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APPLICATION BENEFITS

e Optibumin® 25 (rHSA) supports
post-thaw MSC recovery and
apoptosis reduction
comparable to or better than
human blood-derived HSA.

* Optibumin enables
significantly reduced-DMSO in
cryopreservation (1-2.5% final)
while maintaining MSC viability
comparable to
standard higher-DMSO
controls.

* Optibumin enables an
animal-origin-free
cryopreservation workflow,
supporting regulatory
compliance and consistent
performance.

INVITRIA SOLUTIONS

Obtibumin 25 - Recombinant
Human Serum Albumin (25%
Solution).

EXECUTIVE SUMMARY

This application note demonstrates the use of Optibumin 25—an
animal-origin-free recombinant HSA—for low-DMSO cryopreservation
of UC-MSCs. Optibumin matched or outperformed blood-derived HSA,
even at DMSO levels as low as 1%, supporting safer, regulatory-friendly
workflows for cell therapy manufacturing.

Key Highlights
* Maintains post-thaw MSC viability at 1-2.5% DMSO
* Reduces apoptosis compared to no-albumin controls
» Performs comparably or better than blood-derived HSA

» Supports closed-system, animal-origin-free workflows
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Figure 1. Optibumin 25 restores MSC viability at 1-2.5% DMSO—matching or
exceeding blood-derived HSA.
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Figure 2. Optibumin 25 reduces apoptosis in low-DMSO cryopreservation,
outperforming HSA.

Low-DMSO Cryopreservation of MSCs with Optibumin 25 Recombinant Albumin | 1




APPLICATION NOTE

Cryopreservation is a critical step in the manufacture
and distribution of mesenchymal stem cell (MSC)
therapies. However, suboptimal cryopreservation can
lead to poor post-thaw viability, increased apoptosis,
and altered downstream functionality. Human serum
albumin (HSA) is often included in cryopreservation
media to stabilize cells during freeze/thaw cycles.
While blood-derived HSA is commonly used to en-
hance post-thaw cell health (Burnham, 2021) and is
present in several on-market cell therapies (Van der
Walle, 2021), it also presents risks such as potential
pathogen transmission (MacLennan & Barbara, 2006)
and batch-to-batch variability. Regulatory agencies
now recommend animal-origin-free materials to
enhance reproducibility and reduce these risks (U.S.
FDA, 2024).

CryoStor® from BioLife is a widely used, chemically
defined, protein-free cryopreservation medium that is
found in several on-market cell therapy products. It is
often combined with Plasma-Lyte® A from and/or
human serum albumin during cryopreservation or
preparation for administration. The CryoStor product
line includes CS10, CS5, and CS2, which contain
10%, 5%, and 2% dimethyl sulfoxide (DMSO),
respectively.

Reducing DMSO exposure is a key challenge in cell
therapy cryopreservation. High DMSO concentrations
have been associated with adverse infusion reactions
in patients (Madsen, 2018). A recent study by Tan et
al. (2024) emphasized that excessive osmotic
fluctuation following thaw can lead to impaired viability
and long-term engraftment failure. Moreover,
prolonged exposure to high DMSO levels without
prompt dilution or stabilization has been shown to
induce cellular damage. On-market MSC therapy
products like Ryoncil® (Mesoblast) demonstrate the
reliance on high-DMSO formulations. According to the
package insert, each cryovial of Ryoncil contains 10%
DMSO and 5% HSA, requiring dilution with
Plasma-Lyte A prior to intravenous administration
(Mesoblast, 2024). This dilution step can reduce
DMSO toxicity, but introduces logistical complexity and
potential variability to clinical workflows.

