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Abstract: Background and Aims Exosomes, which are tiny double-layered membranes originating from eukaryotic cells, have been
recognized as a valuable natural vehicle for delivering substances because of their optimal size, compatibility with living organisms, strong
structure, ability to carry a large amount of cargo, and capacity to be modified on their surface.

Methods T Various strategies have been employed to isolate exosomes due to the challenges associated with maintaining their high
purity. The current investigation utilized a soft lithography technique to fabricate channels for exosome separation, incorporating
immunoaffinity capabilities. Both biochemical and biophysical assays were conducted to assess the quality of isolated exosomes from
various sources (serum, cell supernatant, and urine) and compared with a commercially available kit.

Resultst The current investigation employed a microfluidic method to capture CD63-conjugated magnetic beads, resulting in a very
effective separation of exosomes. Based on the data, there were no notable variations in miRNAs that were statistically significant. This
demonstrates that the engineered chip successfully achieved the separation of the exosome while preserving the integrity of its nucleic
acid components.

Conclusiorr  The results shown that the current methodology effectively isolated exosomes with a high yield rate, purity, and minimal
time requirement. The imatinib laden exosomes demonstrated anticancer efficacy against the KYO-1 cell line in all of their forms.

Keywords: personalized medicine, exosome, laboratory on a chip, leukemia, targeted therapy.
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Introduction advancement of exosome research lies in the challenge of
efficiently isolating pure exosomes from unwanted substances
present in bodily fluids, despite their promising potential for use in
medical diagnosis and treatment. So far, several methods have
been suggested and studied for the separation of exosomes.
Among these methods, microfluidic technology is the most
promising option since it is relatively simple, cost-effective, and
capable of precise and quick processing and automation at a small
scale. Specifically, the elimination of exosome labelling is a notable
improvement in terms of streamlining the procedure, reducing
time and expense, and maintaining the biological functions of
exosomes. Although there have been significant advancements in
microfluidic techniques for isolating exosomes and the label-free
methods have several benefits for clinical applications, current
microfluidic platforms for exosome isolation still encounter various
problems and obstacles that impede their effectiveness in sample
processing [5-8]. Recent advances in microfluidic platforms for
label-free exosome isolation are the subject of this study. These
platforms incorporate various forces such as viscoelastic, acoustic,
inertial, electrical, and centrifugal forces, and are based on various

Extracellular vehicles (EVs), also known as exosomes, have
emerged as a prominent area of study due to their significant
involvement in both biological processes and their potential as
biocompatible carriers for diagnostics and therapy [1]. The
utilization of exosomes in biomedical diagnosis and therapy has
emphasized the pressing want for novel technologies in
expeditious and precise techniques of exosome isolation in bodily
fluids. Exosomes, which contain biomolecules such as proteins and
nucleic acids (including mRNAs, microRNAs, and DNA), have been
extensively studied for their diagnostic and therapeutic
capabilities. This is due to their involvement in cell-to-cell
communication and their potential for drug administration. A
significant problem lies in addressing the intricate nature of fluid
systems and the absence of effective methods for separation [2-4].
Exosomes are extracellular vesicles that contain lipids, proteins,
and nucleic acids that are generated from cells. They can be
detected in a variety of bodily fluids and contribute to both normal
and abnormal physiological processes. A significant obstacle in the
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concepts such as sieving, deterministic lateral displacement, field
flow, and compressive flow fractionation [9-11].

Microfluidics has facilitated the development of novel
techniques for purifying exosomes in recent years. Microfluidics
offers systems, such as channels with dimensions in the
micrometer range, for manipulating small volumes of fluids,
ranging from microliters to picoliters. Most microfluidic devices
are built using a specific polymer called poly dimethyl siloxane) or
PDMS [3, 12, 13]. PDMS possesses optical transparency and
biocompatibility, rendering it a valuable substance for fabricating
biofluidic devices. Microfluidic platforms enable the accurate
categorization of exosomes with a notable level of purity and
sensitivity, while simultaneously decreasing the expenses,
duration, and quantity of necessary substances. The
immunoaffinity-based microfluidic technology for exosome
isolation addresses the limitations of previous methods (such as
ultracentrifugation, density gradient centrifugation, tangential
flow filtering, and size-exclusion chromatography) by offering
adjustability, automation, scalability, and portability. Exosomes
can be separated from other constituents of the sample by
utilizing specific proteins with identical characteristics. CD9, CD41,
CD63, and CD81, along with molecules like as heparin, Tim4, and
heat shock protein-binding peptides, are frequently used as
surface markers for immunoaffinity-based extraction of exosomes
[14-17].

