Engineering of SPR transducers and the 

biosensing mechanisms of SPR biosensors is still a topic that is being extensively investigated by 

many research groups in the world. 

Zhang et al in 2022 detected exosomal PD-L1 using an SPR biosensor. The investigated exosomal 

PD-L1 was purified using the density gradient method. As shown in Figure 7, crude exosomes were 

added to iodixanol dissolved in PBS with different concentrations. After the sample was centrifuged 

at 120 000 g at 4℃ overnight, the exosomes obtained were spherical or cup-shaped with a size of 50-

150 nm based on the results of TEM characterization. Furthermore, to be able to specifically detect 

exosomal PD-L1, the SPR chip was immobilized with PD-L1 aptamer by utilizing the bond between 

streptavidin and biotin. In this study, the detection limit of the SPR sensor was 44.5 pM with a linear 

range ranging from 0.63 nM to 7.5 nM[29]. Mao et al have also detected PD-L1 exosomes with an SPR 

chip that expanded its loading capacity by depositing graphene on a Au surface. Multifunctional 

peptide (M-Pep, SS-IMVTESSDYSSY-KK-FHYQRDTPKSYN) was chosen to increase the selectivity 
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of the biosensor. In this sensor structure, the SPR biosensor is able to detect PD-L1 exosomes in the 

linear range from 104 -108 particles/mL with a detection limit of 20 particles/mL[30]. 

 

Figure 7. Overview of EVs separation and detection of exosomal PD-L1[29]. Copyright (2022), The 

Royal Society of Chemistry. 

A different type of exosomes, namely multiple myeloma (MM), was also successfully 

investigated by Noto et al in 2016[31]. In this study, the SPR signal was amplified using Au NPs with 

a diameter of 14 nm. The investigation began with purification of exosomes using a sucrose-based 

density gradient method. The pure exosomes were then incubated in an Au NPs solution with a 

concentration of 6 nM so that Au NPs clusters would form on the exosome membrane. Success at this 

stage is marked by a red shift in the LSPR signal obtained from UV-Vis characterization. Three 

different exosome samples were compared, namely exosomes from healthy, MGUS and MM patients. 

MGUS is a Monoclonal Gammopathy of Undetermined Significance and is an early phase of MM. In 

this condition, clonal plasma cells grow without causing clear and significant clinical symptoms. 

Figure 8 shows the differences in the SPR signals of the three samples mentioned. From the 

sensorgram displayed, the MM sample shows a much higher signal than the other two samples. This 

indicates that the developed sensor system can be utilized for profiling exosomes derived from MM. 

At different MM concentrations, MM exosome samples were detected up to a concentration of 0.06 

nM with the detection limit being on the order of approximately 10 pM. 
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Figure 8. (a). Detection mechanism of the biosensor (b). SPR sensorgrams for exosomes (all at 4.4 nM) 

from healthy individuals or from MM and MGUS patients. (c). SPR sensorgrams for MM exosomes 

at decreasing concentrations (2.2, 1.1, 0.55, 0.32, 0.13, 0.06 nM, from top to bottom)[31]. Copyright 

(2015), Elsevier B.V. 

Signal amplification using Au NPs was also carried out by Wang et al[32]. In this study they 

compared the performance of the SPR biosensor in the case of detecting cancer cell exosomes using 

different detection strategies, namely direct measurement, and single and dual amplification using 

Au NPs. Based on the SPR sensorgram shown in Figure 9b, sample injection is carried out 

sequentially for the dual-amplified sensor system. Starting with injection of cancer cell exosome 

samples and continued with injection of Au NPs that have been functionalized with aptamer/T30 and 

A30. The signal differences of the three types of detection mechanisms at different exosome 

concentrations are shown in Figure 9c. It is clear that the SPR signal for the dual-amplified sensor 

system (red line) has a higher response compared to the other two sensing strategies. They justified 

that the SPR biosensor with dual amplification had a detection limit which was 20 times lower than 

that of the SPR biosensor with single amplification. The detection limits of the SPR biosensor with 

direct detection, single amplification and dual amplification are 6.5×107 exosomes/mL, 1.0×105 

exosomes/mL and 5.0×103 exosomes/mL, respectively. 

