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Abstract

In this editorial, we comment on the article by Jiang et al. Non-alcoholic fatty liver
disease (NAFLD) is a chronic liver disease characterized by the accumulation of
fat in the liver without evidence of significant alcohol consumption. NAFLD can
progress to more serious conditions such as non-alcoholic steatohepatitis, fibrosis,
cirrhosis and hepatocellular carcinoma. This disease is considered an emerging
public health problem in several countries as it has increased in recent decades,
currently affecting around 30% of the world’s population. The fatty diet and the
current lifestyle of the Western population are identified as the main culprits of
the disease. Drug treatment aims to reduce the weight of patients and treat me-
tabolic alterations and diseases, including type 2 diabetes mellitus and other
comorbidities that coexist with NAFLD. In this scenario, cell therapy with mesen-
chymal stem/stromal cells (MSCs) has been proposed as a perspective treatment
of numerous diseases that do not have definitive curative treatment, such as
Crohn’s disease and coronavirus disease 2019. This is due to the versatile, im-
munomodulatory and regenerative properties of MSCs. The possibility of MSCs
being used in patients with severe liver disease progressing to non-alcoholic
steatohepatitis or cirrhosis is summarized, because of the therapeutic benefits in
reducing fibrosis of affected livers. It remains to be seen when MSC trans-
plantation should be indicated for NAFLD, that is, at what stage of the disease
and which phenotype, as well as deciding on the best source of MSCs, the dose,
and the administration route. We conclude that well-designed clinical trials are
essential in order to obtain robust results for the implementation of this modality
in the medical practice.
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Core Tip: As non-alcoholic fatty liver disease affects 30% of the world’s population and it should be considered a public
health problem. Mesenchymal stem/stromal cells (MSCs) are a type of cell with a high degree of differentiation,
immunomodulatory and regenerative potential, which qualifies them for the treatment of inflammatory, autoimmune and
immune-mediated diseases. MSCs could be the basis for developing drugs to treat diseases that currently have no definitive
or curative treatment. MSCs have the potential to transform into hepatocytes and reduce steatosis and the degree of liver
fibrosis. MSCs are promising for the treatment of non-alcoholic fatty liver disease, but there is a need to design clinical trials
to obtain robust results for their implementation in medical practice.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disease characterized by the accumulation of fat in the liver
without evidence of significant alcohol consumption. NAFLD can progress to more severe conditions such as non-
alcoholic steatohepatitis (NASH), fibrosis, cirrhosis, and hepatocellular carcinomal1,2]. Diagnosis of the disease begins
with the clinical evaluation, followed by excluding viral causes, alcohol consumption and medications that cause liver
damage. The gold standard for diagnosis is liver biopsy, and non-invasive imaging tests, such as ultrasound, proton
magnetic resonance spectroscopy or quantitative fat-water magnetic resonance imaging. In addition to diagnosis, one
objective of these techniques is to stage the disease and determine the severity of steatosis. NAFLD has different
phenotypes and subtypes the definition of which depend on the prevalence, the patient’s age and the percentage of
hepatic steatosis. As a result of this evaluation, the disease can be called lean NAFLD or metabolically healthy NAFLD.
Recently, the name metabolically dysfunction-associated fatty liver disease has been proposed when more than 5% of
steatosis is associated with overweight/obesity, type 2 diabetes mellitus and evidence of metabolic dysregulation[3].

A systematic review to determine the prevalence of NAFLD and ultrasound-defined NAFLD demonstrated a global
prevalence of 30.05% from 1990 to 2019. The prevalence of NAFLD increased by 50.4%, from 25.26% in the period from
1990-2006 to 38.00% between 2016 and 2019. The highest prevalence of NAFLD observed was in Latin America (44.37%),
followed by the Middle East and North Africa (36.53%, 28.63%-45.22%), South Asia (33.83%), Southeast Asia (33.07%),
North America (31.20%), East Asia (29.71%), Asia-Pacific (28.02%), and Western Europe (25.10%)[4]. The prevalence of
metabolically dysfunction-associated fatty liver disease in the general population is estimated at 50.7% however this
varies between the different countries analyzed[5]. In the United States, NAFLD is the most common cause of liver
disease; NASH occurs in 20% of patients with NAFLD[5].

