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1. Introduction

The liver is defined as the central metabolic hub of the body, harmonizing nutri-
tional, hormonal, and catabolic stimuli to preserve systemic homeostasis [1-3]. Due to
its peculiar structure and anatomical position, being situated between the digestive tract
and systemic circulation, it is continuously exposed to dietary, microbial, toxic, hormonal,
and immune-derived insults, thus preserving communication with the entire digestive
system [4]. Therefore, its physiological function allows the detection and processing of a
broad array of metabolic, gut-derived, and immunological signals which make this organ
vulnerable to several injuries, including metabolic overload, toxins, infections, and immune
alterations [5,6]. Deviations from hepatic physiology are particularly harmful; hence, the
increasing number of affected patients represents a global health concern [7].

Liver diseases constitute the most heterogeneous and pressing challenge in medicine,
encompassing an umbrella of hepatic disorders ranging from metabolic-dysfunction-
associated fatty liver disease (MASLD), cholestatic injuries, and viral or toxic hepatitis to
alcohol-related cirrhosis, hepatocellular carcinoma (HCC), and fulminant liver failure [8].
These conditions may share complex pathological substrates shaped by the interaction
between genetics, epigenetics, metabolic, and environmental risk factors [9]. Furthermore,
hepatic failure is often associated with an increased risk of developing extrahepatic comor-
bidities, such as cardiovascular, renal, intestinal, systemic, and cerebral complications [10].

Although our understanding of their etiopathogenic basis has advanced considerably,
many liver diseases remain underdiagnosed, and therapeutic options are still limited. Fur-
thermore, liver biopsy continues to be the diagnostic gold-standard procedure for treating
many of them, indicating the urgent need to identify reliable non-invasive biomarkers to
guide clinical management [11]. In recent years, the focus has shifted toward integrating
molecular biomarkers, novel experimental models, and targeted therapeutic strategies,
delving into molecular mechanisms and strategies aimed at bridging bench discoveries
and clinical interventions. Despite advances in this direction, therapeutic options remain
inadequate, and diagnostic strategies often fail to identify the diseases early or arrive at
a prognosis. Hence, the translation of molecular discovery into effective diagnostic and
therapeutic strategies remains incomplete.

This Special Issue, New Challenges in the Study of Liver Diseases: From Molecu-
lar Pathogenesis to Therapeutic Approaches (3rd Edition), gathers diverse contributions
that highlight both mechanistic insights and translational approaches. The seven arti-
cles presented here collectively illustrate how the field is tackling the demand for novel
biomarkers, the systemic effects of liver injury, immune alterations, and possible limita-
tions of antioxidant therapies. The purpose of this Editorial is to provide a brief overview
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of recent developments in this multifaceted field and encourage the readers to explore
these contributions.

2. An Overview of the Published Articles

The first contribution in this Special Issue is the study by Mobasher et al. [12], who
explored the role of the long non-coding RNA growth-arrest-specific 5 (IncRNA GAS5),
along with miR-29a-3p and neurogenic locus notch homolog protein 2 (NOTCH?2), in
non-alcoholic fatty liver disease (NAFLD). The authors demonstrated that IncRNA GAS5
was highly expressed in NAFLD patients and even more so in those affected by cirrhosis.
In particular, they concluded that this long non-coding molecule may have diagnostic
utility as a noninvasive biomarker, constituting a molecular tool that can better stratify
NAFLD patients and potentially improve detection strategies. Beyond its diagnostic
significance, GAS5 participates in a broader network of non-coding RNAs that modulate
lipid metabolism, apoptosis, and inflammation—hallmarks of NAFLD pathogenesis [13].
In line with these results, other studies have demonstrated its regulatory role in the onset
of fibrosis in various organs [14,15].

The growing epidemic of NAFLD, recently redefined as metabolic-dysfunction-
associated steatotic liver disease (MASLD) [16], compounds the urgent need to discover
trustworthy biomarkers capable of detecting the onset of disease early and predicting
its progression up to end-stage conditions. This study provides evidence supporting the
possibility of using non-coding molecules as predictors of disease course and links altered
transcriptomic profiles and regulatory networks to MASLD pathogenesis, indicating new
molecular targets for intervention.

Along with identifying novel disease tracers, making therapeutic advances remains
a pressing mission. In this regard, Lohvinenko et al. [17] explored the hepatoprotective
potential of an S-substituted pteridine in a rat model of CCls-induced acute hepatitis. This
compound demonstrated antioxidant and cytoprotective properties superior to those of
the reference drug Thiotriazoline, pointing to new opportunities for drug development
regarding synthetic antioxidants with thiol functionality. While MASLD remains the most
prevalent liver disease globally [18], toxic liver injuries remain a frequent cause of acute
hepatic decompensation, and effective therapies are still lacking. Together with emerging
data on endogenous redox systems such as glutathione, these findings reinforce the central
role of redox balance in hepatic protection, offering a novel therapeutic path.

