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The liver is a unique solid organ with a regenerative 
capacity that is an important factor in the outcome of 
partial hepatectomy (PHx) performed to treat life-threating 
liver diseases (1-3). Multiple intrahepatic and extrahepatic 
signaling pathways synergistically regulate liver regeneration 
to restore typical liver functionality and thereby promote 
maximal life expectancy (2,4). Among the extrahepatic 
factors, gut metabolites are pivotal signaling molecules 
that affect the regulation of liver regeneration (5,6). 
Interestingly, dysbiosis of the gut microbiota due to disease 
or treatment strategies can influence liver regeneration 
negatively and delay recovery (7-9). In this empirical study, 
Yin et al. report the substantial role of acetate, a microbial 
metabolite, in liver regeneration; specifically, acetate was 
found to increase the activity of lipid synthesis pathways 
regulated by the FASN and SCD1 genes, which help to 
produce higher numbers of membrane phospholipids and 
boost liver regeneration following PHx. 

Notably, antibiotic treatment altered the composition of 
gut bacteria and significantly impeded liver regeneration in 
mice by affecting the hepatic lipid metabolism required for 
effective regeneration. Even short-term antibiotic treatment 
led to delayed proliferation of hepatocytes, which was directly 
associated with a reduction in short-chain fatty acids (SCFAs), 
crucial components in liver lipid synthesis (7). However, this 

study revealed a potential remedy: the restoration of specific 
microbial taxa capable of producing SCFAs, particularly 
acetate, effectively rescued liver regeneration in mice. 
This finding indicates potential implications for humans 
undergoing liver resection procedures, namely, that gut 
dysbiosis could adversely affect the regeneration process and 
subsequent patient survival (10,11).

This study emphasizes the vital role of the gut microbiota 
and its metabolites in influencing liver regeneration and 
provides insights into the relationship between bacterial 
composition, metabolites, and hepatic lipid metabolism. It 
uncovers specific shifts in the composition of gut bacteria, 
particularly an increase in Proteobacteria and a decrease in 
Firmicutes and Bacteroidetes, mirroring findings in patients 
with nonalcoholic fatty liver disease. The induction of 
dysbiosis in mice through antibiotic treatment provides a 
valuable model for studying the impacts of alterations in 
the composition of gut microbes on liver regeneration, 
promoting the design of controlled experiments. This 
study correlates specific changes in the gut microbiota 
composit ion with delayed l iver regeneration and 
compromised hepatocyte proliferation, establishing a link 
between gut dysbiosis and impaired liver function.

Additionally, the adaptive potential of the gut microbiota 
is highlighted in this study; in particular, it was found that 
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some fermentation-competent bacteria increased in late 
stages after antibiotic treatment, potentially impacting 
hepatocyte proliferation positively. SCFAs, primarily 
acetate, were identified as crucial for liver regeneration 
and lipid metabolism, providing insight into their role as 
building blocks of membrane lipid biosynthesis in the liver. 
This study corroborates findings in mice with human liver 
biopsies, demonstrating increased expression of lipogenic 
enzymes associated with liver proliferation and regeneration 
in patients undergoing hepatic resection.

Moreover, the reintroduction of a defined set of 
microbes capable of SCFA production into germ-free mice 
rescued impaired liver regeneration, demonstrating the 
importance of specific microbial taxa in this process. This 
study demonstrates a significant association between acetate 
levels in the gut, host lipogenesis, and liver regeneration, 
validating the importance of acetate as a critical factor 
in liver growth. Additionally, the findings of this study 
suggest potential implications for preoperative screening by 
analyzing the microbial composition in patients undergoing 
hepatic resection, offering new avenues for understanding 
the role of the gut microbiota in liver regeneration. This 
study provides valuable insights into the interplay between 
the gut microbiota, microbial metabolites, and liver 
regeneration and reveals potential targets for therapeutic 
interventions and further research in understanding liver 
diseases and recovery after hepatic surgeries.

Despite these promising findings, caution is advised 
when considering the manipulation of the gut microbiota 
for therapeutic purposes due to potential side effects. 
This study emphasizes the indispensable role of the gut 
microbiota in liver regeneration post-PHx, highlighting the 
complex connections between the microbial composition, 
SCFAs, liver lipid metabolism, and the regenerative process. 
Nevertheless, to gain a more comprehensive understanding, 
further research is necessary to unravel the intricacies of 
this relationship, including establishing causality in the 
setting of antibiotic-induced dysbiosis, and comprehensively 
delineate the microbiome’s involvement in liver health and 
diseases such as hepatocellular carcinoma.

We emphasize the limitations of this preclinical trial 
to underscore the complexities and challenges in directly 
translating findings from animal models to human 
patients; notably, careful consideration and additional 
research are necessary to validate these findings and before 
applying these insights in clinical practice. Existing studies 
heavily rely on mouse models, and the findings might 
not necessarily translate directly to human physiology 

due to inherent differences in the gut microbiotas and 
immune systems between mice and humans (12,13). The 
profound gut dysbiosis induced by the administration 
of antibiotics in this preclinical trial might not precisely 
mirror the effects of long-term antibiotic exposure in 
humans, especially considering the differences in dosage, 
duration, and bacterial resistance mechanisms. While 
the current study demonstrates significant alterations in 
the gut microbial composition and the effects on liver 
regeneration, the human gut microbiome is highly diverse 
and can vary significantly among individuals, impacting the 
generalizability of these findings.

