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Treatment of COVID-19 with MSCs: how does it work?
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Despite the remarkably rapid development and deployment
of effective vaccines against the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), many patients,
especially the unvaccinated, continue to experience severe
disease, require ICU care and die of coronavirus disease
2019 (COVID-19). Finding effective treatment for this dis-
ease is therefore of considerable importance globally. Nu-
merous strategies, including monoclonal antibodies and anti-
viral drugs, have been undertaken. Cellular therapy has also
been explored, especially with mesenchymal stromal cells
(MSCs), which are known to exhibit anti-inflammatory and
potential regenerative properties (Keating, 2012). Indeed, a
pilot study by Zhao’s group of allogeneic MSCs in patients
with moderate to severe COVID disease was the first to show
promising results, including safety (Leng et al., 2020). Over
80 clinical trials involving MSCs from different sources are
now registered in Clinical Trial.gov (https://clinicaltrials.
gov/) and most of the studies are ongoing or not yet reported.
The challenge in the field has been to understand more fully
the mechanisms of MSC action in COVID disease.

In a recent publication in Cell Research (Zhu et al., 2021),
Zhao and colleagues have extended their earlier work to
address this important goal and explored extensively, the
underlying molecular mechanisms likely to be involved.
They studied patients enrolled in a prospective, single-blind,
placebo-controlled phase II clinical trial of umbilical cord-
derived MSCs. The 29 subjects per arm were matched for
sex, oxygen use, steroid, antibiotic and antiviral agent thera-
py. Patients on mechanical ventilation were excluded from
the trial. Subjects treated with MSCs had significantly
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shorter hospital stay and symptom duration, and fewer ad-
verse events compared with the placebo group. The authors
evaluated pro-inflammatory markers and found that C-re-
active protein and pro-inflammatory cytokines, including
IL-1RA, IL-18, IL-5, CXCL-1 were reduced in the MSC
group compared with the placebo cohort. They also in-
vestigated neutrophil extracellular traps (NETs), web-like
structures of chromatin fibers which contribute to im-
munothrombosis in COVID-19 ARD (Middleton et al.,
2020), and found reduced NET-DNA plasma levels in the
MSC treated group. A larger study would be needed to de-
termine reduction in thrombotic complications in patients
with COVID disease and in that context, evaluating the ex-
pression of tissue factor (CD142) on MSCs will be im-
portant, given its role in initiating coagulation (Moll et al.,
2019).

The composition of circulating immune cells was also
modulated by MSCs, and of interest, elevated CD14"
monocyte levels associated with the severity of COVID
disease were reduced in response to MSC treatment. Single
cell RNA sequencing of peripheral blood mononuclear cells
identified a subpopulation of circulating cells that increased
after MSC administration and expressed VNN2, a cell sur-
face antigen associated with human embryonic stem cells.
This surprising finding raises the speculation that extra-
medullary hematopoiesis may be promoted to subserve he-
matopoietic differentiation, immune cell augmentation and
possibly, tissue repair in response to MSC administration.
Further studies are required to explore these interesting ob-
servations. Other molecules associated with chemotaxis and
cell migration, including L-selectin, were also identified,
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suggesting an additional mechanism for mobilizing immune
cells to sites of tissue injury.

The authors investigated key immune cells, including B
cells, after MSC treatment and showed that while CD40,
CD19 and CD81 were upregulated, inhibitory co-receptors
that suppress B cell receptor signaling can also be upregu-
lated, inferring a modulatory role of MSCs, particularly early
after administration. These studies have implications for how
MSC:s affect B cell responses to SARS-CoV-2 infection and
possibly, the timing of MSC administration. The authors also
evaluated CD28 expression on T cells and found sig-
nificantly increased levels on CD4" T, CD4" memory T and
regulatory T cells, among others, early after MSC infusion,
suggesting the promotion of T cell activation. The study was
supplemented with a small pilot trial of MSC infusion in
older healthy volunteers which showed a persistent increase
in the frequency of CD28" T cells up to 6 months after MSC
administration.

Taken together with other experiments reported by the
Zhao’s group in the paper, MSCs appear safe, show efficacy
against SARS-CoV-2 infection, reduce pro-inflammatory
mediators, modulate B and T cell function, reduce in-
flammation by several mechanisms, including modulating
expression of chemotactic factors, and appear to reduce lung
injury.

It is well-established that outcomes of clinical trials with
MSC:s for a variety of disorders, including the treatment of
COVID disease, are variable. The considerable variability
observed from ftrial to trial for the same condition is most
likely due to a number of factors, including tissue source, and
differences in donor, culture methodology, passage number,
cryopreservation techniques and cell dose. For example,
there is uncertainty that a similar outcome to this study can
be obtained with bone-marrow derived MSCs. A further
consideration is the timing of MSC administration in the
course of the disease (Shahani and Datta, 2021). The lack of
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a universally accepted potency assay for MSCs has made
comparisons between clinical studies particularly challen-
ging.

Zhao and colleagues have conducted a valuable study
showing that umbilical cord-derived MSCs ameliorate
moderate to severe COVID disease and potentially reduce
intensive care admissions and even deaths. Moreover, sev-
eral mechanisms have been proffered to explain their mode
of action. It is therefore critical for other groups to validate
the results of this study and incumbent on all to specify the
key variables that affect MSC function, thereby enhancing
the feasibility of reproducing these important experiments
and data.
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