 

Figure 9. (a). Dual Au NPs-assisted signal amplification for exosomes detection. (b). SPR response in 

situ of the dual Au NPs-assisted SPR sensor. (b). The relationship between Δθ and exosomes 

concentrations by using different sensing strategies[32]. Copyright (2019), Elsevier B.V. 

The effect of gap distance on enhancing sensitivity has been investigated by Zhou et al[33]. As 

shown in Figure 10a, there are four structures investigated in this study, namely bare Au film and 

Au NPs on the Au film surface with different gap distances (0 nm, 2 nm, and 5 nm). Gap distances of 

2 and 5 nm were achieved by coating the AuNPs surface with SiO2. As shown by the SPR curve in 

Figure 10b, the presence of a gap greatly influences the SPR signal response. The higher the gap 

distance, the higher the SPR angle shift occurs. However, when the gap distance is increased to 5 nm, 

the SPR signal response decreases from 4.47° to 3.81°. However, this shift is still higher than that of 

bare Au film and SPR chips with a gap distance of 0 nm. To understand the mechanism behind the 

SPR enhancement, FDTD simulations are used to investigate the electric field at various designed 

interfaces. The result is that the electric field intensity at the 2 nm gap is 100 times greater than that 

of the bare Au film (Figure 10c). Even with a gap of 5 nm, the electric field intensity remains greater 

than that of the bare Au film, this result agrees with the results shown in Figure 10b. This biosensor 
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system has been applied to detect programmed death ligand 1 (PD-L1) exosomes and the resulting 

detection limit is 0.14 particles/mL. 

 

Figure 10. Original SPR spectra of different designed sensing interfaces while flowing through 

solutions with different refractive index (RI) (a,b) the resonance angle deviations for a given RI 

change. The electric fields at the designed different interfaces simulated by the FDTD simulation 

(c)[33]. Copyright (2023) American Chemical Society. 

Several approaches, modifications and integrations have been carried out to obtain more 

sensitive SPR biosensors. The pyramid-shaped nanohole metastructure has been developed by Liang 

et al to detect prostate cancer[34]. Other researchers, namely Zhang et al., have also integrated an SPR 

system coupled with a prism with microscopy techniques[35]. This technology is called plasmonic 

scattering microscopy and it can be used to quantify exosomes and obtain their images at the same 

time. A summary of the SPR technology that has been developed and the resulting performance is 

shown in Table 2. 

Table 2. Summary of SPR sensors for the detection of exosomes. 

Recognition 

Element 

Specific 

target 
Developed biosensor system 

Detection 

limit 
Ref. 

Anti-HER2 HER2 (+) 

Exosome 

Conventional SPR chip was 

functionalized with anti-

HER2 

0.828×104 

exosomes/μL 

[36] 

Aptamer exosome 

PD-L1 

Exosome detection was 

carried out by utilizing the 

interaction of streptavidin 

and biotin using a 

conventional SPR chip 

44.50 pM [29] 

Peptide PD-L1 

exosomes 

Gold-based SPR chips 

deposited with graphene 

20 

particles/mL 

[30] 

Heparin multiple 

myeloma 

(MM) 

The SPR signal was amplified 

with Au NPs 

0.06 nM [31] 

Aptamer hepatic 

carcinoma 

SMMC-

7721 

The SPR signal was amplified 

using AuNPs coated with 

polydopamine 

5.6×105 

particles/mL 

[37] 
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molecular 

aptamer 

beacon 

(MAB) 

HER2-

positive 

exosomes 

The SPR signal was amplified 

with AuNPs coated with 

tyramine 

1×104 

particles/mL 

[28] 

Peptide PD-L1 

exosomes 

SPR chip was deposited with 

a 2D metal organic 

framework 

16.7 

particles/mL 

[38] 

DNA MCF-7 

breast 

cancer 

cells 

SPR biosensor with dual 

AuNP-assisted signal 

amplification 

5×103 

exosomes/mL 

[32] 

Biotinylated 

antibody 

epidermal 

growth 

factor 

receptor 

variant-III 

SPR Chip based on Titanium 

nitride (TiN) 

2.75 × 10−3 

µg/mL 

[39] 

aptamer-

DNA linker 

LNCaP SPRi with signal 

amplification with hydrogel-

AuNP supramolecular 

sphere 

1×105 

particles/mL 

[40] 

4.2. LSPR Based Biosensor 

In the previous section, we explained biosensors which utilize surface plasmon wave 

propagation for exosome quantification. In this section, we will focus on discussing a different type 

of plasmonic biosensor, namely LSPR-based biosensors. In simple terms, the structures used in LSPR 

biosensors can be classified into 3 different categories, namely solution phase-based colloidal 

nanoparticles, flat substrate-based platforms, and nanoparticle-coated optical fiber platforms[41]. 

