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Abstract. Exosomes derived from mesenchymal stem cells (MSCs) have
emerged as promising candidates in regenerative medicine due to their immuno-
modulatory properties. Tangential flow filtration (TFF) offers a scalable and
GMP-complaint approach for exosome isolation, yet critical process parameters
such as flowrate remain poorly understood. This study aimed to investigate the
impact of TFF flowrate on the physical characteristics of UC-MSC Exosomes.
UC-MSCs were cultured, condition media was collected and proceeded using
TFF at two flowrates: low (10 mL/min) and high (30 mL/min) with a 500 kDa
cutoff membrane. Physical characterization revealed that both groups produce
exosomes within the expected size range (30-200 nm), but those isolated at low
flowrate exhibited better monodispersity (PDI = 0.428 + 0.01 vs. 0.520 + 0.01)
and greater colloidal stability, as indicated by more negative zeta potential (-27.9
+1.16 mV vs 18.4 + 1.57 mV). These findings underscore the importance of TFF
flowarate as critical parameters for maintaining exosome quality. Further study
will be continued to quantify exosome particles, characterizing marker expres-
sion through flow cytometry (FACS), characterizing morphology through Cryo
TEM and evaluating anti-inflammatory efficacy using in vitro assays.
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1 Introduction

The immunomodulatory properties of Mesenchymal stem cells (MSCs) which are cru-
cial for tissue repair and alleviating inflammation, have made them a major focus in
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regenerative medicine [1] One of the key mechanisms by which MSCs exert their ther-
apeutic effects is through their paracrine mechanism, particularly via the secretion of
extracellular vesicles, such as exosomes [2,3]. Exosomes are nanosized vesicles (30—
200 nm) that carry a rich cargo of bioactive molecules, including proteins, lipids, nu-
cleic acids such as microRNAs (miRNAs) and play a role in intercellular communica-
tion by sending signals to other cells [4,5]. Exosomes from particular cell type contain
a distinct set of biomolecules reflective of their cell of origin. Consequently, exosomes
are often described as “miniature versions” of their parent’s cell which inherit similar
therapeutic effect [6]. These attributes position exosomes as potential cell-free thera-
peutic treatments in regenerative medicine for various applications, including immune
diseases, cancer, neurological, cardiovascular and respiratory disease [7].

As exosomes are explored as cell-free alternatives to MSC therapy, the devel-
opment of scalable, reproducible, and GMP-compatible methods for their isolation be-
comes critical. The 2014 and 2018 updates of the Minimal information for studies of
extracellular vesicles (MISEV) recommendation stated that there is no single optimal
separation/isolation method of extracellular vesicles; rather, the optimal approach
should be chosen based on the intended scientific application [8] Among available tech-
niques, TFF is emerging as a promising method for exosome isolation, offering higher
scalability, yield, and reproducibility compared to other method such as ultracentrifu-
gation or precipitation methods [9]. Given the prospective translational application of
exosome as cell-free therapy, TFF was selected for the isolation of UC-MSC Exosomes
due to its scalability and adaptability with GMP-compliant workflows. Building on the
limited understanding of how flowrate influence exosome quality, this study aimed to
compare low and high flowrate conditions using a 500 kDa cutoff membrane to evalu-
ate their effect on the physical characteristic of UC-MSC exosomes. These findings
provide a foundational step towards developing robust exosome production protocols,
aligning with GMP-compliant biomanufacturing and translational needs for exosome-
based cell-free therapies.

2 Methods

2.1 Isolation of UC-MSC Exosome

Conditioned media were collected from UC-MSC cultures at passage 8 and centrifuged
at 1300 rpm for 6 minutes to remove cell debris. The supernatant was then filtered
through a 0.22 um PES membrane bottle-top filter NALGENE®, Thermo Scientific,
USA) to eliminate residual cellular debris and large non-exosomal particles. Exosome
isolation was performed using a Tangential Flow Filtration (TFF) system (Merck Mil-
lipore, Germany) equipped with a 500 kDa molecular weight cut-off membrane and
filtration area 50 cm? (0.0050 m?). Two different feed flows were applied: low (10
mL/min) and high (30 mL/min). Following isolation, the exosomes underwent diafil-
tration with an appropriate volume of PBS to remove non-exosomal proteins, nutrients,
and cellular waste products. The purified exosomes were aliquoted and stored at -80°C

for subsequent analyses [10,11].
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2.2 Physical and Structural Characterization UC-MSC Exosome

The particle size, distribution, and zeta potential of exosomes were analyzed using a
Malvern Zetasizer 2000 (Malvern Instruments) after the samples were diluted in 1 mL
of distilled water. The Zetasizer was used to determine the size distribution of the exo-
some population in nanometers. The homogeneity (or polydispersity) of the samples
was determined. Measurements were performed in triplicate, and the results are pre-
sented as mean + standard deviation [12]

2.3  Protein Quantification of UC-MSC Exosome

Exosome protein quantification/concentration was performed using the BCA protein
assay kit according to the protocol in the manual. The albumin standard solution was
diluted (BSA) into several clean vials using the same solvent as the sample. The work-
ing reagent was prepared by mixing 50 parts of reagent A BCA with 1 part of reagent
B BCA (50:1, Reagent A). The 25 uL of sample and standard solutions were added to
each well of a 96-well microplate. The 200 uL of working reagent was added to each
well, mixed by shaking for 30 seconds. The 96-well microplate was covered and incu-
bated at 37°C for 30 minutes. The plate was equilibrated to room temperature. Absorb-
ance was measured at or near 562 nm on a plate reader.

