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OS-01-YI 
Multiplatform single cell spatial dissection of the invasive front of 
hepatocellular carcinoma (HCC) reveals molecular insights into tumor 
progression 
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Background and Aims: Cells at the invasive edge of a tumour evade immune surveillance and drive 

tumour progression, but characterizing these cells in HCC has remained elusive. We performed multi-

region profiling of primary HCC and used single cell spatial technologies to identify how heterogenous 

tumour evolution from the core to the invasive edge drives disease progression. 

 

Method: We obtained 30 tissue samples from HCC resection specimens of 7 patients, under 

appropriate IRB approval. With a tissue microarray of these samples, we analysed 48,458 cells from 

three distinct regions: tumour core (15,668 cells), invasive edge (23,234 cells), and uninvolved liver 

(9,556 cells). We used CODEX, a 42-plex immunofluorescent imaging approach, to identify cell 

populations and interactions. Spatial transcriptomics (Nanostring GeoMx) determined the expression of 

1,812 genes in the tumour compartment (CK+) and microenvironment (TME) (CK-/CD45+). Fluorescent 

RNA in situ hybridization (mRNA FISH) validated gene expression at the single-cell level (Fig. 1A). 

 

Results: We identified 20 unique cell types in our samples with CODEX. The invasive edge had a higher 

proportion of endothelial cells (p = 0.003), CD4+ T cells (p = 0.01), exhausted CD8+ T cells (p = 0.04), 

and fibroblasts (p = 0.04) than the uninvolved liver. Compared to the tumour core, the edge had a higher 

proportion of CK19+ cancer stem-like cells (p = 0.03) and more interactions between these CK19+ cells 

and exhausted CD8+ T cells (p = 0.01), CD4+ T cells (p = 0.02), and fibroblasts (p = 0.04) (Fig. 1B). 

CD206+/PDL1+ M2-like macrophages and CD8+ T cells also interacted more frequently in the edge (p 

= 0.02).  

 

Comparing the invasive edge vs core, spatial transcriptomics identified 141 differentially expressed 

genes in the tumour compartment, with upregulation of genes promoting pro-tumoral inflammation 

(SERPING1, IL6ST, CD81, NCOR1, PSEN1). The TME showed differential expression of 38 genes and 

upregulation of immune modulating genes (CD164, ST6GAL1, ITCH) (Fig. 1C). Enrichment analysis 

revealed TGF-beta to be the top upregulated pathway in the invasive edge (NES 1.46, p = 0.01).  

 

Through mRNA FISH, we validated that TGFB1 mRNA transcripts were indeed more abundant in the 

invasive edge than the core (47% of edge cells vs. 36% core cells) (p < 2810-16) (Fig. 1D). 

 

Conclusion: By integrating multiplatform single cell spatial data from multi-region sampling of HCC, we 
demonstrate remodelling of the immune microenvironment in the invasive edge of the tumour. 
Compared to the core, the edge is enriched in aggressive CK19+ cancer stem-like cells and exhausted 
CD8+ T cells that interact with each other and with M2-like macrophages. We validate TGF-beta 
pathway activation as the master regulator of cancer stemness in the edge. Our spatial analysis provides 
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mechanistic insights into tumour progression at the invasive edge and identifies molecular targets for 
therapy. 
 
Figure:  

 

Figure 1.  A) Study design: Multi-region sampling of HCC tissue followed by single cell spatial
analysis. We use three powerful technologies: CODEX, a 42-plex immunofluorescent
imaging approach; Nanostring GeoMx, a spatial transcriptomic platform; and RNAscope,
an mRNA FISH assay. B) CODEX reveals enrichment of CK19+ cancer stem-like
cells at the invasive edge and their interaction with exhausted CD8+ T cells. C) Spatial
transcriptomics determines gene expression in the CK+ tumor compartment and CK-/CD45+
TME. PCA plot indicates separate clusters between tumor core and invasive edge. The TGFɓ
pathway is the most upregulated pathway along the edge. D) mRNA FISH validates TGFɓ
upregulation, showing that TGFB1 transcripts are more abundant at the invasive edge
than in the tumor core. 
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OS-02 
Radiomics-based prediction of future portal vein tumor infiltration in 
patients with HCC ï a proof-of-concept study 
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Background and Aims: Portal vein infiltration (PVI) is a typical complication of HCC. Once diagnosed, 

it leads to classification as BCLC C with an enormous impact on patient management as systemic 

therapies are henceforth recommended. Our aim was to investigate whether radiomics analysis using 

imaging at initial diagnosis can predict occurrence of PVI in the course of disease. 

 

Method: Between 2008 and 2018, we retrospectively identified 44 patients with HCC and an in-house, 

multiphase CT-scan at initial diagnosis who presented without CT-detectable PVI at diagnosis but 

developed it in the course of disease. Using propensity score matching accounting for size and number 

of lesions, growth type, arterial enhancement pattern, Child-Pugh stage, AFP levels, and subsequent 

therapy, we matched 44 patients with HCC who did not develop PVI to those developing PVI in the 

course of disease (follow-up ended Dec. 2021). After manual segmentation of the tumor at initial 

diagnosis, we employed texture analysis and LASSO regression to find radiomics features suitable for 

PVI detection in this matched set. 

 

Results: After dropping redundant features with high correlation, a total of 47 radiomics features were 

included in the LASSO regression analysis. Using an 80:20 split between training and holdout validation 

dataset, 17 radiomics features remained in the fitted model. Applying the model to the holdout validation 

dataset, sensitivity to detect occurrence of PVI was 0.78 and specificity was 0.78. 

 

Conclusion: Radiomics feature extraction has the ability to detect aggressive HCC morphology likely 

to result in future PVI. An additional radiomics evaluation at initial diagnosis might be a useful tool to 

identify patients with HCC at risk for PVI during follow-up benefiting from a closer surveillance. 

 
Figure:  
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Table 1. Baseline characteristics of the patient groups with and without future PVI [IQR interquartile 

range, AFP = alpha-fetoprotein, NASH = nonalcoholic steatohepatitis]. 

 

Parameter PVI-negative group (n=44) 
PVI-positive 

group (n=44) 
p-value 

Age, years [IQR] 65 [59-72] 71 [63-74] 0.05 

Number of lesions, n [IQR] 3 [1-6] 4 [2-9] 0.59 

Size of lesions, mm, median [IQR] 39 [28-56] 44 [32-68] 0.62 

Growth type  

Nodular, n  

diffuse, n 

 

36 

8 

 

34 

10 

 

 

0.71 

Non-rim arterial enhancement pattern  

hypervascular, n  

hypovascular, n 

mixed, n 

 

23 

4 

27 

 

25 

4 

15 

 

 

 

0.90 

Child-Pugh stage  

A, n 

B, n 

C, n 

 

22 

22 

0 

 

26 

17 

1 

 

 

 

0.37 

AFP levels, ng/ml, mean [IQR] 11946 [16-22316] 15193 [38-43866] 0.45 

Etiology 

C2, n 

chronic hepatitis B, n 

chronic hepatitis C, n 

NASH, n 

Unknown, n 

 

18 

8 

12 

4 

2 

 

21 

6 

10 

3 

4 

 

 

 

 

 

0.83 

Initial treatment*  

curative, n 

intra-arterial, n 

systemic, n 

 

10 

33 

1 

 

8 

35 

1 

 

 

 

0.87 

    

*curative includes surgery and ablation, intra-arterial includes trans-arterial chemo-embolization and 

selective internal radiation therapy. 
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OS-11-02-YI 
GALAD score outperforms aMAP and ALBI scores in the 5- and 10-year 
prediction ofhepatocellular carcinoma (HCC) development in patients 
with compensated advanced chronicliver disease (cACLD): a 12-year 
prospective study 
 

Valentina Baldaccini1, Rosina Maria Critelli1, Letizia Pesole2, Gemma Marcelli1, Simone Lasagni1, Sergio 

Coletta2, Calogero Claudio Tedesco2, Giuseppe Pasculli2, Rossella Donghia2, Filippo Semellini1, Erica 

Villa1, Gianluigi Giannelli2 
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Background and Aims: Several scores for hepatocellular carcinoma (HCC) prediction have been 

derived from the analysis of prospective or retrospective patientsô cohorts, among these aMAP and ALBI 

scores. In this study, we have tested the performance of GALAD score alone for predicting 5-year and 

10-year HCC risk score from the analysis of a cohort of patients with cACLD of any etiology prospectively 

enrolled since 2011 vs. aMAP and ALBI scores. 

 

Method: A cohort of 545 patients with cirrhosis was recruited and their GALAD score was calculated. 

The patients were followed up for a median of 3.60 years at 5 years, and 5.58 years at 10 years. A Cox 

proportional hazard regression model was used to analyse the predictive ability of GALAD, aMAP and 

ALBI scores towards the development of HCC at 5 and 10 years. 

 

Results: The results of the study showed that GALAD   were all significant predictors of HCC at 5 (HR 

= 1.373, p<0.001), aMAP (HR = 1.097, p<0.001 ), and ALBI (HR = 0.162, p = 0.074) and at 10 years 

(HR = 1.315, p<0.001), aMAP (HR = 1.072, p<0.001), and ALBI (HR = 0.389, p = 0.042) respectively.  

Their direct comparison at the same time points showed that GALAD outperformed the other two for the 

prediction both at 5 and at 10 years (Figure). 

 

Conclusion: We have shown in this study that GALAD score outperforms two other already validated 

and commonly used scores (aMAP and ALBI) for HCC prediction both at 5 and at 10 years. One possible 

explanation for GALAD advantage resides in the specific GALAD composition, i.e. the inclusion of AFP 

as well as AFP-L3 and DCP, whose alteration, especially on the long-term, can be of relevant gain vs. 

scores including biochemical parameters, more related with liver function than with carcinogenic risk 

thus opening new opportunities for the clinical management and the decision making of patients with 

cACLD. 
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Figure: 

 

:   



 

19 
EASL Liver Cancer Summit, 20-22 April 2023 
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Claudin-1 is a driver and therapeutic target for Cholangiocarcinoma 
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Background and Aims: Cholangiocarcinoma (CCA) shows an alarming rise in incidence and mortality 

with unsatisfactory treatment options. Claudin-1 (CLDN1), a member of the tight junction family, is a 

transmembrane protein mediating cell stemness, plasticity and signaling. The functional role of CLDN1 

as a therapeutic target for CCA is unknown. We have previously developed highly specific monoclonal 

antibodies (mAb) targeting exposed non-junctional CLDN1 exhibiting an excellent safety profile in non-

human primates (Roehlen, Saviano et al. Science Translational Medicine 2022). Here, we aimed to 

explore the role of CLDN1 as an oncogenic driver and therapeutic target for CCA. 

 

Method: Comprehensive CLDN1 expression analyses in patient tissues were performed to evaluate 

CLDN1 as a therapeutic target. Proof-of-concept studies using CLDN1 mAbs were performed in state-

of-the-art mouse CDX and PDX models including models for advanced metastatic disease. Single-cell 

RNA sequencing and proteomics were applied to investigate tumor cell fate and signaling in vivo and 

ex vivo models. 

 

Results: Comprehensive analyses of CLDN1 protein and RNA expression in CCA patient tissues 

revealed a marked and significant upregulation of CLDN1 in CCA. Single-cell RNA sequencing of the 

CCA microenvironment revealed strong expression in tumor cells showing EMT, cell cycle and interferon 

response signature, uncovering CLDN1 as a therapeutic target. Targeting exposed CLDN1 by highly 

specific mAbs resulted in a significant and robust antitumoral effect in vivo across CDX and PDX models 

for intra- and extrahepatic CCA including advanced metastatic disease. Functional studies in cell-based 

models of CCA showed that CLDN1 mAbs markedly and significantly suppressed migration and invasion 

of tumor cells. Mechanistically, treatment with CLDN1 mAb suppressed Notch1, Src, and Hippo-YAP 

signaling - key signal transduction pathways implicated in CCA development and progression. 

 

Conclusion: Collectively, these results support an important functional role for CLDN1 in CCA 

pathogenesis and provide robust pre-clinical proof-of-concept for CLDN1-specific mAbs to treat CCA, 

setting the stage for its clinical development. 
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Systematic-comparative genomic and transcriptomic analyses of HCC, 
ICC and mixed HCC-ICC 
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Background and Aims: Liver cancer is the second leading cause of death around the world. It can be 

divided into three major groups, hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma 

(ICC) and mixed liver cancer (HCC/ICC). There is no clear boundaries between HCC and ICC, with 

some subtypes sharing similar biological behavior and immune infiltration state. Compared with HCC, 

the prognosis of ICC is worse. For patients with advanced unresectable liver cancer, the treatment effect 

is unsatisfactory. It is crucial to identify different molecular subtypes for optimal treatment options. 

 

Method: Whole transcriptome sequencing was performed on tumor and adjacent non-tumor tissues 

across 296 Chinese patients with three types of liver cancer, including HCC, ICC, and combined 

hepatocellular cholangiocarcinoma (cHCC-CC). Principal component analysis (PCA), weighted gene 

correlation network analysis (WGCNA), survival analysis, SubMap,  single sample Gene Set Enrichment 

Analysis (ssGSEA), CIBERSORTx, ESTIMATE and gene co-expression network analysis were 

performed. Whole exome sequencing was performed in a selected subset of samples in each cancer 

subtype. 

 

Results:  The HCC tumors were clustered into 4 subtypes including HCC_1, HCC_2, HCC_3, and 

HCC_4.  

 

HCC_1 is a novel subtype which is transcriptionally similar to ICC rather than other HCC subtypes, and 

could hardly summarized by TCGA HCC subtypes.  Compared with other HCC subtypes, HCC_1 and 

ICC showed significant metabolic and immunological commonalities, including high levels of glycan 

biosynthesis, reduced levels of glucose/lipid metabolism, high levels of hypoxia, highly infiltrated with 

exhausted CD8+ T cells and activated mast cells. Whole exome sequencing revealed that HCC_1 and 

ICC had a significant lower tumor mutation burden. Moreover, TP53, PIK3R1, OR6P1, and CHIT1 were 

identified as the driver genes of HCC_1 subtype. We defined an expression signature to distinguish this 

distinct HCC subtype, and got tested in TCGA and ICGC data.This study identified a subtype of HCC 

featured by CEACEM5/6 and FGFR1 with considerably worse prognosis. This distinct subtype might 

benefit from preventive targeted treatment after surgery. 

 

Conclusion: Our analysis revealed broad similarities between HCC_1 and ICC in metabolism, immune 

infiltration, hypoxia, gene mutations and overall survival. This will provide a more accurate basis for 

precision medicine of liver cancer patients in China and East Asia. 
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Figure:  
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Alina Pascale1, Sonia Tamazirt1, Clovis lusivka-Nzinga2, Samuel Nilusmas2, Meriem Djebbar1, Philippe 

Merle3, Fabien Zoulim3, Thomas Decaens4, Nathalie Ganne-Carrié5, Georges-Philippe Pageaux6, Leroy 

Vincent7, Laurent Alric8, Jean-Pierre Bronowicki9, Marc Bourliere10, albert tran11, Stanislas Pol12, 

Philippe Mathurin13, Veronique Loustaud-Ratti14, Sophie Metivier8, Armand Abergel15, Victor de 

Lédinghen16, Dominique Thabut17, Louis Dalteroche18, Tarik Asselah19, Olivier Chazouillères20, Paul 

Cales21, Moana Gelu-Simeon22, Dominique Roulot5, Marianne Ziol5, Maite Lewin1, Fabrice Carrat2, 

Pierre Nahon5 23, Jean-Charles Duclos-Vallée1 24 

 
1CHU Paul Brousse, Villejuif, France, 2UMR-S 1136, CHU Saint-Antoine, APHP, Paris, France, 3CHU 

Lyon, Lyon , France, 4CHU Grenoble, Grenoble, France, 5CHU Avicenne, APHP, Bobigny, France, 
6CHU Montpellier, Montpellier, France, 7CHU Henri Mondor, Creteil, France, 8CHU Toulouse, Toulouse, 

France, 9CHU Nancy, Nancy, France, 10CHU Marseille, Marseille, France, 11CHU Nice, Nice, France, 
12CHU Cochin, Paris, France, 13CHU Lille, Lille, France, 14CHU Limoges, Limoges, France, 15CHU 

Clermont-Ferrand, Clermont-Ferrand, France, 16CHU Bordeaux, Bordeaux, France, 17CHU Pitié-

Salpêtrière, APHP, Paris, France, 18CHU Tours, Tours, France, 19CHU Beaujon, APHP, Clichy, France, 
20CHU Saint Antoine, APHP, Paris, France, 21CHU Angers, Angers, France, 22CHU Guadeloupe, Pointe 

a Pitre, France, 23Inserm U1138, Paris, France, 24Inserm U1193,  Université Paris-Saclay, Villejuif, 

France 

 

Email: alina_pascale@yahoo.com  

 

Background and Aims: In patients with viral chronic liver disease (VCLD), the risk of primary liver 

cancer (PLC) diminishes significantly after viral eradication but it does not become null. Our study aims 

to describe the phenotypic characteristics of PLC occurring in a large cohort of patients with VCLD, 

followed-up before and after viral eradication. 

 

Method: 406 patients with VCLD included in the French cohort LICAVIR (partially prospective), who 

developed a PLC, were analyzed. Epidemiological, radiological, histological data were recorded and 

assessed. Patients were followed up at least 61 months [IQR: 40-74]. Statistical analysis was performed 

using SAS 9.4. 

 

Results: Most patients were males: 312 (77%) with median age of 61.8 years. 368 patients (90%) had 

hepatitis C virus (HCV) infection, 33 (8%) had hepatitis B virus (HBV) infection and 5 (1%) were 

coinfected. The main cofactors for chronic liver disease were: alcohol consumption (37%), diabetes 

(25%), arterial hypertension (35%). 361 patients (89%) had cirrhosis, among whom 82% had Child-Pugh 

A score and median MELD score of 8.5 [IQR: 7-11]. The median time between cirrhosis and PLC 

diagnosis was 72 months [IQR: 37-126]. 78% of PLC were diagnosed during regular surveillance. 385 

patients (97.8%) developed hepatocellular carcinoma (HCC), 7 patients (1.7%) developed 

cholangiocarcinoma and 2 (0.5%) patients had hepato-cholangiocarcinoma. At diagnosis, 243 of PLC 

(62%) were single tumors, with a mean diameter of 28.5 mm, while 67 (17%) were associated with portal 

vein thrombosis and 22 (6%) were metastatic (27% of lung metastasis). Among HCV-infected patients, 

126 developed PLC after achieving sustained virological response (SVR) and were compared to 215 

patients who developed it before SVR. Multinodular HCC were more frequent in HCV-infected patients 

(43% vs 33%, p < .0001), while single tumors were more frequent in patients who achieved SVR (66% 

vs 56%, p = 0.0075). The median time between SVR and PLC diagnosis was 23 months [IQR: 9-36]; 

96% of PLC occurred within 5 years after SVR. Multiple treatments were performed: among 364 curative 

treatments, 189 (51%) were percutaneous tumor ablations, 112 (31%) comprised liver resections and 
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63 (17%) liver transplantations; among 501 palliative treatments, 217 (43%) trans-arterial 

chemoembolizations and 128 (26%) systemic therapies. During follow-up, 110 patients died. 

 

Conclusion: In our large cohort of patients with VCLD, followed-up before and after viral eradication, 

PLC developed mostly in cirrhotic liver. The most frequent type of PLC was HCC, which in more than 

half of patients was a single tumor, detected during a surveillance program. There was no significant 

phenotypical difference between HCC occurring before or after SVR, except for the multinodular type, 

which seemed to be more frequent before SVR. In our cohort, most of PLC (96%) occurred within the 

five first years after SVR. 

 

Figure:  
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Background and Aims: Most scores for HCC prediction can assess at most 3- or 5-year HCC risk, as 

the observation period of the derivative cohort is usually short. We aimed to develop a 5- and 10-year 

HCC risk score from a prospective cohort of patients with compensated advanced chronic liver disease 

(cACLD) of any aetiology followed up for 12 years. 

 

Method: 545 HCC-free patients with cACLD,prospectively enrolled from 2011 to 2022, using a 

convenience sampling, underwent at enrolment upper g.i. endoscopy, liver 

ultrasound/elastography,HVPG measurement, lab tests. Cox proportional models were used to assess 

the association between esophageal varices, adjusted for all the selected covariates, and HCC 

incidence. Random Survival Forest (RSF), a machine learning (ML) prediction model, was used as a 

sensitivity analysis to test prediction power of the same covariates, considering all the possible 

interactions and non-linear relationships with HCC incidence as the outcome. 

 

Results: Median fup time was 5.9 years. We observed 78 incident HCCs (14.3%).In the fully adjusted 

Cox proportional models after the adjustment for covariates, pts. with large esophageal varices had 4 

times the risk of developing HCC (HR:4.02;95% C.I.: 2.42-6.68) than patients with small/without varices. 

The covariates, viral aetiology (HR 2.61;95% C.I.:1.57-4.35),LSM (for each kPa)(HR:1.01;95 % C.I. 

1.01-1.03, male sex (HR:1.94 C.I. 95%: 1.10-3.41), were also meaningfully associated with HCC risk. 

 

As a sensitivity analysis we performed the RSF selection algorithm to rank all the variables of the Cox 

models, according to their prediction power (using minimal depth metric) for the incidence of HCC. Large 

esophageal varices had the best prediction power for HCC, followed by LSM,viral aetiology, BMI, 

albumin, and age at the enrolment. Interestingly, RSF prediction power was in line with the magnitude 

of association with Cox model, but ML further identified BMI & albumin as related and excluded sex. 

The score built with the RSF-selected variables (Esophageal Varices [EV] score) had excellent 

discrimination and calibration in assessing both 5- (AUROC 0.823) and 10-year (AUROC 0.792) HCC 

risk irrespective of aetiology, with a significantly better overall performance at both time points than 

aMAP score, built on the same data (figure). 

 

Conclusion: The machine learning approach, used to build this score, allowed us to identify large 

varices as the most important predictor for HCC risk (underlining the critical pathogenetic role of 

longstanding and severe portal hypertension in HCC development). This score also obtained better 

prediction for 5- and 10-year HCC development than aMAP score (i.e. the best score so far for HCC 

prediction independently from aetiology) tested in the same dataset. The proposed score is highly 

reliable. Being based on routine clinical data of the patients with cACLD it can be easily applied 

worldwide. 