In this study, we have created microfluidic devices to separate
exosomes from various sources by utilizing magnetic beads that
are coupled with CD68 [4, 18, 19].

Material and Methods
COMSOL simulations

Using the Multiphysics software COMSOL version 5.1, the
channel governing equations were computed. Given its thinness,
the flow was modelled as a single-phase laminar flow using the
physical parameters of distilled water at ambient temperature and
pH = 7.4. The following set of parameters were optimized: chip
height, number of mazes, channel width at input and output, input
flow rate, angle of position along chip length, radius of curvature
of the curved channel, and channel width at design.

Chip construction

A microchip for isolating exosomes and loading it with imatinib
was manufactured using a conventional soft lithography process. A
layer of SU8 photoresist was applied to the silicon wafer from
Microchem. Corp. in Newton, MA. A 4-inch wafer was coated with
5 cc of SU8 photoresist using spin coating at 2300 rpm. Following
the spin coat, the wafers were baked at 60 degrees Celsius for 2
hours and 95 degrees Celsius for 15 minutes. Once the baking was
finished, the UV lamp was turned on at 360 mV for 12 minutes on
the SU8-coated wafer, and the mask was carefully positioned.
Once the exposure was complete, the channels were observed
after 4 minutes of washing with developer and 8 minutes of
washing with isopropanol, respectively. Bubbles were created by
mixing Polydimethylsiloxane (PDMS) (Microchem. Corp., Newton,
MA) with hardener at a 1:10 ratio after the mold had been made.
The PDMS chip was created by pouring 10 cc of PDMS and
hardener solution over the mold and then leaving it to incubate at
room temperature for 24 hours. Attaching the PDMS chip to the
glass followed stimulation of the gel with plasma gas at a power of

12 mJ/min for 4 minutes after the gel had fully formed
(Supplementaryfigures1).

AFM microscopy

Under AFM microscopy, the monolayer thickness, surface
roughness, magnetic properties, phase image, and friction image
are examined. After being washed with acetone and dried at 60 °C,
the chip was examined for changes in level as well as post and
channel heights.

Microfluidic-based exosome extraction

For this portion of the investigation, the main sources of
exosomes were serum, urine, and cell culture supernatant. The
Anti-CD63 antibody from Abcam in the UK was linked to Mag
nanoparticles obtained from Jiayuan Quantum Pickup Company in
Wuhan, China using standard techniques. The nanoparticles have a
binding capacity of approximately 10 pug of CD63 antibody per 1
mg of nanoparticles when employing a concentration of 1 mg/mL
of Mag-CD63. The exosome-containing sample was combined with
CD63-Mag and introduced into the microfluidic device through
input 1. The anti-CD63 (Abcam, UK) was subsequently
reintroduced through input 2. The Mag-CD63-Exo complex was
formed by mixing flows from a twin syringe pump with a flow rate
of 1-10 uL/min in the first channel. The immunomagnetic particles,
namely CD63-Mag, were captured and held in chamber 1 using a
magnetic disc. The Exo-CD63-Mag complex was washed by
introducing the PBS buffer from input 3. Subsequently, it was
stored in compartment 2. Exosomes that were conjugated with an
immune component were gathered for analysis. The exosomes
obtained from serum, urine, and cellular supernatant are
extracted using specialized chips called S-EXOChip, UE-EXOChip,
and SU-EXOChip, respectively. Additionally, the 4-gate input is
specifically designated for drug loading and will be further
explored (Supplemetary, FigureS2).

Exosomes protein content

The protein content of the exosomes was determined using
the Bradford method. Bovine serum albumin (BSA, Sigma, CAS no.,
9048-46-8) at concentrations of 0.10, 0.08, 0.06, 0.04, and 0.02
mg/mL was employed, and the absorbance was measured at 595
nm [20].