The signals analyzed are also obtained from various methods. Some of them are carried out using a 

UV-Vis spectrometer, fiber optics or dark field microscopy. 

In the previous section, we stated that nanoparticles with an asymmetric shape have better 

sensitivity than nanosphere shapes. Using the Finite-Difference Time-Domain (FDTD) method, Song 

et al compared the electric field and sensitivity of 4 different structures and geometries of Au 

nanoparticles as shown in Figure 11. We can see how the electric field profiles of LSPR biosensors 

with spherical gold-shaped (AuNS), rod-shaped (AuNR), rod-shaped with gaps (AuNS-Gap), and 

DNA-assembled advanced plasmonic architecture (DAPA) structures differ. A very strong electric 

field distribution is generated throughout the Au-DAPA surface which is due to the presence of 

nanogaps which have produced "hot-spots" which amplify the electromagnetic field energy with a 

higher enhancement factor. The sensitivity of the Au-DAPA based LSPR biosensor is 1.66 times 

higher than that of AuNR. These results have been successfully verified experimentally to detect 

exosomal miRNAs. The detection method used is based on changes in Rayleigh light scattering from 

single DAPA obtained from dark field microscope images. Of the three types of exo-miRNA, the 

detection limit of the sensor was 10.54 aM for exo-miR-125b, 13.53 aM for exo-miR-15a, and 11.10 aM 

for exo-miR-361. 
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Figure 11. Electric field profiles of LSPR biosensors with different structures and geometries and 

resulting sensitivities[42]. Copyright (2022), Elsevier B.V.. 

Using the same technique, namely by analyzing dark field images, Wang et al developed an 

LSPR biosensor based on a nanoplasmonic sandwich composed of Au@Ag core shell nanobipyramid 

(NBP) and AuNR[43]. In this research, the LSPR biosensor has also been integrated with microfluidics 

and used for exosome detection. The exosome detection mechanism in this study is summarized in 

Figure 12. The glass slide was deposited and patterned with Au@Ag NBP to obtain a barcode based 

on Au@Ag NBP. This barcode is then functionalized with anti-hPD-L1 to specifically capture 

exosomal PD-L1 or sPD-L1 present in samples injected via the microfluidic inlet. The bond that occurs 

between exosomes/sPD-L1 on the Au@Ag surface will result in a shift in the resonance wavelength 

and the scattering intensity will increase due to changes in the local refractive index. Changes in this 

optical signal are monitored in real time via dark field image. After that, the secondary labeling agent, 

namely AuNR, was functionalized as well as anti-hPD-L1 antibody (anti-hPD-L1−AuNR). This 

sample is then injected and will be bound by PD-L1 exosomes so that a sandwich structure will be 

formed. AuNRs show strong LSPR scattering under dark field imaging with a different resonance 

wavelength (∼660 nm) than NBPs (∼720 nm). Therefore, identification and quantification of exosomal 

PD-L1 can be performed based on secondary LSPR signal intensity. With this detection mechanism, 

the LSPR biosensor is able to detect PD-L1 exosomes up to a concentration of 1.2 × 103 particles/μL. 
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Figure 12. Sensing principle of the nanoplasmonic sandwich immunoassay for exosome 

quantification and subclass identification. (a) Detection procedure of the nanoplasmonic sandwich 

immunoassay. (b–d) Quantification and subclass identification of exosomes based on the generated 

primary (red curves) and secondary (green curves) LSPR signals[43]. Copyright (2021) American 

Chemical Society. 