The most accepted etiology of NAFLD/NASH is a high-fat diet, that is, the Western pattern diet, which comes in
different formulations, with various concentrations of fat and cholesterol, and can be administered with the addition of
fructose[6]. The main cause of the evolution of NAFLD to NASH and, subsequently to cirrhosis when liver fibrosis occurs
is inflammation and hepatocyte apoptosis[5,6]. The non-pharmacological treatment of NAFLD consists of changes in diet
and lifestyle, as current pharmacological therapies focus on pathogenic factors and metabolic disorders. There is still a
lack of specific medications for the disease. Among the medications that can be used for NAFLD are those that treat
insulin resistance, type 2 diabetes mellitus, and dyslipidemia. Medications to reduce liver inflammation and fibrosis, such
as vitamin E (alpha-tocopherol), obeticholic acid and pentoxifylline, can also be used. Currently, medications that cause
weight loss, such as orlistat and glucagon-like peptide-1 receptor agonists (liraglutide, semaglutide), have gained ground
in the treatment of patients with NAFLD. Other medications, such as elafibranor (a dual peroxisome proliferator-
activated receptor a/& agonist), cenicriviroc (a dual CC chemokine receptor 2 and CC chemokine receptor 5 antagonist,
which can reduce inflammation and liver fibrosis) and aramchol (partial inhibitor of hepatic stearoyl-CoA desaturase,
which may reduce liver fat), are also being studied[3,7].

Mesenchymal stromal/stem cells (MSCs) are considered a specific type of cells that can differentiate into various cell
types, including osteoblasts, adipocytes, and chondrocytes. Found in the bone marrow, they can also be isolated from
adipose tissue, umbilical cord, placenta, amniotic fluid, blood vessels and skeletal muscle. Due to their versatility and
therapeutic potential, MSCs have been proposed for research and regenerative cell therapy. MSCs proliferate in culture
without losing their differentiation properties and, when cultured in vitro, they present a fibroblastoid morphology|[8].

MSCs have the ability to adhere to plastic and, in vitro, they express the CD105, CD73 and CD90 cell surface markers,
and do not express CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA-DR. This combination of behavior and
marker expression is used to identify MSCs[9,10]. Due to their regenerative, immunomodulatory and anti-inflammatory
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properties, MSCs can be used to treat patients with various conditions, such as musculoskeletal, cardiovascular,
neurological, inflammatory and autoimmune diseases, as well as skin lesions and diseases.

MSCs have been used to control graft-versus-host disease (GvHD), a commonly observed event in allogeneic
hematopoietic stem cell transplantation (allo-HSCT). In a study of 55 patients with acute and steroid-resistant GvHD, the
use of bone marrow-derived MSCs provided a dramatic improvement in the clinical picture, demonstrating that an
infusion of in vitro expanded cells, in addition to being beneficial, is an effective therapy for patients with GvHD after
allo-HSCT(11,12]. Recent data also indicate that MSCs, in addition to controlling GvHD, maintain the graft-versus-
leukemia effect longer, which is essential to control the disease in patients undergoing allo-HSCT[13].

MSCs modulate immune responses, maintain self-tolerance, and have immunosuppressive capabilities, making them
ideal in the treatment of severe autoimmune and autoinflammatory diseases[14]. Thus, immune-mediated inflammatory
diseases, such as Crohn’s disease (CD), rheumatoid arthritis, multiple sclerosis, systemic sclerosis, lupus and many other
serious and currently incurable diseases, can be targets for treatment with MSCs[15].

CD is an extremely serious and heterogeneous inflammatory bowel disease, which can affect the entire digestive
system from the mouth to the anus. The disease progresses with gut dysbiosis of an autoimmune nature, which is
responsible for the patients” symptoms. Stem cell transplantation and cell therapy can be valuable to provide long-term
remissions in the treatment of critically ill patients refractory to conventional treatments[16-18]. Anal fistulas are frequent
complications in CD patients; the direct application of MSCs to lesions has shown promising results, opening up the
prospect of their routine and systemic use in patients with severe clinical events[19].