Flow cytometry analysis

The accuracy of the exosome extraction was assessed by
conducting flow cytometric analysis using an anti-CD63 antibody
(Padza Padtenpajooh, cat#MM108, Iran) on the extracted samples,
following the manufacturer's instructions. Concisely, 5 mg per test
was introduced into the tubes containing exosomes, followed by
gentle mixing and incubation in the absence of light for 60 minutes
at a temperature range of 2-8 ° C. Subsequently, we cleansed the
samples by employing 1 mL of diluted assay buffer 1X. In order to
gather the magnetic grains, microtubes were positioned within a
magnetic circuit and thereafter subjected to centrifugation at a
speed of 3500xrpm for a duration of 10 minutes. An additional 350
uL of assay buffer 1X is introduced into the tube and subjected to
analysis using a flow cytometer (Millipore Merck Germany).
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Figure 1. (A) The Flow cytometry analysis of the sample extracted by the chip against the CD68-PE antibody. (B) The chip extracted the sample in the

presence of protease enzymes. (C) Chip-extracted sample histogram (D) Chip-extracted sample histogram in presents of protease enzymes. (E) The DLS
histogram of isolates exosomes. (F) The SEM images of extracted exosomes.
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Figure 2. The protein content of the (A) cell supernatant, (B) urinary exosomes, and (C) serum using SU-8 100 chip commercially available kit with
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chip and commercially available kit. The significance changes related to the RNA content of the experiment were analyzed using an unpaired t-test with a

threshold of P<0.05.
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chip, and (C) imatinib-loaded exosome using the commercially available kit.

Exosomeige and morphology analysis

To determine the hydrodynamic size using DLS analysis, 200 pL
of the exosomal solution obtained from the cell supernatant was
mixed with 420 pL of filtered PBS to create a diluted solution.
Subsequently, the specimen was placed on ice and subjected to
sonication for a duration of 10 minutes. Subsequently, the sample
was introduced into a Dynamic Light Scattering (DLS) apparatus,
where it was exposed to a laser light beam with a wavelength of
632 nm. The obtained data were then processed and evaluated
using the Zeta Sizer software. The exosomes were analyzed for
their size and shape using scanning electron microscopy (SEM).
The exosomes were coated using an FEI Nova 200 Nanolab Dual-
beam FIB scanning electron microscope at low energy levels (2.0-
5.0 kV) in the Electron Microscopy Analysis Laboratory (MC2). This

was done using gold spraying or carbon thermal evaporation.
Subsequently, a volume of 200 uL of exosomes obtained from the
cell supernatant was applied onto the slide and allowed to air-dry
for one hour at ambient temperature. Subsequently, the sample
was examined using electron microscopy.

Western blotting

Both extracted samples were supplemented with 50 uL of lysis
buffer, containing a 1% concentration of Holt protease inhibitor
(Thermofisher scientific, LTD, USA), and incubated at room
temperature for 2 minutes. Subsequently, the samples were
cooled on ice for a duration of 10 minutes and subjected to
centrifugation at a speed of 13000x rpm for a period of 15 minutes
at a temperature of 4°C. Ultimately, the samples were preserved
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at a temperature of -80°C in order to facilitate subsequent
analysis. Analyzed in this study was the total volume of 20 uL for
each sample using a 12% SDS polyacrylamide gel (SDS-PAGE). This
gel is employed to separate proteins and ascertain their molecular
weights, with a voltage intensity of 80 mV. CD81, a surface
membrane-specific exosome protein, was identified in the cell
lysate after separating the protein bands of the material using SDS-
PAGE gel. To assemble an immunoblot cassette and load the gel
and nitrocellulose paper onto the blotting apparatus (Biorad, USA).
The protein bands were transferred for a duration of 90 minutes at
a voltage of 100 millivolts. Subsequently, the membrane was
rinsed in the blocking buffer for 60 minutes at a temperature of
37°C. Subsequently, the samples were treated with Anti-CD81
antibodies (diluted at a ratio of 1:4000) in TBS buffer (at a
concentration of 1x). The antibody solution was then applied onto
a PVDF membrane and the membrane was incubated in a shaker
at a temperature of 37 °C for a duration of 37 hours. Subsequently,
the specimen underwent three cycles of washing using TBS buffer,
with each cycle lasting 10 minutes.