 

Figure: 
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versus active surveillance in patients with hepatocellular carcinoma 
(HCC) at high risk of disease recurrence following resection or ablation 
 

Pierce Chow1, Minshan Chen2, Ann-Lii Cheng3, Ahmed Kaseb4, Masatoshi Kudo5, Han Chu Lee6, Adam 

Yopp7, Jian Zhou8, Lu Wang9, Xiaoyu Wen10, Jeong Heo11, Won Young Tak12, Shinichiro Nakamura13, 

Kazushi Numatta14, Thomas UGUEN15, David Hsiehchen7, Edward Cha16, Steve Hack16, Qinshu Lian16, 

Jessica Spahn16, Chun Wu17, Shukui Qin18 

 
1National Cancer Centre Singapore, Singapore and Duke-NUS Medical School Singapore, Singapore, 

Singapore, 2Sun Yat-sen University Cancer Center, Guangdong Province, China, 3National Taiwan 

University Cancer Center and National Taiwan University Hospital, Taipei, Taiwan, 4MD Anderson 

Cancer Center, Houston, United States, 5Kindai University, Oskaka, Japan, 6Asan Medical Center, 

University of Ulsan College of Medicine, Seoul, Korea, Rep. of South, 7UT Southwestern Medical Center, 

Dallas, United States, 8Zhongshan Hospital, Fudan University, Shanghai, China, 9Fudan University 

Shanghai Cancer Center, Shanghai, China, 101st Hospital of Jilin University, Jilin, China, 11College of 

Medicine, Pusan National University and Biomedical Research Institute, Pusan National University 

Hospital, Busan, Korea, Rep. of South, 12Kyungpook National University Hospital, School of Medicine, 

Kyungpook National University, Daegu, Korea, Rep. of South, 13Himeji Red Cross Hospital, Hyogo, 

Japan, 14Yokohama City University Medical Center, Yokohama, Japan, 15Hopital de Pontchaillou, 

Rennes, France, 16Genentech Inc, South San Francisco, United States, 17Roche (China) Holding Ltd, 

Shanghai, China, 18Jinling Hospital of Nanjing University of Chinese Medicine, Nanjing, China 

 

Email: pierce.chow@duke-nus.edu.sg  

 

Background and Aims: The risk of HCC recurrence after liver resection or ablation with curative intent 

is 70-80% within 5 years, indicating an unmet need for effective adjuvant therapies. Atezolizumab 

(atezo) with bevacizumab (bev) is the standard of care for unresectable HCC based on the IMbrave150 

study, which demonstrated statistically significant and clinically meaningful improvements in overall 

survival (OS), progression-free survival, and objective response rate versus sorafenib (Finn NEJM 2020, 

Cheng J Hepatol 2022). On the basis of the antitumor activity of atezo + bev and its capacity to positively 

modulate the tumor microenvironment, IMbrave050 was designed to evaluate the efficacy of adjuvant 

atezo + bev in delaying or preventing recurrence in patients (pts) with high-risk HCC. 

 

Method: IMbrave050 (NCT04102098) enrolled pts with HCC at high risk of recurrence following 

resection or ablation. High-risk criteria were based on tumor burden (tumor size and number), vascular 

invasion, and tumor differentiation. Pts were randomized to Arm A (atezo + bev) or Arm B (active 

surveillance). Stratification factors included geographic region (Asia-Pacific excluding Japan vs rest of 

world) and a composite factor encompassing the number of high-risk features, curative procedure, and 

use of optional adjuvant TACE (allowed for one cycle following resection). Pts in Arm A received atezo 

1200 mg + bev 15 mg/kg IV q3w for a period of one year or 17 cycles. Pts in Arm B underwent active 

surveillance for one year and were eligible to crossover to atezo + bev following independent review 

facility (IRF) confirmation of recurrence. The primary endpoint was IRF-assessed recurrence-free 

survival (RFS). Secondary efficacy endpoints included OS; investigator-assessed (INV) RFS; RFS and 

OS according to PD-L1 status; and time to extrahepatic spread and/or macrovascular invasion.   

 

Results: The ITT population included 334 pts each in Arms A and B. Baseline demographics were well 

balanced between arms. At interim analysis, with a median follow-up of 17.4 mo (cut off date: Oct 21 

2022), the primary endpoint was met with an IRF-RFS HR of 0.72 (95% CI, 0.56, 0.93; P=0.0120), and 

results were generally consistent across clinical subgroups. INV-RFS was similar (HR, 0.70; 95% CI, 
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0.54, 0.91). The safety of atezo + bev was generally manageable and consistent with the well-

established safety profile of each therapeutic agent and with the underlying disease.    

 

Conclusion: Atezo + bev is the first adjuvant regimen to demonstrate a statistically significant and 

clinically meaningful improvement in RFS vs active surveillance in pts at high risk of disease recurrence 

following resection or ablation. The benefit:risk profile of atezo + bev favors the use of this regimen as 

an adjuvant therapy and has potential to set a new standard of care in adjuvant HCC. 

 

This abstract was previously presented at the AACR Annual Meeting 2023. 
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Background and Aims: This study aims to identify a new prognostic index by applying recursive 

partitioning analysis (RPA) in hepatocellular carcinoma (HCC) patients treated with atezolizumab plus 

bevacizumab (AB). 

 

Method: RPA was applied on 784 consecutive HCC patients treated with AB. 

 

Results: RPA allowed the identification of the Atezolizumab Bevacizumab prognostic (ABE) index, 

comprising three groups of patients: low risk, [(i) Child-Pugh A (CPA) patients without macrovascular 

invasion (MVI) but with Albumin-Bilirubin (ALBI) 1, aspartate aminotransferase (AST) normal value (NV), 

and alpha-fetoprotein (AFP) < 400 ng/mL, (ii) CPA patients without MVI but with ALBI 1, AST increased 

value (IV), and neutrophil-lymphocyte ratio (NLR) < 3, and (iii) CPA patients with MVI, ALBI 1, and AFP 

< 400 ng/mL]; intermediate risk, [(i) CPA patients without MVI but with ALBI 1, AST NV, and AFP Ó 400 

ng/mL, and (ii) CPA patients without MVI but with ALBI 1, AST IV, and NLR Ó 3]; high risk [(i) CPA 

patients with ALBI 2, (ii) CPA patients with ALBI 1, MVI, and AFP Ó 400 ng/mL, and (iii) CPB patients]. 

Overall survival was 22.5 months (95% CI 17.0-22.5 months) in patients with low risk (60.1%), 14.2 

months (95% CI 12.4-15.7 months) in intermediate risk (19.1%), and 7.0 months (95% CI 6.0-8.7 

months) in high risk (20.8%); low risk HR 1, intermediate risk HR 1.76 (95% CI 1.26-2.46), high risk HR 

3.99 (95% CI 2.76-5.77); P < 0.01. Progression-free survival was 9.4 months (95% CI 8.4-10.8 months) 

in patients with low risk, 6.1 months (95% CI 5.5-8.1 months) in intermediate risk, and 5.3 months (95% 

CI 3.7-5.8 months) in high risk; low risk HR 1 (reference group), intermediate risk HR 1.47 (95% CI 1.14-

1.89), high risk HR 1.79 (95% CI 1.37-2.35); P < 0.01. In the three groups, differing profiles of toxicity 
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have been highlighted, notably in terms of hypertension (low risk 27.4%; intermediate risk 22.7%; high 

risk 17.2%, P = 0.03), proteinuria (low risk 28.7%; intermediate risk 35.3%; high risk 22.7%, P < 0.05), 

and hypothyroidism (low risk 6.1%; intermediate risk 2.7%; high risk 1.8%; P = 0.03). 

 

Conclusion: the ABE index is an easy-to-use tool able to stratify HCC patients undergoing first-line 

therapy with AB. 

 

 

Figure:  
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Background and Aims: Cholangiocarcinoma (CCA) is a heterogeneous neoplasm of biliary ducts that 

represents the second most common primary hepatic cancer, after hepatocellular carcinoma. Due to its 

aggressiveness, late diagnosis and immunoregulatory capacity of the disease, CCA outcomes are poor, 

with a median overall survival of less than 12 months. Currently, the only curative treatment is surgical 

resection, but this only applies to 25% of cases and despite this tumoral recurrence is frequent. For that 

reason, the study of new therapies is of utmost importance. Recent studies show that the isocitrate 

dehydrogenase 1 (IDH1) inhibitor, used to treat patients with irresectable iCCA harboring IDH1 

mutations, reduces cell proliferation, invasion and metastasis by promoting,  ferroptosis, a programed 

cell death caused by iron-dependent lipid peroxidation. 

 

Results: In this study, we analyze the role of CNNM4 (Cyclin and CBS Domain Divalent Metal Cation 

Transport Mediator 4), a Mg2+ effluxer, that is overexpressed in CCA in in silico, at transcriptional levels 

and also in human biopsies. Silencing CNNM4 in CCA human cell lines, EGI-1 and TFK-1, which show 

high expression of CNNM4, not only increases intracellular Mg2+ but also reduces cellular proliferation 

and sensitizes cells to chemotherapeutic drugs. Key metastasis steps (intravasation, extravasation and 

invasion in other organs) were also slowed down when CNNM4 is silenced, as seen by 3D spheroid 

experiments and in ex ovo and in ovo chicken embryo chorioallantoic membrane assay. Proteomic 

analysis reveals a metabolic shift into a less glycolytic phenotype in CNNM4-silenced cells, also 

indicating a role of this transporter in the Warburg effect. Alteration of iron metabolism after CNNM4 

modulation in both cell lines is associated with a decrease of NUPR-1 levels, a ferroptosis inhibitor, that 
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can be a possible mechanism of those effects. In a CCA murine model (myr-AKT/YapS127A), silencing 

CNNM4 after tumoral development, via a liver-specific molecule, produces its reversion. 

 

Conclusion: In conclusion, silencing CNNM4 is a potential therapeutic target in CCA whose effect could 

be mediated by iron-dependent cell death.  
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Background and Aims: Metabolic reprogramming is a well-known marker of cancer and it represents 

an early event in hepatocellular carcinoma (HCC) development. The epidemiology of HCC is 

increasingly related to metabolic syndrome, which has been rising in developed countries. The recent 

approval of several molecular targeted agents, including immunotherapy, has revolutionized the 

management of advanced HCC patients. Nevertheless, the lack of circulating biomarkers still affects 

patient stratification to tailored treatments, as evidenced by reduced sensitivity to immunotherapy in 

metabolic-driven HCCs. In this context, there is an urgent need for biomarkers to aid treatment choice 

and more effective therapeutic combinations avoiding the development of drug-resistant phenotypes. 

The aims of this study are to investigate the involvement of microRNA-494 (miR-494) in HCC metabolic 

reprogramming, to identify novel miRNA-based therapeutic combinations and to evaluate miR-494 

potential as a circulating biomarker to stratify patients to sorafenib treatment. 

 

Methods: A bioinformatics investigation allowed the identification of miR-494 metabolic targets. 

Functional and metabolic assays demonstrated glucose-6-phosphatase catalytic subunit (G6pc) 

targeting by miR-494 and its involvement in metabolic shift, mitochondrial dysfunction, and ROS 

production in HCC cells. Live-imaging analysis and rescue experiments elucidated the involvement of 

miR-494/G6pc axis in HCC cell growth under stressful conditions. Circulating miR-494 levels were 

assayed in serum samples from sorafenib-treated HCC patients and DEN-HCC rats. 

 

Results: We reported miR-494 involvement in HCC cells metabolic shift toward a glycolytic phenotype, 

which is mainly mediated by G6pc direct targeting. We showed that miR-494/G6pc axis exhibits an 

active role in metabolic plasticity of cancer cells, regulating glycogen and lipid droplets accumulation to 

be used as nutrient supply under detrimental conditions. High miR-494 serum levels associated with 

sorafenib resistance in a small cohort of advanced HCC patients and with metabolic features in 

surgically-treated patients. AntagomiR-494-based strategies showed a synergistic effect with both 

metabolic inhibitors and sorafenib in HCC cells. 

 

Conclusions: MiR-494/G6pc axis is critical for the metabolic rewiring of cancer cells and associates 

with poor prognosis. MiR-494 deserves attention as a candidate biomarker of likelihood of sorafenib 

response to be tested in future studies. Preliminary data suggest miR-494 as a promising target for 

combined treatments with sorafenib or metabolic interference molecules for the treatment of HCC 

patients being ineligible for immunotherapy. 
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Figure: Schematic representation of miR-494/G6pc axis involvement in metabolic plasticity of HCC cells 

and therapeutic potential of combined antagomiR-494-based strategies. 
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Background and Aims: Liver cancer is the third-leading cause of cancer-related deaths worldwide. 

Currently available systemic treatments have only modest efficacy and significant associated toxicity. 

Targeted, more effective therapeutic options are urgently required to ease the burden of disease. Lack 

of appropriate in vitro models is a major obstacle in drug development. Patient-derived organoid (PDO) 

technology may overcome limitations of conventional in vitro models. The reported rate of liver tumour 

PDO generation is low in non-defined matrices, which do not accurately model the tumour 

microenvironment. We aimed to develop a liver cancer PDO drug screening system using fully defined 

bio-inks developed by Inventia Life Science on the RASTRUMTM bio-printer. 

 

Method: 34 primary liver cancer percutaneous biopsy or resection samples have been processed (n 

= 32 HCC, n = 2 CCA). Tumours were enzymatically digested and plated in Cultrex Basement 

Membrane Extract (BME2) and/or defined bio-inks (Inventia Life Sciences) to generate PDOs. PDOs 

were bio-printed using the RASTRUMTM bioprinter (Inventia). Three novel bio-inks with 1.1 or 3 kPa 

stiffness were used for bio-printing to define a matrix supporting optimal liver cancer PDO growth using 

high content imaging and biochemical assays. Response to Sorafenib treatment was characterised in 

two tumour PDO lines and compared to a non-tumour hepatocyte cell line in different precision bio-

printed bio-inks and BME2. 

 

Results: 15 PDO lines have been generated. Liver tumour PDOs were successfully bio-printed and 

utilised in drug response assays. Significant matrix-dependent drug responses in a hepatocyte cell line 

were observed. We established that a novel, defined 3 kPa bio-ink optimally supports liver tumour PDO 

growth and can be used in high-throughput 384-well assays. 

Conclusion: We have established a PDO biobank from primary liver cancer patients that can be used 

for drug screening/repurposing experiments. In collaboration with Inventia Life Sciences, we have 

developed high-throughput precision bio-printed PDO models of primary liver cancer that will support 

accurate and reproducible high-throughput drug screening to enable novel drug development for 

primary liver cancer patients. 
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Figure:  
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Background and Aims: Intrahepatic cholangiocarcinoma (iCCA) is a heterogeneous biliary tract cancer 

whose incidence rate increased over the past decades. Due to the aggressive evolution of the disease, 

there is an urgent need for diagnostic and therapeutic alternatives. The immune infiltrate is a key 

component of the tumour microenvironment (TME), but remains poorly characterized, limiting the 

development of successful immunotherapies. Many aspects related to T cells are undergoing extensive 

studies, while the effect exerted by B lymphocytes in iCCA development and progression is still 

controversial and unwell characterized. Herein, our aim is dissecting the phenotypic and functional 

properties of B cells in the TME of iCCA, with the goal of finding new mechanisms important for cancer 

initiation and/or progression.   

 

Method: We characterized the B-cell compartments of iCCA tissues, adjacent tumor-free tissues and 

circulating counterparts performing high-dimensional single-cell technologies. We further carried out 

gene expression analysis and cellular assays to define the B cell-specific role in iCCA tumor tissues, 

investigating whether and how liver TME impact on B cell biology. 

 

Results: Data obtained from single-cell RNA-sequencing analysis of CD20+ cells in six iCCA patients 

identified four main subclusters of B lymphocytes and revealed that genes involved in neutrophil 

degranulation, cellular response to stress, GPCR binding were up-regulated; on the other hand, genes 

related to B cell activation/inflammation were downregulated in intratumoral area compared to adjacent 

non-malignant tissue; suggesting an immunosuppressive role of B cells in iCCA TME. Multicolour flow 

cytometry analysis of B cells isolated from iCCA patients (n =13) highlighted a higher frequency of naïve 

B cells respect to the memory phenotype. A reduction in B-cell effector functions was also detected. 

Immunohistochemical analyses showed that B cells, when infiltrate the tumour, are well organized and 

create cellular aggregates similar to tertiary lymphoid structures. 

 

Conclusion: Overall, these results suggest that various B cells subtypes can be found in iCCA tissue, 

probably with an immunosuppressive role. However, a comprehensive characterization of B cell 

properties, functions, organization and crosstalk with other cells of iCCA milieu will elucidate 

mechanisms of tumour progression/control, exploitable for the development of novel immunotherapeutic 

strategies. 
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Figure:  
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Background and Aims: Activation of the receptor tyrosine kinase Axl by Gas6 fosters oncogenic effects 

in hepatocellular carcinoma (HCC), associating with increased mortality of patients. The impact of 

Gas6/Axl signaling on the induction of individual target genes in HCC and its consequences is an open 

issue.  

 

Method: RNA-seq of Gas6-stimulated Axl proficient or deficient HCC cells and VENN relations were 

used to identify Gas6/Axl targets. Gain- and loss-of-function studies including proteomics was employed 

to characterize the role of PRAME (preferentially expressed antigen in melanoma). Expression of 

Axl/PRAME was assessed in publicly available HCC patient datasets and in 133 HCC cases. 

 

Results: Exploitation of well-characterized HCC models expressing Axl or devoid of Axl allowed the 

identification of target genes among them the cancer testis antigen PRAME. Intervention with 

Axl/MAPK/ERK1/2 signaling resulted in strongly reduced PRAME expression. PRAME levels associated 

with functional de-differentiation of HCC cells and epithelial to mesenchymal transition (EMT) 

augmenting 2D cell migration and 3D cell invasion. The interaction with pro-oncogenic proteins including 

CCAR1 suggested further tumor-promoting functions of PRAME in HCC. Moreover, PRAME showed 

elevated expression in Axl-stratified HCC patients which correlates with vascular invasion and lowered 

patient survival. 

 

Conclusion: PRAME is a bona fide target of Gas6/Axl/ERK signaling linked to EMT and cancer cell 

invasion in HCC. 
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Background and Aims:  

Hepatocellular carcinoma (HCC) is the most common form of liver cancer, accounting for 85% to 90% 

of all liver cancer cases. HCC is characterized by a high resistance to chemotherapeutic agents, while 

a potential contributing factor to this resistance, is the activation of the endoplasmic reticulum (ER) stress 

pathways. This is a cellular stress mechanism that becomes activated when the cell´s need for protein 

synthesis exceeds the ER´s capacity to ensure accurate protein folding, and has been implicated in 

creating drug-resistance in several solid tumors. In addition, there is a close link between activation of 

ER-stress pathways and alterations in lipid metabolism, since the ER is the main site of lipid production. 

The aim of this study is to establish how inhibiting IRE1Ŭ influences lipid metabolism and how this affects 

the response to doxorubicin (DOX). 

 

Method:  

A chemically induced mouse model for HCC was used and mice were treated twice per week with the 

ER-stress inhibitor 4ɛ8C and/or DOX for 3 weeks after the occurrence of tumors. Liver samples were 

taken for histological, molecular biology and lipidomics analyses. Cells were exposed in vitro to 4ɛ8C 

and/or DOX to further assess the effect on viability, lipid metabolism and oxygen consumption rate. 

 

Results:  

Mice with HCC experienced a statistically significant weight loss compared to healthy mice. This was 

further exacerbated after DOX-treatment, while co-treatment with 4µ8C restored weight levels to nearly 

those of healthy mice. All treatments significantly decreased the number of tumors, with the strongest 

reduction in the 4m8C+DOX combination treatment. SNU99, Huh7 and HepG2 cells lines were exposed 

to DOX alone or in combination with 4m8C for 24 hours and the combination with 4m8C potentiated the 

cytotoxic effect of DOX in all three cell lines. Oil-Red-O staining confirmed that all treatments reduced 

lipid droplets in HepG2-cells with the strongest reduction in the combination group. The combination 

treatment also decreased the levels of MGL, LAL and ATGL, suggesting a lower level of reducing agents 

and a lower anabolic tone for all biomolecules. Moreover, the increase in the oxygen consumption rate 

(OCR) after treatment with DOX in HepG2-cells was significantly reduced when DOX was given in 

combination with 4m8C. 

Conclusion:  

By using an in vivo model known for its similarity to human HCC, we show that using an ER-stress 

inhibitor can potentiate the cytotoxic effect of DOX, by lowering the tumor cellôs anabolic tone of 

biomolecules, including lipids and thereby, deprive tumor cells from their energy reserves. The long-

term impact of our study could open the possibility of ER-stress inhibitors as adjuvant treatments for 

HCC-patients, as they could enhance the efficacy of DOX, for instance during TACE-treatment. 
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Figure: Treatment with DOX and 4µ8C alters lipid metabolism of liver cells in vitro. 
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Background and Aims: HCC is the 5TH most common cancer worldwide and the 3RD leading cause of 

cancer-related death. Chronic viral, alcoholic or nonalcoholic fatty liver disease (either cirrhotic or 

advanced fibrotic) represent the main risk factors. Surveillance of patients with chronic liver disease is 

a key factor in early diagnosis and treatment. The aim of the study is to assess compliance in monitoring 

for HCC according to international guidelines, as well as the effects of non-compliance on early 

diagnosis and treatment 

Method: Consecutive patients with HCC who presented at our Liver Unit between Jan 2017-Dec 2021 

were included in the analysis. Demographic, clinical data, imaging and laboratory information were 

recorded. Inadequate monitoring for HCC was defined as, less than one visit to the Hepatology 

department per year and failure to perform regular ultrasound, every 6 months in patients with cirrhosis 

and in patients with chronic hepatitis B who met the criteria of the PAGE-B score. Staging of HCC was 

conducted according to BCLC staging system. 

Results: The study included 68 patients (73% male, mean age 67±10 years). 48/68 (72%) had 

diagnosed liver disease before the onset of HCC. 52/68 (77%) patients had cirrhosis (Child Pugh A, 

67%). 57% had a history of decompensation with ascites (38%), variceal bleeding (25%) and 

encephalopathy (16%). Hepatitis B and C were the main cause of liver disease (62%), followed by 

alcoholic liver disease (18%) and non-alcoholic fatty liver disease (4.4%). 

The diagnosis of HCC was based on imaging, while a biopsy of the lesion was performed in 1/5 of the 

patients (21%). 42% had an AFP value <10ng/ml, while 56% had an AFP value >400ng/ml. BCLC 

staging 0/A, B, C, D at diagnosis was 43%, 19%, 27.6%, 10.4% respectively. Locoregional therapy 

received 15%, systemic 22%, a combination of locoregional and/or systemic therapy 43% of the 

patients. 

Inadequate HCC surveillance was recorded in 65% (32/48) of patients with previously diagnosed liver 

disease. Poor monitoring was found to be associated with more advanced disease according to BCLC 

staging (stage C and D vs 0/A, B: 21 vs 12, p=0.012), with larger lesion size at diagnosis (7.7±4.8 vs 5, 

2±7 cm, p=0.005), with multifocal HCC (p=0.07), and with secondary foci (none of the patients under 

observation had metastases at diagnosis). Patients with alcoholic liver disease (9/11) and HCV infection 

(17/19) had poor follow-up compared with other causes of liver disease. 23/68 (34%) patients died of 

liver disease after a median period of 11 (1-60) months and 10% from a non-hepatic cause. 