In 2019, the world was surprised by the severe acute respiratory syndrome coronavirus 2 pandemic, the virus
responsible for coronavirus disease 2019, which claimed the lives of more than 7 million people according to data from
the World Health Organization published in August 2023. Despite advances in vaccination, ideal for controlling the
disease, the virus continues to circulate and cause mild to severe clinical conditions. In this context, MSCs are at the
forefront as promising candidates, due to their immunomodulatory and regulatory capabilities of the innate and adaptive
immune systems, release of anti-inflammatory biomolecules, suppression of inflammatory cytokine proliferation, direct
cellular action and regeneration of tissues damaged by coronavirus disease 2019[20].

MSCs have facilitated the development of drugs for the treatment of autoimmune and inflammatory diseases. One
successful example is darvadstrocel, a cell therapy drug that has been used worldwide to treat perianal fistulas in CD; it
was one of the first cell therapies that passed from initial concept through clinical trials and care phases complying with
the European Union regulatory guidelines[21]. At present, there are ten drugs derived from MSCs intended for the
treatment of GvHD, CD fistulas, subcutaneous tissue disorders, amyotrophic lateral sclerosis, knee articular cartilage
management, spinal cord injury, critical lower limb ischemia and acute myocardial infarction lesions[20].

MSCS AND LIVER DISEASE

MSCs have demonstrated positive effects in various contexts related to liver disease, including degenerative and
immune-related diseases. However, it remains uncertain whether MSC-based therapy is more effective than traditional
treatments, and it is still unclear which specific types of liver diseases would benefit most from MSC therapy.

Liver cirrhosis, including viral, autoimmune, ischemic and alcoholic causes, is by far the most common application in
clinical trials at about 68% of all research. This is followed by liver failure (about 20%) and complications after liver
transplantation (about 11%). Although most clinical trials involving liver disease report promising results, not every
clinical trial was positive. Of the 22 clinical trials completed in 2020, only three had negative results and another two had
partial improvements or improvements that were not maintained.

Mohamadnejad et al[22] reported part improvements in a model for end-stage liver disease (MELD) but no change in
liver regeneration or fibrosis six months after the transplant in a study of four patients with decompensated liver
cirrhosis. In a second study by the same authors, 15 patients with decompensated liver cirrhosis showed no improvement
in the Child and MELD scores, or liver function. The authors concluded that autologous bone marrow MSC trans-
plantation through a peripheral vein probably has no beneficial effect in cirrhotic patients[23]. Detry et al[24] reported
that an infusion of MSCs in ten patients who underwent liver transplantation was insufficient to allow withdrawal of
immunosuppression compared to a control group. According to Peng et al[25] the short-term efficacy of an infusion of
MSCs was favorable, but the long-term outcomes were not markedly improved. Their randomized controlled trial
enrolled 53 patients with liver failure caused by hepatitis B in the study arm and 105 in the control group. Moreover,
Kantarcioglu et al[26] reported in a study of 12 patients with liver cirrhosis partly improvement of MELD and no change
in liver regeneration or fibrosis after six months.

MSCS AND NAFLD

In this issue, Jiang ef al[27] publish the article “Current perspectives on mesenchymal stem cells as a potential therapeutic
strategy for non-alcoholic fatty liver disease”. The importance of this topic was very well described and emphasized by
the authors throughout the text. Below, we comment on some aspects of the challenges and the steps that we consider
mandatory in order to implement MSC therapy in NAFLD and other liver diseases.

