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Improved therapeutic consistency and efficacy of mesenchymal
stem cells expanded with chemically defined medium
for systemic lupus erythematosus
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Mesenchymal stem cells (MSCs) have been intensively investi-
gated for their therapeutic potentials. In addition to their ability to
differentiate into multiple cell types, they can orchestrate immune
responses and modulate tissue microenvironments, resulting in
tissue regeneration1,2. However, therapeutic inconsistency is one
of the major obstacles to clinical application.
This therapeutic inconsistency may result from the population

heterogeneity, tissue origin, passage number or in vitro expan-
sion system of MSCs. Human platelet lysate (PL) has been
demonstrated to support human MSCs’ expansion and used as
the standard culture medium for MSCs’ clinical applications3.
However, batch variation in human PL preparations may affect
the phenotype and function of MSCs. Indeed, it has been
noted that human PL products from different commercial
suppliers show different therapeutic efficacies in treating a
mouse model of systemic lupus erythematosus (SLE)4. Further-
more, previous investigations have shown that PL upregulates
the expression of the costimulatory factors CD40 and CD865,6,
which may induce immunorecognition and rejection by the host
immune system.
Thus, we conducted the present study to investigate whether

human PL contributes to MSCs’ therapeutic inconsistency in
treating a mouse model of SLE and to evaluate potential
mechanisms. Human MSCs were isolated from a single donor
and expanded with culture media containing 9 different batches of
human PL from 3 different commercial suppliers (3 different
batches from each supplier) or a commercial chemically defined
medium (CDM, 3 different batches). Splenocyte coculture and
proliferation analysis showed that the MSCs expanded with
different batches of PL had different immunosuppressive efficacies
(Fig. 1a). In contrast, the MSCs expanded with 3 different batches
of CDM showed comparable levels of splenocyte proliferation
suppression (Fig. 1a). Furthermore, the PL batches variation also
conferred different autoantibody suppression efficacies on MSCs in
experiments with PBMCs isolated from MRL/lpr mice, while the
CDM batches did not (Fig. 1b, c). Thus, human PL may contribute to
the variation in the immunosuppressive efficacy of MSCs in vitro.
CDM produced a more consistent performance.
Then, therapeutic effects on a mouse model of SLE were

evaluated. In accordance with the in vitro data, the MSCs
expanded with different culture media had different therapeutic
effects on the overall survival of MRL/lpr mice, the urine protein
concentration, autoantibody production, and a renal pathology

scoring analysis (Fig. 1d–h). Therefore, MSCs expanded with CDM
showed improved therapeutic consistency and efficacy in treating
the mouse model of SLE.
The in vitro and in vivo data presented here showed that

human PL from different prepared batches or suppliers might
cause MSCs to have different therapeutic efficacies, which might
explain some controversies regarding MSCs’ therapeutic applica-
tions in both preclinical and clinical investigations. The potential
underlying mechanisms of these inconsistencies may be different
engraftment efficiencies resulting from immune rejection or
different levels of immunoregulator expression. It has been
demonstrated that PL upregulates the expression of the
costimulatory genes CD405 and CD866. Thus, we measured the
expression levels of HLA-ABC, HLA-DP, HLA-DQ, HLA-DR, CD40,
CD80, and CD86 on MSCs expanded with PL or CDM. The data
showed that different batches of PL did not affect the percentage
of HLA-ABC-positive cells (82.4 ± 3.6%). However, they did affect
the expression level of HLA-ABC in HLA-ABC-positive cells (Fig. 1i).
The MSCs expanded with CDM expressed lower and more stable
levels of HLA-ABC (Fig. 1i). However, the expression of HLA-DP,
HLA-DQ, HLA-DR, CD80, and CD86 were not detected in the
current study. As HLA-ABC is tightly related to immune rejection7,
the engraftment efficiencies of the MSCs expanded with the
different culture media were assessed. The data showed that the
human MSCs expanded with PL had a lower engraftment
efficiency than those expanded with CDM, with batch variations
(Fig. 1j). However, these differences existed only during the first
few days, and the difference disappeared as early as day 3 after
transplantation (Fig. 1j). One of the explanations might be that
HLA-ABC, HLA-II and other costimulatory factors might be
stimulated by the inflammatory microenvironment in SLE mice4.
However, the relatively rapid elimination of MSCs during the early
stage after transplantation could already reduce MSC therapeutic
efficacy.
MHC-I can induce CD8+ T cells to eliminate an allograft, and NK