Conclusion: More than a half of our patients with HCC especially those with HCV and alcohol abuse 

had poor compliance to the scheduled follow-up strategy and presented with more advanced HCC-

BCLC stage. Our data highlight the need to raise the awareness of physicians and patients for the 

implementation of monitoring programs for the early diagnosis of HCC.  
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In silico electrophysiological study reveals Atezolizumab, an important 
therapeutic agent for liver cancer causes cardiac toxicity by inhibiting 
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Background and Aims: Atezolizumab is a used as an important therapeutic agent to treat urothelial 

carcinoma, small cell lung cancer, and hepatocellular carcinoma. Accumulated clinical and experimental 

evidence support that Atezolizumab causes sinus bradycardia, which influences the quality of life. 

Cardiotoxicity due to the use of Atezolizumab is still under clinical investigation. The purpose of this 

study is to clarify the propensity of Atezolizumab concentration in modulating cardiac 

electrophysiological properties. 

 

Method: The electrophysiological set up of the sinoatrial node (SAN) comprises the inward rectifier ion 

channels, sodium channels, potassium channels, calcium channels, and calcium diffusion mechanisms. 

Concentration-dependent Atezolizumab (0.1 µmol/L to 10 µmol/L) profile for 200 ms is induced to alter 

the conductance of voltage-gated sodium ion channel (Nav1.5) and then incorporated into the SA node 

electrophysiology. Both current-clamp and voltage-clamp protocols are applied to record the 

electrophysiological activities.  

 

Results: After injecting a current stimulus (Istim) of varying magnitude (0.1-0.10 nA) and duration (10-

50 ms), action potentials (AP) are reproduced by the SA node. The modulating effects of Atezolizumab 

concentration on the SA nodeôs electrophysiological properties are investigated in two folds. First, we 

reproduced the current-voltage (I-V) curve profile of the Nav1.5 ion channel with respect to multiple 

doses of Atezolizumab under the voltage clamp protocol. It showed the continuous decrease of inward 

current because of multiple doses of Atezolizumab. At the highest concentrations (10 µmol/L), the peak 

of the inward current reduced to 26% of its' control value. The I-V curve is shifted to a 20% more positive 

side and the half-activation potential is increased by 28%. Then, the altered inward current is 

incorporated into the whole-cell model to investigate the AP firing patterns. For 10 µmol/L of 

Atezolizumab, the repolarization phase of AP was prolonged and the frequency of the firing pattern was 

reduced. Figure shows the AP for both control and Atezolizumab injection.  

 

Conclusion: Our study suggests that Atezolizumab at a higher concentration reduces the frequency 

rate of the spontaneous AP firing by suppressing the Nav1.5 current. Therefore, the dosage of 

Atezolizumab should be controlled to avoid cardiac toxicity.  Further clinical trials are essential to analyze 

itsô subcellular mechanisms. 
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Figure:  
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Background and Aims: Integration of the hepatitis B virus (HBV) genome into host genomic DNA 

(gDNA) is common in patients with HBV-associated hepatocellular carcinoma (HCC). Several HBV 

integration sites have previously been identified as prognostic predictors. However, the prevalence of 

each integration in HCC remains low, largely due to the nature of random integration. Here, we studied 

HBV integrations in non-cancerous and cancerous HCC tissues.  

 

Method: A total of three groups were retrospectively included. First, twenty patients (10 favourable, 10 

unfavourable) were used as an exploration cohort to identify novel integrants using Alu-HBV polymerase 

chain reaction (PCR). A second cohort containing 210 tissue pairs and a third set containing 300 blood 

samples were used to examine the presence of HBV-DEPDC5 and HBV-TERT integrants by Southern 

blotting. Kaplan-Meier plots were used to assess whether the integrants were prognosis-relevant. 

Reverse transcription-PCR (RT-PCR) was used to identify novel DEPDC5 transcripts and to assess 

their abundance. Western blot and immunohistochemical staining were used to study the expression 

level of DEPDC5 in HBV-related HCC. Cell-based assays were used to understand the role of the novel 

DEPDC5 variant in HCC. 

 

Results: A novel high-frequency integration of HBV into DEPDC5 gene was found in the paraneoplastic 

or neoplastic tissues, which was associated with HCC postoperative prognosis. Additionally, HBV-

DEPDC5 was also present in plasma-derived cell-free DNAs (cfDNAs). Those with the HBV-DEPDC5 

integrant were correlated with an unfavourable prognosis. RT-PCR identified a novel shorter variant of 

DEPDC5 with a large exon-skipped region, resulting in the loss of the DEP domain in the protein product. 

This small isoform of DEPDC5 was found predominantly in HBV-related HCC tissues. Overexpression 

of this novel DEPDC5 variant promoted HCC cell proliferation and migration by activating the 

mammalian target of rapamycin (mTOR) signaling pathway.  

 

Conclusion: HBV-DEPDC5 integrant in tissue-derived genomic DNA or in circulating cfDNAs can be 

used as a prognostic biomarker. A novel isoform of short DEPDC5 serves as an oncogene by activating 

mTOR signaling pathway in HBV-related HCC. 
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Figure: Identification of a novel HBV integration hot spot in DEPDE5 gene (left), which led to preferential 

generation of a novel short DEPDE5 isoform (right upper), resulting in a new oncogenic pathway (right 

lower). 
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Background and Aims: A key remaining frontier in our understanding of biological systems is the ñdark 

proteomeòðthat is, proteins encoded by long noncoding RNAs (lncRNAs) where the molecular function 

is largely unknown. The key aspect of this work is that it combines big data mining and pathology to 

explore the ñdark proteomeò in hepatocellular carcinoma (HCC), a highly aggressive cancer with limited 

therapeutic options. Considering that there are very few accurate molecular biomarkers for HCC 

detection, understanding function for the entities involved and their potential role in diagnosis and patient 

stratification will bring substantial impact in HCC therapy. 

 

Method: We performed DNase I hypersensitive sites sequencing and RNA-seq for HepG2 cells and 

control liver to map open chromatin regions that associate with transcription of HCC-specific lncRNAs. 

Polysome profiling and ribosome sequencing were applied to identify lncRNAs that are translated. 

Peptide specific antibodies were generated for C20orf204-189AA and Linc013026-68AA, two of HCC-

specific lncRNA-encoded small proteins. Immunohistochemical staining and biochemical assays were 

performed to examine the expression of these novel proteins in a HCC cohort and the underlying 

molecular functions.  

 

Results: We successfully generated specific antibodies for C20orf204-189AA and Linc013026-68AA, 

two of HCC-specific lncRNA-encoded small proteins. Both proteins promote cancer cell proliferation. At 

the molecular level, we show that C20orf204-189AA participates in ribosomal RNA transcription, while 

Linc013026-68AA may be phosphorylated by Epidermal Growth Factor Receptor (EGFR) and 

extracellular signal-regulated kinase (ERK). Remarkably, C20orf204-189AA protein was detected in 

70% of primary HCCs but not in but not in control livers, suggesting that HCC-specific lncRNA-encoded 

proteins may represent a novel class of biomarkers and HCC targets. 

 

Conclusion: Our finding provides important insights into molecular functions of small proteins 

originating from ñdark proteomeò and their potential value as biomarkers or drug targets in HCC. 
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Figure: Strategy to identify HCC-specific lncRNA encoded small proteins (created with BioRender.com) 
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Background and Aims: Cholangiocarcinoma (CCA) comprises a heterogeneous group of biliary 

malignant tumors characterized by dismal prognosis. The first-line treatment for advanced CCA 

[cisplatin (CisPt) and gemcitabine] is considered palliative due to the high chemoresistance of this 

cancer, barely impacting on patientsô overall survival. Here, we aimed to design, synthesize and study 

a new generation of platinum (Pt)-derived chemotherapeutic drugs that produce inter-strand DNA breaks 

(vs classical single-strand breaks induced by CisPt and related compounds) and thus, prevent the 

development of DNA repair mechanisms in cancer cells.   

 

Method: Ten Pt-derivatives (Aurki-Pt#s) were designed and synthesized. Atomic Force Microscopy 

(AFM) and Transmission Electron Microscopy (TEM) were used to characterize the binding of Aurki-

Pt#s to DNA. The antitumoral effect of the two best candidates (Aurki-Pt#1 and #2) was evaluated by 

measuring the viability of human CCA cells (EGI-1 and HUCCT1), newly generated CisPt-resistant EGI-

1 CCA cells, normal human cholangiocytes (NHC) and cancer-associated fibroblasts (CAFs). The DNA 

damage induced by Aurki-Pt#1 and #2 was assessed using the comet assay. To ascertain the 

internalization mechanism of Aurki-Pt#1 and #2, substrate competition studies through flow cytometry 

and accumulation studies using HPLC-MS/MS were carried out. Finally, the effect of Aurki-Pt#1 and #2 

was also tested in vivo on a subcutaneous xenograft model of CCA. 

 

Results: Aurki-Pt#s induced inter-strand DNA breaks, and the subsequent DNA fragmentation, contrary 

to CisPt. Aurki-Pt#1 and #2 significantly reduced CCA cell viability. Both compounds triggered increased 

DNA damage in CCA cells when compared to CisPt, augmenting the reactive oxygen species levels 

and being more effective when inducing apoptosis in vitro. Additionally, Aurki-Pt#1 and #2 decreased 

the proliferative capacity of those CCA cells that survived. Importantly, Aurki-Pt#1 and #2 also promoted 

cell death in CisPt-resistant CCA cells. Moreover, Aurki-Pt#1 and Aurki-Pt#2 caused CCA spheroid 

shrinkage. On the contrary, Aurki-Pt#1 and #2 did not induce a lethal effect in NHC in culture, but 

promoted cell cycle arrest. Besides, Aurki-Pt#1 and Aurki-Pt#2 had an impact on the survival of CAFs. 

Aurki-Pt#1 and #2 were transported into cells through OCT1, OCT3, CTR1 and OATP1A2, which did 
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not transport CisPt. Finally, Aurki-Pt markedly hampered tumor growth on a subcutaneous xenograft 

model of CCA in comparison with CisPt or vehicle control. 

 

Conclusion: This new generation of Pt-derived chemotherapeutic drugs selectively diminishes CCA 

cell viability through the induction of inter-strand DNA breaks, and has an impact on its tumor 

microenvironment, representing a promising therapeutic tool for naïve or CisPt-resistant CCA tumors. 
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Background and Aims: Liver cancer is one of the most common causes of cancer-related death 

worldwide, and hepatocellular carcinoma (HCC) accounts for approximately 90% of cases. Recent 

therapeutic advances extend overall survival by a few months, but only for a minority of patients. 

Realistic HCC models are necessary in order to bridge the gap between preclinical research and in situ 

human disease, and provide valuable insight into disease pathogenesis and drug discovery. Here we 

describe the development of two HCC models in precision-cut liver slices (PCLS): a murine precision-

cut tumour slice (PCTS) model utilising the Hep-53.4 cell line, and a spheroid-engrafted human PCLS 

model. 

 

Method: Hep-53.4 PCTSs were generated from orthotopic tumours 21 days after an intrahepatic 

injection of 1 million cells in C57BL/6 mice. PCTSs were subsequently cultured in the presence or 

absence of the receptor tyrosine kinase (RTK) inhibitors sorafenib or lenvatinib, or with an inhibitor of 

the immune checkpoint PD-1. An ex vivo human HCC model was developed by engrafting spheroids 

generated from HuH7 cells that express a secreted luciferase, onto human PCLSs. The spheroid-

engrafted PCLS were then cultured in the presence or absence of the RTK inhibitors sorafenib, 

lenvatinib or regorafenib. Primary HCC cell lines derived from patient biopsies were expanded and 

lentiviral-transduced to express mCherry, and spheroids generated from these cells were also implanted 

onto human PCLSs. All tissue was cultured in a bioreactor system capable of maintaining the viability 

of the tissue for 7 days. 

 

Results: Treatment of Hep-53.4 PCTSs with the RTK inhibitors sorafenib and lenvatinib results in 

decreased proliferation (Ki-67) and increased apoptosis (active caspase-3). Immunohistochemical 

characterisation of the PCTSs determined that they maintain a rich immune profile in culture, and 

treatment with anti-PD-1 immunotherapy results in significantly higher CD3 T-cell numbers, as well as 

increased HCC apoptosis. In relation to the human spheroid-PCLS model, complete invasion of the 

spheroids into the PCLSs was confirmed via multiphoton imaging. Measurement of luciferase secreted 

following treatment with RTK inhibitors indicated a significant and dose-dependent reduction in cancer 

growth, whilst the PCLSs remained viable. Primary HCC spheroids implanted onto human PCLS also 

displayed complete engraftment and invasion into the tissue (Figure 1). 

 

Conclusion: The two models described potentially provide unique tools for discovery biology and 

precision medicine, where therapies can be tested on both PCTSs and patient-derived HCC cells in the 

context of the tumour microenvironment. 

 

 

Figure:  
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Background and Aims: Hepatocellular carcinoma (HCC) is one of the most common type of primary 

liver cancer, with high death rates and increasing recurrence. Current treatments have been ineffective 

and great effort has been put into improving HCC therapies, focussing on immunotherapy. Natural killer 

(NK) cells have been a rapidly developing approach for cancer immunotherapy due to their innate 

cytotoxic potential and anti-tumor functions.  Hence, the aim of this study is to develop an NK-based 

therapy for HCC. We investigate the anti-tumor response of memory-like NK (ML-NK) cells alone, and 

when engineered with glypican-3 (GPC3) specific chimeric antigen receptor (CAR), which further 

increases cytotoxicity. ML-NK cells are generated by a short time pre-activation with cytokines, causing 

increased cell proliferation and enhanced anti-tumor functions upon a second stimulation. To enhance 

this protocol, we are implementing in-silico modelling to optimise conditions for NK cell proliferation and 

cytotoxicity. 

 

Methods: NK cells were purified from peripheral blood mononuclear cells (PBMC) derived from whole 

blood of healthy donors and cultured for 16 days with cytokines to elicit activation. Fresh media and 

cytokines were replenished every two-three days, and expansion rate was monitored through cell count. 

Phenotype and cytotoxic potential of ML-NK cells were examined by flow cytometry at day 10 of culture. 

A subset of ML-NK cells was engineered to express GPC3-CAR 2 days after purification. Cytotoxic 

potential of CAR-ML-NK cells was tested against PLC and HepG2 cell lines. NK cell response to cytokine 

stimulation was predicted via a linear regression model. 

 

Results: Short exposure to IL-21 increases expansion of ML-NK cells, when used in combination with 

IL-12+15+18. This is seen at day 7 of culture with 10-fold expansion increase, robustly sustained by day 

16, reaching 70-fold expansion. Cytokine activation to induce ML-NK cells and CAR engineering, have 

an additive effect on the anti-tumor activity of NK cells. CAR-ML-NK cells, show greater cytotoxic effect 

against the highly GPC3-positive cell line HepG2, compared to non-transduced ML-NK. This is also 

seen with the relatively resistant cell line PLC, which expresses low, but not undetectable, levels of 

GPC3. CAR-ML-NK cells are phenotypically identified by high expression of NKG2D, NKG2C, CD16, 

NKG2A, and low expression of NKp44 and CD57. In-silico modelling suggests a donor specific cytokine 

combination to boost NK cell proliferation and cytotoxicity and quantifies the contribution of STAT 

molecules. 

 

Conclusions: Improving NK cell culture protocol is crucial for NK-based therapies. This study shows 

that IL-21 plays key roles into NK cell biology, enhancing memory-like properties of cytokine-activated 

NK cells. Cytotoxicity is further augmented by addition of GPC3-specific CAR, offering a promising 

venue for HCC therapy.  
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Background and Aims: The mechanisms governing the progression of non-alcoholic fatty liver disease 

(NAFLD) towards steatohepatitis (NASH) and hepatocellular carcinoma (HCC) remain elusive. We have 

previously shown that NAFLD development is inhibited in Mir21 knockout (KO) mice treated with 

obeticholic acid. Here, we evaluated the role of hsa-miRNA-21-5p in NASH-related 

hepatocarcinogenesis. 

 

Method: Hepatic hsa-microRNA(miR)-21-5p expression was evaluated in 2 cohorts of patients with 

biopsy-proven NAFLD (n=199) or HCC (n=366 HCC and n=11 NAFLD-HCC). Serum/liver metabolomic 

profiles were correlated with hsa-miR-21-5p in NAFLD obese patients. Wild-type (WT) and Mir21 KO 

mice were fed a choline-deficient, amino acid-defined (CDAA) diet for 32 and 66 weeks to induce NASH 

and NASH-HCC, respectively. 

 

Results: In obese individuals, hsa-miR-21-5p expression increased with NAFLD severity and 

associated with a hepatic lipotoxic profile. CDAA-fed WT mice displayed increased hepatic mmu-miR-

21-5p levels and progressively developed NASH and fibrosis, with livers presenting macroscopically-

discernible pre-neoplastic nodules, hyperplastic foci and deregulated cancer-related pathways. Mir21 

KO mice exhibited peroxisome-proliferator activated receptor alpha (PPARalpha) activation, augmented 

mitochondrial activity, reduced liver injury and NAS below the threshold for NASH diagnosis, with the 

pro-inflammatory/fibrogenic milieu reversing to baseline levels. In parallel, Mir21 KO mice displayed 

reduced number of pre-neoplastic nodules, hepatocyte proliferation and activation of oncogenic 

signaling, being protected from NASH-associated carcinogenesis. The hsa-miRNA-21-5p/PPARalpha 

pathway was similarly deregulated in patients with HCC or NASH-related HCC, correlating with HCC 

markers and worse prognosis. 

 

Conclusion: hsa-miR-21-5p is a key inducer of whole-spectrum NAFLD progression, from simple 

steatosis to NASH and NASH-associated carcinogenesis. Inhibition of hsa-miR-21-5p, leading to a pro-

metabolomic profile, might constitute an appealing therapeutic approach to ameliorate NASH and 

prevent progression towards HCC (EXPL/MED-OUT/1317/2021). 
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Background and Aims: The inhibition of hyaluronic acid (HA) may block the growth of various cancers, 

including hepatocellular carcinoma (HCC). The 4-methylumbelliferone (4-MU), an HA enzymatic 

inhibitor, was shown to reduce hepatic fibrosis, inflammation, and the presence of cancer stem cells 

(CSC). Recently, we demonstrated that a glycosylated 4-MU, namely 4-MUR, with the addition of 

rhamnose residue in 4-MU, constituted a better strategy to  target HCC cells while sparing normal liver 

cells due to the interaction with the rhamnose-specific asialoglycoprotein receptor in HCC cells. This 

study aimed to investigate the comparison between 4MUR and 4MU to the profile of the CSC profiles of 

HCC. 

 

Method: The profile of CSC markers in HCC cell lines JHH6 and Huh7 upon treatment of 4-MU and 4-

MUR was evaluated using flow cytometer and real-time PCR for counting of the cells and gene 

expression, respectively.  The cytotoxicity of the compounds was assessed by MTT assay. Immortalized 

hepatocytes cell line IHH was used as control. 

 

Results: 4-MUR was toxic only in HCC cell lines and not in immortalized hepatocytes. 4-MUR treatment 

better reduced the number of cells expressing CSC markers EpCAM and CD13/ANPEP compared to 4-

MU in both HCC cell lines. Reduction of CD133/Prom-1 was also noticed in Huh7 which expresses this 

marker. Flow cytometric data was then compared with that in gene expression, showing concordant 

results. Interestingly, the 4-MUR did not reduce the expressions of both CD44, a receptor of HA, and 

CD90/THY-1 mRNA in IHH cells. 

 

Conclusion: 4-MUR capacity to reduce the expressions of CSCs in HCC cells was comparable, if not 

better, to those of 4-MU. Importantly, 4-MUR was selective to target only HCC cells while being less 

efficient in normal hepatocytes. 
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Background and Aims: Atezolizumab (anti-PD-L1) plus bevacizumab (anti-VEGF) has become the 

standard of care in patients with unresectable hepatocellular carcinoma (HCC). Improved clinical 

outcome has been associated with intra-tumoral T effector cell density, as a marker of pre-existing 

immunity (Zhu et al., 2023).  However, functional and cellular changes occurring within the tumour 

immune microenvironment (TIME), particularly to intra-tumoral CD8+ T cells, are still unclear. Previously 

we have described the use of Precision-Cut Tumour Slices (PCTS) generated from human primary and 

secondary liver cancers as a patient-specific immunocompetent ex-vivo disease model, which captures 

the complex heterogeneity of the tumour and TIME, including infiltrating/resident immune populations 

and checkpoint receptor/ligand expression. In this proof-of-concept study, we demonstrate the utility of 

HCC PCTS for studying the patient specific intra-tumoral immune response to treatment with 

atezolizumab/bevacizumab. 

 

Method: PCTS generated from resected human tumours (n=2) were cultured in the presence or 

absence of atezolizumab/bevacizumab ex-vivo treatment for 10 days. Untreated and treated PCTS were 

subsequently dissociated into single-cell suspensions and the intra-tumoral immune T cell 

compartments were interrogated and compared using flow-cytometry. 

 

Results: Treatment with atezolizumab/bevacizumab [1] increased the CD8+ to CD4+ratio, [2] 

upregulated markers of CD3+ T cell residency: CD103 (~1.9 fold) and CD49d (~1.8 fold), [3] raised 

proportions of CD8+ CD69+ CD103+ resident-memory T cells (TRM), [4] reduced CD8+ T cell expression 

of PD-1 expression by > 2-fold and [5] noticeable increase in perforin degranulation in both CD8+ and 

CD4+ T cell. Collectively these results suggest treatment with atezolizumab/bevacizumab may activate 

anti-tumour functions by resident CD8+ T cells and facilitate the acquisition of a resident-memory 

phenotype, which has been previously associated with improved prognosis in HCC (CJ Lim et al., 2019). 

 

Conclusion: These results demonstrate the utility of HCC PCTS for studying the effects of 

immunotherapeutic strategies on intra-tumoral immunity at a cellular level. 
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Background and Aims: The tumor microenvironment (TEM) is characterized by hypoxic conditions, 

and the importance of the hypoxic microenvironment in the development of hepatocellular carcinoma 

(HCC) and reduced therapeutic efficacy has been established. Cytochrome-c-oxidase (COX) is the last 

electron acceptor of the respiratory in the process of oxidative phosphorylation (OXPHOS). Nuclear-

encoded COX subunit 4 (COX4) is associated with the mitochondrial subunit COX1 and plays an 

important role in the function, assembly, and regulation of COX. In this study, we investigated the 

adaptive response of HCC cells to a chemically induced hypoxia, and assessed the role of cellular 

respiration and COX4 in this response.  

 

Method: We chemically induced acute (3 and 24 h) and chronic hypoxia (15 days) with CoCl2 in HepG2 

and HepaRG. Experiments in a hypoxic chamber containing 1% O2 were also performed. Respiration 

was measured by a polarographic approach and reported as oxygen consumption rate (OCR). We then 

measured the expression levels and the activity of COX4 to evaluate hypoxic changes associated with 

dysfunction in cellular respiration and COX4/COX1 ratio, as well as promotion of fermentation 

metabolism. 