There is evidence that MSCs can differentiate into hepatocytes, which demonstrates their therapeutic potential in the
treatment of liver diseases, due to their regenerative, anti-inflammatory and immunomodulatory properties, as
previously described. Numerous studies investigating the potential of MSC-based therapy in the treatment of NAFLD
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have consistently given promising results, such as improved liver function, reduced inflammation, and attenuated
fibrosis in animal models and early clinical trials[27]. The mechanisms by which MSCs exert their beneficial effects in
NAFLD are related to their ability to modulate the immune response, promote hepatocyte regeneration, and inhibit
hepatic stellate cell activation. At this point, because of the evidence reported by several authors regarding the the-
rapeutic potential in NAFLD, some questions arise regarding the ideal use of MSCs. Is this the moment, or do we still
have a long way to go? For what type of patients? What phenotype of NAFLD can be treated? When should we indicate
MSCs? In addition to the above, there are other questions and challenges that have not yet been answered and that need
to be addressed: What is the best source of MSCs for the treatment of NAFLD? And the best administration route? How
can the long-term safety and effectiveness of treatment be evaluated? And the main thing as we already mentioned is to
identify the patients who can undergo treatment and who have the potential to respond, which could be, in our view, a
way out for more seriously ill patients waiting for a possible liver transplant. Thus, the use of MSCs in the treatment of
NAFLD is an emerging field of research with promising potential, but we must consider that it is still in the experimental
phase. MSCs have immunomodulatory and regenerative properties that seem to be beneficial in the treatment of liver
disease[27]. Below, we informatively summarize the potential benefits of MSCs in the treatment of NAFLD: (1) Anti-
inflammatory properties: MSCs can reduce inflammation in the liver, an important feature of NASH, a more severe form
of NAFLD; (2) Regenerative capacity: MSCs have the ability to differentiate into different cell types, including
hepatocytes (liver cells), potentially helping in the regeneration of damaged liver tissue; and (3) Antifibrotic effects: MSCs
can reduce liver fibrosis, a complication of NAFLD, by promoting tissue remodeling and reduced liver scarring. Among
the studies, there is evidence that has been assessed in animal models in which the administration of MSCs reduces
hepatic inflammation, fibrosis and improves liver function. Clinical trials are needed to evaluate the safety and efficacy of
MSCs in treating liver diseases, including NAFLD. Preliminary preclinical results are promising, but more research is
needed to confirm its efficacy and safety.

The mechanisms of action of MSCs and their therapeutic effects can occur through several mechanisms: (1) Immune
modulation: MSCs can suppress abnormal inflammatory response and regulate the immune system, reducing inflam-
mation in the liver; (2) Release of growth factors: MSCs secrete growth factors that promote cell regeneration and liver
tissue repair; and (3) Interaction with liver cells: MSCs can directly interact with liver cells to promote regeneration and
reduce apoptosis (cell death). Finally, there is the cost of treatment with MSCs, which can be expensive, a fact that could
result in limitations and accessibility for many patients[28].

Limitations

While MSC therapies hold great promise, they still face several limitations. The lack of standardization in the isolation,
culturing, and administration of MSCs is a significant challenge, as there is currently no universal protocol for these
processes. This variability can lead to inconsistent results, complicating the development and application of therapies.
Additionally, while MSCs have demonstrated therapeutic potential, the mechanisms behind their effects are not yet fully
understood. A deeper understanding of how MSCs work could lead to more targeted and effective therapies. Safety is
another concern, as, although MSC therapies are generally considered safe, they carry potential risks, in particular, long-
term safety data remains limited, making it difficult to fully assess the risks over extended periods. Cost and accessibility
are also barriers to the widespread use of MSC therapies. These treatments can be expensive, limiting access for many
patients who could benefit from them. Finally, the variability in patient responses to MSC therapy presents a further
challenge, as it is difficult to predict the outcomes for individual patients, complicating treatment planning. Despite these
limitations, ongoing research and clinical trials are continuously advancing the field of MSC therapy.

Safety profile

MSC therapy has shown promise in various clinical applications, but like any treatment, it carries potential risks and side
effects that need to be considered. Common minor side effects include fever, local pain at the injection site, sleeplessness,
and constipation. These side effects are generally temporary and tend to resolve on their own without significant
intervention. Although rare, there have been reports of hemocompatibility issues with MSC therapy. Thromboembolic
complications can occur when MSC products express high levels of tissue factor (CD142).

Long-term side effects of MSC therapy are still being studied. There is a potential risk of tumor formation due to the
proliferative nature of stem cells, as well as immune reactions that could cause the body to reject the treatment.
Furthermore, therapy failure is a possibility, where the desired therapeutic effects are not achieved. While MSC
therapeutics have been safely administered in well-controlled clinical trials, it is important to note that many trials lack
updates on their status or long-term follow-up data.