Responses of microbial populations to dysbiosis and 
subsequent adaptation observed in mice may differ 
substantially in humans due to varying factors such as 
diet, lifestyle, and overall health status. The specific 
shifts in bacterial taxa observed in mice after antibiotic 
treatment might not be precisely replicated in the human 
gut microbiota under similar conditions, limiting direct 
correlations to human scenarios (14). While the current 
study suggests a clear association between gut dysbiosis 
and impaired liver regeneration in mice, establishing a 
direct causative relationship between alterations in the 
gut microbiota and liver function in humans is complex 
and challenging. Colonization of germ-free mice with a 
minimal set of specific bacteria might not recapitulate the 
full complexity and variability of the human gut microbiota, 
raising questions about the applicability of these findings 
to human interventions. Therefore, the role and impact of 
SCFAs on liver regeneration and lipid metabolism might 
not directly mirror human responses, as their effects can be 
influenced by various other factors and conditions specific 
to human physiology. The study’s experimental design and 
observations, particularly in terms of antibiotic treatment and 
microbial shifts, might not fully represent the complexities 
and diversity of dysbiosis observed in human populations. 
While this study provides insights into potential connections 
between the gut microbiota, SCFAs, and liver regeneration, 
the direct clinical applicability and translation of these 
findings to human therapeutic interventions require further 
comprehensive validation and extensive clinical studies.

The current preclinical study delves deep into how the 
gut microbiota and its metabolic byproducts influence liver 
regenerative capabilities and its functionalities, which can be 
very helpful in establishing further innovative clinical trials of 
targeted microbial byproducts, specifically, the application of 
acetate in regenerative medicine. Additionally, these findings 
are a reminder to clinicians to be more cautious about 
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administering antibiotics, particularly to patients undergoing 
PHx, as the use of antibiotics can delay liver regeneration by 
disrupting the microbial ecology of the gut.

Acknowledgments

Funding: This research was supported by the Hallym 
University Research Fund, the Basic Science Research 
Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education, Science 
and Technology (No. NRF-2020R1A6A1A03043026), and 
the Korea Institute for Advancement of Technology (No. 
P0020622).

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Hepatobiliary Surgery and Nutrition. 
The article did not undergo external peer review.

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-23-663/coif). 
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Campana L, Esser H, Huch M, et al. Liver regeneration 
and inflammation: from fundamental science to clinical 
applications. Nat Rev Mol Cell Biol 2021;22:608-24.

2.	 Michalopoulos GK, Bhushan B. Liver regeneration: 
biological and pathological mechanisms and implications. 
Nat Rev Gastroenterol Hepatol 2021;18:40-55.

3.	 Kountouras J, Boura P, Lygidakis NJ. Liver regeneration after 
hepatectomy. Hepatogastroenterology 2001;48:556-62.

4.	 Huang R, Zhang X, Gracia-Sancho J, et al. Liver 
regeneration: Cellular origin and molecular mechanisms. 
Liver Int 2022;42:1486-95.

5.	 Wen Y, Emontzpohl C, Xu L, et al. Interleukin-33 
facilitates liver regeneration through serotonin-involved 
gut-liver axis. Hepatology 2023;77:1580-92.

6.	 Wirth KM, Kizy S, Steer CJ. Liver Regeneration 
in the Acute Liver Failure Patient. Clin Liver Dis 
2018;22:269-87.

7.	 Zheng Z, Wang B. The Gut-Liver Axis in Health and 
Disease: The Role of Gut Microbiota-Derived Signals 
in Liver Injury and Regeneration. Front Immunol 
2021;12:775526.

8.	 Hendrikx T, Duan Y, Wang Y, et al. Bacteria engineered to 
produce IL-22 in intestine induce expression of REG3G 
to reduce ethanol-induced liver disease in mice. Gut 
2019;68:1504-15.

9.	 Kriss M, Verna EC, Rosen HR, et al. Functional 
Microbiomics in Liver Transplantation: Identifying 
Novel Targets for Improving Allograft Outcomes. 
Transplantation 2019;103:668-78.

10.	 Peng YC, Xu JX, Zeng CF, et al. Gut microbiome 
dysbiosis in patients with hepatitis B virus-related 
hepatocellular carcinoma after extended hepatectomy liver 
failure. Ann Transl Med 2022;10:549.

11.	 Li Q, Ma L, Shen S, et al. Intestinal dysbacteriosis-induced 
IL-25 promotes development of HCC via alternative 
activation of macrophages in tumor microenvironment. J 
Exp Clin Cancer Res 2019;38:303.

12.	 Forssten SD, Ouwehand AC, Griffin SM, et al. One Giant 
Leap from Mouse to Man: The Microbiota-Gut-Brain Axis 
in Mood Disorders and Translational Challenges Moving 
towards Human Clinical Trials. Nutrients 2022;14:568.

13.	 Kieser S, Zdobnov EM, Trajkovski M. Comprehensive 
mouse microbiota genome catalog reveals major 
difference to its human counterpart. PLoS Comput Biol 
2022;18:e1009947.

14.	 Sun J, Chang EB. Exploring gut microbes in human 
health and disease: Pushing the envelope. Genes Dis 
2014;1:132-9.

Cite this article as: Sharma SP, Suk KT. Microbial influence 
on liver regeneration: understanding gut microbiota and hepatic 
recovery post partial hepatectomy. HepatoBiliary Surg Nutr 
2024;13(2):314-316. doi: 10.21037/hbsn-23-663

https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-663/coif
https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-663/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