Optibumin 25 by [nVitria is a recombinant human
serum albumin (rHSA), produced in a completely
animal-free system under cGMP and ISO9001:2015

conditions. It offers consistent, scalable, and
regulatory-friendly performance in advanced cell
therapy workflows. In this application note, we
evaluate the effect of Optibumin 25 inclusion in CS5
and CS2 CryoStor-based cryopreservation of human
umbilical cord-derived MSCs (UC-MSCs),
benchmarking against blood-derived HSA and a CS10
reference control. Each CryoStor formulation (CS10,
CS5, or CS2) was diluted 1:1 with Plasma-Lyte A—
with or without albumin at 2.5%, 5%, or 10%—to yield
exceptionally low final DMSO con centrations of 5%,
2.5%, and 1%, respectively. These findings presented
here highlight the value of cryopreservation
approaches that enable DMSO reduction without
sacrificing cell health. Optibumin 25 is specifically
formulated as a direct replacement for blood-derived
HSA in cell therapy workflows. It is supplied as a 25%
solution in septum-top bottles as well as bag format,
allowing for seamless integration into closed-system
manufacturing processes and enabling consistent,
animal-origin-free bioprocessing.

Optibumin 25 Enhances MSC
Viability in Low-DMSO Formulations

Viability was assessed after the cells were held for 2
hours post-thaw in the cryopreservation formulations,
mimicking a clinical workflow in which cryopreserved
MSCs are thawed and held in process prior to
administration.

In Figure 1, post-thaw viability was assessed

using live-cell imaging. CryoStor CS10 served as the
high-DMSO reference and supported viability values
around 85—-87% across both donors. In comparison,
the no-albumin control conditions in CS5 showed a
drop of approximately 5-10%, with viability values
ranging from 75% to 81%. No-albumin CS2 control
conditions showed a more substantial decline, with
viability dropping to around 65%.

When 5-10% albumin (either HSA or Optibumin 25)
was included, viability was significantly improved in
both CS5 and CS2 formulations. In CS5, viability
increased to approximately 85% with Optibumin 25 or
HSA, nearly matching the higher-DMSO CS10
formulation control. In CS2, the addition of 10%
Optibumin 25 or HSA improved viability from about
65% to approximately 80%. formulations.
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These improvements demonstrate that Optibumin 25 serves as an animal-origin-free solution to mitigate the
detrimental effects of reduced DMSO cryopreservation formulations. Notably, these viability levels were achieved
even as final DMSO concentrations were reduced to as low as 1% (in CS2 conditions), underscoring the
protective role of Optibumin 25 in ultra-low DMSO formulations.

These findings align with Tan et al. (2024), who noted that reducing DMSO below 10% minimized cytotoxic effects
when osmotically balanced. Their study reported a decline in viability over time post-thaw unless DMSO

concentrations were appropriately managed or diluted.
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Figure 1: Post-thaw viability of MSCs in reduced-DMSO formulations with or without albumin. Human UC-MSCs were
cryopreserved in CryoStor CS10, CS5, or CS2 formulations diluted 1:1 with Plasmalyte A, with or without the inclusion of
recombinant albumin (Optibumin 25) or blood-derived HSA at 5% or 10% final concentrations. This dilution resulted in final
DMSO concentrations of 2.5% for CS5 and 1% for CS2. A CryoStor CS10 + Plasma-Lyte reference control (6% final DMSO) was
included for comparison. Viability was assessed by live-cell imaging at time of plating following a 2-hour post-thaw hold in the
cryopreservation medium to simulate clinical processing workflows. Bars represent mean viability + SEM (n = 3). Statistical
comparisons were performed by one-way ANOVA between each albumin-containing condition and its corresponding no-albumin

control.

Optibumin Prevents Apoptosis in
Reduced-DMSO Cryopreservation

Apoptosis was assessed at the same post-thaw time-
point as viability—after a 2-hour hold in the cryopreser-
vation formulations—to replicate typical clinical
workflows. As expected, the percentage of

apoptotic cells increased as the DMSO concentration
decreased. In CS10 controls, apoptosis levels were
relatively low (18-21%). In CS5 no-albumin conditions,
apoptosis increased to ~30%, and in CS2 no-albumin
conditions, apoptosis was highest at approximately
40%. Addition of albumin significantly reduced apopto-
sis in both CS5 and CS2 conditions. In CS5, 10% HSA
reduced apoptosis from 30% to about 22%, while 10%
Optibumin® lowered it to approximately 20%.

In CS2, the inclusion of 10% HSA or Optibumin 25
dramatically reduced apoptosis from 41% to 28%.
These improvements suggest that albumin helps
stabilize cells during the post-thaw hold period,
potentially by buffering osmotic stress and limiting
membrane damage.