Exosomalextraction of RNA and measurement of miRNA

expression levels

The process of extracting RNA was carried out using Norgen's
Exosome RNA Isolation Kit (Cat# 58000) following the instructions
provided by the manufacturer. At first, 300 pL of lysis buffer A and
37.5 pL of lysis buffer additive were added to each isolated
exosome sample. Then, the samples were well mixed by vortexing
for 10 seconds. Following a 10-minute incubation at room
temperature, 500 pL of 96% ethanol was introduced to the
mixture and thoroughly blended with Vertex for a duration of 10
seconds. Subsequently, 500 uL of the mixture was transferred to
the Mini Spin column and subjected to centrifugation at a speed of
6000xrpm for a duration of 1 minute. After performing the
previous step again, 600 pL of washing solution A was introduced
into the column and subjected to centrifugation at a speed of
13000xrpm for 30 seconds, followed by an additional
centrifugation at the same speed for 1 minute. Subsequently, a 50
ul aliquot of wash solution A was introduced onto the column and
subjected to centrifugation at a speed of 8000xrpm for a duration
of 1 minute. The resulting mixture is then stored at a temperature
of -80 °C for subsequent analysis.

The cDNA extraction kit (ABM excellent Cat# G902) was used
to convert the total non-coding RNAs and short RNAs, including
miRNAs, into c¢cDNA. The miRNA sample was generated by
combining 2 pL of 5X poly (A) polymerase reaction buffer, 1.5 pL of
ATP (10 mM), pL of MnCI2 (25 mM), 0.5 uL of Poly (A) Polymerase,
Yeast (1 pg/pL), and 2.5 uL of H20. Subsequently, the concoction
was subjected to incubation for a duration of 30 minutes at a
temperature of 37 degrees Celsius. Subsequently, the remaining
material was supplemented with 2 pl of miRNA Oligo (dT) adaptor
at a concentration of 10 mM. The solution was subjected to
incubation at a temperature of 65 °C for a duration of 5 minutes,
and subsequently cooled on a bed of crushed ice. Subsequently, 1
microliter of deoxyribonucleotide triphosphates (dNTPs) with a
concentration of 10 millimolar, 4 microliters of 5-fold diluted
reverse transcription (RT) buffer, 1 microliter of reverse
transcriptase (RTase) with an activity of 200 units per microliter,
and 2 microliters of water were introduced into the
aforementioned combination. The cDNA synthesis was conducted
by subjecting the materials to incubation at 42 °C for 15 minutes,

followed by incubation at 70 °C for 10 minutes. The miRCURY™
LNATM microRNA Array Hy3™/Hy5™ kit (Exiqon, Denmark) was
used to evaluate the microRNA concentration of materials from
three sources: urine, serum, and cellular supernatant. The analysis
followed the normal protocols. Exosome isolation was performed
using the Norgen Exosome Isolation Kit (Cat#58000) on samples
obtained from three different sources: urine, serum, and cellular
supernatant. The qRT-PCR analysis was conducted for each sample
using three Real-time PCR Systems, adhering to the
manufacturer's instructions and employing distinct primers (Table
1). A solution was generated by combining 7 pL of Exigon PCR
Mastermix, 0.5 pL of panel Primer (5 pmol/uL), 3 uL of Tailed
cDNA, 3 pL of Enhancer, and 4 uL of DEPC Treated water. The
procedure involved assessing the relative expression of miRNA-155
using U6 as a housekeeping control.

Drug loading

The revised approach involves directly incubating the
medicines and CD63-Mag collected exosomes, followed by a
freeze-thaw cycle, to enhance the loading of imatinib. The
exosomes were subjected to incubation with imatinib at various
doses. A volume of 10 nanomolar (nM) imatinib was injected into
input 4 of the chips at a flow rate of 1 microliter per minute. The
injection was performed at a temperature of 25 degrees Celsius
for a duration of 20 minutes. Subsequently, papain and trypsin,
both with concentrations of 0.1% and 0.02% respectively, were
injected into the channel at a flow rate of 1 uL/min.

Drug release

The release of imatinib was investigated using a dialysis bag. 3
micrograms of exosome were homogenized in 3 milliliters of PBS
buffer. The resulting mixture was then transferred to a dialysis bag
and placed in a sealed container containing 60 milliliters of PBS
buffer with a pH of 7.4. The temperature was maintained at a
stable 37 degrees Celsius. The discharged imatinib content was
determined by calculating the absorbance at a wavelength of 242
nm using UV-Visible spectroscopy. The standard curve was
constructed using concentrations of 1, 2, 5, 10, 15, 20, and 25.30
pg/mL in a PBS solution.