CONCLUSION

The use of mesenchymal stem cells for the treatment of NAFLD is a promising area of research that may offer new
therapeutic options for this disease. However, further investigations are essential through well-designed clinical trials,
with the selection of patients with clinically well-defined phenotypes, to confirm the efficacy and safety of this approach
before broader recommendations can be made in the clinical practice. Patients interested in this type of treatment should
consider participating in clinical trials and discuss this possibility with their doctors.

Bienideng>  VVISC | https://www.wjgnet.com 4 May 26,2025 | Volumel7 | Issue5 |



Ruiz MA et al. MSCs to treat NAFLD

FOOTNOTES

Author contributions: Ruiz MA participated in the conception and design of the article, and wrote the article; Kaiser Junior RLR, Piron-
Ruiz G, and de Quadros LG participated in the conception and design of the article and gave critical analysis of the draft versions. All
authors read and approved the final version.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: Brazil

ORCID number: Milton Artur Ruiz 0000-0003-2212-4883; Roberto Luiz R Kaiser Junior 0000-0003-1952-1255; Gabriel Piron-Ruiz 0009-0007-
3046-2117; Luiz Gustavo de Quadros 0000-0001-9586-8109.

S-Editor: Wang JJ
L-Editor: A
P-Editor: Zhao YQ

REFERENCES

1 Han SK, Baik SK, Kim MY. Non-alcoholic fatty liver disease: Definition and subtypes. Clin Mol Hepatol 2023; 29: S5-S16 [PMID: 36577427

DOI: 10.3350/cmh.2022.0424]

Kang SH, Lee HW, Yoo JJ, Cho Y, Kim SU, Lee TH, Jang BK, Kim SG, Ahn SB, Kim H, Jun DW, Choi JI, Song DS, Kim W, Jeong SW,

Kim MY, Koh H, Jeong S, Lee JW, Cho YK; Korean Association for the Study of the Liver (KASL). KASL clinical practice guidelines:

Management of nonalcoholic fatty liver disease. Clin Mol Hepatol 2021; 27: 363-401 [PMID: 34154309 DOI: 10.3350/cmh.2021.0178]

3 Tokushige K, Ikejima K, Ono M, Eguchi Y, Kamada Y, Itoh Y, Akuta N, Yoneda M, Iwasa M, Yoneda M, Otsuka M, Tamaki N, Kogiso T,
Miwa H, Chayama K, Enomoto N, Shimosegawa T, Takehara T, Koike K. Evidence-based clinical practice guidelines for nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis 2020. J Gastroenterol 2021; 56: 951-963 [PMID: 34533632 DOI: 10.1007/s00535-021-01796-x]

4 Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global epidemiology of nonalcoholic fatty liver disease (NAFLD)
and nonalcoholic steatohepatitis (NASH): a systematic review. Hepatology 2023; 77: 1335-1347 [PMID: 36626630 DOI:
10.1097/HEP.0000000000000004]

5 Feldstein AE, Canbay A, Angulo P, Taniai M, Burgart LJ, Lindor KD, Gores GJ. Hepatocyte apoptosis and fas expression are prominent
features of human nonalcoholic steatohepatitis. Gastroenterology 2003; 125: 437-443 [PMID: 12891546 DOI:
10.1016/s0016-5085(03)00907-7]

6 Mabher JJ. Modeling fatty liver disease in animals: Is there an optimal approach, and is the effort worthwhile? Hepatology 2016; 64: 1398-
1400 [PMID: 27639263 DOI: 10.1002/hep.28823]

7 Rong L, Zou J, Ran W, Qi X, Chen Y, Cui H, Guo J. Advancements in the treatment of non-alcoholic fatty liver disease (NAFLD). Front
Endocrinol (Lausanne) 2022; 13: 1087260 [PMID: 36726464 DOI: 10.3389/fend0.2022.1087260]

8 Caplan Al Mesenchymal stem cells. J Orthop Res 1991; 9: 641-650 [PMID: 1870029 DOI: 10.1002/jor.1100090504]

9 Horwitz EM, Le Blanc K, Dominici M, Mueller I, Slaper-Cortenbach I, Marini FC, Deans RJ, Krause DS, Keating A; International Society for
Cellular Therapy. Clarification of the nomenclature for MSC: The International Society for Cellular Therapy position statement. Cytotherapy
2005; 7: 393-395 [PMID: 16236628 DOI: 10.1080/14653240500319234]

