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Novel therapies are urgently needed to combat the severe cytokine storm syndromes induced by coronavirus disease 2019
(COVID-19). An increasing number of preclinical and clinical investigations of stem cell and derivatives therapy for COVID-19
were being carried out, among which several studies have preliminarily demonstrated the safety and possible efficacy of stem
cell transplantation therapy, providing a hint to solve the tricky situation of anti-COVID-19.
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Coronavirus disease 2019 (COVID-19) is a severe acute
respiratory disease caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). So far, there has no
specific antiviral treatment or available vaccines for
COVID-19. Oxygen therapy, including supportive therapy
and mechanical ventilation in cases of respiratory failure,
remains the primary treatment intervention for patients in
severe conditions. COVID-19 can trigger a destroying
immune overreaction in the body and stimulate the immune
system to produce large amounts of inflammatory factors,
and then cause cytokine storm’. It still lacks effective meth-
ods of preventing and reversing the cytokine storm. Steroid
therapy seems effective in some cases; however, it has the
side effect of reducing the activity of the immune system of
patients®. Some research revealed that stem cell transplan-
tation therapy could not only prevent the immune system
from releasing cytokine storm but also promote the endo-
genous repair, which may help solve the tricky situation of
anti-COVID-19.

Stem cells, especially mesenchymal stem cells (MSCs),
have been proved to have the potential of self-renewal and
multidirectional differentiation as well as a strong anti-
inflammatory and immune regulatory function. MSCs, the
dominant type of stem cells in clinical application, can inhi-
bit the abnormal activation of T lymphocytes and macro-
phages and induce their differentiation, respectively, into
regulatory T cell (Treg) subsets and anti-inflammatory
macrophages. MSCs can reduce the occurrence of cytokine

storms by inhibiting the secretion of proinflammatory
cytokines, such as interleukin 1(IL-1), tumor necrosis
factor-alpha (TNF-a), IL-6, IL-12, and interferon-gamma
(IFN-v). With the secretion of hepatocyte growth factor, ker-
atinocyte growth factor, IL-10, and vascular endothelial
growth factor (VEGF), MSCs are also believed to alleviate
acute respiratory distress syndrome (ARDS), repair and
regenerate the damaged lung tissues, and even resist fibrosis®.

Preclinical data suggested that systemic MSC administra-
tion could significantly reduce respiratory virus (Influenza
strains H5N1 and HON2)-induced lung injury®. Lanjuan Li
et al.’ conducted a clinical study of using MSCs to treat
ARDS patients induced by epidemic influenza A (H7N9)
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Table I. Data of Clinical Studies of Stem Cells Treating COVID-19 Pneumonia.

Author Study Patients Stem cell therapy

Inclusion criteria

Observation

hUCMSC, 5 x 107,
intravenous, once
every 3 days, three

Liang (2020) Case study |

times.
Leng (2020) Pilot clinical 7  hUCMSC, | x 10°
trial cells/kg of weight, a

single intravenous

Vital signs worsened

No improvement signs
were observed under
the standard
treatments

Lymphocyte count and subpopulations, chest
computed tomography, respiratory rate,
symptoms, therapeutic measures, and
outcomes

Safety data: infusional and allergic reactions,
secondary infection

Primary efficacy data: cytokines variation level, C-
reactive protein level

Secondary efficacy data: lymphocyte count and
subpopulations, chest computed tomography,
respiratory rate, symptoms, therapeutic
measures and outcomes

infection, showing MSCs transplantation significantly
reduced the mortality of ARDS (17.6% died in MSC group
vs 54.5% died in the control group). These studies have
provided a hint for COVID-19 treatment using MSCs.
Some researchers assumed MSCs might present two kinds
of molecular biological antiviral mechanisms in the context
of COVID-19*. One possible mechanism is to elevate the
levels of MSC-specific IFN-stimulated genes, which could
function as mediators of antiviral protection in a secondary
response to IFN, and then lead to the induction of these
genes and broad viral resistance. The other way is that
MSCs could present a mix of intrinsic and inducible innate
antiviral defenses, leading to therapeutic benefits in
COVID-19 patients.

The first COVID-19 pneumonia case with stem cell ther-
apy was a 65-year-old woman, whose severe symptoms
effectively improved 21 days after receiving the treatment
of human umbilical cord MSC (hUCMSC) transplantation®.
The patient was initially treated, according to the guideline,
with lopinavir/ritonavir, IFN-a inhalation, oseltamivir, and
moxifloxacin, Xuebijing, methylprednisolone, and immuno-
globulin. Besides, she was subjected to the non-invasive
mechanical ventilator due to poor oxygenation. As the vital
signs continually worsened, the patient was injected with
hUCMSCs with ol thymosin (Table 1). After the second
injection, the patient’s serum albumin, C-reactive protein,
and alanine aminotransferase/aspartate transaminase gradu-
ally decreased and vital signs got improved. Three kinds of
T cell subsets, CD3", CD4", and CD8", significantly
increased. After the third injection, the vital signs and most
of the clinical laboratory parameters of the patient came back
to normal. The results suggested that hUCMSCs could be a
potentially effective treatment option combined with other
immune-modulating agents.

Chunhua Zhao et al.” conducted a pilot trial of using stem
cell transplantation therapy to treat seven patients with
COVID-19, in which the clinical symptoms of all the parti-
cipants significantly improved 2 days after hUCMSCs trans-
plantation (Table 1). Peripheral lymphocyte levels of the
participants increased and activated cytokine-secreting

immune cells, including CXCR3+ CD4+ T cells, CXCR3+
CD8+ T cells, and natural killer CXCR3+ cells, disap-
peared after 3 to 6 days, indicating that the participants’
immune status improved. Meanwhile, significantly
decreased TNF-a levels and increased IL-10 were observed
in the hUCMSCs-treated group. After 14 days, the MSCs in
vivo which were examined by gene expression profiling,
were ACE2™ and TMPRSS2™, meaning they were free of
COVID-19 infection. These results provided preliminary
evidence of the feasibility, safety, and effect of stem cell
therapy in treating patients with COVID-19 pneumonia.

CD147, along with ACE2, was found as the receptors for
SARS-CoV-2 of invading host cells. Medications that target
CD147, for instance, azithromycin, were suggested to be
combined with ACE2™ stem cell transplant as a modified
method®. At the same time, some stem cell derivative thera-
pies have also received attention. Leukemia inhibitory factor
released by stem cells, a factor that participates in opposing
the cytokine storm in lungs during viral pneumonia, failed to
exert clinical effect due to its being cell-based. The novel
method of “LIF Nano” based on the synthetic nanotechnol-
ogy of stem cells was with a 1000 times increase in potency,
emerging as an alternative stem cell-based therapy to satisfy
the huge need for clinical application®. The findings of the
paracrine mechanism of MSCs indicated that MSCs secre-
tome could be a promising cell-free therapeutic tool for
treating acute and chronic lung diseases. MSCs secretome
can activate endogenous stem cells and regulate the inflam-
matory response by releasing biologically active substances.
It displays the effects of anti-inflammation, immunomodula-
tion, regeneration, and remains highly stable in vivo, show-
ing a potential advantage in the future application'®.
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