 

Results: We found that cellular respiration, i.e., basal, ATP-dependent, and respiratory reserves, was 

reduced under hypoxic conditions compared to control normoxic cells. After 15 days of chronic exposure 

to CoCl2, cell clones emerged and cellular respiration became less dependent on ATP, although this 

effect appeared to be reversible once the cells were placed under normoxic conditions. Furthermore, 

we found that the expression of two subunits of COX 4 (1 and 2) decreased after 3 hours of hypoxia 

(fold change 0.6 and 0.3, respectively), whereas the expression of the same genes increased after 24 

hours (fold change 1.4 and 2.3, respectively) in HepG2 cells. Finally, the COX4/COX1 ratio increased 

(fold change 3.7) in favor of COX4 expression after 24 hours of hypoxia, suggesting that the nuclear-

encoded subunit COX4 contributes to hypoxic conditions. 

 

Conclusion: These results suggest a role for the nuclear-encoded subunit COX4 in hypoxic TEM. 

COX4 is upregulated in HepG2 cells, possibly related to the uncharacterized activation of HIF-1Ŭ. Our 

findings support a role for the COX4 enzyme in the hypoxia-sensing pathway of energy metabolism in 

HCC cells. 
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Background and Aims: HMGB1 is a non-histone chromatin-associated protein involved in the 

pathogenesis of chronic liver disease. HMGB1 is expressed in myeloid cells, including conventional 

dendritic cells (cDC) and tumor-associated macrophages (TAMs), which play a major role in the tumor 

microenvironment. However, whether intracellular myeloid cell derived HMGB1 is involved in HCC is 

unknown. Our aim was to investigate whether intracellular HMGB1 drives cDC maturation towards 

LAMP3+ DCs and decreases immunosuppressive TAMs in the tumor; hence, allowing effective cytotoxic 

CD8+ T cell responses to reduce HCC.  

 

Methods: we analyzed publicly available scRNA-seq datasets from human HCC for the expression of 

HMGB1 in all subsets of DCs and TAMs in HCC tumor and non-tumor tissue and in hepatic draining 

lymph nodes (dLNs). We generated mice with conditional ablation or overexpression of Hmgb1 in 

myeloid cells (Hmgb1ȹMye and Hmgb1KI Mye). To induce HCC, 14-days-old male mice were injected i.p. 

with diethylnitrosamine (DEN) and were sacrificed at 5, 6, 8 and 10 months.  

 

Results: mature LAMP3+ DCs increase in human and mouse HCC tumor tissue and hepatic dLNs. 

TAMs, with low expression of HMGB1, are proangiogenic and immunosuppressive, and increase in 

human and mouse HCC tumor tissue. Hmgb1KI Mye mice are fully protected from HCC, whereas control 

mice develop HCC after 8 months and Hmgb1ȹMye mice start developing HCC at 5 months. Macroscopic 

analysis and H&E staining of the livers from Hmgb1ȹMye mice shows more tumors and higher tumor 

volume compared to control and Hmgb1KI Mye mice. Immunohistochemistry of HCC tumor sections 

reveals that Hmgb1ȹMye mice have increased infiltration of TAMs. Analysis of immune cell populations 

by flow cytometry shows that Hmgb1ȹMye mice have less mature LAMP3+ DCs in liver and hepatic dLNs 

compared to control and Hmgb1KI Mye mice, suggesting less CD8+ T cell activation. In addition, there is 

enhanced CD8+ T cell apoptosis in the HCC tumor tissue from Hmgb1ȹMye mice.  

 

Conclusion: ablation of myeloid derived HMGB1 accelerates HCC development in mice. Therefore, 

increasing HMGB1 expression in specific myeloid cell subsets (cDCs and TAMs) could be a therapeutic 

approach to protect from HCC.    
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Background and Aims: Epithelial-mesenchymal transition (EMT), a key process during embryonic 

development, promotes cell migration and resistance to apoptosis during tumour invasion and 

metastasis. In hepatocellular carcinoma (HCC) an amoeboid behaviour tends to increase the 

aggressiveness and metastatic capacity of epithelial tumours. 

MAP17 is a 17kDa membrane protein expressed during embryogenesis, absent in most adult organs. 

The presence of MAP17 correlates with an inflammatory environment, hypoxia and increased reactive 

oxygen species (ROS). MAP17 has been identified in several types of cancer, including HCC. 

Modulation of EMT and amoeboid behaviour via MAP17 offers an attractive approach to prevent 

metastasis. 

 

Method: Two HCC patient cohorts were used to characterise MAP17 levels. In vitro, expression of 

MAP17 was measured in mesenchymal and epithelial hepatoma cells, and its levels were modulated to 

study cell proliferation, drug resistance, mitochondrial dynamics, metabolic rewiring, and proteome 

homeostasis. In vivo, the role of MAP17 in the metastatic capacity was evaluated using orthotopic HCC 

mouse models. 

 

Results: A positive correlation between MAP17 and mesenchymal markers, RAC/RHO family genes 

and markers of amoeboid movement was established in 751 HCC patients by in silico studies and by 

mRNA expression analysis in 246 HCC patients. MAP17 overexpression in 3D epithelial cell 

experiments let to the formation of rosette invadopodia, proinvasive structures with high metastatic 

capacity.  
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MAP17 overexpression in vitro induced a reprogramming of energy metabolism in hepatoma cells with 

epithelial phenotype, increasing mitochondrial dynamics and Warburg effect-mediated lactic acidosis, 

which support a tumour microenvironment conducive to cancer cell proliferation. ROS generation was 

increased as a protective mechanism to avoid apoptotic and senescence processes. Rewiring of the 

one-carbon metabolic pathway was identified, proving an accelerated metabolism of the cell. There was 

a faster methionine degradation fuelling the folate cycle, which is the source of purines and pyrimidines, 

supporting a higher proliferative state. Thus, MAP17 could be involved in the methionine cycle, specially 

affecting the folate cycle. 

Accordingly, overexpression of MAP17 in PLC/PRF/5 cells led to the formation of multiple tumour foci 

when orthotopically implanted in the mouse liver.  

MAP17 silencing in hepatoma cells with mesenchymal phenotype led to the opposite results, regressing 

the tumour phenotype and slowing down the cell metabolism and proliferation. 

 

Conclusion: Modulation of MAP17 in epithelial and mesenchymal HCC cells leads to the 

reprogramming of the transitional genes that define each phenotype. Our findings have identified the 

metastatic potential of MAP17 in liver cancer, as it triggers the mesenchymal phenotype and amoeboid 

behaviour in HCC. 
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Background and Aims: Cholangiocarcinoma (CCA) comprises a heterogeneous group of biliary 

cancers with dismal prognosis. E2F1 and E2F2, transcription factors that regulate cell cycle and 

metabolism, are upregulated in metabolic associated fatty liver disease, which is a risk factor of CCA. 

E2F1/2 drive MAFLD-related hepatocellular carcinoma (HCC) development, sustaining a pro-

carcinogenic lipid-rich environment. Minichromosome maintenance (MCM) proteins, helicases involved 

in DNA replication and cell cycle, are recognized targets of E2Fs that have been linked to different 

cancers. Thus, the aims were to evaluate the involvement of the E2F/MCM axis in CCA, and to 

investigate the potential therapeutic regulatory value of E2F/MCM axis in the rewiring of cancer lipid 

metabolism. 

 

Method: Akt1 and Yap or Taz were overexpressed in the liver of wild type (WT) or E2f1-/- mice as models 

of CCA. CCA cancer associated fibroblasts (CAFs) were isolated from patients. Triglyceride (TG) 

concentration was measured in liver samples of the mouse models of CCA and in cell lines in vitro. Cell 

viability, proliferation, spheroid growth and fatty acid oxidation (FAO) rate were measured in EGI1 and 

HUCCT1 CCA cell lines in the presence or absence of ciprofloxacin (CPX), an antibiotic that inhibits the 

MCM2-7 helicase activity. The effect on CCA cell viability, proliferation and spheroid growth of an 

inhibitor of E2F activity (HLM006474) was also tested. Data from human CCA tumours from the TCGA-

CHOL cohort were analysed. 

 

Results: Expression of E2F1 and E2F2 was upregulated in human CCA tumours, patient-derived CAFs, 

and in cellular and mouse models of CCA compared to controls; consequently, expression levels of 

MCM2-7 were also elevated, and correlated positively with E2F1/2 expression. Overexpression of Akt1 

and Yap, or Akt1 and Taz, in E2f1-/- mice resulted in significantly reduced tumour development compared 

to WT mice. The upregulation of E2F1/2 and MCM2-7 in CCA cells and tumours in mice was 

accompanied by increased TG content. Inhibition of MCM activity in human CCA cells with CPX induced 

a dose-dependent decrease in tumour cell viability, proliferation and spheroid growth. CPX also reduced 

the TG content and the FAO of CCA cells (EGI1) in vitro, which we had previously shown to be highly 

dependent on FAO for proliferation, and incubation with HLM006474 also decreased cell viability, 
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proliferation and spheroid size. Combination of CPX and HLM006474 induced a higher reduction of CCA 

cell viability in vitro than CPX or HLM006474 alone, suggesting that E2F activity promotes CCA 

progression not only by modulating MCM expression. 

 

Conclusion: The E2F/MCM axis is upregulated in CCA and is required for tumour cell survival and 

proliferation, potentially by affecting, among other mechanisms, the increased TG content, FAO rate 

and the tumour microenvironment, arising as a novel target for therapy in this cancer. 
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Background and Aims: Hepatocellular carcinoma (HCC) is the most common type of primary liver 

cancer that continued to increase worldwide in Asia. It is attributed to liver fibrosis, glutaminolysis, and 

centrosome amplification (CA). Patients who suffered from chronic liver diseases usually develop liver 

fibrosis by glutaminolysis. CA also plays a role in liver tumorigenesis and metastasis, but its association 

with liver fibrosis and glutaminolysis remains unclear.  This is a novel study investigating the relationship 

between CA and glutaminolysis during the developments of liver fibrosis and HCC. We aim to identify if 

CA is attributed to glutaminolysis. 

 

Method: In this study, we investigated the relationship between glutaminolysis and CA in the 

development of liver fibrosis in CCl4-induced acute inflammation mice model and HCC in DEN/CCl4-

induced chronic mice model, respectively.  

 

Results: In our mice models, CA was observed in mice livers that developed liver fibrosis or tumors. 

We found that overexpressed gamma-tubulin in both mice models have shown that CA was triggered 

by glutamine metabolism.  Gene expression levels of glutamine transporters, glutamine-related 

cytokines, and glutamine-fuelled centrosome regulators were also significantly upregulated in both mice 

models. 

 

Conclusion: This is a novel study investigating the relationship between CA and glutaminolysis. Our 

studies have shown that CA is attributed to glutaminolysis during the developments of liver fibrosis and 

HCC alike. 

 

  

mailto:ypching@hku.hk


 

66 
EASL Liver Cancer Summit, 20-22 April 2023 

Figure: 

 

 
 
  



 

67 
EASL Liver Cancer Summit, 20-22 April 2023 

P03-06 
Proteomic profile matching predicts treatment response in advanced 
hepatocellular carcinoma for precision medecine 
 

Caroline Toulouse1 2, mélanie moreau1, Marie Decraecker2 3, Sylvaine Di-Tommaso4, Cyril Dourthe4, 

nathalie allain3, Jean-William Dupuy5 6, Paulette Bioulac-Sage3 5, Brigitte Le Bail2 3, Jean-Frédéric Blanc2 

3, Anne-Aurélie RAYMOND3 4 5, Frederic Saltel3 4 5 

 
1Inserm, BoRdeaux Institute of onCology, Bordeaux, France, 2Bordeaux University Hospital, INSERM 

CIC 1401 , Department of Hepatology and Oncology, Bordeaux, France, 3Inserm, BoRdeaux Institute 

of onCology UMR1312, Bordeaux, France, 4Inserm, TBM-Core US 005, Bordeaux, France, 5Bordeaux 

University, Bordeaux, France, 6Proteomics Platform, Biordeaux, France 

 

Email: frederic.saltel@inserm.fr  

 

Background and Aims: Hepatocellular carcinoma (HCC) is the fourth-most common cause of cancer-

related mortality worldwide and is growing in incidence. Because only 50 to 70% of cancers are 

diagnosed late, its prognosis is extremely poor; thatôs why advanced HCC can only be treated with 

regional or systemic palliative therapies. After 10 years of exclusive monotherapy with Sorafenib, 

currently, the anti-PDL1 (Atezolizumab) and anti-VEGFR (Bevacizumab) combination is prescribed in 

first-line treatment. However, the response rate to this combination therapy does not exceed 20%, 

according to studies. This is why it is crucial to make the right choice in first-line treatment to increase 

the level of response and survival. 

 

Method: We have developed and patented a new proteomic profiling method that combines laser 

capture and high-resolution mass spectrometry for in-depth analysis of deregulated proteins in tumors. 

Our methodology is compatible with formalin-fixed and paraffin-embedded tissues (FFPET) as well as 

with very small amounts of material (diagnostic biopsies). Using a machine learning tool that we have 

recently developed (Dourthe et al, Hepatology 2021), we compare the tumor proteomic profiles of a liver 

tumor biopsy before treatment with those of a reference database composed of cases who have had an 

objective response or a progression under a given treatment. The calculation of the distance of the test 

patient from the known responses provides a score allowing us to predict the response to the treatment. 

 

Results: Using a collection of 55 patients, we have identified a proteomic profile signature that 

discriminates patients with an objective response from patients with progression from their diagnostic 

biopsies for Atezolizumab/ Bevacizumab and sorafenib. Using machine learning, we are able to predict 

patient response of HCC patients to these two treatments used respectively in first and second line. 

 

Conclusion: Through this study we demonstrate the tumor proteomic profiling relevance in precision 

medicine for advanced HCC patientôs management. This result highlights the resource capacity of liver 

biopsies and the added value to include mass spectrometry-based proteomic analysis into the HCC 

process for patient management. 
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Background and Aims: Hepatoblastoma (HB) is the most frequent childhood liver cancer. Surgical 

resection is the mainstay treatment which frequently is preceded by neoadjuvant chemotherapy 

(cisplatin or doxorubicin). However, patients with aggressive tumors have limited therapeutic options; 

therefore, a better understanding of HB pathogenesis is needed to improve treatment. HB have a very 

low mutational burden; however, epigenetic alterations are increasingly recognized. We aimed to identify 

epigenetic regulators consistently dysregulated in HB and to evaluate the therapeutic efficacy of their 

targeting in clinically relevant models. 

 

Method: We performed a comprehensive transcriptomic analysis of 180 epigenetic genes. Data from 

fetal, pediatric, adult, peritumoral (n=72) and tumoral (n=91) tissues were integrated. Selected 

epigenetic drugs were tested in HB cells. The most relevant epigenetic target identified was validated in 

primary HB cells, HB organoids, a PDX model, and a genetic mouse model. Transcriptomic, proteomic 

and metabolomic mechanistic analyses were implemented. 

 

Results: Altered expression of genes regulating DNA methylation and histones modifications was 

consistently observed in association with molecular and clinical features of poor prognosis. The histone 

methyl-transferase G9a was markedly upregulated in tumors with epigenetic and transcriptomic traits of 

increased malignancy. Pharmacological targeting of G9a significantly inhibited HB cells, organoids and 

PDXôs growth. Development of HB induced by oncogenic forms of b-catenin and YAP1 was ablated in 

mice with hepatocyte-specific deletion of G9a. We observed that HB undergo significant transcriptional 

rewiring in genes involved in amino acids metabolism and ribosomal biogenesis. G9a inhibition 

counteracted these pro-tumorigenic adaptations. Mechanistically, G9a targeting potently repressed the 

expression of c-MYC and ATF4, master regulators of HB metabolic reprogramming. 
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Conclusion: HB display a profound dysregulation of the epigenetic machinery. Among them, G9a is 

upregulated in association with tumor aggressiveness. Pharmacological targeting of G9a potently quells 

HB growth. Inhibition of G9a abrogates the c-MYC and ATF4-mediated metabolic reprogramming that 

supports cancer cell survival.  Pharmacological targeting of key epigenetic effectors exposes metabolic 

vulnerabilities that can be leveraged to improve the treatment of these patients. 
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Background and Aims: Aggressive HCCs overexpressing Angiopoietin-2 (Ang-2) (a protein linked with 

angiogenesis, proliferation, and epithelial-mesenchymal transition [EMT]), share 95% of upregulated 

genes and similar severe prognosis with iCCA proliferative subgroup. We analysed the effect of 

proangiogenic stimuli on in vitro 3D models, to uncover possible common ways of response between 

aggressive HCCs and iCCA. 

 

Method: We generated spheroids from 4 cell lines: HepG2 and Hep3B from HCC, HuCCT-1 (from iCCA) 

and EGI-1 (from extrahepatic CCA, eCCA). Spheroids were stimulated with either 200 ng/mL Ang-2 or 

VEGF, or with 100 ng/mL of Ang-2 + VEGF. We analysed migration at 3, 24 and 48 hours (h) and 

invasion in Matrigel at 0, 24, and 48 h from stimulation. We evaluated EMT markers expression: E-

cadherin (E-cad), N-cadherin (N-cad), Vimentin (Vim) by Western blot (WB) and immunofluorescence 

(IF). Unstimulated spheroids served as negative controls. 

 

Results: Proangiogenic stimuli increased migration vs. controls in HepG2, Hep3B and HuCCT-1 

spheroids, but not in EGI-1. Specifically, Ang-2 alone boosted HepG2 and HuCCT-1 spheroids 

migration, while VEGF alone or plus Ang-2 determined the highest increment in Hep3B at 48 h. In 

Matrigel, HepG2 spheroids, including controls, showed increased invasiveness at 24 h while at 48 h 

only those stimulated (all 3 treatments) displayed significantly higher size than at baseline. In Hep3B a 

significant increase of size was obtained with VEGF while in HuCCT-1 with Ang-2 at 48 h. EGI-1 

spheroids showed a steady gain in size both at 24 and 48 h, independently from stimulation.  

In stimulated HepG2 spheroids, a clear decrease of E-cad and an increase of N-cad and Vim levels was 

evidenced in WB (already at 3 h for the cadherins and at 48 h for Vim). In Hep3B and HuCCT-1 spheroids 

a time-dependent change of these markers was observed: in Hep3B E-cad decreased and N-Cad and 

Vim increased with VEGF alone or plus Ang-2, in HuCCT-1 only Vim increased under Ang-2 stimulation. 

In EGI-1 all EMT markers did not change in any condition, further reinforcing the differences between 

iCCA and eCCA. The IF analysis revealed a marked decrease in E-cad and increase in N-cad 

expression at the migration front, both in HCCs and in iCCA spheroids suggesting the presence of a 

cadherin switch in the peripheral cells of the spheroids. 

 

Conclusion: The increase of migration and invasiveness in HepG2, Hep3B and HuCCT-1 spheroids 

and the EMT data after Ang-2 ± VEGF clearly show a close but not identical response to proangiogenic 

stimuli, indicating strong resemblances between HCC (especially those derived from Hep3B) and 

HuCCT-1 spheroids in response to proangiogenic stimulation while reiterating the strong dissimilarity 

with eCCA-derived spheroids (Supported by AIRC, ID:24858).   
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Figure: Invasion of spheroids after proangiogenic stimuli (p<.05 vs. baseline; # vs. ctl at 24 h; ° vs. ctl 

at 48h). 
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Background and Aims: Receptor-interacting protein kinase 3 (RIPK3) is a well-established key 

executor of necroptosis and promotes NACHT, LRR and PYD domains-containing protein 3 (NLRP3) 

inflammasome activation and pyroptosis. We have previously shown that RIPK3-dependent signalling 

is triggered under chronic liver injury in humans, while its inhibition arrested disease progression in vivo. 

Still, the precise role of RIPK3-dependent signalling in hepatocarcinogenesis and immune modulation 

remains elusive. Here, we aimed to investigate the impact of blocking RIPK3 in liver carcinogenesis and 

tumour microenvironment (TME). 

 

Method: Two-week-old male C57BL/6 wild-type mice (WT) or Ripk3-deficient (Ripk3-/-) pups were 

injected with diethylnitrosamine (DEN; i.p. 25 mg/kg), followed by feeding with a choline deficient ï high 

fat diet (CDHFD) or a standard diet (SD) from 4 to 42-weeks-old. In parallel studies, mice were fed from 

4 to 57-weeks-old with CDHFD. The liver was removed and macroscopic tumours were counted and 

measured for phenotypic characterization. Gene expression analyses were performed to evaluate 

markers of inflammation, fibrosis and infiltrated immune cells. Liver samples were freshly processed for 

immunophenotyping by flow cytometry. 

 

Results: Macroscopically discernible tumours were only detected in DEN-treated mice, and tumour 

burden was exacerbated in mice injected with DEN and fed with CDHFD. Ablation of Ripk3 abrogated 

tumour frequency in both models and reduced tumour size in the DEN model. Ripk3 deficiency halted 

hepatic macrophage infiltration and inflammation in both DEN-treated and CDHFD-fed mice. Despite 

the lack of effect on T cell infiltration, both programmed death-ligand 1 (Pd-l1) and Pd-1, major players 

in suppressing the adaptive arm of the immune system, were globally abrogated in samples from Ripk3-

/- mice, compared with WT counterparts. This was accompanied by a general decrease in the expression 

of Nlrp3 and its downstream effectors in pyroptosis, caspase-1 and interleukin-1beta. 

 

Conclusion: Ripk3 deficiency reduced hepatic tumour burden in both toxic and dietary models of 

hepatocellular carcinoma. This was accompanied by changes in infiltration of macrophages and in their 

inflammatory profile. Notably, although not impacting T cell infiltration, Ripk3 deficiency likely dampens 

T cell exhaustion in TME. In particular, our results indicate that Ripk3 deletion impacts the PD-L1/PD-1 

axis, likely by impairing NLRP3 inflammasome activation, which may improve patient response to 

immunotherapy. 

(Support by 2021.07666.bd and PTDC/MED-FAR/3492/2021, FCT; LCF/PR/HR21/52410028, La Caixa 

Foundation) 
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Background and Aims: Despite advances in treatment options, the prognosis for patients with 

hepatocellular carcinoma (HCC) remains poor. To improve outcomes for these patients, there has been 

growing interest in the use of oncolytic virus for HCC. Oncolytic virus exhibits both high selectivity and 

immune stimulatory properties towards cancer cells. In this study, we aim to evaluate the efficacy of an 

engineered oncolytic virus, 3020-VV13, in a pre-clinical orthotopic model embodying the tumor 

microenvironment of HCC. 

 

Method: We generated a genetically modified vaccinia virus by introducing hyaluronidase PH-20, 

interleukin-12, and soluble PD-1 to improve its efficacy in the tumor microenvironment. The efficacy of 

the modified oncolytic virus, 3020-VV13, was evaluated in a syngeneic orthotopic mouse model of HCC, 

using real-time magnetic resonance imaging. Gene expression profiling was performed using 

NanoString nCounter PanCancer IO 360 Panel. 

