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Introduction
Liver injury and subsequent failure remain major challenges in clinical 

medicine, with conditions ranging from acute liver damage to chronic diseases 
such as cirrhosis and Non-Alcoholic Fatty Liver Disease (NAFLD). Despite 
advances in therapeutic approaches, the liver’s remarkable regenerative 
capacity often becomes overwhelmed under persistent or severe damage. As 
a result, researchers have increasingly turned their attention to regenerative 
medicine, including the potential of stem cells for tissue repair. Among the 
various stem cell types, Human Mesenchymal Stem Cells (hMSCs) have 
emerged as promising candidates due to their immunomodulatory properties, 
trophic support and ability to influence tissue regeneration through the 
secretion of bioactive proteins. These secretory proteins, often referred to as 
the secretome, have been shown to mediate a variety of cellular processes, 
including anti-inflammatory responses, apoptosis regulation and tissue 
remodelling [1].

In this article, we aim to explore the pathways involved in liver repair 
that could potentially be targeted by the secretory proteins from human 
mesenchymal stem cells. Specifically, we will identify key molecular pathways 
that play a role in liver regeneration, discuss the interaction between hMSCs 
and liver cells and examine the potential therapeutic implications of MSC-
derived secretory factors. By examining the molecular underpinnings of these 
interactions, this review aims to provide new insights into how MSC-based 
therapies could be optimized for liver repair, with a focus on both the biology 
and clinical translation of these findings [2].

Description
The liver is a vital organ with a unique ability to regenerate itself after 

injury. However, this regenerative capacity is not limitless and in cases of 
chronic injury or extensive damage, liver function may deteriorate, leading 
to the need for liver transplantation or other therapeutic interventions. 
Mesenchymal Stem Cells (MSCs) are non-hematopoietic multipotent stem 
cells that can be isolated from various tissues, including bone marrow, adipose 
tissue and umbilical cord. One of the most compelling features of MSCs is 
their ability to secrete a wide array of bioactive molecules that influence the 
behavior of surrounding cells. These secreted factors, collectively known as 
the MSC secretome, include cytokines, growth factors, extracellular matrix 
proteins and exosomes, all of which can modulate inflammation, cell survival 
and tissue repair. Recent studies have shown that MSC-derived secretory 
proteins can promote liver repair by targeting various cellular and molecular 
pathways involved in liver regeneration. These pathways include those related 
to cell proliferation, apoptosis, immune modulation and extracellular matrix 
remodeling. In this section, we will explore how MSC-secreted factors interact 

with key signaling pathways in the liver, such as the Wnt/β-catenin pathway, 
the Transforming Growth Factor-Beta (TGF-β) pathway and the Nuclear 
Factor kappa-light-chain-enhancer of activated B cells (NF-κB) pathway. 
These pathways are crucial for the regeneration of hepatocytes, the regulation 
of inflammation and the prevention of fibrosis [3].

Furthermore, we will discuss the role of exosomes, small extracellular 
vesicles secreted by MSCs, which have been found to carry microRNAs and 
proteins capable of modulating the hepatic environment. Exosomes have 
gained significant attention for their potential to transfer bioactive molecules 
to target cells, thus enhancing tissue repair without the need for direct cell 
engraftment. The mechanisms through which MSC-secreted exosomes 
influence liver cells, including hepatocytes and liver progenitor cells, will be 
examined in detail [4].

Additionally, we will investigate the potential of MSC secretory proteins to 
counteract liver fibrosis, a condition that arises from chronic liver injury and 
is a major contributor to liver failure. Liver fibrosis involves the accumulation 
of extracellular matrix proteins, which can lead to scarring and impaired liver 
function. MSC-secreted factors, such as Hepatocyte Growth Factor (HGF) and 
Vascular Endothelial Growth Factor (VEGF), have been shown to promote 
tissue remodeling and inhibit the fibrotic process, offering a promising 
avenue for therapeutic intervention. Finally, the clinical applications of MSC 
secretome-based therapies will be explored. Although much of the research 
on MSCs and liver repair remains in the preclinical stage, recent advances in 
understanding the molecular interactions between MSC-secreted factors and 
liver cells suggest that these therapies could one day be translated into clinical 
practice. Challenges such as the standardization of MSC culture conditions, 
optimization of secretome isolation methods and the need for rigorous clinical 
trials remain, but the potential for MSC-based therapies to improve liver 
regeneration is significant [5].

Conclusion
In summary, the identification of pathways in liver repair potentially 

targeted by secretory proteins from human mesenchymal stem cells offers 
promising new insights into the field of regenerative medicine. The MSC 
secretome, through its array of bioactive molecules, has the ability to influence 
critical processes such as cell proliferation, apoptosis, immune modulation and 
extracellular matrix remodeling. By modulating key signaling pathways like 
Wnt/β-catenin, TGF-β and NF-κB, MSC-secreted factors have the potential 
to enhance liver regeneration, reduce fibrosis and promote overall tissue 
healing. The role of exosomes in facilitating the delivery of these bioactive 
factors to target cells further highlights the therapeutic potential of MSC-
based therapies. Although much of the research in this field remains at the 
preclinical stage, the growing body of evidence supporting the regenerative 
capacity of MSC-secreted proteins provides a strong foundation for future 
clinical applications. However, several challenges remain in optimizing these 
therapies, including refining the methods for isolating and delivering the 
secretome and ensuring the safety and efficacy of MSC-based interventions in 
human patients. Overall, as our understanding of the molecular mechanisms 
involved in liver repair continues to evolve, MSC-secreted proteins may 
become a cornerstone of regenerative therapies for liver diseases. Continued 
research into the complex interactions between MSCs and liver cells will be 
essential in realizing the full potential of these therapies and translating them 
into effective treatments for liver injury and failure.
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