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Innovative treatment strategies
from basic research in hepatology

by Dr. Bianca Bach

Recent advances in basic research offer hope for improved treatments in several areas of
hepatology, including alcohol-associated and metabolic liver diseases, therapy-resistant
hepatocellular and cholangiocellular carcinomas, and chronic hepatitis B. At an interna-
tional symposium held in Lyon (France) in late April, researchers presented immunological,
genetic, and metabolic studies that could pave the way for new treatment strategies.
These emerging treatments have the potential to alleviate the symptoms and extend
the lives of people affected by chronic liver diseases.

Glycine depletion
makes steatotic
liver susceptible
to oxidative stress
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One particularly striking discovery involves a reversal in the function of mitochondrial
serine hydroxymethyltransferase 2 (SHMT2), an enzyme involved in one-carbon meta-
bolism. This reversal appears to contribute to liver dysfunction in metabolic dysfunction-
associated steatotic disease (MASLD). “Instead of converting serine into glycine, SHMT2
does the opposite—it depletes glycine by producing large quantities of serine,” explained
Dr. Eyal Gottlieb, Houston, Texas (USA), describing an unexpected finding by his research
team [1]. This glycine depletion disrupts several downstream metabolic pathways, including
the synthesis of glutathione—an important radical scavenger involved in processes such
as neutralizing medications. In an MASLD mouse model subjected to paracetamol (aceta-
minophen) overdose, this glycine depletion led to reduced glutathione levels, limiting

the liver’s ability to counteract oxidative stress. As a result, the mice experienced severe
lipid peroxidation, cell necrosis, hemorrhage, elevated transaminases, and significantly
increased mortality compared to a healthy control group. However, supplementing glycine
or inhibiting SHMT2 restored both glycine and glutathione levels and effectively protected
the mice from paracetamol-induced liver injury.
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Positive pilot study SCGI101 is an experimental autologous T-cell therapy that involves genetically modifying
on cell-based therapy a patient’s own T cells to express a specific T-cell receptor (TCR) designed to recognize
for hepatitis B-asso- the hepatitis B surface antigen (HBsAg)—a marker found on chronically HBV-infected liver
ciated liver cancer cells and tumor tissues. Prof. Ulrike Protzer, Munich (Germany), was involved in the first
study on treatment of a patient with hepatocellular carcinoma (HCC) using this method.
Within 73 days, immunohistochemical staining for HBsAg, which had previously been
expressed in 10% of the hepatocytes, was barely detectable [2]. “These T cells have fulfilled
their duty as ‘living drugs’ and eliminated HBsAg,” Protzer commented. Among the six
patients with HBV-associated hepatocellular carcinoma (HBV-HCC) who received treatment,
five showed a reduction in serum HBsAg levels, with four of them experiencing a decline
of more than one logarithmic step. The reduction in HBsAg levels remained stable for over
90 weeks. Temporary increases in transaminases—caused by the elimination of infected
cells—along with fever and cytokine release syndrome, occurred consistently but were
manageable. In two patients each, the cancer either regressed, stabilized, or progressed.
“These are very promising results,” Protzer stated, noting that the study participants were
severely ill and receiving third- or fourth-line treatment. TCR-T cells remained detectable
in responders for over a year, suggesting the potential for long-term efficacy. Notably,
a clear correlation was observed between the reduction in HBsAg and improvements
in both progression-free and overall survival.

Therapeutic Prof. Eleanor Barnes, Oxford (UK), described the goal of curing chronic hepatitis B through
HBYV vaccination: HBYV vaccinations as “incredibly challenging.” “We aren’t there yet,” Barnes said. Despite
Three-part strategy decades of research and the development of potent T-cell vaccines, clinical success in
improves therapeutic treating hepatitis B remains limited. This is largely due to the immunological exhaustion
response of HBV-specific T cells, which contributes to the persistence of chronic infection. To over-
come this, combination strategies that either reverse immune checkpoint inhibition or
reduce the HBV antigen load may help reactivate the T-cell response to HBV and enhance
the effectiveness of therapeutic vaccines. Promising options include low-dose checkpoint
inhibitors such as nivolumab, which targets programmed cell death protein 1 (PD-1), and
small interfering RNAs (siRNAs)—short RNA molecules that silence specific genes. In the
context of HBV, they specifically target HBsAg. A single-arm, open-label phase 2a trial
involving 60 participants tested a three-part combination: an siRNA (imdusiran), followed
by a vector-based vaccine (VTP-300), and, for patients with an insufficient HBsAg response,
the addition of low-dose nivolumab. “It appears that this particular group shows a higher
rate of sustained HBsAg loss,” Barnes said, commenting on the preliminary results. Within
48 weeks, half of the patients in this group were able to stop antiviral therapy. “I would
be very surprised if one strategy would work for everyone affected,” Barnes stated, calling
for the search for biomarkers for stratification.