 

Results: Treatment with 3020-VV13 significantly inhibited tumor growth in vivo. while the in vitro 

proliferation showed similar anti-proliferative activities compared with the control virus. Moreover, the 

change of intrahepatic cytokines was accompanied by dynamic immune responses in the orthotopic 

tumors. The anti-tumoral efficacy of 3020-VV13 was related to the expressed transgenes and altered 

immune-related gene profiles. 

 

Conclusion: Our study demonstrates the potential of 3020-VV13 as a promising therapeutic agent for 

HCC. The virus showed improved anti-tumoral efficacy compared to the parental virus and was able to 

modulate the immune responses effectively. Further development of 3020-VV13 may provide a new 

option for HCC therapy. 
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Figure:  
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Background and Aims: Hepatocellular carcinoma (HCC) is becoming one of the "big killers" tumors, 

especially in Western countries. Conventional therapeutic and pharmacological approaches do not 

provide an adequate answer to this emergency. Hence, novel biological understandings are needed in 

the effort to improve the current treatment options for HCC. Our aim was to demonstrate a functional 

link between cellular differentiation, respiration, and growth, where an increase in differentiation should 

lead to a decrease in HCC growth with concomitant enhancement of cellular respiration/oxidative 

phosphorylation.  

 

Method: We treated the Huh7 cell line with 2% DMSO as a pro-differentiation agent and analyzed cell 

growth and differentiation by detecting the expression of pro-differentiation genes. Then, we performed 

a ñrespiration fingerprintò by using a polarographic approach, which allows to measure total oxygen 

consumption and to characterize respiration, by using oxidative phosphorylation selective inhibitors. 

 

Results: Our results demonstrate that the promotion of differentiation is associated with a decrease in 

HCC cell growth and with an increase in respiration, meaning a stimulation of the efficiency of oxidative 

phosphorylation. These results point to a functional link between differentiation, respiration, and cell 

growth.                                                                                 

 

Conclusion: Taken together, our findings suggest that promoting differentiation reduces HCC cell 

growth through enhanced respiration and decreased lactic acid fermentation. This provides a functional 

correlation between HCC cell growth, differentiation, and oxidative phosphorylation/fermentation. Future 

research will extend these investigations to other pro-differentiating agents and will explore the 

opportunity to exploit the promotion of differentiation as a therapeutic opportunity. Finally, we will 

investigate the link between differentiation, oxidative metabolism, and drug resistance. 
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Figure: 
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Background and Aims: The complex interplay between ROS-molecular signaling governs proliferation, 

adaptation, and death. To date, how cancer cells modulate PIP5K levels to control proliferative and 

adaptive signaling is not known. 

 

Method: Firstly, we investigated the protein expression of PIP5K isoforms, Beclin-1 (autophagy marker), 

and Nrf2 (antioxidant master regulator) in 36 HCC patients and immortalized cells viz PRF5, SNU-387, 

Skhep-1 and HepG2. To understand the ROS-mediated effect on PIP5K, autophagy, and antioxidants, 

HCC cells were exposed to H2O2. Further, the effect on cell viability, mitochondrial superoxide, 

lysosome turnover,  expression of PIP5K isoforms, autophagy and antioxidant enzymes through MTT, 

MitoSOX, and lysotracker was evaluated. The effect of PIP5K inhibition on cancer cells sensitization 

was investigated with novel investigational molecules NG-TZ-17 and IITZ01, and the finding was 

confirmed with standard PIP5K1A inhibitor ISA-2011B. Also, the Autophagy inhibition of NG-TZ-17 and 

IITZ01 was examined with respect to autophagy inhibitor Chloroquine and NRF2 inhibitor ML-385. In 

vivo GFP-HepG2-induced hepatic cancer model in SCID mice was developed for exploring therapeutic 

efficacy.  In HCC Mice, 50 mg/kg NG-TZ-17 and IITZ01 and compared with 60 mg/kg Sorafenib 

administered orally for seven days. 

 

Results: We observed a positive correlation between PIP5K isoforms, Beclin-1 and Nrf2 in 

hepatocellular carcinoma liver tissue and cell lines. Cytotoxicity and Protein expression showed a 

concentration-dependant starvation-induced proliferation, and resisted cell death by increasing PIP5K 

isoforms, Nrf2, HO-1, and SOD2 levels. At cytotoxic concentration resulted in autophagic cell death as 

indicated by the decrease in PIP5K isoforms, Akt, Nrf2, HO-1, and SOD2 expression however, an 

increase in SRC and Beclin-1was observed. The inhibition of PIP5K with lysosomotropic NG-TZ-17, 

IITZ01, and ISA-2011B (standard) sensitized HCC cells showed proliferative, autophagy and Nrf2 

pathway downregulation compared to HCC cells exposed to mild stress. We observed that the PIP5K 

inhibitors (both) were superior to Chloroquine and ML385. In vivo, we observed that 50 mg/kg NG-TZ-

17 (p<0.001) and IITZ01 (p<0.001) reduced the tumor burden in the HepG2-xenograft SCID mice model 

(p<0.001 compared to tumor control). The treatment was equipotent to standard sorafenib 60 mg/kg 

(p<0.001 vs tumor control). 

 

Conclusion: HCC clinical and in vitro data showed that PIP5K isoforms involved the switching of cancer 

cells from adaptive to proliferative state and vice-versa in response to ROS levels. PIP5K inhibitors 

sensitized cancer cells to mild ROS. Thus, targeting PIP5K will overcome the limitations of standard 

RTK, autophagy and Nrf2 inhibitors. This study also confers the therapeutic efficacy of novel PIP5K 

inhibitors viz NG-TZ-17 and IITZ01 in Hepatic cancer. 
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Figure: 
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Background and Aims: Hepatocellular carcinoma (HCC) occurrence and progression are linked to the 

immune milieu in the liver. Lately, tumor-immune cells interaction has received remarkable interest, in 

addition to the fact that many molecular pathways connected to the biological features of tumor cells 

were reported to significantly influence the immune system in a mechanism known as cancer immune 

evasion. Consequently, immunotherapy became one of the most effective strategies of cancer therapy. 

Recent studies showed that the use of nutraceuticals can support immune restoration and thus, reduces 

the severity of HCC with minimal side effects. Mangifera indica commonly known as mango, and Vitis 

vinifera commonly known as Grapes specifically their active substances, Mangiferin and Resveratrol are 

among the most extensively investigated natural sources to improve the efficiency of anti-tumor 

immunity thus decreasing the disease severity and improving patientsô quality of life. This study aims at 

investigating the immunoregulatory impact of these natural products on CD8+ cells of HCC patients. 

 

Method: CD8+ T cytotoxic cells were isolated from blood of 32 HCC patients (classified into 2 groups 

based on alpha-feto protein levels). CD8+ cells were co-cultured with 2 HCC cell lines (Huh7 and 

HepG2) using different concentrations of both compounds. At 0, 48 and 72 hrs post treatment, MTT and 

LDH assays were used to measure cell viability and cytotoxicity, respectively. Release of Tumor 

necrosis factor-alpha (TNF-Ŭ) protein in tumor-cultured media (TCM) was quantified using ELISA. In 

addition to assessing the expression of a previously reported oncogenic non-coding RNA gene long 

non-coding RNA TSIX using Real-Time Quantitative Reverse Transcription (qRT-PCR). 

 

Results: Mangiferin and Resveratrol showed remarkable enhancement in CD8+ cytotoxic effect and a 

decrease in % cellular viability post 48 Hours of treatment of both cell lines with Mangiferin doses; 

12.5µM, 25µM, 50µM, 100µM, 200µM, (P= < 0.05) for most of the doses compared to untreated cells 

and Resveratrol doses; 25µM, 50µM, 80µM, 100µM, 200µM in Huh-7 cell lines and doses 50µM, 80µM, 

100µM, 200µM in HepG2 cell lines (P = < 0.05) for most of the doses compared to untreated cells. 

However, the effect was reversed post 72 hours of treatment at specific doses. A decrease in TNF-Ŭ 

release in TCM has been observed 48 and 72 hours post treatment (P= < 0.05, 0.001, respectively) for 

most of the doses compared to untreated condition. Moreover, the gene expression of the oncogenic 

LncRNA TSIX has shown a significant decrease post 48 and 72 hours of treatment (P < 0.0001) 

compared to untreated cells.  

 

Conclusion: The outcome of the study highlights the immunoregulatory role of Mangiferin and 

Resveratrol pure compounds in liver cancer and paves the road for their utilization as an approach to 

potentiate HCC immunotherapies.  
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Background and Aims: Although the tumor suppressor p53 has been extensively studied, the precise 

role of its mutants in oncogenesis has not yet been clarified. This partial characterization is due to the 

pleiotropic functions of p53, implemented through its many protein partners and a multitude of target 

genes. Reports indicate that oncogenic mutants of p53 are not all equivalent, sometimes presenting 

tissue-specific and distinct phenotypes from that induced by the loss of expression of p53WT. This 

suggests the acquisition of a "Gain of function" phenotype by some mutants. It is essential to better 

characterize it, especially in order to define treatments adapted to inter-tumoral heterogeneity. Around 

30% of hepatocellular carcinomas (HCC) are altered for Tp53, constituting a subgroup of aggressive 

and poorly differentiated tumors.  The consequences of distinct p53 mutations in this context are not 

established. We have selected eight p53 mutations relevant for HCC (V157F, A159P, R175H, R248W, 

R248Q, R249S, R273C, R273H) in order to characterize their physiopathological effects on liver 

carcinogenesis, in comparison with the inactivation of p53. 

 

Method: We performed hydrodynamic tail vein injection (HDTVi) in C57BL/6J mice to combine 

overexpression of the oncogene c-myc with 8 different p53 mutants. Inactivation of Trp53 with 

crispr/cas9 editing technique was used as control. Tumor burden were analyzed at the macroscopic 

level to assess tumors number and size. Tumors were characterized by qRT-PCR and 

immunohistochemistry (IHC). RNAseq analyses of the transcriptomic programs are ongoing. To get 

further insight into mechanistic aspects of mutant p53 activities, we generated tumor-derived cell lines 

from tumors of distinct genetic combinations. 

 

Results: Our results show that the combinations of c-myc and p53MUT lead to the development of 

numerous hepatocellular carcinomas within 2 to 6 weeks. The analysis of tumor burden identified two 

highly oncogenic mutants (R175H, R249S), others with a tumor burden similar to p53 inactivation 

(R248W, R248Q, R273C), and three that are only slightly oncogenic (A159P, V157F, R273H) in this 

model. 

 

Conclusion: These results confirm the non-equivalence of p53 mutations in the context of 

hepatocellular carcinoma and suggest the acquisition of a gain-of-function phenotype for certain 

mutants. Experiments are ongoing to validate this observation and identify the molecular mechanisms 

involved in this process. 
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Background and Aims: Cholangiocarcinoma (CCA), heterogeneous biliary tumors with dismal 

prognosis, lacks accurate early-diagnostic methods, especially important for individuals at high-risk (i.e., 

primary sclerosing cholangitis (PSC)). Here, we searched for protein biomarkers in serum extracellular 

vesicles (EVs). 

 

Method: EVs from patients with isolated PSC (n=45), concomitant PSC-CCA (n=44), PSC who 

developed CCA during follow-up (PSC to CCA; n=25), CCAs from non-PSC etiology (n=56), 

hepatocellular carcinoma (n=34) and healthy individuals (n=56) were characterized by mass-

spectrometry. Diagnostic biomarkers for PSC-CCA, non-PSC CCA or CCAs regardless etiology (pan-

CCAs) were defined and validated by ELISA. Their expression was evaluated in CCA tumors at single-

cell level. Prognostic EV-biomarkers for CCA were investigated. 

 

Results: High-throughput proteomics of EVs identified diagnostic biomarkers for PSC-CCA, non-PSC 

CCA or pan-CCA, and for the differential diagnosis of intrahepatic CCA and HCC, that were cross-

validated by ELISA using total serum. Machine learning-based algorithms disclosed 

CRP/FIBRINOGEN/FRIL for the diagnosis of PSC-CCA (local disease (LD)) vs isolated PSC 

(AUC=0.947;OR=36.9), and when combined with CA19-9, overpowers CA19-9 alone. CRP/PIGR/VWF 

combination allowed the diagnosis of LD non-PSC CCAs vs healthy individuals 

(AUC=0.992;OR=387.5). Noteworthy, CRP/FRIL accurately diagnosed LD pan-CCA 

(AUC=0.941;OR=89.4). Levels of CRP/FIBRINOGEN/FRIL/PIGR showed predictive capacity for CCA 

development in PSC before clinical evidences of malignancy. Multi-organ transcriptomic analysis 

revealed that serum EV-biomarkers were mostly expressed in hepatobiliary tissues, and scRNA-seq 

and immunofluorescence analysis of CCA tumors showed their presence mainly in malignant 

cholangiocytes. Multivariable analysis unveiled EV-prognostic biomarkers, with COMP/GNAI2/CFAI and 

ACTN1/MYCT1/PF4V associated negatively or positively to patientsô survival, respectively. 
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Conclusion: Serum EVs contain protein biomarkers for the prediction, early diagnosis and prognosis 

estimation of CCA detectable using total serum, representing a tumor cell-derived liquid biopsy tool for 

personalized medicine. 
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Background and Aims: Cancer immunotherapy of hepatocellular carcinoma (HCC) is a rapidly 

evolving field, with Atezolizumab and Bevacizumab as the standard of care for unresectable HCC.  

Natural killer (NK) cells are an emerging opportunity for cancer immunotherapy mediating both direct, 

and antibody dependent, cellular cytotoxicity, and thus suitable for combination therapy with antibodies, 

such as anti-PDL1.  We previously identified a novel strategy for activating NK cells through the receptor 

KIR2DS2 that mediated enhanced anti-HCC activity in a xenogenic model. The aim of this study was to 

investigate the mechanism of this activity, and to determine its clinical relevance. 

 

Results: KIR2DS2 is a peptide:MHC receptor, therefore to identify ligands for KIR2DS2, MHC class I 

peptides were eluted by immunoprecitipation from HUH7:HLA-C*0102 hepatoma cells and the parental 

HUH7 cell line and quantified by mass spectrometry.  13,000 peptides were sequenced and only one 

NAPLVHATL had the canonical binding motif for KIR2DS2 binding.  This peptide is derived from the 

nuclear export protein exportin-1 (XPO-1/crm-1), which is commonly upregulated in HCC and assorts 

with a poor prognosis. Binding of NAPLVHATL to HLA-C was demonstrated in MHC class I stabilization 

assays using the TAP-deficient cell line 721.174 and to KIR2DS2 shown using a KIR2DS2 tetramer. 

Molecular modelling confirmed key KIR2DS2-peptide interactions.  In functional assays there was 

augmented killing of HUH7:C*0102 cell lines by KIR2DS2-positive NK cells as compared to KIR2DS2-

negative cell lines and this killing was reduced by knockdown of exportin-1 by siRNA at all effector:target 

ratios tested (p<0.001), confirming exportin-1 as a molecular target for KIR2DS2-positive, but not 

KIR2DS2-negative NK cells. 

 

To investigate the clinical relevance of our findings we queried the GDC-Pan-cancer dataset containing 

RNAseq data of 11,768 cancers using the Xena informatics tool (http://xena.ucsc.edu/).  In the cohort 

of hepatocellular carcinomas (407 subjects) expression of the gene ncr1 (which specifically marks NK 

cells) was associated with improved 3 and 5 year survival in tumours expressing high levels of exportin-

1 (p=0.005 and p=0.03 respectively), compared to exportin-1 low tumours (p>0.5 for both timepoints).  

Similar associations were found for other NK cells associated genes including NKG7, KLRB1, KLRD1, 

KLRK1 and KLRF1.   Of 22 other cancers in the GDC-Pan-cancer dataset, association of ncr1 and 

exportin 1 with survival was found in only one other tumour type (head and neck cancer), thus identifying 

exportin-1 as specific target for NK cells in HCC 

 

Conclusion: We identify exportin-1 as providing the first described peptide:MHC class I cancer-

associated ligand recognised by natural killer cells, and show its association with outcome in HCC.  

Exportin-1 is thus a novel target for NK cell-based immunotherapy for HCC. 
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Figure:  

 

Kaplan-Meier survival analyses of the GDC-TCGA HCC dataset (407 samples) were performed for the 

indicated NK cell genes.  HCC samples were categorized into high and low exportin-1 levels based on median 
expression.  Shown are the p values for the curves between groups expressing high and low levels of the 

indicated NK cell genes, in each of the exportin-1 categories, indicating association of expression of NK cell 
genes with long-term survival. 

 

NK cell gene Exportin-1 

level 

1 year 

survival 

2 year 

survival 

3 year 

survival 

4 year 

survival 

5 year 

survival 

Ncr1  

(NKp46) 

High 0.296 0.018 0.005 0.015 0.029 

Low 0.731 0.672 0.915 0.599 0.478 

NKG7 High 0.006 0.003 0.0007 0.001 0.002 

Low 0.252 0.983 0.694 0.377 0.889 

KLRB1 

(CD161) 

High 0.008 0.003 0.002 0.009 0.0089 

Low 0.589 0.942 0.217 0.341 0.505 

KLRD1  

(CD94) 

High 0.068 0.026 0.005 0.015 0.032 

Low 0.646 0.986 0.544 0.368 0.223 

KLRF1  

(NKp80) 

High 0.007 0.002 0.002 0.001 0.002 

Low 0.720 0.831 0.562 0.300 0.109 

KLRK1 

(NKG2D) 

High 0.030 0.006 0.002 0.003 0.005 

Low 0.814 0.669 0.560 0.366 0.328 
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Background and Aims: Cholangiocarcinoma (CCA) comprises a heterogeneous group of malignant 

tumors with dismal prognosis. During the last years, different studies have highlighted the key role of 

the immune system in the development of intrahepatic CCA (iCCA) and several combinational therapies 

targeting the tumor microenvironment (TME) have shown promising results for anti-cancer therapy. In 

this regard, the macrophage receptor with collagenous structure (MARCO) is a class A scavenger 

receptor found on particular subsets of macrophages that has been described to play a determining role 

in macrophage polarization and consequently in adaptive immune responses in many solid tumors. 

However, its role in iCCA is still unknown. This study aims to unravel the role of MARCO in iCCA 

development and progression. 

 

Method: The cell-type specific MARCO expression was examined in iCCA human tumors by using 

publicly available single-cell RNA sequencing data from different studies and MARCO-expressing 

tumor-associated macrophages (TAMs) were phenotypically characterized. MARCO mRNA expression 

was analyzed in human control and iCCA liver tissue samples and associated to different immune cell 

types and immune-functionality scores employing state-of-the-art technologies as ConsensusTME, 

TIDE and TIP tools. To study the role of MARCO in murine cholangiocarcinogenesis, wild type (WT) 

and Marco-/- mice were subjected to 3 different iCCA murine models and flow cytometry analysis of the 

TME was carried out to characterize different lymphocytic and myeloid populations. 

 

Results: Single-cell RNA sequencing data indicate that MARCO is expressed in a specific subtype of 

TAMs in patients with iCCA. Besides, high MARCO expression levels in the liver samples of patients 

with iCCA are linked with worse clinical outcome. In line with this, MARCO expression in human iCCA 

tumors is associated to cell types involved in tumor progression such as M2 macrophages, and related 

with T cell dysfunction. Regarding the potential role of MARCO in murine models of iCCA, Marco-/- mice 

show a trend to be protected from iCCA development, the mechanisms behind this effect being likely 

associated to a reduction of the innate immune cells such as CD9+Ly6C-F4/80+ resident macrophages 

and type-2 innate lymphoid cells (ILC2). Noteworthy, in a context of a syngeneic orthotopic experimental 
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model, Marco-/- mice exhibit a reduced presence of immune checkpoint molecules in innate and adaptive 

immune cells, including a lower percentage of PD-L1+Ly6C-F4/80+ resident macrophages and, PD-1+ 

and CTLA-4+ cytotoxic CD8+ T cells in comparison to WT mice. 

 

Conclusion: High MARCO expression is associated to a worse outcome in patients with iCCA and is 

associated to an immunosuppressive TME. Importantly, Marco-/- mice display a reduced presence of 

immunosuppressive cell populations. Therefore, MARCO arises as a novel therapeutic target for iCCA. 
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Background and Aims: Liver cancer is a prominent cancer in the US especially among non-White 

populations with ample variation in patterns by sex, age, and race for etiology-specific hepatocellular 

carcinoma (HCC). However, cholangiocarcinoma (CC) is on the rise and there is limited data on its 

epidemiology on a population basis. Florida is the 3rd largest state in the US in population and ranks 

second in annual number of newly diagnosed ICC cases. 

 

Method: The totality of Florida cancer registry data from 2010ï2018, including 14,420 cases of HCC, 

2,930 of ICC, and 2,166 of ECC, were linked with population-based discharge statewide data and the 

department of health viral hepatitis data with 88.2% of cases successfully matched. We analyzed 

incidence, all-cause 5-year survival (lifetable method) and trends (using joinpoint regression) for HCV-, 

HBV-, alcohol- and NAFLD-related HCC, as well as total intrahepatic CC and extra-hepatic CC. Because 

overlap between the different causes of HCC was frequent, a hierarchical classification was used to 

identify each subjectôs HCC predominant cause. 

 

Results: HCV cases accounted for most cases of HCC (47%), followed by NAFLD (27%) and alcohol 

(13%). However, since 2017 NAFLD is the number one cause of HCC in women. HCV-HCC age-

adjusted incidence rates were particularly high among US-born males of Black, Puerto Rican, and 

Mexican ancestry. Overall trends are increasing for NAFLD-HCC (+4.3% annually), alcohol-HCC 

(+6.0%), and ICC (+7.0%), are stable for ECC and HBV-HCC, and have been decreasing since 2015 

for HCV-HCC (-9.6%). Five-year age-adjusted survival remains poor for all types of liver cancer: HCC 

18.5% (95%CI 17.7-19.3), Intra-hepatic CC 11.0% (9.2-12.8), and extra-hepatic CC 12.9% (10.5-15.3). 

For HCC, 5-year survival varied by cause being notably low for the HCV-alcohol combination at 11.4% 

(9.6-13.1). 

 

Conclusion: Population patterns of liver cancer are considerably heterogeneous; characterization and 

prevention of liver cancer are limited by its consideration as a single disease. Liver cancer prognosis 

remains uniformly poor. Priorities should include screening for risk factors and HCC and developing a 

better understanding of cholangiocarcinoma. 
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Background and Aims: Emerging epidemiological evidence suggests that the progression of 

NAFLD/NASH-associated HCC positively correlates with the patient's glycemic index. However, the 

mechanism behind this progressive pathological alteration is poorly understood. It has shown that the 

polyol pathway master regulator, AKR1B1 is over-expressed in hyperglycemia and responsible for most 

of diabetic complications. Hence in the present study, we have investigated the role of AKR1B1 in 

metabolic switching associated with NAFLD/NASH and in the progression of HCC. 