10 Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D, Deans R, Keating A, Prockop Dj, Horwitz E. Minimal criteria
for defining multipotent mesenchymal stromal cells. The International Society for Cellular Therapy position statement. Cytotherapy 2006; 8:
315-317 [PMID: 16923606 DOI: 10.1080/14653240600855905]

11 Le Blanc K, Frassoni F, Ball L, Locatelli F, Roelofs H, Lewis I, Lanino E, Sundberg B, Bernardo ME, Remberger M, Dini G, Egeler RM,
Bacigalupo A, Fibbe W, Ringdén O; Developmental Committee of the European Group for Blood and Marrow Transplantation. Mesenchymal
stem cells for treatment of steroid-resistant, severe, acute graft-versus-host disease: a phase II study. Lancer 2008; 371: 1579-1586 [PMID:
18468541 DOLI: 10.1016/S0140-6736(08)60690-X]

12 Ringdén O, Uzunel M, Rasmusson I, Remberger M, Sundberg B, Lonnies H, Marschall HU, Dlugosz A, Szakos A, Hassan Z, Omazic B,
Aschan J, Barkholt L, Le Blanc K. Mesenchymal stem cells for treatment of therapy-resistant graft-versus-host disease. Transplantation 2006;
81: 1390-1397 [PMID: 16732175 DOI: 10.1097/01.tp.0000214462.63943.14]

13 Jiang Y, Zhao J, Wang M, Huang F, Li J, Liu R, Wan J, Hao S. Mesenchymal stem cell-derived exosomes can alleviate GVHD and preserve
the GVL effect in allogeneic stem cell transplantation animal models. Front Immunol 2023; 14: 1284936 [PMID: 38124750 DOI:
10.3389/fimmu.2023.1284936]

14 Zaripova LN, Midgley A, Christmas SE, Beresford MW, Pain C, Baildam EM, Oldershaw RA. Mesenchymal Stem Cells in the Pathogenesis

and Therapy of Autoimmune and Autoinflammatory Diseases. Int J Mol Sci 2023; 24: 16040 [PMID: 38003230 DOI: 10.3390/ijms242216040]

Shi Y, Wang Y, Li Q, Liu K, Hou J, Shao C, Wang Y. Immunoregulatory mechanisms of mesenchymal stem and stromal cells in inflammatory

diseases. Nat Rev Nephrol 2018; 14: 493-507 [PMID: 29895977 DOI: 10.1038/s41581-018-0023-5]

16 Burt RK, Craig RM, Milanetti F, Quigley K, Gozdziak P, Bucha J, Testori A, Halverson A, Verda L, de Villiers WJ, Jovanovic B, Oyama Y.
Autologous nonmyeloablative hematopoietic stem cell transplantation in patients with severe anti-TNF refractory Crohn disease: long-term
follow-up. Blood 2010; 116: 6123-6132 [PMID: 20837778 DOI: 10.1182/blood-2010-06-292391]