Cell toxicity

The MTT assay was employed to assess the cytotoxicity of
imatinib-loaded CD63-Mag collected exosomes against the KYO-1
cell line. The cellular metabolism of the cells was assessed by
monitoring the activity of mitochondrial dehydrogenase enzymes
using methyl thiazole tetrazolium bromide (MTT) as a substrate.
For this purpose, a total of 10,000 cells were pre-cultured in 96
well plates and incubated for 24 hours at a temperature of 37 °C
with a CO2 concentration of 4% and humidity level of 90%. The
exosomal samples were treated with several doses ranging from 2
to 100 mg/ml for durations of 24, 48, and 72 hours. Subsequently,
20 pL of MTT solution with a concentration of 10 mg/mL was
added to each well and incubated for 4 hours under the same
conditions as mentioned earlier. Afterwards, the liquid portion
above the sediment was removed and 100 puL of DMSO was
introduced into each well. The mixture was agitated for 8 minutes
in a circular pattern, and subsequently, the amount of formazan
absorbed at a wavelength of 490 nm was determined using an
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ELISA reader. The cell viability percentage (IC50) was assessed
using Graphpad Prism 6.0 software from the United States.

Statisticalanalysis

The statistical data were analyzed using Prism 7.0 software
developed by GraphPad Software in the United States. The
significance of RNA amounts and the validity of miRNAs among
exosomes were assessed using a single direct T-test. A p-value less
than 0.05 was deemed to have statistical significance.

Results

The current investigation employed a microfluidic method to
capture CD63-conjugated magnetic beads, resulting in a very
effective separation of exosomes. The PDMS chip mold is
constructed from a silicon wafer patterned with SU-8 100 using
the conventional soft lithography process. This mold possessed an
immunoaffinity function, as depicted in Figures S3. The AFM
images provided a visual representation of the chip's surface. The
SU-8 100 surface is depicted in both two-dimensional (2D) and
three-dimensional (3D) views (Figure S4). The exosomes were
isolated using CD68-Mag, and their physicochemical characteristics
were examined by several techniques including DLS (Dynamic Light
Scattering), SEM (Scanning Electron Microscopy), flow cytometry,
Bradford assay, gRT-PCR (quantitative Reverse Transcription
Polymerase Chain Reaction), and western blotting analysis.
Exosome samples were analyzed using flow cytometry in the
presence and absence of a protease enzyme (Figure 1A-D). The
hydrodynamic dimensions of the exosomes isolated from different
biological sources were assessed using both a commercially
available kit and an SU-8 100 chip. The hydrodynamic size
distribution of isolated exosomes was depicted in Figure 1E using
DLS analysis. The analysis estimated that the majority of exosomes
had a mean diameter of 135 nm. Figure 1F displays the image
obtained from the SEM examination. Visible evidence indicates the
presence of exosomes that possess a spherical morphology, with a
size ranging from 30 to 175 nm in diameter. Figure2 presents a
comparative analysis of protein contents in cell supernatant and
urine generated exosomes utilizing chip and kit methods, together
with the semi-quantitative Bradford approach. Both approaches
did not cause substantial changes in the protein composition of
serum and cellular supernatant. Regarding urinary extracted
exosomes, while the commercially available protein content
exhibited a notable increase, the proteins derived from the
exosomes retrieved using the chip demonstrated more uniformity.

Investigation of the expresion profile of exosome microRNAs

Following the extraction of RNA under conditions free of
RNase, agarose gel electrophoresis was conducted to verify the
integrity and quality of the RNAs. The absence of RNA degradation
could be determined in gel testing by the presence of ribosomal
$28, S18, and S5 bands. Furthermore, the presence of mRNA was
indicated by the smear found between these two bands (Figure
3A). The diagram illustrates the y-axis representing microRNA
expression, specifically in relation to its reference gene, U6. The
horizontal axis displays the source of the exosome samples, which
were obtained using a commercially available kit and chip
developed for this research. Based on the data presented in
Figures 3B to 3E and Table Il, there were no notable variations in
miRNAs that were statistically significant. This demonstrates that

the engineered chip successfully achieved the separation of the
exosome while preserving the integrity of its nucleic acid
components.

The imatinib release

The study aimed to examine the efficacy of preserving the drug
carrier structure, specifically the exosome, in facilitating drug
release. To investigate this, the release of imatinib from retrieved
exosomes was analyzed by utilizing both imatinib-loaded CD63-
Mag collected exosomes using a chip. Figure 3A displayed the
adsorption peak obtained from the imatinib solution in PBS. The
absorption peak of imatinib was observed at a wavelength of
242+1 nm. A calibration curve with an R2 value of 0.994 was
produced to assess the rate at which the medication is released

(Figure4).