 

Method: The expression of AKR1B1 in NAFL/NASH, HCC, and HCC with diabetes mellitus patient's 

liver and plasma were estimated. The role of AKR1B1 in the metabolic switching of HCC cell lines was 

assessed through media conditioning and lentiviral transfection. Standard inhibitor epalrestat or 

investigational drug NARI-29 (4-((Z)-5-((Z)-2-Cyano-3-phenylallylidene)-4-oxo-2-thioxothiazolidin-3-yl) 

benzoic acid) was utilized to elucidate the effect of AKR1B1 inhibition in hepatocarcinogenesis. A 

proteomic approach was applied for an in-depth investigation of the involved metabolic pathway and to 

evaluate the therapeutic efficacy of pharmacological inhibitors. Preclinically, a high fructose diet (HFrD) 

fed in combination with a diethyl nitrosamine (DEN) induced mouse model was developed to investigate 

the role of AKR1B1 in the hyperglycemia-mediated metabolic switching in the pathobiology of NAFLD 

and its progression to HCC. 

 

Results: A significant increase in the expression of AKR1B1 was observed in NAFL/NASH, HCC, and 

HCC-DM tissue samples compared to non-involved adjacent tissues indicating its role in the disease 

progression. Moreover, a statistically significant elevation of AKR1B1 was observed in NAFLD, NAFLD-

associated HCC, and HCC-DM plasma samples compared to normal control. Mechanistically, Invitro 

assays revealed that AKR1B1 modulates the Warburg effect, mitochondrial dynamics, TCA cycle, and 

lipogenesis to promote hyperglycemia-mediated fatty liver and cancer progression. A pathologically 

increased expression of AKR1B1 was observed in experimental NAFL-HCC, and expression was 

positively correlated with high blood glucose levels. HFrD+DEN-treated animals also exhibited 

statistically significant elevation of metabolic markers and carcinogenesis markers. However, AKR1B1 

inhibition with EPS or NARI-29 has inhibited cellular metabolism in vitro and in vivo models. 

 

Conclusion: Pathological AKR1B1 modulates hepatic glucose metabolism to promote NAFLD-

associated hepato-carcinogenesis. Aldose reductase inhibition modulates glucose metabolism to 

prevent the pre-cancerous hepatocyte formation. Hence EPS and NARI-29 could be promising AKR1B1 

inhibitors for controlling aberrant metabolism and treating NAFLD-associated HCC. 
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Figure:  
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Background and Aims: Sorafenib (SOR) is the most common first-line therapy for advanced 

hepatocellular carcinoma (HCC). However, efficacy of this multikinase inhibitor remains modest. 

Furthermore, a substantial number of HCC patients does not benefit due to drug resistance, attributed 

to HCC cellular complexity and heterogeneity.  Therefore, new therapies or combination therapies to 

SOR to improve survival of advanced HCC patients are still warranted. This study aims to explore 

combination effects Src tyrosine kinase inhibitors and SOR in overcoming cellular heterogeneity of HCC. 

 

Method: In silico analysis of published datasets on HCC classifications using protein-protein interaction 

(PPI) network analysis identified members of the Src family of tyrosine kinases (SFKs) as potential 

targets of therapy. The relevance of these targets was assessed in vitro in six hepatic cell lines, 

representing HCC heterogeneity: S1/TGFɓ-Wnt subtype (HLE, HLF and JHH6), S2/progenitor subtype 

(HepG2 and Huh7) and an immortalized hepatocyte (IHH) as control. Gene expression analysis was 

conducted to assess the baseline expressions of the SFKs in HCC cells vs hepatocyte. All cell lines 

were treated with Src inhibitors, saracatinib (SAR) and dasatinib (DAS), with concentration ranging from 

0.02 to 10.00 µM. To define the efficacy of combination therapy of Src inhibitors and SOR, co-treatments 

were evaluated. Lethal concentration (LC50) was determined considering the effects of the drug as single 

or combination treatment. 

 

Results: In silico PPI analysis proposed four members of SFKs: ASV1, YES, FYN and FGR, as potential 

molecular targets. Gene expression analysis revealed that in HCC cells, ASV1 and YES was 10 and 3-

fold higher (p<0.05) as compared to IHH, respectively, while FYN and FGR were downregulated (1.5 

and 2-fold less, respectively). Following in vitro treatments, both SAR and DAS treatment alone were 

not significantly toxic to the cells. Similar effect was noticed for 10 µM SOR treatment alone, showing a 

modest cell viability reduction between 70 and 88% in HepG2, Huh7, HLE and IHH cells while it was not 

changed for HLF and JHH6. Interestingly, combination therapy between these Src inhibitors with SOR 

resulted to a dose dependent response to the drugs. HCC cell lines HepG2 and HLE were the most 

sensitive to co-treatments, with LC50 values for HepG2 and HLE of 0.06 and 0.6 µM for SAR-SOR and 

0.01 and 0.02 µM for DAS-SOR, respectively. For HLF, JHH6 and Huh7 the LC50 values were 5.7, 4.5 

and 2.6 µM respectively for SAR-SOR, while for DAS-SOR, their LC50 values were 1.8, 4.6, and 1.2 µM, 

respectively. It is important to notice that in IHH control cells, the SAR-SOR combination was less toxic 

compared to DAS-SOR treatment, with LC50 of 4.8 vs 0.1 µM, respectively. 

 

Conclusion: Src tyrosine kinase inhibitors combined with SOR therapy may provide a potential 

treatment advantage in HCC to comprise cellular heterogeneity. 
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Background and Aims: The poor prognosis of about one-third of patients with hepatoblastoma (HB) is 

mainly due to the refractoriness of this cancer to neoadjuvant chemotherapy, which is commonly based 

on cisplatin and doxorubicin. In previous studies, we have demonstrated that the high expression of 

drug export pumps belonging to the ABC superfamily of proteins, mainly MDR1, MRP1, and MRP2, 

plays a primary role in HB chemoresistance. The aim of this study was to search for non-toxic inhibitors 

of these transporters and to evaluate in vitro their ability to sensitize HB cells to antitumor chemotherapy. 

 

Method: Cell lines with endogenous or chemically induced high expression of MDR1 (HepG2/DR) or 

MRP1/MRP2 (HB-282) were used. Gene expression was determined by RT-qPCR, Western blot, and 

immunofluorescence. ABC-mediated transport activity was determined by flow cytometry using 

fluorescent substrates and specific inhibitors. Known inhibitors of ABC pumps were used as controls. In 

silico analysis by molecular docking was performed to look for potential ABC inhibitors using homology 

models for these proteins and a library of 40,000 natural or semi-synthetic compounds. Potentially 

harmful compounds were discarded based on toxicity prediction using the online tool ProTox-II. Cell 

viability was determined by the MTT-formazan and sulforhodamine B assays. SynergyFinder 3.0 was 

used to assess drug combination synergy. 

 

Results: Besides known MDR1 inhibitors (verapamil, elacridar, and tariquidar), 11 novel compounds, 

among 40 potential inhibitors studied, significantly reduced rhodamine-123 efflux from HepG2/DR cells. 

Among these with no cytotoxic effect, only CCL-40 was able to slightly increase the sensitivity of cells 

to doxorubicin. However, CCL-17 and CCL-24, both tyrosine kinase inhibitors, markedly enhanced the 

cytostatic effect of doxorubicin, which was due to a synergistic mechanism. Regarding MRP1 and 

MRP2, the molecular docking study identified 1,000 compounds with potential interaction with these 

pumps. Among them, the best eight compounds, based on low binding energy to both proteins, low 

predicted toxicity, and commercial availability, were further studied. The results revealed that two of 

them, CCL-45 and CCL-46, significantly reduced MRP1/MRP2-mediated calcein efflux in HB-282 cells. 

The chemosensitizing potency of CCL-45 was even stronger than the typical MRP1/MRP2 inhibitor MK-

571. 

 

Conclusion: Inhibition of ABC drug export pumps, such as MDR1, MRP1, and MRP2, by several non-

toxic natural compounds and drugs commonly used in the clinic for other purposes, could be a helpful 

strategy to overcome the lack of response to chemotherapy in HB patients.  
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Background and Aims: Hepatocellular carcinoma (HCC) is one of the most disseminated neoplasms 

worldwide, with alarming epidemiological trends. Traditional pharmacological approaches show scarce 

effectiveness and many side effects, therefore new effective molecules with fewer side effects are 

needed to support traditional methods. We previously demonstrated that lysophosphatidic acid (LPA) 

promotes hepatocarcinogenesis by binding to LPA receptor 6 (LPAR6). We also reported that 9-

xanthylacetic acid (XAA), an antagonist of LPAR6, inhibits the growth of HCC. Here, we describe the 

role of LPAR6 in modulating the effects of steatogenic diet and the effects of XAA in mice. 

 

Method: C57BL/6J male mice were fed a choline-sufficient amino acid-restricted diet (CSAA diet, n=22) 

and a choline-deficient amino acid-restricted diet (CDAA diet, n=24). CDAA diet is known to cause 

hepatic steatosis, metabolic abnormalities, fibrosis, and HCC development. Mice on both diets were 

treated with XAA at a dose of 5 mg/kg body weight. 

 

Results: Our data suggest that CDAA diet-induced metabolic imbalance stimulates LPAR6 expression 

in mice, whereas XAA counteracts hepatic lipid accumulation, fibrosis, inflammation, and HCC 

development. We provide evidence linking diet-induced metabolic stress to increased LPAR6 

expression, and recognize for the first time LPAR6 as a relay of metabolic distress, the ñmissing linkò 

between diet and HCC. 

 

Conclusion: Our results suggest that diet-induced metabolic distress stimulates hepatic LPAR6 

expression, which is associated with the acquisition of a NASH/NAFLD phenotype in mice, ultimately 

leading to the development of HCC. In conclusion, we identify a role for LPAR6 in hepatocarcinogenesis 

and suggest a new prevention option for HCC through pharmacological LPAR6 inhibition in combination 

with lifestyle regimens.  
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Figure: 
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(A) Graphical summary of the dietary regimen employed in the study. (B) Table summarizing the metabolic 

lipid profiles of mice fed CSAA&CDAA diets, and of CDAA diet-fed mice under XAA treatment. (C)

Quantification of tumor lesions in CDAA-fed mice vs CSAA-fed mice. (C) Expression of LPAR6 in the liver of 

mice fed CSAA and CDAA. (D) LPAR6 inhibitor XAA significantly reduced CDAA diet-induced hepatic 

triacylglycerides (TAG) accumulation, expression of collagen a1, F4/80 positive hepatic parenchyma, and 

HCC development. (E)-(F) LPAR6 inhibitor XAA significantly reduced CDAA diet-induced increases in body 

weight gain and serum TGFa.
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Curcumin; an epigenetic regulator of lncRNA HOTAIR expression in 
HCC through LSD1/H3K9me2 axis 
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Background and Aims: Curcumin, a polyphenolic derivative produced from Curcuma longa, is reported 

to have an epigenetic modulatory role in multiple cancers. For instance, curcumin exerts its anti-cancer 

activity through regulating DNA methyltransferases (DNMT) as well as post-translational histone 

modifications. Lysine specific demethylase-1 (LSD1) activity is based on a context-dependent co-

regulatory function in transcription, acting as a co-activator or co-repressor.  LSD1 can specifically 

demethylate mono-or di-methyl H3K4, resulting in repression of gene expression, and H3K9 histone 

marks, inducing the expression of the downstream regulated genes.  Hox Transcript Antisense 

Intergenic RNA (HOTAIR) is a long non-coding RNA that is widely expressed in several tumors and 

postulated to be involved in tumor pathogenesis. This study aims to investigate the epigenetic 

mechanism by which curcumin regulates the expression of HOTAIR in hepatocellular carcinoma (HCC) 

through LSD1 as an intermediate player.  

 

Method: MTT assay was used to assess the curcumin concentration required for 50 % cell viability in 

Huh-7 cells. RT-qPCR and western blotting were used to detect gene and protein expression upon 

curcumin treatment for Huh-7 cells. ChIP-immunoprecipitation followed by ChIP-qPCR were used to 

verify the epigenetic regulatory role of curcumin in HOTAIR expression using specific antibodies 

targeting LSD1, H3K9me2, H3K4me2, H3K27Ac and IgG as a negative control. 

 

Results: 30 µM curcumin treatment in Huh-7 cells was able to significantly repress the expression of 

both HOTAIR and LSD1 (p = 0.0005 and 0.0001 respectively). Western blotting showed downregulation 

of LSD1 in Huh-7 cell lines upon curcumin treatment. However, curcumin treatment was not able to 

induce a significant change in the universal levels of both histone marks H3K9me2 and H3K4me2. 

Furthermore, inhibition of LSD1 activity by C12 in Huh-7 cells was able to downregulate the expression 

of HOTAIR (p = 0.003). Following curcumin treatment in Huh-7 cells, ChIP qPCR has revealed a 

significant enrichment in H3K9me2 histone mark at HOTAIR promotor (p = 0.0002). Nonetheless, no 

significant change in H3K4me2 histone mark enrichment at HOTAIR promotor. Moreover, curcumin 

treatment showed a tendency to halt the enrichment of H3K27Ac and LSD1 at HOTAIR promotor. 

 

Conclusion: Our study revealed a potential epigenetic modulatory role for curcumin in HOTAIR 

expression in HCC. The regulatory activity of curcumin could be manifested by LSD1 as an intermediate 

player and a subsequent enrichment of H3K9me2 histone mark at HOTAIR promotor, and hence, 

downregulated expression of oncogenic lncRNA HOTAIR. This study showed that curcumin can be 

regarded as a potential adjuvant phytochemical therapy in HCC. 
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Figure:  
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Background and Aims: Hepatocellular carcinoma (HCC) is a fatal disease characterized by early 

genetic alterations in telomerase reverse transcriptase promoter (TERTp) and ɓ-catenin (CTNNB1) 

genes and by changes in immune cell landscape in the tumor microenvironment. As a novel approach, 

we wanted to assess patient survival influenced by combined presence of mutations and densities of 

CD3+ T-lymphocytes and CD20 B-lymphocytes. 

 

Method: Tissue samples were obtained from 67 HCC patients who had undergone resection and no 

neo-adjuvant treatment prior operation. We analysed TERTp mutations, TERTp rs2853669 

polymorphism, and CTNNB1 mutations. After immunohistochemical staining, the densities of CD3+ T-

lymphocytes and CD20 B-lymphocytes were estimated stereologically in the tumor center (TC)  

and invasive margin (IM). These variables were evaluated as predictors for time to recurrence (TTR), 

disease free survival (DFS) and overall survival (OS). 

 

Results: TERTp mutations were found in 75.8 % and CTNNB1 mutations in 35.6 % of the patients. All 

individual factors showed their own predictive scores but combined genetic and immune factors further 

improved survival, showing higher predictive values. Combination of CTNNB1 mutations and high CD3+ 

cells densities showed high predictive values for TTR and DFS in comparison to patient without mutation 

and with low densities of CD3+ T cells. On the other hand, high CD20+ cells densities combined with 

CTNNB1 mutations were associated only with TTR. Presence of GG genotype in TERTp rs2853669 

polymorphism and high CD3+ cells densities in TC was associated with longer DFS and OS. Additionally 

GG genotype in TERTp rs2853669 polymorphism combined with high CD20 cells densities in TC 

showed longer TTR and longer DFS in comparison to AA genotype and low CD20 B-lymphocytes 

densities. 
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Conclusion: The results show that factors both in the tumor and in its microenvironment may influence 

patient outcome in HCC. The best predictive values for TTR were obtained by combining data for 

rs2853669 and CD3+ cell densities in TC. Moreover, best predictive score for DFS and OS were 

obtained by combining data for rs2853669 with CD3+ T-lymphocytes densities in TC. We were able to 

analyse the most common somatic mutations and two vital adaptive immunity cell markers in this first 

analysis calling for further validation of the integrative approach. In the future, many more cell types of 

the tumor microenvironment need to be tested in combination with the genetic markers. 

 

 

Figure:  
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Background and Aims: Little is known about non-alcoholic fatty liver disease (NAFLD) without cirrhosis 

as a risk for development of hepatocellular carcinoma (HCC). The incomplete understanding of 

underlying mechanisms and associated molecular events that may lead to HCC associated with hepatic 

steatosis are hampering the surveillance and management of HCC in NAFLD patients and becoming a 

major public health concern. Defects in mitochondrial fatty acid oxidation leads to development of 

hepatic steatosis. Studies were planned to understand molecular events involved in non-cirrhotic HCC. 

 

Methods: Male heterozygous (HT) long chain 3-hydoxy acyl-CoA dehydrogenase (LCHAD) (n=10) and 

wild-type (n=10) mice were maintained on chow diet. Liver steatosis was assessed by H&E and oil red 

O staining. Livers were also inspected for macroscopic lesions and assessed by histological 

examination. Wild-type and cancer free HT mice livers were analysed by two-dimensional 

polyacrylamide gel electrophoresis (2D-PAGE) and proteins with significant changes in abundance were 

identified by mass spectrometry. Differentially expressed proteins between wild-type and non-cancer 

HT mice were subjected to Ingenuity Pathway analysis (IPA) software (version 01-14). cDNA array study 

of HCC patients was conducted to assess expression of HADHA transcripts. 

 

Results: None of the wild-type mice developed steatosis and HCC, whereas livers from all HT mice 

showed moderate steatosis starting at 3 months progressing to severe steatosis at older age, but none 

had necro-inflammation or fibrosis. Further, 20% HT mice developed liver masses with histological 

features of HCC at 14-18 months. Abundance of twenty-four proteins was significantly different (p<0.01) 

between wild-type and HT mice. Proteins of glycolysis, stress pathways and tumorigenesis were up-

regulated, whereas proteins involved in mitochondrial respiration, fatty acid oxidation, oxidative stress 

protection, and tumour suppression were down-regulated. IPA analysis identified hepatotoxicity and 

changes in the Signalling Network1 involved with metabolic diseases and organismal injury as well as 

Signalling Network2 involved with cancer, haematological diseases, and organismal 

injury/abnormalities. Only one cross interacting gene TP53 was identified by merging both networks. 

Hepatotoxicity report identified enrichment of four functional groups, which are changes in redox biology, 

steatosis, hyperplasia/hyperproliferation, and hepatocellular carcinoma. cDNA array study 

demonstrated significant reduction of HADHA transcripts in HCC patients.  

 

Conclusion: The study suggests that impaired fatty oxidation may play a role in development of HCC 

associated with steatosis without cirrhosis.  
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Background and Aims: Intrahepatic cholangiocarcinoma (iCCA) is the second most common primary 

liver cancer with an increasing incidence over recent years. Due to the complexity of iCCA pathogenesis 

and the pronounced genetic heterogeneity treatment options are still limited. Activating KRAS mutations 

are among the most abundant genetic alterations in iCCA and are associated with early recurrence, 

poor response to chemotherapy, and reduced overall survival, highlighting the need for novel therapeutic 

approaches. Poly(ADP-ribose)polymerase-1 (PARP-1) is frequently observed to be upregulated in 

iCCA. Evidence indicate potential therapeutic relevance for PARP-1 inhibition in iCCA that preferentially 

affects KRAS-mutated cancers, but exact mechanisms remain unknown.  

 

Method: PARP-1 depletion was generated by siRNA and CRISPR/Cas9-mediated 

knockdown/knockout in KRAS-mutated and non-mutated iCCA cell lines. Functional assessment of 

PARP-1 knockout and inhibition of tumorigenic potential was analyzed by viability assay and colony and 

sphere formation. RNA sequencing was employed to further decipher PARP-1 regulation. To investigate 

the impact of PARP-1 deficiency in KRAS-driven tumorigenesis, PARP-1 knockout mice were combined 

with an inducible KRAS-driven mouse model using hydrodynamic tail vein injection. Molecular analyses 

including transcriptome profiling were employed to further investigate molecular mechanisms. 

 

Results: Significant upregulation of PARP-1, as well as enrichment of genes related to PARP-1 

activation, was observed in iCCA tissue and KRAS-mutated cell lines. Knockout of PARP-1 in KRAS-

mutated cells led to a reduction in colony and sphere formation. Moreover, KRAS-mutated cell lines 

showed higher sensitivity to PARP-1 inhibition. In vivo PARP-1 deficiency considerably impaired biliary 

carcinogenesis and induced a shift from dominant iCCA towards HCC phenotype in a KRAS-dependent 

manner. Transcriptome analyses of CRISPR/Cas9 PARP-1 knockout clones and in vivo tumors revealed 

differential expression of DNA damage response pathways (e.g. CHK1) as well as cellular pathways 

affected by PARP-1, (inflammation, oxidative stress, cell death signaling). The most prominent 

candidate regulating PARP1 in KRAS cell lines and tumors appeared to be CHK1 kinase, further 

validated by qRT-PCR, western blot, and drug-screening assays. 

 

Conclusion: Together, these findings suggest an unrecognized prognostic and therapeutic role of 

PARP-1 in iCCA patients with oncogenic KRAS signaling and unveil the potential mechanism of PARP-

1 regulation by CHK1 kinase. 
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Background and Aims: Optimal treatment for Hepatocellular carcinoma (HCC) is curative, either 

resection, liver transplantation or local ablation, however, only ~20% of patients are eligible for this. The 

majority of patients present with incurable disease, for whom transarterial chemoembolisation or 

systemic chemotherapy are palliative options. Unfortunately, both have low responses and high rates of 

recurrence and progression. Stereotactic Body Radiation Therapy (SBRT) is an emerging treatment 

option for a subset of HCC patients who are not eligible for resection or other local treatments. While 

prospective trials are required to better understand the role of SBRT in HCC, retrospective studies report 

that this treatment modality has both clinical efficacy and feasibility. SBRT can provide good tumour 

control, but with recurrent and disseminated disease, there is a significant opportunity for integrating 

SBRT into multimodal combination therapy. With this, there is a significant research opportunity in the 

preclinical space for models of precision radiotherapy in HCC. Our aim is to develop a clinically relevant 

model to study targeted radiotherapy and systemic therapies in the treatment of HCC. 

 

Method: We have optimised an orthotopic transplant model injecting a mouse-derived HCC cell line into 

the immunocompetent murine liver. Using co-registered MRI/CT scans we have validated imaging-

contrast agents to determine their suitability for CT-guided tumour identification. A timepoint optimization 

study examining toxicity to the healthy liver, tumour and organs-at-risk was performed on a small animal 

radiation research platform delivering 20Gy single fraction irradiation. Radiation-induced damage was 

assessed using immunohistochemistry and liver biochemistry. 

 

Results: We have established a syngeneic orthotopic transplant model whereby transplantation of a 

murine-derived HCC cell line into the murine liver gives rise to an anatomically accurate liver tumour in 

an immunocompetent setting. In keeping with clinical management and treatment planning, we have 

successfully implemented intravenous contrast enhanced imaging in our model to reliably detect and 

delineate liver tumours, enabling long-term longitudinal CT imaging follow-up. We have shown that 20Gy 

single fraction irradiation (arc beam) induces significant DNA-damage in tumours compared to non-

irradiated tumour controls, with minimal off-target dosing. Finally, we report, irradiation associated 

infiltration of CD8+ cells into the tumour 2 weeks after radiotherapy. 