Remodeling of The limited effectiveness of cell-based immunotherapies in hepatocellular carcinoma (HCC)
the liver sinusoidal is partly due to the liver’s unique vascular microarchitecture. A key feature is the specialized
endothelium shields endothelium of the liver sinusoids. Its endothelial cells have fenestrations—small pores ranging
HCC cells from from 20 to 200 nanometers—and notably lack a basement membrane. “This is where the
immune system immune responses occur,” Prof. Matteo lannacone, Milan (ltaly), said. Through cytoplasmic
attack response extensions that reach across these fenestrations, circulating CD8+ effector T cells can directly

interact with hepatocytes. “They can recognize antigens and eliminate infected or abnormal
cells while still within the intravascular space,” lannacone noted. “This is a unique feature of
the liver.” In experiments, his team observed that this mechanism can be disrupted in HCC.
In @ mouse model, the specific CD8+ cells ceased to exert their anti-tumor activity once

a tumor lesion exceeded a volume threshold of 40 cubic millimeters. Endothelial cells lost
their fenestrations, impairing immune surveillance. Additionally, the response to immuno-
therapy differed depending on the endothelial phenotype. Lesions that responded to treat-
ment expressed LYVE-1, a marker typical of sinusoidal endothelium, while non-responding
lesions expressed CD34, a marker characteristic of capillary endothelium. “The Holy Grail
now is to reprogram endothelial cells to restore their role in tumor immune surveillance,”
lannacone said. In the mouse model, treatment with an experimental soluble guanylate
cyclase activator (BAY-602770) successfully reopened the endothelial fenestrations and
was associated with increased production of interferon-y, indicating enhanced CD8+ T-cell
activation.
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Biliary duct
carcinoma or
liver metastasis:
Will Al see this
in the future?

The research group led by Prof. Julien Calderaro, Créteil (France), has developed Al-assisted
models that can provide a rough estimate of survival probability using histological slides
from HCC resections [3]. Currently, no validated predictive biomarkers are available. How-
ever, molecular profiling can help identify specific signatures associated with a response
to standard therapy in advanced HCC—namely, the combination of the anti-PD-L1 antibody
atezolizumab and the VEGF-targeting agent bevacizumab [4]. Calderaro’s team has now
developed an Al model that detects the expression of this atezolizumab-bevacizumab
response signature (ABRS) directly on tissue sections [5]. Indeed, the combination of
matched Al heatmaps and spatial transcriptomics proved suitable for predicting progression-
free survival in a real-life cohort. “Unfortunately, the model was not predictive for overall
survival,” Calderaro noted. He is currently studying the extent to which UNI, a foundation
model for feature extraction that interprets pathology images and conventional multiple-
instance learning, can distinguish intrahepatic cholangiocellular carcinoma (CCA) from
liver metastases. For the first 29 biopsies, Al was mistaken in only two cases.

Residual retrovirus
in the genome
reactivated by
alcohol damages
the gut barrier

Research on the gut-liver axis in alcohol-associated liver disease (ALD) suggests that
detectable endogenous retroviral elements (ERVs) in patients’ intestinal virome may play
a key role in disease progression [6]. “These are remnants of retroviral infections in the
human genome that were acquired during evolution,” Prof. Bernd Schnabl, La Jolla,
California (USA), explained. While ERVs are not normally transcribed, they were activated
in the intestinal epithelial cells of alcoholic patients, with ethanol alone being sufficient in
the experimental setting. Model experiments revealed fascinating pathomechanisms: Activated
ERVs induce transcription factor Z-DNA binding protein 1 (ZBP1) in the gut epithelium.
ZBP1 ultimately leads to necroptosis of the intestinal epithelial cells via mixed lineage kinase
domain-like protein (MLKL). Replicable gram-negative bacteria, especially Escherichia coli,
then translocate into the liver and drive the disease there. In the absence of ZBP1, or if ERV
activation in the intestinal epithelium is experimentally blocked by substances such as
emtricitabine, tenofovir, and nevirapine, this counteracts intestinal epithelial necroptosis
and bacterial translocation. “When we use the antiretroviral substances, we see less liver
damage, less liver steatosis, and less liver inflammation,” Schnabl said. Stabilizing the gut
barrier in this way could also help prevent alcohol-related liver damage.

