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The COVID-19 pandemic continues to challenge global healthcare systems, particularly 
due to the lack of effective treatment options for patients who develop acute respiratory 
distress syndrome (ARDS), cytokine storms, and long-term pulmonary complications. 
While antiviral agents and vaccines have mitigated some of the burden, these approaches 
are not universally effective—especially against emerging variants. In this context, 
mesenchymal stem cells (MSCs) have emerged as a promising therapeutic strategy due 
to their unique immunomodulatory and regenerative properties (1,2).

MSCs have been shown to attenuate immune hyperactivation by reducing pro-inflammatory 
cytokines such as IL-6, TNF-α, and IL-1β, while upregulating anti-inflammatory cytokines 
including IL-10 and IL-4 (3,4). These effects are particularly relevant in managing the 
cytokine storm characteristic of severe COVID-19 cases. Preclinical models and early-
phase clinical studies have demonstrated that MSCs can decrease lung inflammation, 
promote epithelial repair, and improve oxygenation (2,5).

To date, over 80 clinical trials have been registered globally investigating MSC therapy 
in COVID-19 patients. Results from several small-scale studies suggest that intravenous 
administration of MSCs is safe and may lead to improvements in pulmonary function, 
radiological imaging, and systemic inflammation without serious adverse events (1,6). 
Among various sources, umbilical cord-derived MSCs (UC-MSCs) have been particularly 
favored due to their low immunogenicity and high proliferative capacity (7).

However, several limitations must be addressed before routine clinical use. The variability 
in MSC products, including differences in source, donor age, culture methods, and ACE2 
expression levels, may influence safety and efficacy (2,8). Although some studies suggest 
that MSCs express low levels of ACE2 and TMPRSS2 and are therefore resistant to SARS-
CoV-2 infection, other reports highlight potential susceptibility under certain conditions 
(8).
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To overcome such challenges, genetic engineering of MSCs has been proposed to enhance their antiviral resilience 
and immunomodulatory performance. For example, MSCs can be engineered to secrete higher levels of IL-10 or 
to resist viral entry by downregulating ACE2 expression (2,9). These approaches may prolong MSC survival in the 
inflamed microenvironment and improve their therapeutic potential in severe COVID-19.

In conclusion, MSC therapy holds considerable promise as an adjunctive treatment for severe COVID-19. Yet, 
further large-scale, randomized controlled trials are urgently needed. Standardization of MSC manufacturing, 
careful patient selection, and integration of advanced bioengineering tools will be essential to fully realize the 
therapeutic potential of stem cells in combating COVID-19 and its complications.resistance-related conditions.
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