 

Conclusion: Our orthotopic transplant model is an exemplar platform to study targeted radiotherapy of 

HCC and its combination with systemic therapies including immunotherapy.  
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Figure:  
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Background and Aims: The combinations of anti-PD-L1 antibody (atezolizumab) and VEGF-

neutralizing antibody (bevacizumab) and anti-PD-L1 antibody (durvalumab) and anti-CTLA-4 

(tremelimumab) have become first line options for advanced hepatocellular carcinoma (HCC). Our aim 

was to identify potential serological markers of response to immune checkpoint inhibitors (ICI). 

 

Method: Prospective cohort of 25 patients treated with ICIs (Nivolumab (n=14), 

Atezolizumab/Bevacizumab (n=8), Durvalumab/Tremelimumab (n=2) and Lenvatinib/Pembrolizumab 

(n=1)). Plasma samples were collected at the beginning and after 3 months of ICI treatment. 24 

inflammatory cytokine levels were analyzed by ELISA, the levels of circulating cell free DNA (cfDNA), 

circulating tumor DNA (ctDNA) and percentage of TERT mutation by ddPCR. Basal cfDNA profiling from 

21 of these patients was analyzed by Onco-500 TruSight. 

 

Results: 84% of patients were male, median age was 71 years and 76% were BCLC-C at the beginning 

of ICIs treatment. HCV infection was the most frequent etiology (52%). Median follow-up was 17 months. 

8% presented complete radiological response (CR), 20% partial radiological response (PR), 44% stable 

disease (SD) and 28% radiological progression (PD) as best radiological outcome (RECIST 1.1). 

Baseline CTLA-4 levels were significantly higher in patients presenting radiological progression [mean 

(SD)] [76.55 (150.84) in PD and 0.15 (0.67) pg/ml in no PD](p<0.05). 3 months post-treatment, MCP-1 

levels were significantly lower in patients presenting PD [49.25 (25.73)] than in patients presenting 

CR/PR/SD [73.73 (86.34) pg/ml] (p<0.05) and TNF-Ŭ levels were significantly higher in those patients 

[110.4 (239.7) vs 49.9 (189.43) pg/ml] (p<0.05). Baseline cfDNA levels were significantly different 

between patients presenting radiological response [2.3(0.58) ng/ul] vs patients SD/PD [8.95(6.89) ng/ul]. 

Higher levels of cfDNA than 3.04ng/ul were associated with a poorer overall survival (p<0.005). These 

differences were also present after 3 months under therapy. Regarding cfDNA sequencing patients with 

CR/PR had significantly more copy number variation (CNV) than those without it (97 vs 1) (p<0.05). 

Mutations in CTNNB1 were present in 100% of patients showing PD, but only in 53% of those presenting 

with SD/PR/CR, and patients presenting PD had significantly more pathological mutations in CDKN2A 

(67% vs 7%) (p<0.05). 

 

Conclusion: Basal levels of cfDNA, CTLA-4, CDKN2A mutations and CNV are significantly different 

between patients with and without radiological response to ICIs treatment. Levels of MCP-1, TNF-Ŭ and 

total amount of cfDNA and ctDNA after three months of ICIs treatment are significantly different in 

patients presenting radiological response. Analysis of cfDNA and cytokines could help to identify HCC 

patients benefiting more of immunotherapies. Deeper molecular analysis are ongoing. 
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Background and Aims: Hepatocellular carcinoma (HCC) surveillance in patients with various forms of 

chronic liver disease and cirrhosis is recommended by international guidelines. A recent meta-analysis 

has shown a significant survival benefit from surveillance. However, the results do not adjust for length 

time bias. We aim to assess the effect of length bias on estimates of survival benefit using new estimates 

of the proportion of slow growing HCCs. 

 

Method: We analysed papers which had been used in a previous meta-analysis and extracted survival 

data from papers which filled the criteria for our model. Included cohorts needed to report set time 

mortality of both surveillance and non-surveillance groups. We used a validated statistical model to 

estimate the effect of length bias on measures of relative mortality risk. In the model we used two 

published tumour characteristics to estimate an adjusted mortality risk ratio: 1) relative risk of mortality 

of slow to fast growing tumours (0.7-0.9), and 2) the proportion of slower growing tumours in the study 

population (0.376 (95%CI 0.345-0.403)).  

 

Results: We found a reduction in the survival benefit associated with HCC surveillance after adjustment 

for length bias (Figure 1). The mean percentage increase in relative risk estimates for one year, three 

years, and five years were 3.48 (SD 1.56), 8.02 (SD 12.13), and 10.15 (SD 9.74) respectively. There 

was significant variability of the effect of length bias between cohorts, largely due to differences in 

relative sizes of surveillance and control groups. For cohorts with longer follow up times the effect of 

length bias was found to be greater, with higher estimates in the sensitivity analysis passing 1. Survival 

benefit decreased with increased follow up time in all cohorts. 

 

Conclusion: We have shown that adjustment for length time bias reduces the benefit of HCC 

surveillance on patient survival. However, in most of our included studies the survival benefit persisted. 

Length time bias and the development of methods to adjust for it need greater attention in the absence 

of substantive randomised controlled trials proving survival benefit. This is of particular importance in 

the context of the MAFLD epidemic, with early data suggesting that HCCs from this aetiology are slower 

growing and have a lower mortality than other chronic liver disease aetiologies, increasing the effect of 

length bias when evaluating survival benefit associated with surveillance. 
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Figure: 
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Background and Aims: Our previous experiments demonstrated that in a diethylnitrosamine (DEN)-

induced rat cirrhosis-hepatocellular carcinoma (HCC) model, inhibition of methionine aminopeptidase 2 

(MetAP2) decreased HCC development by inhibiting cirrhosis progression. MetAP2 inhibits the 

phosphorylation of eukaryotic initiation factor 2 (p-eIF2Ŭ) to enhance the translation, synthesis and 

maturation of liver proteins. In this study, we hypothesized MetAP2 inhibition could suppress HCC 

development in cirrhotic tissue by inhibition of VEGFA-mediated angiogenesis. 

 

Method: MetAP2 expression was inhibited by ZGN1345, knocked out by crisper/Cas9 and rescued by 

MetAP2 expressing plasmid. VEGFA luciferase reporter activity was measured to reflect the translation 

of VEGFA. Angiogenesis was analyzed with HUVECs. DEN-induced rats received MetAP2 inhibitors 

ZGN1345 (3 mg/kg) or ZGN-1136 (0.3 mg/kg) and their corresponding controls for 10 weeks. Molecular 

and histological assessments, and RNASeq were performed. Ex vivo Precision-Cut Liver Slices (PCLS) 

from thioacetamide-induced rat cirrhosis and patient cirrhotic livers were assessed after MetAP2 

inhibition. 

 

Results: MetAP2 expression increased with enhanced angiogenesis in cirrhotic livers and HCC nodules 

in both human patients and the DEN-induced rat model, compared with corresponding controls. After 

MetAP2 inhibition with ZGN1345 or knockout of MetAP2, p-eIF2Ŭ was enhanced in HCC cell line Huh7. 

Subsequently, an increase in p-eIF2Ŭ inhibited the translation of angiogenesis marker VEGFA, which 

was evidenced by decreased VEGFA luciferase reporter activity after the knockout of MetAP2 in Huh7 

cells. After the rescue of MetAP2, the translation of VEGFA was reversed in MetAP2-depleted Huh7 

cells, which was attenuated again after MetAP2 inhibition with ZGN1345. As a consequence, MetAP2 

inhibition hindered the angiogenesis progress, including inhibiting cell proliferation and migration, 

endothelial tube formation and spheroid capillary sprouting capacity of HUVECs. Consistently, MetAP2 

inhibition increased p-eIF2Ŭ in both DEN-induced rat cirrhotic livers and HCC tissues. Fewer vessels 

were observed, VEGFA expression and angiogenesis was inhibited after MetAP2 inhibition with 

ZGN1345 in cirrhotic livers and HCC tissues. Assessment of global transcriptomics demonstrated that 

MetAP2 inhibition down-regulated angiogenesis signatures. Moreover, expression of Vegfa decreased 

in ex vivo PCLS from rat and human cirrhotic livers. MetAP2 inhibition with ZGN1136 closely matched 

and further supported these observations.   

 

Conclusion: MetAP2 inhibition hindered VEGFA-mediated angiogenesis via enhancing 

phosphorylation of eIF2Ŭ, to prevent the progression of cirrhosis to HCC. Our data further suggest that 

inhibition of MetAP2 has potential as a new prevention target to inhibit the progression of cirrhosis to 

HCC.  
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Background and Aims: There is growing evidence suggesting that anti-programmed death ligand 1 

(PDL1)/ anti-vascular endothelial growth factor (VEGF) combination therapy in hepatocellular carcinoma 

(HCC) with underlying non-alcoholic steatohepatitis (NASH) is less effective compared to other 

aetiologies. Previous work suggests that a subgroup of exhausted CD8+PD1+EOMES+CXCR6+ T cells 

is responsible in the context of anti-PD1 monotherapy. We aim to explore this further in the context of 

anti-PDL1/VEGF combination therapy. 

 

Method: C57BL/6J mice were fed either a western diet to induce NASH or fed control diet (lean mice) 

followed by either intrahepatic or subcutaneous implantation of tumours (Hep 53.4 line). After 2 weeks 

of tumour growth mice were treated with either anti-PDL1/VEGF or IgG isotype control. Tumour burden 

was measured and immune characterisation conducted using flow cytometry. 

 

Results: NASH mice with intrahepatic tumours had a poor response to anti-PDL1/VEGF therapy 

compared to lean mice (figure 1a-c). Analysis showed an influx of CD8 T cells into anti-PDL1/VEGF 

treated intrahepatic tumours but with a preferential recruitment of CD8+PD1+EOMES+CXCR6+ T cells 

in NASH intrahepatic tumours (figure 1d-e). On the other hand, both NASH and lean mice with 

subcutaneous tumours had a good response to anti-PDL1/VEGF therapy (figure 2a-c). Analysis 

demonstrated an influx of CD8 T cells into the subcutaneous tumours of anti-PDL1/VEGF treated mice. 

Unlike in the intrahepatic tumours, the proportion of recruited CD8+PD1+ cells were similar in NASH 

and lean mice (figure 2 d-e). 

 

Conclusion: In our model of NASH-HCC intrahepatic tumours have a poor response to anti-

PDL1/VEGF therapy whereas subcutaneous tumours have a good response. This was likely due to a 

higher proportion of exhausted CD8+PD1+EOMES+CXCR6+ T cells being recruited into intrahepatic 

tumours due to their expansion in the pre-cancerous NASH hepatic microenvironment. This suggests 

that the NASH hepatic microenvironment is the key determinant to treatment response in NASH-HCC. 
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Figure: 
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Background and Aims: Diabetes mellitus (DM) is associated with the increased risk and progression 

of cholangiocarcinoma (CCA). Our previous transcriptomic analyses revealed that gamma-aminobutyric 

acid (GABA) B2 receptor (GABBR2) was among the top 5 upregulated genes in CCA cells cultured in 

high glucose conditions. The present study aimed to verify whether GABBR2 was upregulated in tumor 

tissues of patients with CCA. The potential of using GABBR2 as a therapeutic target was also 

investigated.   

 

Method: GABBR2 expressions were determined in CCA cell lines by RT-qPCR, Western blots, and 

immunocytofluoresence and in tissues by immunohistochemistry. Effects of baclofen, a GABA-B 

receptor agonist, on CCA proliferation and colony formation were investigated by using MTT and 

clonogenic assays. Signaling pathways under the regulation of GABBR2 in CCA cells were screened 

using phospho-kinase arrays and validated in individual CCA cell lines by Western blot. All protocols of 

the study were approved by The Khon Kaen University Ethics Committee in Human Research 

(HE641441). 

 

Results: GABBR2 was upregulated in CCA cells cultured in high glucose compared with normal glucose 

conditions, and the expression of GABBR2 was dose-dependent on glucose concentrations. CCA 

tissues from patients with DM and hyperglycemia showed upregulated GABBR2 compared to those 

from patients without DM. Expression of GABBR2 was associated with a poor histological type of CCA. 

Conversely, high GABBR2 expression was associated with smaller tumor size. Treatment of CCA cells 

with baclofen, a GABA-B receptor agonist, showed potent antiproliferative and anti-clonogenic effects. 

The antitumor effects of baclofen on CCA cells were to inhibit multiple signaling pathways, including 

glycogen synthase kinase 3, beta-catenin, and signal transducer and activator of transcription 3. 

 

Conclusion: GABBR2 is upregulated in under hyperglycemic conditions in patients with CCA and DM. 

It is also a promising target for the improvement of CCA treatment outcomes.
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Background and Aims: Hepatoblastoma (HB), although a rare disease, is the most common form of 

childhood primary liver cancer. Current therapeutic options are limited or inadequate and involve 

significant side effects. Ongoing research has uncovered molecular, genetic, and epigenetic 

mechanisms that have expanded the understanding of HB, but it is an open field with many unknowns. 

The identification of neddylation, a post-translational modification regulated by NEDD8, widely involved 

in signaling pathways and in modulation of protein homeostasis, as a mechanism associated with the 

development of HB, has opened the doors to new therapeutic strategies. In this sense, the implications 

of this post-translational modification in the tumor context of HB and its modulation as a potential therapy 

was evaluated. 

 

Method: A cohort of HB patients, preclinical animal model and in vitro model in tumor cells were used 

to characterize NEDDylation pathway in HB. Besides the modulation of NEDP1 levels using an in vitro 

approach was made to study cell proliferation, cell cycle, drug resistance, proteome homeostasis, and 

metabolic status. In vivo, the implications of NEDP1 overexpression in metastatic capability and its tumor 

suppressor capacity was evaluated. 

 

Results: Transcriptomic analysis of HB patient samples has demonstrated modulation of the 

neddylation cycle, and NEDD8 levels correlate with the degree of tumor stratification. Preclinical models 

of HB, as well as the vitro models shows an increase in NEDD8 and NAE1, in addition to a significant 

reduction of NEDP1, demonstrating the importance of neddylation in the development and progression 

of this pathology. Moreover, NEDP1 silencing in human hepatocytes results in a proliferative phenotype. 

In contrast, its overexpression in HB tumor lines (HepT1 and HepG2) results in the induction of 

apoptosis, modulation of migratory and proliferative capacity, metabolic reprogramming, sensitization to 

chemotherapeutic treatments, and regulation of cellular stress mechanisms and immune and 

inflammatory responses, with modulation of proteins such as LIN28. Similarly, its overexpression in 

patient-derived xenografts (PDX) from a distal metastasis showed modulation of proliferation and 

migration, and a metabolic reprogramming like the observed in HB tumor lines. In vivo, in Ovo and ex 

Ovo experiments showed reduced tumorigenicity and decreased metastatic phenotype, and NEDP1 

overexpression in animal models of HB in mice showed a reduction in proliferation and tumorigenesis, 

with modulation of proteins like HOOK2. 
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Conclusion: Therefore, it is noteworthy that the effect observed with NEDP1 overexpression points to 

the importance of post-translational modifications in pathologies such as HB and highlights the 

relevance of neddylation, not only in the molecular characterization of HB, but also in the development 

of new specific treatments. 

 

 

Figure:  
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Background and Aims: Hepatoblastoma (HB) is a liver tumor that arises in children. It's a sporadic 

malignancy that is often very aggressive. The current treatment consists of chemotherapy. However, 

chemotherapy in young patients has disastrous and long-term side effects such as ototoxicity, 

cardiomyopathy and infertility. Thus, alternative strategies are needed.  One hint is to target the most 

common mutations in HB. It has been demonstrated that 90% of HB tumors are mutated for the Wnt 

pathway effector ß-catenin. This mutation leads to an aberrant constitutive activation of Wnt/ß-catenin 

signaling. However, ɓ-catenin is an essential protein and is not a druggable target. Here, we investigate 

one of ß-catenin targets, Fascin-1 that is found up-regulated in many tumors. Fascin1 affects actin 

organization into bundles and this leads to cell migration and invasion. Whereas Fascin-1 is absent from 

normal hepatocytes, we found its expression associated to the poor prognosis C2 subtype of HB. In 

both human and murine HB samples, Fascin-1 is associated to undifferentiated tumor cells. We further 

demonstrated that Fascin-1 expression modulates tumor hepatocyte differentiation status through gene 

expression. In this study, we investigate how Fascin-1 is able to regulate tumor cell plasticity and 

whether Fascin-1 is a druggable target in HB tumors. 

 

Method: We use two classical HB model cells Huh6 and HepG2 and 3 Patient-Derived-Xenograft cell 

lines. We explore the effect of Fascin-1 actin-binding activity impairment by using inhibitors NPG2044 

and BDP13176, on invasion and migration using Trans-well and wound-healing assays. We follow 

proliferation and cell death by Flow cytometry and investigate gene expression by PCR and reporter 

assay.  

 

Results: We show that the inhibition of Fascin actin-binding activity decreases cell invasion and 

migration as well as proliferation. We show an increase of cell death in Huh6/HepG2 cells but not in the 

PDX models. Differentiation genes are overexpressed and EMT genes are repressed. Yap expression, 

is downregulated; Yap promoter activity is downregulated and Yap is found translocated into the 

cytoplasm upon Fascin-1 inhibition. These data suggest that Fascin inhibition effects on cells are 

mediated via the Hippo pathway. 

 

Conclusion: Fascin-1 is an interesting target in hepatoblastoma, commercialized phase-2 drugs are 

available and this study will confirm the potential use of those drugs in HB treatment and elucidate by 

which mechanism Fascin-1 inhibition impacts tumors. 
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Background and Aims: Glucose represents the major source of cell energy and also contributes to 

provide carbon skeletons for cell proliferation. In the liver, the excess of glucose is accumulated as 

glycogen, and glycogenolysis is the faster process to tune blood glucose between meals. Generally, 

tumour cells show a metabolic reprogramming from mitochondrial respiration to glycolysis to sustain the 

higher growth rate. Interestingly, it has been recently described that glycogen can also support cancer 

cell survival under metabolic stress. However, the role of glycogen in tumour development needs to be 

further explored. 

 

Glycogen storage disease type III (GSDIII) is a rare disorder caused by the lack of the glycogen 

debranching enzyme (GDE, encoded by the AGL gene), which leads to dextrin (less branched glycogen) 

accumulation in hepatocytes, and results into hepatomegaly and hypoglycaemia. Moreover, GSDIII 

patients develop hepatic fibrosis and, at a later stage, hepatocellular carcinoma (HCC). 

The aim of this work was to characterize the hepatic metabolism that promotes tumour growth in GSDIII. 

 

Method: Liver samples of Agl-/- mice and WT mice were analysed at the age of 14 months. Histological 

analyses and transmission electron microscopy (TEM) were performed to evaluate fibrosis, glycogen, 

and lipids. Levels of triglycerides, cholesterol, glycogen and lactate were determined by biochemical 

assays. Transaminase activities and alpha-fetoprotein (AFP) levels were determined from plasmas. The 

main metabolic and cell death pathways were analysed by RT-qPCR and western blots. 

 

 

Results: As observed in GSDIII patients, Agl-/- mice showed hepatic glycogen accumulation, associated 

with hepatic fibrosis and increased transaminases compared to WT mice. Plasma AFP levels were also 

increased, in accordance with HCC development observed in more than 30% of 14-month-old GSDIII 

mice. Reduced lipid content was observed in Agl-/- mice. Moreover, lactate levels were drastically 

decreased, indicating reduced glycolysis in GSDIII livers, in accordance with low levels of hepatic 

glucose-6 phosphate. Importantly, tumours showed reduced glycogen accumulation compared to 

surrounding non-tumoral tissue and increased glycophagic flux, explained by increased lysosomal acid 

glycosidase activity and reduced STBD1 protein levels, the specific cargo that binds glycogen and drives 

it to the autophagosome during glycophagy. 

 

Conclusion: In GSDIII, HCC development occurs in a context of fibrosis without steatosis.  Interestingly, 

GSDIII livers showed a general energy deficiency status with low lipids and glucose levels. Our data 

strongly suggest that glycogen accumulation in hepatocytes might be the fuel used to promote tumour 

growth, particularly through the activation of the lysosomal degradation pathway in tumours. 
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Background and Aims: Cancer cells are exposed to a metabolically challenging environment with 

scarce availability of nutrients, and alterations in lipid metabolism may affect the cellular response to 

drugs. We hypothesize that fatty acids (FA) modulate the biology of cholangiocarcinoma (CCA) cells 

and the development of stemness features. 

 

Method: CCA cells (HuCCT-1 or CCLP1) were treated with monounsaturated FAs (132ɛM oleic or 

100ɛM palmitoleic acid). Self-renewal ability was tested with a colony formation assay. Cancer stem 

cell- (CSC)-enriched spheres were obtained growing cells in anchorage-independent conditions and 

selective medium. Five-year overall survival (OS) was analyzed in 34 patients with CCA sub-grouped 

based on fatty acid synthase (FASN) expression. Desaturation index and triglyceride de novo synthesis 

were performed by lipidomic analysis.  NSG mice were injected with CCLP1 spheres and treated with 

the FASN inhibitor orlistat (240mg/Kg). Tumor volume was measured with Vevo LAZR-X imaging 

station. RTPCR array on tumor masses was performed using the QuantiNova LNA PCR Panel. 

 

Results: Exposure of CCA cell lines to FAs increased cell proliferation and activated growth and survival 

pathways, including AKT and ERK1/2. Exposure to FA made CCA cells less sensitive to the toxic effects 

of chemotherapeutic agents, and modulated the expression of ABC transporters involved in drug 

resistance. The colony forming ability of CCA cells was increased by FAs, and was associated with 

upregulation of genes controlling epithelial-mesenchymal transition and stemness. Expression levels of 

genes involved in lipid metabolism were upregulated in CSC-enriched spheres as well as the percentage 

of desaturated TGs. FASN inhibition by orlistat decreased cell proliferation and CSC or EMT markers. 

In a xenograft model of CCA, tumor volume was significantly lower in mice treated with orlistat. 

Accordingly, expression of genes involved in cell proliferation was downregulated while the one of tumor 

suppressor genes increased. In a series of CCA patients, the expression of FASN correlated with OS. 