o

W

3%9@) WJSC | https://www.wjgnet.com 5 May 26,2025 | Volumel7 | Issue5 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2212-4883
http://orcid.org/0000-0003-2212-4883
http://orcid.org/0000-0003-1952-1255
http://orcid.org/0000-0003-1952-1255
http://orcid.org/0009-0007-3046-2117
http://orcid.org/0009-0007-3046-2117
http://orcid.org/0009-0007-3046-2117
http://orcid.org/0000-0001-9586-8109
http://orcid.org/0000-0001-9586-8109
http://www.ncbi.nlm.nih.gov/pubmed/36577427
https://dx.doi.org/10.3350/cmh.2022.0424
http://www.ncbi.nlm.nih.gov/pubmed/34154309
https://dx.doi.org/10.3350/cmh.2021.0178
http://www.ncbi.nlm.nih.gov/pubmed/34533632
https://dx.doi.org/10.1007/s00535-021-01796-x
http://www.ncbi.nlm.nih.gov/pubmed/36626630
https://dx.doi.org/10.1097/HEP.0000000000000004
http://www.ncbi.nlm.nih.gov/pubmed/12891546
https://dx.doi.org/10.1016/s0016-5085(03)00907-7
http://www.ncbi.nlm.nih.gov/pubmed/27639263
https://dx.doi.org/10.1002/hep.28823
http://www.ncbi.nlm.nih.gov/pubmed/36726464
https://dx.doi.org/10.3389/fendo.2022.1087260
http://www.ncbi.nlm.nih.gov/pubmed/1870029
https://dx.doi.org/10.1002/jor.1100090504
http://www.ncbi.nlm.nih.gov/pubmed/16236628
https://dx.doi.org/10.1080/14653240500319234
http://www.ncbi.nlm.nih.gov/pubmed/16923606
https://dx.doi.org/10.1080/14653240600855905
http://www.ncbi.nlm.nih.gov/pubmed/18468541
https://dx.doi.org/10.1016/S0140-6736(08)60690-X
http://www.ncbi.nlm.nih.gov/pubmed/16732175
https://dx.doi.org/10.1097/01.tp.0000214462.63943.14
http://www.ncbi.nlm.nih.gov/pubmed/38124750
https://dx.doi.org/10.3389/fimmu.2023.1284936
http://www.ncbi.nlm.nih.gov/pubmed/38003230
https://dx.doi.org/10.3390/ijms242216040
http://www.ncbi.nlm.nih.gov/pubmed/29895977
https://dx.doi.org/10.1038/s41581-018-0023-5
http://www.ncbi.nlm.nih.gov/pubmed/20837778
https://dx.doi.org/10.1182/blood-2010-06-292391

Ruiz MA et al. MSCs to treat NAFLD

17

19

20

Ruiz MA, Junior RLK, Piron-Ruiz L, Saran PS, Castiglioni L, de Quadros LG, Pinho TS, Burt RK. Medical, ethical, and legal aspects of
hematopoietic stem cell transplantation for Crohn's disease in Brazil. World J Stem Cells 2020; 12: 1113-1123 [PMID: 33178395 DOI:
10.4252/wjsc.v12.i10.1113]

Wang R, Yao Q, Chen W, Gao F, Li P, Wu J, Yu J, Cao H. Stem cell therapy for Crohn's disease: systematic review and meta-analysis of
preclinical and clinical studies. Stem Cell Res Ther 2021; 12: 463 [PMID: 34407875 DOI: 10.1186/s13287-021-02533-0]

Panés J, Garcia-Olmo D, Van Assche G, Colombel JF, Reinisch W, Baumgart DC, Dignass A, Nachury M, Ferrante M, Kazemi-Shirazi L,
Grimaud JC, de la Portilla F, Goldin E, Richard MP, Leselbaum A, Danese S; ADMIRE CD Study Group Collaborators. Expanded allogeneic
adipose-derived mesenchymal stem cells (Cx601) for complex perianal fistulas in Crohn's disease: a phase 3 randomised, double-blind
controlled trial. Lancet 2016; 388: 1281-1290 [PMID: 27477896 DOI: 10.1016/S0140-6736(16)31203-X]

Rossello-Gelabert M, Gonzalez-Pujana A, Igartua M, Santos-Vizcaino E, Hernandez RM. Clinical progress in MSC-based therapies for the
management of severe COVID-19. Cytokine Growth Factor Rev 2022; 68: 25-36 [PMID: 35843774 DOI: 10.1016/j.cytogfr.2022.07.002]
Garcia-Olmo D, Gilaberte I, Binek M, D Hoore AJL, Lindner D, Selvaggi F, Spinelli A, Panés J. Follow-up Study to Evaluate the Long-term
Safety and Efficacy of Darvadstrocel (Mesenchymal Stem Cell Treatment) in Patients With Perianal Fistulizing Crohn's Disease: ADMIRE-CD
Phase 3 Randomized Controlled Trial. Dis Colon Rectum 2022; 65: 713-720 [PMID: 34890373 DOI: 10.1097/DCR.0000000000002325]
Mohamadnejad M, Alimoghaddam K, Mohyeddin-Bonab M, Bagheri M, Bashtar M, Ghanaati H, Baharvand H, Ghavamzadeh A,
Malekzadeh R. Phase 1 trial of autologous bone marrow mesenchymal stem cell transplantation in patients with decompensated liver cirrhosis.
Arch Iran Med 2007; 10: 459-466 [PMID: 17903050]