2.4  Statistical Analysis

All experiments were conducted in triplicate, and data are expressed as mean + standard
deviation (SD). Statistical analyses were performed using Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA). Group comparisons were evaluated using Stu-
dent’s t-test, assuming equal variances. Statistical significance was defined at p <0.05.
Both equal variance and Welch’s unequal variance approaches were initially consid-
ered; results were consistent in direction, and equal variance tests are reported here for
clarity. Given the limited number of replicates, findings are interpreted as preliminary.

3 Results and Discussion

3.1 Rationale for Membrane Selection

In line with the study aim, UC-MSC exosomes were isolated using 500 kDa molecular
weight cut-off (MWCO) PES (polyethersulfone)-based membrane cassette, selected
due to their low protein binding affinity and robust physicochemical properties [13].
Previous study demonstrated that 500 kDa membranes yielded higher purity compared
to 300 kDa during UC-MSC Exosome isolation, with similar surface marker profiles
[14]. Furthermore, another study reported that 500 kDa PES membrane achieved supe-
rior purity and productivity compared to 100 kDa and 300 kDa membranes of the same
material[15]. This aligns with our rationale for selecting 500 kDa PES membrane for
UC-MSC exosome isolation in the present study.
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3.2  Exosome Characterization by DLS

The UC-MSC-derived exosomes were characterized using Dynamic Light Scatter-
ing (DLS) to evaluate their size distribution, polydispersity, and stability. DLS also
provides qualitative conformation of submicrometric particles and potential aggregates
that might be present in EV/Exosome samples [16]. The findings demonstrated that
exosomes derived from UC-MSCs in both conditions fell within the expected exosomal
size range (30-200 nm), showing 153.2 + 3.34 nm for the low flowrate group and 139.9
+ 0.59 nm for the high flowrate group. Notably, exosomes isolated under low flowrate
condition exhibited a lower PDI, indicating a more monodisperse population. Further-
more, the UC-MSC exosome isolated under low flowrate exhibited more negative zeta
potential (-27.87 £ 1.16 mV) compared to those from high flowrate group (-18.4 = 1.57
mV), indicating better colloidal stability which is essential for maintaining the struc-
tural integrity and functionality of the exosomes. The observed zeta potential in low
flowrate indicates sufficient electrostatic repulsion between particles, reducing aggre-
gation and ability to maintain stability during storage and handling. A zeta potential
value above £25 mV is generally considered indicative of good colloidal stability, sug-
gesting that the isolated exosomes can remain well-dispersed in suspension without
forming aggregates over time [17]. Additionally, the moderate zeta potential observed
in this study may also play a crucial role in the cellular uptake efficiency of the exo-
somes [18].

Table 1. The Summary of Dynamic Light Scattering Results

Sample Name Size (nm) PDI Zeta Potential (mV)
Exosome ~ — Low  flowrate 153.2£334 0428 £0.01 S279%1.16
(10mL/min)
E High  flowrat
xosome g owrate 139.9 £0.59 0.520 £ 0.01 184157
(30mL/min)

Exosomes isolated under low flowrate exhibited significantly larger mean size (p <
0.05), lower PDI (p < 0.01), and more negative zeta potential (p < 0.05) compared to
those isolated at high flowrate. These findings indicate that low flowrate favors the
production of exosomes that are larger, more monodisperse, and more colloidally sta-
ble. Although experiments were conducted in triplicate, the limited sample size war-
rants cautious interpretation of statistical outcomes.

3.3  Protein Quantification

The protein content of the UC-MSC-derived exosomes was measured using the Bicin-
choninic Acid (BCA) assay, yielding a concentration of 0.369 mg/ml at low flowrate
and 0.652 mg/ml at high flowrate. Protein quantification serves as an important param-
eter for evaluating the yield and quality of exosome preparations, as proteins such as
tetraspanins (CD9, CD63, and CD81) and heat shock proteins are commonly associated
with exosomal membranes. The BCA protein assay kit, one of the most widely used
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methods for extracellular vesicle/exosome quantification, was employed for this anal-
ysis[19]. While high flowrate increased protein yield, the improved stability and homo-
geneity observed at low flowrate highlight the need to balance yield and quality when
optimizing TFF parameters for clinical-grade exosome production.

Size Distribution by Intensity
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Fig. 1. Size distribution by intensity of UC-MSC Exosome.

4 Conclusion

This study shows that flowrate during TFF significantly influences UC-MSC exosome
quality. Low flowrate produced exosomes with lower polydispersity, and more nega-
tive zeta potential, indicating superior stability, while high flowrate increased protein
yield. These findings highlight the need to balance yield and quality when optimizing
exosome production for clinical applications. Future studies with larger sample sizes
and extended characterization are needed to validate these findings and refine process
parameters for scalable therapeutic applications.
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