cells eliminate cells lacking MHC-I7,8. To further confirm that the
variation in HLA-ABC expression contributes to the inconsistencies
in the engraftment efficiency of MSCs expanded with PL, a
cytolytic assay was conducted in vitro. CD8+ T and NK cells were
purified from SLE mice and cocultured with MSCs. Cytotoxicity was
detected by measuring LDH (lactate dehydrogenase) secretion.
The data showed that the CD8+ T cells induced MSC death at
different levels (Fig. 1k) and that T cell cytotoxic activity was
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tightly correlated with HLA-ABC expression levels (P < 0.01).
However, the NK cells induced comparable cytotoxicity among
different groups (3.8 ± 1.3%), indicating that the expression level
of HLA-ABC regulated by PL variation did not decrease enough to
trigger NK cell activation.
Although the low immunogenicity of MSCs has been widely

demonstrated and is accepted by most researchers, the immuno-
genic characteristics of MSCs should be reconsidered because
immune rejection is one of the major issues that needs to be
addressed in clinical studies7,8. It has been demonstrated that
MHC I- and MHC II-mismatched allogenic MSCs can undergo
immune-mediated rejection in mice7,8. Allogenic MSCs even
induce immune memory, resulting in more rapid elimination of

MSCs during a 2nd MSCs transplantation7,8. Knocking out MHC-I,
MHC-II or both can significantly suppress immune rejection and
prolong graft survival9.
In summary, human MSCs expanded with CDM were relatively

therapeutically consistent across different batches, indicating that
fully CDM for expanding human MSCs is critical for both basic
biology studies and clinical applications.
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Fig. 1 Improved therapeutic consistency and efficacy of MSCs expanded with CDM for SLE. a A proliferation assay was performed with
splenocytes derived from MRL/lpr mice and treated with MTT after a coculture with MSCs expanded with PL (platelet lysate) from different
preparation batches and suppliers or chemically defined medium (n= 3). b, c The levels of the autoantibodies, anti-dsDNA antibodies and
anti-ANAs (anti-nuclear antibodies), produced by PBMCs from MRL/lpr mice were determined by ELISA after a coculture with MSCs expanded
with PL from different preparation batches and suppliers or chemically defined medium (n= 3). d The survival kinetics of MRL/lpr mice
transplanted with MSCs expanded with MSC-PL–SC, MSC-PL–MK, or MSC-CDM. PBS was used as a negative control (n= 40). The treatments
were performed in 14-week-old MRL/lpr mice. MSCs were transplanted every two weeks. *P < 0.05 for both the Kruskal-Wallis test and Kaplan-
Meier analysis. e Urine protein concentrations were measured with ELISA kits at the age of 18 weeks, which was 4 weeks after the
first treatment (n= 8). f Serum levels of anti-DNA antibodies were measured by ELISA at the age of 18 weeks, which was 4 weeks after the first
treatment (n= 8). g Serum levels of anti-ANAs were measured by ELISA at the age of 18 weeks, which was 4 weeks after the first treatment
(n= 8). h Renal pathology scoring was conducted at the age of 18 weeks, which was 4 weeks after the first treatment (n= 8). The renal
pathology scoring was calculated according to the levels of glomerular proliferation, inflammation, necrosis, interstitial changes, vasculitis,
and crescent formation, and each feature was scored on a scale from 0 to 3. The final renal score was the sum of these scores. i Flow cytometry
was used to analyze the expression of HLA-ABC on MSCs expanded with PL from different preparation batches and suppliers or chemically
defined medium (n= 3). j The average radiance of luciferase-labeled MSCs (n= 8) is shown. The engraftment efficiency of MSCs after
transplantation into MRL/lpr mice was analyzed by luciferase reporter tracing. Transplantation was performed at the age of 14 weeks. The
treatments were performed only once. MSCs were expanded with PL from different preparation batches and suppliers or chemically defined
medium. k Cytotoxicity was detected by measuring LDH (lactate dehydrogenase) secretion. CD8+ T cells were purified from SLE mice and
cocultured with MSCs expanded with PL from different preparation batches and suppliers or chemically defined medium (n= 3). *P < 0.05;
N.S. indicates no significance; MSC-PL–SC: MesenCult™-hPL Medium Kit from STEMCELL Technology; MSC-PL–MK: PLTMax Human Platelet
Lysate from Merck; MSC-PL–BI: LTMax Human Platelet Lysates from Biological Industries; and MSC-CDM: TheraPEAKTM Mesenchymal Stem
Cell Chemically Defined Growth Medium from Lonza
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