Mohamadnejad M, Alimoghaddam K, Bagheri M, Ashrafi M, Abdollahzadeh L, Akhlaghpoor S, Bashtar M, Ghavamzadeh A, Malekzadeh R.
Randomized placebo-controlled trial of mesenchymal stem cell transplantation in decompensated cirrhosis. Liver Int 2013; 33: 1490-1496
[PMID: 23763455 DOIL: 10.1111/1iv.12228]

Detry O, Vandermeulen M, Delbouille MH, Somja J, Bletard N, Briquet A, Lechanteur C, Giet O, Baudoux E, Hannon M, Baron F, Beguin Y.
Infusion of mesenchymal stromal cells after deceased liver transplantation: A phase I-11, open-label, clinical study. J Hepatol 2017; 67: 47-55
[PMID: 28284916 DOI: 10.1016/j.jhep.2017.03.001]

Peng L, Xie DY, Lin BL, Liu J, Zhu HP, Xie C, Zheng YB, Gao ZL. Autologous bone marrow mesenchymal stem cell transplantation in liver
failure patients caused by hepatitis B: short-term and long-term outcomes. Hepatology 2011; 54: 820-828 [PMID: 21608000 DOI:
10.1002/hep.24434]

Kantarcioglu M, Demirci H, Avcu F, Karslioglu Y, Babayigit MA, Karaman B, Oztiirk K, Giirel H, Akdogan Kayhan M, Kagar S, Kubar A,
Oksiizoglu G, Ural AU, Bagci S. Efficacy of autologous mesenchymal stem cell transplantation in patients with liver cirrhosis. Turk J
Gastroenterol 2015; 26: 244-250 [PMID: 26006200 DOI: 10.5152/tjg.2015.0074]

Jiang Y, Yusoff NM, Du J, Moses EJ, Lin JT. Current perspectives on mesenchymal stem cells as a potential therapeutic strategy for non-
alcoholic fatty liver disease. World J Stem Cells 2024; 16: 760-772 [PMID: 39086561 DOI: 10.4252/wjsc.v16.17.760]

Korkida F, Stamatopoulou A, Roubelakis MG. Recent Advances in Mesenchymal Stem/Stromal Cell-Based Therapy for Alcohol-Associated
Liver Disease and Non-alcoholic Fatty Liver Disease. Stem Cells Transl Med 2024; 13: 107-115 [PMID: 38016185 DOI:
10.1093/stcltm/szad082]

3%9@) WJSC | https://www.wjgnet.com 6 May 26,2025 | Volumel7 | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/33178395
https://dx.doi.org/10.4252/wjsc.v12.i10.1113
http://www.ncbi.nlm.nih.gov/pubmed/34407875
https://dx.doi.org/10.1186/s13287-021-02533-0
http://www.ncbi.nlm.nih.gov/pubmed/27477896
https://dx.doi.org/10.1016/S0140-6736(16)31203-X
http://www.ncbi.nlm.nih.gov/pubmed/35843774
https://dx.doi.org/10.1016/j.cytogfr.2022.07.002
http://www.ncbi.nlm.nih.gov/pubmed/34890373
https://dx.doi.org/10.1097/DCR.0000000000002325
http://www.ncbi.nlm.nih.gov/pubmed/17903050
http://www.ncbi.nlm.nih.gov/pubmed/23763455
https://dx.doi.org/10.1111/liv.12228
http://www.ncbi.nlm.nih.gov/pubmed/28284916
https://dx.doi.org/10.1016/j.jhep.2017.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21608000
https://dx.doi.org/10.1002/hep.24434
http://www.ncbi.nlm.nih.gov/pubmed/26006200
https://dx.doi.org/10.5152/tjg.2015.0074
http://www.ncbi.nlm.nih.gov/pubmed/39086561
https://dx.doi.org/10.4252/wjsc.v16.i7.760
http://www.ncbi.nlm.nih.gov/pubmed/38016185
https://dx.doi.org/10.1093/stcltm/szad082

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MSCS AND LIVER DISEASE
	MSCS AND NAFLD
	Limitations
	Safety profile

	CONCLUSION
	FOOTNOTES
	REFERENCES

