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Abstract: Umbilical cord mesenchymal stem cells (UC-MSCs) have been widely used in regenerative
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medicine, but there is limited research on the stability of UC-MSCs formulation during production. This study aims
to assess the stability of the cell stock solution and intermediate product throughout the production process, as well
as the final product following reconstitution, in order to offer guidance for the manufacturing process and serve as
a reference for formulation reconstitution methods. Three batches of cell formulation were produced and stored
under low temperature (2-8 °C) and room temperature (20-26 °C) during cell stock solution and intermediate
product stages. The storage time intervals for cell stock solution were 0, 2, 4, and 6 h, while for intermediate
products, the intervals were 0, 1, 2, and 3 h. The evaluation items included visual inspection, viable cell
concentration, cell viability, cell surface markers, lymphocyte proliferation inhibition rate, and sterility.
Additionally, dilution and culture stability studies were performed after reconstitution of the cell product. The
reconstitution diluents included 0.9% sodium chloride injection, 0.9% sodium chloride injection + 1% human
serum albumin, and 0.9% sodium chloride injection + 2% human serum albumin, with dilution ratios of 10-fold
and 40-fold. The storage time intervals after dilution were 0, 1, 2, 3, and 4 h. The reconstitution culture media
included DMEM medium, DMEM + 2% platelet lysate, 0.9% sodium chloride injection, and 0.9% sodium chloride
injection + 1% human serum albumin, and the culture duration was 24 h. The evaluation items were viable cell
concentration and cell viability. The results showed that the cell stock solution remained stable for up to 6 h under
both low temperature (2-8 °C) and room temperature (20-26 °C) conditions, while the intermediate product
remained stable for up to 3 h under the same conditions. After formulation reconstitution, using sodium chloride
injection diluted with 1% or 2% human serum albumin maintained a viability of over 80% within 4 h. It was
observed that different dilution factors had an impact on cell viability. After formulation reconstitution, cultivation
in medium with 2% platelet lysate resulted in a cell viability of over 80% after 24 h. In conclusion, the stability of
cell stock solution within 6 h and intermediate product within 3 h meets the requirements. The addition of 1% or
2% human serum albumin in the reconstitution diluent can better protect the post-reconstitution cell viability.
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Figure 1 Process flow chart for the production of umbilical cord mesenchymal stem cells
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Table 1 Batch information for the production of umbilical cord

mesenchymal stem cells

Cell stock solution Intermediate product Cell product

Batch No. - o - — - —
Density Viability Density Viability Density Viability
UC-MSCI 1.27x10° 96.0% 10.56x10° 97.0% 10.17x10° 97.2%
UC-MSC2 1.08x10° 95.2%  9.54x10° 98.6%  9.18x10° 98.6%
UC-MSC3 1.42x10° 97.1%  9.61x10° 97.5%  9.52x10° 98.0%
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Table 2  Stability study results of cell stock solution at 2—-8 °C (n =3, x £ s)

. 2-8 °C
Quality control oh h ih oh

Visual inspection Normal Normal Normal Normal
Viable cell concentration /x10°-mL" 1.26+0.17 1.16 £0.17 1.20+0.17 1.18+0.13
Cell viability /% 96.10 +0.95 95.80 +0.82 95.77 +0.85 96.17 +0.55
Cell surface marker /% CD73 99.93 +0.09 99.76 +0.28 99.92 +0.08 99.95 +0.06

CD90 99.94 +0.09 99.76 +0.24 99.85 +0.12 99.91 +0.04

CD105 99.52 +0.48 99.07 +0.50 98.54 + 1.04 98.58 +0.83

CD166 99.99 +0.01 99.94 +0.08 99.98 +0.01 99.96 +0.03
Lymphocyte proliferation inhibition rate /% 45.77 +20.72 52.96 +£17.00 45.40 +19.82 55.44+21.04
Sterility Negative N/A N/A Negative
Table 3  Stability study results of cell stock solution at 20-26 °C (n =3, x £ 5)

. 20-26 °C
Quality control oh oh i oh

Visual inspection Normal Normal Normal Normal
Viable cell concentration /x10°-mL" 1.26 £0.17 1.15+0.16 1.08 £0.14 1.06 +£0.18
Cell viability /% 96.10 +0.95 96.80 + 1.30 97.80 +0.30 98.03 +0.32
Cell surface marker /% CD73 99.93 +0.09 99.91 +0.08 99.95 +0.05 99.93 +0.08

CD90 99.94 + 0.09 99.87 +0.08 99.90 + 0.09 99.93 +0.08

CD105 99.52 +0.48 99.23 £0.72 99.51 +0.38 99.56 +0.48

CD166 99.99 +0.01 99.93 +0.04 99.85 +0.21 99.77 +0.40
Lymphocyte proliferation inhibition rate /% 45.77+20.72 5412 +£21.85 55.97 +£20.84 57.40 £ 16.91
Sterility Negative N/A N/A Negative
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Figure 2 Stability study results of cell stock solution. A: Viable cell concentration changes
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with storage time; C: Lymphocyte proliferation inhibition rate changes with storage time
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Table 4 Stability study results of cell intermediate product at 2—-8 °C (n =3, x £ s)

. 2-8 °C
Quality control oh h h ih
Visual inspection Normal Normal Normal Normal
Viable cell concentration /x10°-mL" 9.90 £ 0.57 9.66 +0.14 9.71£0.22 9.59+£0.28
Cell viability /% 97.70 £ 0.82 97.17+1.27 97.13 £0.50 96.90 + 0.52
Cell surface marker /% CD73 99.93 £ 0.06 99.89 +0.11 99.88 +0.07 99.89 +0.09
CD90 99.91 +£0.02 99.85 +0.05 99.83 +£0.02 99.89 +0.07
CD105 98.38 £0.92 99.13 +£0.12 98.81 +0.44 99.15+0.92
CD166 99.96 +0.03 99.91 +0.08 99.96 +0.02 99.98 +0.01
Lymphocyte proliferation inhibition rate /% 59.24 £ 11.50 54.08 £10.37 56.12+13.12 65.26 +21.37
Sterility Negative N/A N/A Negative
Table 5 Stability study results of cell intermediate product at 20-26 °C (n =3, x £ 5)
. 20-26 °C
Quality control oh Th 4 h
Visual inspection Normal Normal Normal Normal
Viable cell concentration /x10°-mL" 9.90 £ 0.57 9.41+0.41 9.26 £0.35 9.01 £0.44
Cell viability /% 97.70 £ 0.82 97.07 £ 0.50 94.00 + 4.87 95.67 +1.05
Cell surface marker /% CD73 99.95+0.07 99.90 +0.11 99.85+0.11 99.89 +0.09
CD90 99.91 £0.07 99.80 +0.16 99.85+0.11 99.89 +0.07
CD105 98.71 £0.61 98.49 +0.85 98.99 £0.19 99.15+0.92
CD166 99.97 +0.05 99.94 + 0.06 99.80 +0.15 99.98 +0.01
Lymphocyte proliferation inhibition rate /% 59.24 £11.50 61.48 £23.16 56.41+15.27 59.22+17.39
Sterility Negative N/A N/A Negative
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Figure 3  Stability study results of cell intermediate product. A: Viable cell concentration changes with storage time; B: Cell viability

changes with storage time; C: Lymphocyte proliferation inhibition rate changes with storage time
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