Previous research utilized dark field images in exosome detection. Zhang et al in 2022 developed 

a biosensor with a different approach, namely colorimetric based on Au NBP@MnO2 

nanostructures[44]. The exosome detection mechanism in this study is shown in Figure 13. Initially 

the magnetic beads were functionalized with CD63 aptamers, P1-ALP, and P2-ALP. Furthermore, the 

presence of detected exosomes will break down the hybridization complex (CD63 aptamer/P1-

ALP/P2-ALP) because the binding energy of CD63 aptamer with CD63 has a stronger bond compared 

to CD63 aptamer with P1-ALP and P2-ALP. The released P1-ALP and P2-ALP will catalyze the 

dephosphorylation of AAP to produce ascorbic acid (AA). The resulting AA as a reductant etched 

MnO2 nanosheets to produce Mn2+ and was oxidized to dehydrogenated ascorbic acid (DHA). The 

etching-induced change in Au morphology contributes to the blue shift in the LSPR band of Au NBP. 

Therefore, exosomes can be measured based on ALP-triggered etching of Au NBP@MnO2 NS. With 

this approach, they justified being able to detect exosomes up to a concentration of 1.35×102 

particles/μL. 
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Figure 13. Schematic Illustration of the Plasmonic Colorimetry for Exosome Detection via 

Competitive Reaction and Etching of Au NBP@MnO2 NSs[44]. Copyright (2023) American Chemical 

Society. 

Apart from those discussed above, several researchers have developed LSPR biosensors based 

on optical microfiber. Specifically for exosome detection, this system has been used by Li et al to 

detect Clear Cell Renal Cancer Exosomes. We summarize the results of this study and other studies 

related to LSPR biosensors for exosome detection in Table 3. 

Table 3. Summary of LSPR biosensors for the detection of exosomes. 

Recognition 

Element 
Specific target 

Developed biosensor 

system 

Detection 

limit 
Ref. 

CD63 

aptamer 

CD63 Colorimetric biosensor 

where exosome 

quantification is based 

on metallization of Au 

NRs and hybridization 

chain reaction (HCR) 

1.6 × 102 

particles/Μl 

by UV−vis 

spectroscopy 

and 9 × 103 

particles/μL 

by naked 

eyes 

[45] 

anti-CD63 exosome 

transmembrane 

protein CD63 

LSPR biosensor based on 

gold nano-ellipsoid 

arrays integrated with 

microfluidics 

1 ng/mL [46] 

HIF-1α- 

aptamer 

HIF-1α Au NPs with a diameter 

of 13 nm were 

functionalized with 

aptamer. The bond 

between the ligand and 

the analyte results in 

changes in the 

absorbance intensity. 

0.2 ng/L [47] 

- A-549 and SH-

SY5Y cells 

LSPR biosensor with 

self-assembly gold 

nanoislands (SAM-

AuNIs) 

0.194 µg/ml [48] 

locked 

nucleic acid 

(LNA) 

exo-miR-125b DNA-assembled 

advanced plasmonic 

architecture (DAPA)-

based plasmonic 

biosensor 

10.54 aM [42] 
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anti-hPD-L1 

antibody 

PD-L1 

exosomes 

nanoplasmonic 

sandwich composed of 

Au@Ag core shell 

nanobipyramid (NBP) 

and AuNR 

1.2 × 103 

particles/μL 

[43] 

CD63 

aptamer 

CD63 colorimetric biosensors 

based on Au 

NBP@MnO2 

nanostructures 

1.35 × 102 

particles/μL 

[44] 

CA9 

Aptamer 

Clear Cell 

Renal Cancer 

Exosome 

optical microfiber 

integrated with 𝑀𝑜𝑆𝑒2-

supported Au NRs 

9.32 

particles/mL 
[49] 

5. Conclusions 

In this paper, we have summarized recent developments in exosome detection using 

nanoplasmonic biosensors. Various sensor systems and detection mechanisms have been discussed 

in this paper, both SPR and LSPR based biosensors. If we consider the detection limit of sensors, 

nanoplasmonic biosensors have presented a highly sensitive and specific technology for detecting 

exosomes. Currently, this sensor has also been integrated with other technologies such as 

microfluidics. This opens up opportunities for the development of more complex and versatile 

exosome detection systems. 

Although various results have been achieved in nanoplasmonic biosensors, several challenges 

need to be overcome to implement nanoplasmonic biosensors on a large scale. The production costs 

of sensors and reproducibility issues, especially in more real and complex samples, are still aspects 

that must be studied in the next few years. Apart from that, device miniaturization is another 

important aspect that must be studied in the future for device application in real clinical fields. 
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