Triple immuno-
therapy improves
immune response

for cholangiocellular

carcinoma (CCA)

Current preclinical and early clinical data from Prof. Tim F. Greten and his team in Bethesda,
Maryland (USA), expand the previously limited outlook for patients with cholangiocarcinoma
(CCA) [7]. The team found that the effectiveness of checkpoint inhibitors targeting cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) and PD-L1 can be significantly enhanced
when combined with anti-VEGF therapy. In Greten’s experiments, triple therapy significantly
slowed tumor growth. The addition of anti-VEGF induced immunological changes in the
tumor microenvironment. “We observed that T cells begin producing B-cell activating factor
(BAFF), which alters B-cell behavior. The B cells then start producing interleukin-12, which
promotes the conversion of regulatory T cells (Tregs) into fragile Tregs,” Greten explained.
While typical Tregs are strongly immunosuppressive and support tumor progression, fragile
or unstable Tregs lose this suppressive function. Instead, they begin to act more like effector
T cells, contributing to anti-tumor activity. Preliminary clinical results in six patients support
these findings, showing noticeably improved overall survival compared to either anti-CTLA-4
monotherapy or the anti-CTLA-4/anti-PD-L1 combination. “Unfortunately, we also observed
some very severe immune-related adverse events,” Greten noted. However, he added that
such effects are often a sign that the immunotherapy is effective.

Metabolic
approaches for
HCC: Depriving
tumor cells of
energy
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With the rising prevalence of metabolic syndrome and related liver disorders, the incidence
of HCC is also increasing. By 2022, HCC had become the third leading cause of cancer-related
death worldwide. Among first-line immunotherapies, the combination of atezolizumab and
bevacizumab achieves a response rate of about 27%. In contrast, second-line therapies using
receptor tyrosine kinase inhibitors (RTKis) such as sorafenib and lenvatinib yield response
rates of only 5% and 18%, respectively. Renaud Dentin, Paris (France), and his research group
investigated a new approach, focusing on the capacity of HCC cells to reprogram their me-
tabolism [8]. Their strategy targeted HCC-specific metabolic pathways that support energy
production, and in turn, the survival and proliferation of tumor cells. A key player identified
in this process is the transcription factor carbohydrate-responsive element-binding protein
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(ChREBP). Acting as an oncogene in the liver, ChREBP enhances the PI3K/AKT signaling
pathway and reprograms tumor cell metabolism. Using a molecular database, the researchers
identified SBI-993—a small-molecule inhibitor of ChREBP—as a promising pharmacological
candidate for ChREBP inhibition. In a mouse model, SBI-993 significantly reduced HCC
progression. By triggering a metabolic crisis in tumor cells, the drug also resensitized them
to sorafenib, restoring its anticancer activity. When combined with sorafenib, SBI-993 led

to a marked reduction in tumor size. Furthermore, in vitro studies using human HCC tissue
samples showed significant tumor cell apoptosis and reduction.

Refined gene Researchers working with Pasquale Piccolo, Pozzuoli (ltaly), have developed new strate-
therapies for gies for gene therapy in patients with Wilson’s disease, a hereditary disorder of copper
Wilson’s disease metabolism. The full-length ATP7B gene exceeds the cargo capacity of adeno-associated
and liver fibrosis viruses (AAV) used as vectors. For this reason, a reduced “mini-ATP/B” is usually trans-

ferred. Alternatively, Piccolo’s team employed split-intein technology to deliver a gene
divided into two DNA segments, which are rejoined inside the cell [9]. “Split inteins are
proteins with bacterial origin that mediate the fusion of two separate polypeptides into
a single protein through a non-enzymatic route,” Piccolo explained. In preclinical models,
copper metabolism normalized and reduced the liver damage. To circumvent the vector
diffusion effect when transgenes integrated purely episomally in target cells are not passed
on to daughter cells during cell division, the researchers also transferred a mini-ATP7B
using nuclease-free genome editing [10]. Instead of an artificial promoter, they used an
albumin-gene homologue. This allowed the therapeutic gene to be integrated directly
into the genome under the control of the natural, liver-specific, and highly active albumin
promoter, enabling long-lasting expression. “Up to 90% of the liver expressed the trans-
gene,” Piccolo reported. In patients with liver fibrosis, structural and functional changes
impair the distribution and entry of many AAV vectors such as AAV8 and AAV9 into
hepatocytes. Some synthetic capsids, such as AAV-KP1, appear to remain effective and
may be a viable alternative [11].
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