Cell toxicity assessments

A comparative study was conducted to assess the impact of
free imatinib, imatinib-loaded CD63-Mag caught exosome with
chip, and a commercially available kit on the survival rate of the
KYO-1 cell line. Figures 5A to 5C demonstrate that the toxicity of
free imatinib, imatinib-loaded CD63-Mag caught exosome with
chip, and available kits on KYO-1 cells is depending on the dosage.
Furthermore, upon treating the cells with the extracted exosome
using a commercially available kit, the dosage required for
effectiveness was adjusted to 100 umol. It is important to highlight
that this adjustment was made possible by the chip's ability to
preserve the structure and morphology of the retrieved exosome
over time. The effective dose was comparable to the direct
treatment of cells with imatinib.

Discussion

The potential of exosomes as a fluid biopsy for the
identification of cancer biomarkers has garnered increasing
attention during the past decade. Research like these has shown
how critical it is to develop innovative methods for accurately and
quickly separating exosomes from bodily fluids with little sample
preparation time required [21-25]. Serious problems with purity
and more intact performance arise when exosomes are exposed to
contaminants and mechanical damage. Isolation, molecular
analysis, and detection are just a few areas where the microfluidic-
based exosome extraction approaches outperform their
predecessors. Detection limits of around 50 exosomes/uL were
achieved with the use of microfluidic technology, allowing for
high-capacity exosome analyses of up to 100 pL/min [3, 26, 27].

Recent advances in the study of exosomes have shown their
intimate relationship to a wide range of physiological processes, as
well as the onset and progression of several diseases. As a result,
studies and applications involving exosomes rely heavily on their
collection and analysis [14, 28-30]. However, there are many
drawbacks to the conventional ways of isolating exosomes, such as
the time and effort required and the high cost of the necessary
equipment and chemicals. Microfluidic technology has the benefits
of great sensitivity and efficiency when it comes to exosome
separation, in comparison to conventional approaches.
Microfluidic  technology has recently facilitated effective
separation, enrichment, and detection of different exosome
information on a single chip, thanks to increased research and
technological advancements. This suggests that point-of-care
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testing and other therapeutic applications of microfluidic chips
have a lot of promise [6, 13, 14, 17, 28-30].

This study is comparable to others that have used anti-CD9
immuno-affinity magnetic beads conjugated with streptavidin and
biotin to separate plasma samples with good sensitivity and
efficiency. Furthermore, there is no restriction on the sample size
when using bead-based procedures. A different study found that
immunoaffinity isolation using anti-CD9 conjugated, anti-CD81,
and antibody cocktail-linked magnetic nanowires magnetic beads
could achieve a yield that was almost three times higher than that
of classical approaches. In comparison to results obtained using
more traditional approaches, Tim4, which binds exclusively to the
phosphatidylserine on the surface of exosome cells, shown much
less contamination [31-33].

The introduction of microfluidic devices has improved isolation
and detection procedures by making it easier to screen for,
separate, and capture exosomes immunologically. For this reason,
they are highly desirable subjects for research into disease
detection. The cargo of exosomes, which consists of certain
proteins and nucleic acids, has been the subject of multiple
investigations as a potential biomarker source in biofluids [34-37].
In addition to traditional DNA analysis, RNA analysis of exosomes
in liquid biopsy samples may shed light on some processes and, in
the long run, open the door to individualized therapy. In light of
these considerations, microfluidic liquid biopsy may also prove to
be a significant tactic in the quest for disease monitoring and
individualized targeted treatment [38]. Addressing the obstacles to
clinical translation and clinical application of exosomes as
biomarker sources will primarily be the focus of research into
microfluidic devices [39]. New microfluidic LOC platforms are
always under development with the goals of making isolation
more sensitive and making in situ analysis even easier. The present
trend and desire for the development of "smart" systems that are
both highly functional and easy to use, especially for those without
a background in POCT, are congruent with this [23]. Furthermore,
the initial stride towards individualized healthcare may lie in the
development, standardization, and utilization of such cutting-edge
technology. It might also help get us closer to the faraway aim of
building a machine that can separate and analyses all components
of a liquid biopsy in one go, which would pave the way for more
accurate predictive medicine and more individualized treatment
plans [23]. Overcoming the complexity and difficulties of clinical
trials and validation is also necessary for such technology to gain
widespread acceptance among medical practitioners worldwide. In
addition, perfecting technology, increasing platform dynamic
range, and producing sensitive, particular, and cost-effective
devices for personalized medicine is the ultimate challenge in the
clinic [4, 8, 17].