Oxidative stress is a common denominator across multiple liver diseases [19,20];
accordingly, two contributions in this Special Issue evaluate antioxidant strategies for coun-
teracting their progression towards end stages. Nguyen and colleagues [21] reviewed the
therapeutic potential of glutathione supplementation in mitigating oxidative and endoplas-
mic reticulum stress occurring during MASLD. As the body’s most abundant antioxidant,
glutathione seems to possess the ability to improve mitochondrial redox homeostasis and
insulin sensitivity, thus ameliorating the oxidative damage that fuels the progression from
simple steatosis to steatohepatitis and cirrhosis. The authors highlight encouraging preclin-
ical and clinical evidence in this regard but also stress the need for standardized dosing
regimens and larger randomized trials before glutathione can be recommended for use in
routine care.

Complementing this review, Orban et al. [22] presented a meta-analysis of 266 ran-
domized controlled trials (RCTs) on intravenous N-acetylcysteine (NAC) in non-paracetamol-
induced acute liver failure. In contrast to its well-established role in acetaminophen’s
toxicity, NAC led to no significant improvements in survival rates or hospitalization out-
comes in other etiologies. This negative finding is just as important as a positive finding.
Indeed, these results may temper the enthusiasm for extending antioxidant therapies indis-
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criminately and highlight the necessity of adopting a disease-specific mechanistic rationale
when designing treatment strategies.

Several hepatic disorders may devolve into fibrosis, cirrhosis, HCC, including MASLD,
viral hepatitis, and the TGE-B signaling cascade plays a central role in this process [23].
In the context of viral hepatitis, Weber and colleagues [24] investigated the interplay be-
tween fibrosis and HCC risk by focusing on the bone morphogenetic protein and activin
membrane-bound inhibitor (BAMBI). The latter is a pseudoreceptor that acts as an en-
dogenous inhibitor of TGF-B signaling activation [25]. The authors demonstrated that
BAMBI hepatic levels decline in hepatocytes during chronic hepatitis-C-related fibrogen-
esis. However, its expression was not clearly linked to the development of HCC, and its
downregulation was mediated by the cellular context and crosstalk with other pathways.
Thus, this work refines our understanding of TGF-B regulation in chronic viral hepatitis and
disentangles the development of fibrosis from carcinogenesis. Furthermore, this evidence
corroborates the importance of considering disease etiology before making generalized
conclusions about a therapeutic target.

Along with metabolic and viral etiologies, alcohol-induced liver disease (ALD) is one
of the leading causes of hepatic cirrhosis worldwide [26]. In 281 male patients with alcoholic
cirrhosis, Legaz and colleagues [27] examined alterations in innate immunity, particularly
in killer-cell immunoglobulin-like receptor (KIR) signaling, and their role in influencing
susceptibility to viral infections, including viral hepatitis C (HCV), hepatitis B (HBV), and
cytomegalovirus (CMYV). The authors concluded that alcohol not only seems to exert a
direct hepatotoxic effect but also represents an indirect modulator of immune surveillance,
offering a fertile soil for viral infections due to the impairment of antiviral defenses. In
detail, the screening of KIR genes and HLA-C genotypes allowed the authors to reveal that
KIR2DL2/C2C2 genetic profiles may primarily act in determining patients’ vulnerability
to viral infections. This dual burden complicates the management of ALD patients. Thus,
these observations pave the way for tailored immunomodulatory approaches to ALD
cirrhosis, enhancing the activation of the cytotoxic activity of the NK cells of these patients.

Liver diseases have been broadly correlated with several extra-hepatic comorbidities,
including cardiovascular disorders [28,29]. In this regard, using an experimental rodent
model, Billing et al. [30] found that acute cholestasis may induce coronary microvascular
dysfunction by increasing levels of bile acids and transaminases, reducing cardiac output,
and impairing coronary flow reserves. The main findings corroborated the notion that
hepatic injuries may directly affect cardiac performance, revealing a direct liver-heart
communication likely mediated by inflammatory and endothelial factors. This study
identifies microcirculatory impairment as the link between liver damage and cardiac stress
and further stresses the need to consider patients affected by liver diseases from a multi-
systemic point of view.

