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Research progress, chemistry, manufacturing and controls
considerations of mesenchymal stem cell products
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Abstract: The number of clinical trials for mesenchymal stem cell (MSC) products ranked the top among all
stem cell products, with more than 900 trials ongoing or completed by 2018. In China, many MSC clinical trials
have started as "the third type of medical technique" and the dossiers of MSC products have been submitted to
National Medical Products Administration (NMPA). The biological function and therapeutic effect of MSCs are
constantly being recognized in scientific communities. However, the observed functions of MSCs in vitro are not
fully reproduced in the living microenvironment in vivo. There are substantial variations among tissue origins,
cellular phenotypes and biological functions. Different formulations, delivery methods, manufacture processes or
doses all greatly affect the clinical efficacy. It is difficult for MSCs to maintain the naive state due to the differences
between in vitro culture conditions and in vivo microenvironment. Meanwhile, there is no widely accepted scientific
definition for MSCs until now, due to the complexity of manufacturing process and variable sources. Consequently,
the regulation of MSC products is a challenge for drug administrative agencies. In this article, we review the
research progress of MSC products around the world, and summarize the considerations in evaluating the chemistry,
manufacturing and controls (CMC) section of MSC product applications, with respect to raw materials, manufacture
processes and quality control. We hope that the information summarized here will provide insights for the development

and evaluation of MSC products.
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Table 1 The differentiation direction and biomarkers for mesenchymal stem cell (MSC) from different tissue sources!®'”). The listed differ-

entiation directions and markers may update with research progress. CD: Cluster of differentiation, STRO: Stromal precursor antigen;

SSEA: Stage-specific embryonic antigen; GFAP: Glial fibrillary acidic protein; HLA-DR: Human leukocyte antigen-DR isotype

Source Differentiation direction

Positive marker Negative marker

Bone marrow
tendocytes
Dental pulp, perio Osteoblasts, chondrocytes, adipocytes, neurons
dontal ligament
Synovium
Adipose Osteoblasts, chondrocytes, adipocytes

Skin and foreskin Osteoblasts, chondrocytes, adipocytes

Peripheral blood Osteoblasts, adipocytes, fibroblast
Placenta Osteoblasts, chondrocytes
Umbilical cord

(Wharton's jelly)

Osteoblasts, chondrocytes, adipocytes

Osteoblasts, chondrocytes, adipocytes, myocytes,

Osteoblasts, chondrocytes, adipocytes, myocytes

CD105, STRO-1, SSEA-4, CD73,
CD49a, SSEA-4, CD271
CD29, CD44, CD9Y0, CD105, GFAP

CD14, CD34, CD45,
HLA-DR
CD14, CD34, CD45

CD44, CD90, CD105, CD147, STRO-1 CD31, CD34, CD45,CD106
CD73, CD90, CD29, CD44, CD71, CD14, CD31, CD45

CD105, CD166, STRO-1

CD44, CD73, CD9Y0, CD105, CD166,
SSEA-4, vimentin

CD34, CD45, HLA-DR

CD44, CD90, CD105, HLA-ABC CD45,CD133

CD29, CD73, CD90, CD105 CD34, CD45

CD73, CD90, CD105, vimentin CD14, CD19, CD34, CD45,
CD79, HLA-DR
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Table 2 Quality control strategies for MSC-based products. FISH: Fluorescence in situ hybridization; CFU-F: Colony forming unit-fibro-

blast

Quality control strategy

Specification

Donor screening
communicable disease

Raw materials

Safety (cell bank, in-process

control, lot release)

Cell viability

Identity

Potency

Sterility, endotoxin, adventitious agents

Cell viability, cell count/viable cell number

Negative for hepatitis B virus, hepatitis C virus, human immunodeficiency virus 1/2, treponema pallidum etc. and

Sterility, mycoplasma, endotoxin, adventitious agents, tumorigenicity, soft agar colony formation assay, karyotype

analysis, multicolor FISH, foreign insoluble matter

Cell morphology, short tandem repeat (STR) analysis, cell surface antigen
Multilineage differentiation capacity, immunomodulatory effects, cytokine secretion, CFU-F assay

Purity Residual antibiotics, media components, trypsin, bovine serum albumin
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