One specific method for separating exosomes that can be used
with microfluidic devices is immunoaffinity-based particle
entrapment. Using antibody-conjugated magnetic beads to
separate exosomes has been the subject of multiple investigations.
We evaluated CD9-conjugated magnetic beads of varying sizes for
plasma exosome separation using an external force to move the
beads; the results showed efficiencies that were 10-15 times
greater than those of ultracentrifuges [27]. Better circumstances
for the interaction between vesicles and ligands on the beads were
created when antibodies conjugated magnetic beads were
incubated with solutions containing exosomes, according to their
findings. There is no upper limit on the number of samples that
can be used using bead-based methods. Additionally, pancreatic

cancer patients' plasma exosomes were processed using the
immunoaffinity chromatography (CD63) microfluidic technology.
In order to directly extract RNA and protein from the exosomes,
the separation depends on receptors that receive extra input to
add lysis buffer. One alternative method for microfluidic device
design involved labelling exosomes on the chip with fluorescent
dye through an input channel. This allowed for the exosomes to be
quantified on the chip. Exosomes were quickly and easily
quantified using a fluorescence assay and a microfluidic system
that separated them on a chip. In order to separate exosomes
from ovarian cancer, researchers looked into alternative
microfluids that used photo-lithography techniques based on
micro-dimensional sites of graphene oxide (GO)/polydopamine
(PDA) covered with protein G. There is hope that the proposed
method can employ exosomes for diagnostic and prognostic
purposes [27].

Medications used to treat cancer can shrink tumors or even
put patients into a temporary remission. But as time went on,
cancer cells developed resistance to chemotherapy. A cure for
cancer patients is still elusive due to drug resistance. Exosomes
produced by MSCs have therapeutic potential for cancer
treatment and for increasing cancer cells' sensitivity to
chemotherapy. The miR-302a found in hucMSC exosomes
inhibited the proliferation and metastasis of cancer cells, as an
example. Other research found that hucMSC-derived exosomes
made K562 cells more sensitive to IM. It appears that miR-146a-5p
has an additional role in the development of IM resistance, as it is
downregulated in CML patients, particularly those with the
disease. Myeloid neoplasm chronic myeloid leukemia (CML) is
caused by the BCR-ABL fusion gene, which interferes with
downstream signaling pathways to induce dysregulated cellular
proliferation and resistance to apoptosis. New evidence suggests
an inverse relationship between miR-150 levels and BCR-ABL
transcript levels, with miR-150 levels being substantially elevated
after BCR-ABL tyrosine kinase activity is reduced. Additionally,
miR-155, miR-564, and miR-31 all showed decreased expression
levels in CML, and BCR-ABL activity played a role in this [7, 40-42].

Conclusion

In conclusion, we pioneered a straightforward microfluidic
method based on immunoaffinity to separate exosomes according
to their drug loading capacity. With a little volume needed and a
high-speed extraction technique, the developed system was able
to separate exosome with excellent sensitivity, recovery rate, and
purity. For therapeutic applications, the chip could be scaled up to
allow high-throughput extraction of exosomes that can load drugs.
Because of this, this platform should prove to be an invaluable
resource for future personal diagnostic gadgets and clinical
applications of personalized medicine.
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Supplementary

Figure S1. A: the steps of baking the wafer at temperatures of 60 and 5 degrees Celsius, B: the exposure process on the lined mask on the wafer, C: the
final mold after the impact of the developer and washing with isopropanol, and D the final mold of the PDMS chip.
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Figure S2. The variety of inputs, chambers, channels and output of the
chip. In summary, entrance 1 and 2 are the place of injection of

suspension containing exosome and specific magnet, entrance 3 is the Figure S3. The schematic illustration of (A) and (C) microfiuidic chip and
entrance of PBS, chamber 1, the place where mixing is stopped by that (B) the principles of immunoaffinity-based exosome separation.

trap, and entrance 4 is the place of imatinib loading.
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Figure S4. (A) 3D and (B) 2D images of the SU-8 100 chip surface.
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