These articles align with the emerging concept of precision medicine, which integrates
molecular diagnostics, immune profiling, and cross-organ interplay into personalized diag-
nostic paths and therapeutic frameworks, which necessitate multidisciplinary interventions.
The convergence of omics technologies, advanced imaging, and computational modeling
via machine learning approaches will further refine our understanding of liver diseases as
dynamic network disorders rather than isolated pathologies [31].

3. Conclusions

These studies capture the ongoing transformation of liver disease research from de-
scriptive pathology to mechanism-based and translational science. From the search for
circulating biomarkers and novel pharmacological agents to unravelling the complex links
between fibrosis, immunity, systemic dysfunction, and oxidative stress, the field is moving
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towards a more integrative vision of liver diseases. The heterogeneity of these condi-
tions implies that no single biomarker or therapy will suffice; instead, precision medicine
approaches, tailoring interventions to molecular profiles, immune status, and comorbid
organ systems, will be increasingly required. In addition, we require multidisciplinary
collaborations that bridge molecular biology, pharmacology, immunology, and clinical
medicine to move forward in this field, making the management of the affected patients a
concrete holistic matter [10,32].

In this context, multiomics approaches integrating single-cell resolution, spatial re-
construction, and artificial-intelligence-based solutions will boost both clinical practices
and scientific discoveries. Therefore, progress in our understanding of liver diseases will
depend on the continued convergence of basic science, translational research, and rigorous
clinical evaluation in line with the concept of ‘From bench to bedside and back again’. By
bridging these domains, the community can move closer to the ultimate goal of effective,
personalized, and preventive care for patients, helping to tackle the burden of liver disease
worldwide [33].

Author Contributions: Conceptualization, M.M.; writing—original draft preparation, M.M.;
writing—review and editing, M.M., PD.; supervision, P.D.; funding acquisition, M.M., PD. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by: Italian Ministry of Health: Ricerca Corrente 2025-Fondazione
IRCCS Ca Granda Ospedale Maggiore Policlinico; Ricerca Finalizzata Ministero della Salute
GR-2019-12370172; RF-2021-12374481; PNRR-MCNT2-2023-12378295.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Fan, YH.; Zhang, S.; Wang, Y.; Wang, H.; Li, H.; Bai, L. Inter-organ metabolic interaction networks in non-alcoholic fatty liver
disease. Front. Endocrinol. 2024, 15, 1494560. [CrossRef]

2. Rui, L. Energy metabolism in the liver. Compr. Physiol. 2014, 4, 177-197. [CrossRef]

3.  Trefts, E.; Gannon, M.; Wasserman, D.H. The liver. Curr. Biol. CB 2017, 27, R1147-R1151. [CrossRef]

4. Di Vincenzo, F.,; Del Gaudio, A.; Petito, V.; Lopetuso, L.R.; Scaldaferri, F. Gut microbiota, intestinal permeability, and systemic
inflammation: A narrative review. Intern. Emerg. Med. 2024, 19, 275-293. [CrossRef]

5. Santos, A.A.; Delgado, T.C. Spatial metabolomics and its application in the liver. Hepatology 2024, 79, 1158-1179. [CrossRef]
[PubMed]

6. Yang, M.; Massad, K.; Kimchi, E.T.; Staveley-O’Carroll, K.F; Li, G. Gut microbiota and metabolite interface-mediated hepatic
inflammation. Immunometabolism 2024, 6, €00037. [CrossRef] [PubMed]

7. Steinberg, G.R.; Valvano, C.M.; De Nardo, W.; Watt, M.]. Integrative metabolism in MASLD and MASH: Pathophysiology and
emerging mechanisms. J. Hepatol. 2025, 83, 584-595. [CrossRef]

8. Gan, C; Yuan, Y.; Shen, H.; Gao, J.; Kong, X.; Che, Z.; Guo, Y.; Wang, H. Liver diseases: Epidemiology, causes, trends and
predictions. Signal Transduct. Target. Ther. 2025, 10, 33. [CrossRef]

9. Meroni, M.; Longo, M. Genetic and Epigenetic Modifiers of Alcoholic Liver Disease. Int. J. Mol. Sci. 2018, 19, 3857. [CrossRef]
[PubMed]

10. Meroni, M.; Longo, M.; Paolini, E.; Dongiovanni, P. A narrative review about cognitive impairment in Metabolic Dysfunction-
Associated Steatotic Liver Disease (MASLD): Another matter to face through a holistic approach. J. Adv. Res. 2025, 68, 231-240.
[CrossRef]

11.  Neuberger, J.; Cain, O. The Need for Alternatives to Liver Biopsies: Non-Invasive Analytics and Diagnostics. Hepatic Med. Evid.
Res. 2021, 13, 59-69. [CrossRef]