Across both donors, Optibumin 25 performed
comparably or better than HSA, particularly at the 10%
concentration. These results demonstrate that
Optibumin 25 is not only effective in protecting MSCs
from apoptosis but also provides a regulatory-friendly
alternative to blood-derived HSA for clinical
cryopreservation workflows.
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Figure 2: Post-thaw apoptosis of MSCs cryopreserved in CS5 or CS2 with or without albumin. Apoptosis was assessed
immediately post-thaw following a 2-hour hold in the cryopreservation formulations. MSCs were cryopreserved in CS5 or CS2
formulations diluted 1:1 with Plasmalyte, resulting in final DMSO concentrations of 2.5% and 1%, respectively. Formulations
included 0%, 5%, or 10% albumin (Optibumin 25 or HSA). A CS10 + Plasmalyte A control (5% final DMSO) was used as a
high-DMSO benchmark. Apoptosis was quantified using Annexin V labeling via live-cell imaging. Bars represent mean apoptotic
percentages + SEM (n = 3). One-way ANOVA was used to evaluate statistical differences between each albumin condition and its

corresponding no-albumin control.
MATERIALS & METHODS

UC-MSCs from two donors were expanded to passage
4 and cryopreserved at 7 million cells/mL in conditions
composed of CryoStor CS10, CS5, or CS2 diluted

1:1 with Plasmalyte A. Albumin (either Optibumin or
blood-derived HSA) was added at 2.5%, 5%, or 10%
final concentration where indicated. The 1:1 dilution of
CryoStor CS10, CS5, and CS2 with Plasmalyte A (with
or without albumin) resulted in final DMSO
concentrations of 5%, 2.5%, and 1%, respectively.
Following freezing in Mr. Frosty™ device at -80°C,
cells were rapidly thawed in 37°C water bath and

held in cryopreservation medium for 2 hours at room
temperature before being plated in standard culture
media. This 2-hour post-thaw hold was designed to
mimic the typical delay between thaw and
administration in clinical workflows. Live-cell imaging
was used to assess viability, apoptosis, and recovery
post-thaw.

CONCLUSION

Optibumin 25 demonstrated performance comparable
to or better than human-derived HSA in supporting
post-thaw MSC viability and reducing apoptosis.
Notably, 5-10% Optibumin 25 in CS5 or CS2
cryopreservation restored MSC health to levels seen in
higher-DMSO CS10 control conditions—even as final
DMSO concentrations were reduced to just 2.5% and
1%, respectively.

These findings support the use of Optibumin 25 to
enhance cryopreservation outcomes in
reduced-DMSO workflows, which are increasingly
desired due to the known adverse effects of DMSO.
By enabling effective cryopreservation at exceptionally
low DMSO levels, eliminating the need for blood-
derived HSA, and avoiding dilution steps post-thaw,
Optibumin 25 supports safer, scalable, and
regulatory-compliant MSC manufacturing. In addition,
its availability in bag format supports integration into
closed-system workflows, further streamlining
manufacturing and regulatory compliance.
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ORDERING INFORMATION

Description Order Info
Optibumin 25 - Recombinant Human Serum Albumin (25% Solution) 555HSAQ0Q75
Animal-Origin-Free | GMP-Produced
Optibumin 25 - Recombinant Human Serum Albumin, 100 mL Bags 555HSAQ0075-100mL-BG
Optibumin 25 - Recombinant Human Serum Albumin, 100 mL Bottles 555HSA0075-100mL-BT

ABOUT INVITRIA

InVitria is a global leader in developing and manufacturing high-performance, animal-origin-free cell culture supplements and recombinant
proteins. Our products eliminate human and animal serum-derived components to improve consistency, reduce regulatory burden, and
accelerate the approval of life-changing therapies. Trusted in clinical and commercial production of cell and gene therapies, vaccines,
regenerative medicine, and medical devices, InVitria supports cGMP and ISO-compliant manufacturing aligned with FDA and EMA
expectations. Scalable to meet growing global demand, our chemically defined solutions enable safer, more efficient biomanufacturing.

INVITRID>

Performance. Defined.
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patents, and additional terms and conditions, please visit www.InVitria.com/terms. www.invitria.com
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