12. Mobasher, M.A.; Alsirhani, A.M.; Alkhodair, S.A.; Abd-Elhameed, A.; Baioumy, S.A. Investigating the Diagnostic Utility of
LncRNA GAS5 in NAFLD Patients. Biomedicines 2025, 13, 1873. [CrossRef] [PubMed]

13. Wei, Y,; Luo, Q. Unraveling LncRNA GASS5 in Atherosclerosis: Mechanistic Insights and Clinical Translation. Biology 2025, 14, 697.
[CrossRef]

14. Rowe, M.M.; Kaestner, K.H. The Role of Non-Coding RNAs in Liver Disease, Injury, and Regeneration. Cells 2023, 12, 359.

[CrossRef]


https://doi.org/10.3389/fendo.2024.1494560
https://doi.org/10.1002/j.2040-4603.2014.tb00548.x
https://doi.org/10.1016/j.cub.2017.09.019
https://doi.org/10.1007/s11739-023-03374-w
https://doi.org/10.1097/HEP.0000000000000341
https://www.ncbi.nlm.nih.gov/pubmed/36811413
https://doi.org/10.1097/IN9.0000000000000037
https://www.ncbi.nlm.nih.gov/pubmed/38283696
https://doi.org/10.1016/j.jhep.2025.02.033
https://doi.org/10.1038/s41392-024-02072-z
https://doi.org/10.3390/ijms19123857
https://www.ncbi.nlm.nih.gov/pubmed/30513996
https://doi.org/10.1016/j.jare.2024.02.007
https://doi.org/10.2147/HMER.S278076
https://doi.org/10.3390/biomedicines13081873
https://www.ncbi.nlm.nih.gov/pubmed/40868128
https://doi.org/10.3390/biology14060697
https://doi.org/10.3390/cells12030359

Biomedicines 2025, 13, 2879 50f5

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Xiang, Z.; Liging, Y.; Qingging, Y.; Qiang, H.; Hongbo, C. Retard or exacerbate: Role of long non-coding RNA growth arrest-
specific 5 in the fibrosis. Cytokine Growth Factor Rev. 2022, 67, 89-104. [CrossRef]

Rinella, M.E.; Lazarus, ].V.; Ratziu, V.; Francque, S.M.; Sanyal, A.].; Kanwal, F.; Romero, D.; Abdelmalek, M.E,; Anstee, Q.M.; Arab,
J.P; et al. A multisociety Delphi consensus statement on new fatty liver disease nomenclature. J. Hepatol. 2023, 79, 1542-1556.
[CrossRef] [PubMed]

Lohvinenko, N.; Shvets, V.; Antypenko, O. The Application of S-Substituted Pteridine for CCl(4)-Induced Acute Hepatitis
Treatment in Rats. Biomedicines 2025, 13, 1276. [CrossRef] [PubMed]

Younossi, Z.M.; Golabi, P; Price, ] K.; Owrangi, S.; Gundu-Rao, N.; Satchi, R.; Paik, ]. M. The Global Epidemiology of Nonalcoholic
Fatty Liver Disease and Nonalcoholic Steatohepatitis Among Patients with Type 2 Diabetes. Clin. Gastroenterol. Hepatol. 2024, 22,
1999-2010.e8. [CrossRef]

Tariq, Z.; Green, C.J.; Hodson, L. Are oxidative stress mechanisms the common denominator in the progression from hepatic
steatosis towards non-alcoholic steatohepatitis (NASH)? Liver Int. 2014, 34, €180—-190. [CrossRef]

Allameh, A.; Niayesh-Mehr, R.; Aliarab, A.; Sebastiani, G. Oxidative Stress in Liver Pathophysiology and Disease. Antioxidants
2023, 12, 1653. [CrossRef]

Nguyen, M.T,; Lian, A.; Guilford, ET.; Venketaraman, V. A Literature Review of Glutathione Therapy in Ameliorating Hepatic
Dysfunction in Non-Alcoholic Fatty Liver Disease. Biomedicines 2025, 13, 644. [CrossRef]

Orban, C.; Agapie, M.; Bratu, A ; Jafal, M. No Significant Beneficial Effects of Intravenous N-Acetylcysteine on Patient Outcome in
Non-Paracetamol Acute Liver Failure: A Meta-Analysis of Randomized Controlled Trials. Biomedicines 2024, 12, 1462. [CrossRef]
Chaudhary, R.; Weiskirchen, R.; Ehrlich, M.; Henis, Y.I. Dual signaling pathways of TGF- superfamily cytokines in hepatocytes:
Balancing liver homeostasis and disease progression. Front. Pharmacol. 2025, 16, 1580500. [CrossRef]

Weber, F; Utpatel, K.; Evert, K.; Weiss, T.S. Hepatic Bone Morphogenetic Protein and Activin Membrane-Bound Inhibitor Levels
Decline in Hepatitis C but Are Not Associated with Progression of Hepatocellular Carcinoma. Biomedicines 2024, 12, 2397.
[CrossRef] [PubMed]

Onichtchouk, D.; Chen, Y.G.; Dosch, R.; Gawantka, V.; Delius, H.; Massagué, J.; Niehrs, C. Silencing of TGF-beta signalling by the
pseudoreceptor BAMBI. Nature 1999, 401, 480-485. [CrossRef]

Aberg, F; Jiang, Z.G.; Cortez-Pinto, H.; Mannisto, V. Alcohol-associated liver disease-Global epidemiology. Hepatology 2024, 80,
1307-1322. [CrossRef]

Legaz, I.; Navarro-Noguera, E.; Collados-Ros, A.; Bolarin, ]. M. Biomarkers of Innate Immunity and Immunological Susceptibility
to Viral Infection in Patients with Alcoholic Cirrhosis. Biomedicines 2024, 12, 336. [CrossRef]

Coppel, S.; Mathur, K.; Ekser, B.; Patidar, K.R.; Orman, E.; Desai, A.P.; Vilar-Gomez, E.; Kubal, C.; Chalasani, N.; Nephew, L.; et al.
Extra-hepatic comorbidity burden significantly increases 90-day mortality in patients with cirrhosis and high model for endstage
liver disease. BMC Gastroenterol. 2020, 20, 302. [CrossRef] [PubMed]

Feng, Q.; Izzi-Engbeaya, C.N.; Beaney, T.; Smith, A.G.; Manousou, P., Woodward, M. Extrahepatic disease clusters and mortality
in people with steatotic liver diseases: A prospective analysis of 64,749 females and 113,587 males in the UK Biobank. BMC Med.
2025, 23, 450. [CrossRef] [PubMed]

Billig, S.; Hein, M. Coronary Microvascular Dysfunction in Acute Cholestasis-Induced Liver Injury. Biomedicines 2024, 12, 876.
[CrossRef]

Ghosh, S.; Zhao, X.; Alim, M.; Brudno, M.; Bhat, M. Artificial intelligence applied to ‘omics data in liver disease: Towards a
personalised approach for diagnosis, prognosis and treatment. Gut 2025, 74, 295-311. [CrossRef] [PubMed]

Marques, L.; Costa, B. Advancing Precision Medicine: A Review of Innovative In Silico Approaches for Drug Development,
Clinical Pharmacology and Personalized Healthcare. Pharmaceutics 2024, 16, 332. [CrossRef] [PubMed]

Suo, Y.; Thimme, R.; Bengsch, B. Spatial single-cell omics: New insights into liver diseases. Gut 2025, Gutjnl-2024-332105.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cytogfr.2022.06.001
https://doi.org/10.1016/j.jhep.2023.06.003
https://www.ncbi.nlm.nih.gov/pubmed/37364790
https://doi.org/10.3390/biomedicines13061276
https://www.ncbi.nlm.nih.gov/pubmed/40563995
https://doi.org/10.1016/j.cgh.2024.03.006
https://doi.org/10.1111/liv.12523
https://doi.org/10.3390/antiox12091653
https://doi.org/10.3390/biomedicines13030644
https://doi.org/10.3390/biomedicines12071462
https://doi.org/10.3389/fphar.2025.1580500
https://doi.org/10.3390/biomedicines12102397
https://www.ncbi.nlm.nih.gov/pubmed/39457709
https://doi.org/10.1038/46794
https://doi.org/10.1097/HEP.0000000000000899
https://doi.org/10.3390/biomedicines12020336
https://doi.org/10.1186/s12876-020-01448-z
https://www.ncbi.nlm.nih.gov/pubmed/32938387
https://doi.org/10.1186/s12916-025-04288-4
https://www.ncbi.nlm.nih.gov/pubmed/40745309
https://doi.org/10.3390/biomedicines12040876
https://doi.org/10.1136/gutjnl-2023-331740
https://www.ncbi.nlm.nih.gov/pubmed/39174307
https://doi.org/10.3390/pharmaceutics16030332
https://www.ncbi.nlm.nih.gov/pubmed/38543226
https://doi.org/10.1136/gutjnl-2024-332105
https://www.ncbi.nlm.nih.gov/pubmed/40764061

	Introduction 
	An Overview of the Published Articles 
	Conclusions 
	References