 

Conclusion: FA promote malignant features of CCA and increase CSC markers. FASN expression 

levels correlate with survival in patients with CCA and promote CCA growth in mice. Lipid metabolism 

could be a new target to block CCA progression. 

mailto:fabio.marra@unifi.it


 

115 
EASL Liver Cancer Summit, 20-22 April 2023 

P06-19 
ɓ-neurexin expressions on hepatocellular carcinoma is associated with 
their increase carcinogenicity and delayed via Neuroligin-treated peptide 
 

Johnny Amer1, Ahmad Salhab1, Rifaat Safadi1 

 
1Hadassah-Hebrew University Hospital, Liver Institute, Jerusalem, Israel 

 

Email: johnnyamer@hotmail.com  

 

Background and Aims: Hepatocellular carcinoma (HCC), the most common type of primary liver 

cancer, remains the third leading cause of tumor-related mortality worldwide. Several treatment options 

available for HCC patients comprise of surgical, liver directed and systemic therapies. However, due to 

late diagnosis, the surgical and liver directed approaches are usually not applicable to majority of the 

HCC patients. In the current study we assessed for a new marker; Neurexins, found by our lab to be 

expressed by HCC. Neurexins are presynaptic cell-adhesion molecules implicated in autism and 

schizophrenia. Neurexins are engage in trans-synaptic interactions with multifarious postsynaptic 

ligands, including neuroligins (NLs). Herein, we developed a newly synthesized NL-4 peptide (amino 

acid based) to assess their effects on HCC activities in an in vitro culture model.   

 

Method: HCC cell-line (Hep3B) showed 95% expressions of b-neurexin through the flow cytometry, 

western blot, and RT-PCR analysis. Gene expressions of cell cycle (Cyclin dependent kinase inhibitor 

2A (CDNK2A)) and proliferation (MKI67 and platelet-derived growth factor receptor Ŭ (PDGFA) following 

NL-4 peptide treatments (8 mg/ml) were performed. Assessments of HCC cell cycle alterations and 

apoptosis were also assessed. Signalling pathways of phosphorylated p53, PI3K, AKT and mTOR were 

also evaluated. 

 

Results: Cancer makers of phosphorylated p53 and AKT/PI3K/mTOR signalling pathway were 

diminished with less proliferative cells with reduced PDGFRA gene expressions following NL-4 peptide 

treatments.  These results were in line with delay in G2-M phase of Hep3B to 1.39-folds with a significant 

decrease in the S phase was seen Moreover, data demonstrated a reduced Hep3B necrosis to 2.1-fold 

(P<0.01) associated with inhibited gene expressions of CDNK2A.  

 

Conclusion: These data show significant disturbance in cell cycle parameters in the G2/M phase 

(mitosis state) along with a significant shifting to the G1 phase (naive state), indicating a marked delay 

in the mitotic phase following NL-4 peptide suggesting anti-cancer and anti-proliferative effects and 

could be a promising future cancer remedy.   
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Background and Aims: Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related 

death worldwide. Although curative options can afford long-term survival in patients with early-stage 

tumours, the actual strategy for HCC surveillance misses over one-third of HCC at an early stage. 

Chronic inflammation and neoangiogenesis play a central role in the promotion of carcinogenesis. 

SerpinB3 (SB3) is a serine proteinase inhibitor involved in tumorigenesis and in the promotion of a pro-

inflammatory milieu. The polymorphic variant SerpinB3-PD (SB3-PD) presents a substitution in the 

reactive center loop of the protein (Gly351Ala), determining an improved anti-protease activity. This 

study aims to investigate the role of SB3-PD as a predictor of mortality in patients with liver cirrhosis and 

HCC and to assess the effect of SB3-PD in the pro-inflammatory response in vitro. 

 

Method: SB3-PD polymorphism was assessed in 107 cirrhotic patients with HCC, followed up from HCC 

diagnosis to death or transplant for a median period of 21 months. The results were analyzed in relation 

to clinical, radiological, laboratory data, BCLC stage at baseline, and treatments of HCC during follow-

up. In vitro study was conducted on human monocytic leukaemia cell line (THP-1) treated with 

recombinant protein SB3-wild type (WT) or the polymorphic variant SB3-PD. mRNA quantification of 

pro-inflammatory cytokines was performed by quantitative real-time PCR, whereas protein quantification 

was carried out by ELISA. 

 

Results: Patients carrying SB3-PD polymorphism (n=38; 35.5%) at diagnosis showed larger tumours, 

higher alpha-fetoprotein levels and more frequent vascular invasion and metastasis, associated to a 

significantly lower survival compared with patients carrying SB3-WT (34.3 vs 53.8 months, p=0.009).  

SB3-PD was proven to be an independent predictor of mortality in patients with HCC, together with 

BCLC stage, ALBI grade, alpha-fetoprotein values, N/L rate and ALP values. In vitro results showed that 

THP-1 cells treated with SB3-PD had a more abundant and prolonged cytokine production, compared 

to controls 

 

Conclusion: Patients with liver cirrhosis and HCC carrying SB3-PD polymorphism have a poorer 

prognosis and the SB3-PD variant determines a stronger pro-inflammatory response, supporting its 

greater carcinogenetic effect. The assessment of SB3-PD polymorphism could help to personalize 

screening strategies for HCC. 
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Target antigens, epitopes, and T cell receptors are not disclosed due to patent filing  

 

Background and Aims: HCC recurrence in the context of an HLA-mismatched donor liver provides the 

unique setting that liver antigens from HCC versus the liver allograft are presented by different alleles 

of Human Leukocyte Antigen (HLA). Here, we present the development of an adoptive therapy with T 

cell receptor (TCR)-engineered T cells directed against hepatocyte-restricted antigens (HRAs) 

presented by the recipient, but not donor HLA. 

 

Method: We have applied an integrative approach of in silico antigen and epitope prediction, 

immunopeptidomics, and in vitro laboratory tools to stringently select and validate HRAs, their 

immunogenic epitopes, as well as corresponding TCRs. 

 

Results: 58 presumed liver antigens retrieved from the human protein ATLAS were further evaluated 

for liver-restricted expression in 6 public RNA databases and 1 protein database (HIPED), shortlisting 

14 candidate HRAs. 3/14 HRAs did not show RNA expression in healthy tissues, except for liver, in 

another five tissue datasets (n=1,709) and validated using qPCR. Two HRAs demonstrated RNA 

expression in >70% of HCC patients (n=421). Immunopeptidomics of HCC-derived hepatocytes (n=12), 

together with in silico predictions of immunogenicity, revealed 36 HLA-A2-restricted epitopes. These 

epitopes were tested and ranked according to in vitro HLA-A2 binding ability. Epitope-specific T cells 

were enriched from healthy donors for 6 of these epitopes using an in vitro co-culture with autologous 

antigen presenting cells. Eleven TCRŬɓs directed against 4 HRA-derived epitopes were selected 

following epitope-MHC-directed fluorescence-activated sorting of T cells. Five TCRs were functionally 

expressed upon gene transfer into T cells and recognized their cognate peptide, of which 4 TCRs 

harboured a stringent safety profile according to amino acid scanning, and are expected to mediate no 

to negligible cross-reactivity.   

 

Conclusion: We have identified HRAs, epitopes and corresponding TCRs, of which the lead TCRs will 

be further exploited for the treatment of recurrent HCC after liver transplantation with adoptive therapy 

of TCR-engineered T cells.  

 

mailto:y.rakke@erasmusmc.nl


 

118 
EASL Liver Cancer Summit, 20-22 April 2023 

 

Figure: 

 
Concept of TCR-engineered T cells to exclusively target recipient-derived hepatocytes and 

hepatocellular carcinoma. In the current study, hepatocyte-restricted antigens (HRA) and their 

epitopes are identified following which HRA-specific T cell receptors (TCRs) are obtained with reactivity 

towards hepatocytes/HCC tumour cells but not to donor hepatocytes. These TCRs, when used to gene-

engineer autologous, peripheral blood T cells, constitute a therapeutic to treat HCC recurrence after 

liver transplantation leaving the liver allograft unaffected.     
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Background and Aims: Hepatocellular carcinoma (HCC) is the most common primary liver cancer and 

a leading cause of cancer-related deaths worldwide. A better molecular understanding of the 

development of HCC will be critical to identify potential biomarkers for cancer therapies. Recent data 

provide evidence that fibroblast growth factor 21 (FGF21), mainly expressed in the liver, is an emerging 

therapeutic target for non-alcoholic fatty-liver disease (NASH), and loss of FGF21 promotes 

tumorigenesis in NASH models. Here, we aimed to investigate the role of FGF21 in liver damage, 

regeneration and hepatocarcinogenesis in a non-metabolic liver injury model. 

 

Method: The Fah knockout mouse was crossbred to FGF21-/- mice. Fah-/- mice develop liver injury and 

HCC due to the accumulation of the toxic metabolite fumarylacetoacetate, which can be prevented by 

treatment with nitisinone (NTBC). Liver tissues of Fah/FGF21-/- and the respective Fah-/- controls that 

received either a cyclic treatment or reduced dose of NTBC were examined macroscopically and 

histologically and compared to healthy livers (100 % NTBC). In the Fah deficient background, H&E, 

Sirius Red and Oil Red stainings were performed to determine tumor penetrance and the degree of liver 

damage. This result was validated by liver transaminases as biochemical marker of increased liver 

injury. Liver weight and Ki67 expression were used as surrogates for the regenerative capacity. 

 

Results: Tumor onset was accelerated and tumor penetrance was higher in the absence of FGF21 in 

the setting of moderate liver injury mediated by reduced NTBC dose, although liver injury was not 

increased. In mice with severe liver injury mediated by cyclic NTBC treatment, FGF21 loss similarly 

accelerated carcinogenesis, and also aggravated liver fibrosis. In acute liver injury, basal regeneration 

rate of Fah/FGF21-/- livers was significantly impaired compared to Fah-/- control mice, despite increased 

liver injury in these livers. Downstream signaling pathways regulated by FGF21 and immune cell 

distribution, which may have an impact on tumorigenesis, are currently under investigation 

 

Conclusion: Overall, our data revealed that loss of FGF21 accelerates hepatocarcinogenesis in the 

setting of moderate and severe liver injury in the Fah model and even exacerbates fibrosis in the latter. 

Moreover, FGF21 was found to play a critical role in the regenerative capacity of livers after acute liver 

injury. Recently published phase II clinical data showed that an FGF21 analogue, such as efruxifermin, 

significantly improved a number of metabolic and inflammatory parameters in patients with NASH. Our 

data suggest that FGF21 may also be an interesting chemopreventive agent for patients suffering from 

non-metabolic liver diseases. 
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Background and Aims: More than 50% of newly diagnosed HCC coincides with hepatitis B virus (HBV) 

infection. Integration of HBV DNA into hepatocyte genome invariably precedes HCC development and 

plays a pivotal role in HBV oncogenesis. We aimed at identification of the initial (earliest) sites of HBV 

integration, kinetics and mechanism of their formation, and recognition of their role in HCC initiation.  

 

Method: Hepatocytes and hepatocyte-like cells de novo infected with authentic HBV or HBV-closely 

related woodchucks hepatitis virus (WHV) and naïve woodchucks infected with wild-type WHV were 

analyzed from 15 min to 72 h post-infection (p.i.). Virus-host genomic junctions were detected by 

inverse-PCR, verified by virus nucleic acid hybridization (NAH), identified by clonal sequencing, and 

mapped by computer-assisted programs. 

 

Results: First virus-host DNA fusions occurred within 15 min p.i. The majority were head-to-tail joints 

(HTJs) implying formation by the non-homologous end joining (NHEJ). Retrotransposons and genes 

with translocation potential were frequent HBV targets. Other host genes were also identified as early 

insertional sites in human and woodchuck hepatocytes and in livers of woodchucks infected with WHV. 

Formation of the earliest virus-host DNA junctions coincided with strong induction of reactive oxygen 

species (ROS), hepatocyte DNA damage, and activation of the poly(ADP-ribose) polymerase 1 

(PARP1)-mediated DNA repair machinery. The PARP1 engagement was accompanied by augmented 

transcription of XRCC1 (the PARP1 binding partner) and OGG1 (a responder to oxidative DNA damage), 

and by increased activity of NAD+ (a marker of PARP1 activation) and HO1 (an indicator of cell pro-

oxidative stress response). 

 

Conclusions: HBV and WHV integrate into hepatocyte genome almost instantly after virus invasion 

before molecular evidence of viral replication is detectable. Both viruses are potent oxidative stress 

inducers causing immediate hepatocellular DNA damage and activation of the PARP1-mediated DNA 

repair machinery. Engagement of this DNA repair pathway explains predominant HTJ configuration of 

the initial HBV-host genomic fusions. Retrotransposons and genes with translocation potential are 

common among initial sites of HBV insertion suggesting a mechanism for spread of virus DNA across 

hepatocyte genome from the earliest stages of infection. 
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Background and Aims: Genetic information is packaged into chromatin and accumulating evidence 

suggest that modulations of  chromatin structure such as histones assume a relevant significance in 

genomic integrity. However, how the chromatin remodelers intervene in maintaining genomic integrity 

and how they affect genetic information remain poorly understood. Here we report that ablation of 

KDM2A induces DNA damage/DNA damage response (DDR), mitochondrial dysfunction, and  triggers 

an immune response. KDM2A specifically removes mono- and di-methyl moieties from lysine 36 of 

histone H3 (H3K36). It  has been implicated in the regulation of CpG islands and as chromatin-modifying 

enzyme  promotes transcriptional activation or repression. 

 

Method: Human HCC cell lines (HepG2, Huh7), mouse HCC cell line (Hepa1-6) and hTert immortalized 

human hepatocytes (Hus) were employed. To assess the functional role of KDM2A, gain on-and loss-

of-function, chromatin immunoprecipitation, RNA-seq, immunofluorescence/live imaging was 

performed. Mitochondria Oxphos was evaluated by measuring O2  consumption and mitochondrial 

membrane potential by TMRM staining, H2O2 was measured by colorimetric assay. Hepa 1-6 cells 

depleted of KDM2A by using CRISPR/Cas9 were further analyzed in in vitro and in vivo experiments. 

 

Results: To identify chromatin regulators of genomic stability, knock down of checkpoint kinase 2 

(CHK2) a central effector of DDR and DNA repair was performed, and transcriptomics was 

analysed.Gene Ontology and STRING analysis of differentially expressed genes revealed that the 

upregulated genes were significantly related to interferon-stimulated genes (ISGs). Importantly, Huh7 

cells that did not reveal modifications in ISGs expressed high levels of KDM2A. To explore the biological 

function of KDM2A we depleted KDM2A with RNAi in Huh7, HepG2 and Hepa1-6 and all cells tested 

showed increased expression of phospho-histone H2AX a marker of DNA damage. Moreover, Huh7, 

HepG2, and Hepa1-6 cells showed activation of DDR pathway. To unravel the source of DNA damage 

we hypothesized an involvement of mitochondria. Indeed, mitochondria of KDM2A depleted cells 

showed a defective efficiency of Oxphos associated with increased production of H2O2. 

Important,chromatin modified by depletion of KDM2A  led to re-expression in cancer cells of  adaptive 

immunity proteins PD-L1 and HLA-DRB1, activation of IFI16-STING signaling, and cell growth inhibition 

in vitro and in vivo. Consistently, TGCA data analysis showed KDM2A overexpression in liver cancer 

and inverse correlation between KDM2A expression and T cell infiltration. 

 

Conclusion: Our findings suggest a role of KDM2A as epigenetic controller of genome stability and 

immunogenicity in liver cancer. Along these lines targeting KDM2A by siRNA-GalNAc conjugated 

combined with PD-L1 blockade could represent a novel cancer treatment strategy. 

mailto:vinicio.carloni@unifi.it


 

123 
EASL Liver Cancer Summit, 20-22 April 2023 

P07-14 
Hepatocellular Carcinoma cell lines growth inhibition by liver-derived 
mensenchymal stem cells in direct 3D co-culture 
 

Grégory de Bodt1, Mustapha NAJIMI2, Etienne Sokal2 

 
1PEDI laboratory, IREC, UCLouvain, Bruxelles, Belgium, 1PEDI laboratory, IREC, UCLouvain, 

Bruxelles, Belgium 

 

Email: gregory.debodt@uclouvain.be  

 

Background and Aims: Hepatocellular Carcinoma (HCC) is the second highest cause of cancer-

related death. Current systemic therapeutic approaches are unable to offer long-term survival 

perspectives to patients. Recently, cell therapy using mesenchymal stem cells (MSCs) is being explored 

as a potential new therapeutic strategy in oncology. MSCs display innate anti-tumoral properties in 

various in vivo and in vitro models but their exact role in tumor emergence and progression is still highly 

debated, as other studies also highlighted pro-tumoral effects. Human Adult Liver Progenitor Cells 

(HALPCs), a liver-derived mesenchymal-like population of stem cells, are being developed as allogeneic 

products. The aim of this work is to investigate the therapeutic properties of HALPCs in the context of 

HCC through the study of their interactions with three human HCC cell lines (HepG2, Hep3B and HuH7) 

in an in vitro 3D co-culture model.   

 

Method: Mono-cellular and bi-cellular spheroids were formed in BIOFLOAT (faCellitate) ultra-low 

attachment plates by seeding 1000 cells/well (10 000 cells/well for histological analyses). In bi-cellular 

spheroids, HALPCs and either HepG2, Hep3B or HuH7 cells were seeded at different cell-to-cell ratios 

to explore spheroid growth by daily brightfield micrography. Total spheroid area measurement was 

automated using an ImageJ Macro. Cell proliferation was assessed through luminometry measurement 

of the total ATP content of spheroids using the Cell-Titer Glo 3D kit (Promega) and Ki67 immunostaining 

on paraffin-embedded spheroid slices.   

 

Results: The spheroidsô size follow-up revealed a statistically significant decrease in spheroid growth 

velocity when HALPCs were co-cultured with the different cell lines. This reduced growth of HCC cells 

was more pronounced with Hep3B and HuH7 than with HepG2. This effect was also dependent on the 

HALPC ratio in the spheroid. Biochemical and histological analyses supported those results, with a 

significant decrease of the total ATP content and the number of Ki67 + cells in bi-cellular spheroids when 

compared to their respective controls.   

 

Conclusion: In a 3D in vitro direct co-culture model, HALPCs are able to reduce the proliferation of 

three different human HCC cell lines (HepG2, Hep3B and HuH7). This effect was proven 

morphologically, biochemically and histologically. The deciphering of the mechanisms of action of these 

effects is ongoing while in vivo validation of these results is mandatory. 
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Background and Aims: Cholangiocarcinoma (CCA) is the second common type of liver cancer. 5-year-

survival remains below 10 %, mainly caused by the aggressive biology, late diagnosis and lack of 

curative therapies. In order to develop more effective therapies, there is an urgent need for a better 

molecular understanding of CCA as well as for appropriate preclinical models for drug testing. Patient 

derived xenografts (PDX) serve as valuable tools to mimic physiologic conditions in vivo. Here, we 

generated and characterized PDX models of CCA. 

 

Method: Resected patient tumors (n = 15) were subcutaneously implanted in immunodeficient mice, 

and monitored for tumor growth. Successfully engrafted tumors were passaged for up to four 

generations; tumor tissue was subjected to histologic evaluation and to molecular characterization by 

DNA as well as RNA sequencing.  

 

Results: PDXs were established with a success rate of ~ 50 %, independent of patient gender or age. 

Latency varied between 39 and 280 days. Upon re-transplantation of PDX tumor tissue, latency was 

significantly accelerated and penetrance was nearly complete across up to three subsequent 

transplantations. Histologically, PDX tumors overall resembled the parental tumors, but less 

desmoplastic stroma was observed. The morphology of replicate PDXs upon re-transplantation was 

highly comparable. Based on transcriptome analysis, parental tumors and the respective PDXs 

clustered closely together, and stromal signatures were longitudinally downregulated upon in vivo 

passaging.  

 

Conclusion: We established and serially passaged seven PDXs from patients with intrahepatic CCA. 

PDXs retained key morphological and molecular characteristics of the original patient tumor. We expect, 

that thoroughly characterized PDX will serve as valuable tool for drug testing and to understand primary 

and secondary resistance mechanisms to targeted therapies. 
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Background and Aims: Adverse events caused by systemic administration of antitumor agents 

commonly lead to the discontinuation of therapies in patients with carcinoma. For treatment of residual 

tumor foci with rare vascular, locoregional continuous drug action is required. However, it is challenging 

to develop a sustained drug delivery system for the locoregional treatment of cancer, e.g., hepatocellular 

carcinoma (HCC).  

 

Method: The DNA strands used in this study were all synthesized by Shanghai Sangong Biotech Co. 

Ltd and purified by HPLC. To prepare DNA oligonucleotides for gelation, H1 and H2 were heated at 

95ᴈ for 5min and then quickly quenched to 4ᴈ in ice for annealing. To make blank or drug-loaded DNA 

hydrogel samples, H1, H2 and initiator I were dissolved in 1×TAE-Mg2+ buffer (40mM Tris, 20mM acetic 

acid, 2mM EDTA, 12.5mM Mg2+, pH=8.0) with or without the drug Elimusertib, the mixture was then 

transferred into syringes so that hydrogels could be taken out en bloc for further characterization tests. 

 

Results: Here, we report a drug-laden hydrogel generated from pure DNA strands and highly 

programmable in adjusting its mesh size. Meanwhile, the DNA hydrogel could assist the micro-

crystallization of a novel ATR inhibitor, Elimusertib, further facilitating its long-term release. When 

applied to the tumor site, the hydrogel system demonstrated significant antitumor activity, minimized 

systemic toxicity, and had a modulatory effect on the tumor-immune cell interface. 

 

Conclusion: Our drug-loaded DNA-hydrogel platform represents a novel modality for (neo)adjuvant 

therapy in patients with HCC. 
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Background and Aims: Hepatocellular carcinoma (HCC) is the leading cause of death in patients with 

cirrhosis. Zinc (Zn) is an essential element involved in several cellular processes and its deficiency has 

been observed in patients with liver cirrhosis and HCC. Zinc acexamate (ZnAc) is an approved and 

commercialized drug for peptic ulcer treatment whose activity is based on its Zn content. Our objective 

was to evaluate the effect of ZnAc supplementation in an in vitro and subsequently in an in vivo model 

of HCC. 

 

Method: Four HCC cell lines (HepG2, Hep3B, SNU423 and HuH7) were treated with different 

concentrations of ZnAc. Cell viability was assessed by MTT assay, colony formation, migration and 

invasion capacity by 8 uM membrane and wound healing assay (WHA) and cell cycle and apoptosis by 

flow cytometry. Subsequently, a xenograft model of HCC was used to evaluate the in vivo effect of ZnAc. 

After injecting 5x106 HuH7 cells at the right flank of 24 nude mice, they were divided into 4 different 

groups of treatment: control, ZnAc, Sorafenib and ZnAc+Sorafenib. Tumor growth was monitored and 

when a size of 1500mm3 was reached mice were euthanized. Upon euthanasia, tumor tissue was 

removed to evaluate the differences in gene expression between the control and the ZnAc groups by 

microarrays. 

 

Results: Cell viability showed a dose-dependent response after 24, 48 and 72h of ZnAc treatment, the 

median LC50 was 109.3uM, 203.5uM and 50.1uM respectively. A concentration of 100uM ZnAc was 

used and it affected the colony formation ability, significantly decreasing it by an average of 44%, the 

migration ability by inserts decreased by 75% and by WHA by 58%. In contrast, no significant differences 

in cell cycle or apoptosis were observed after ZnAc treatment. In vivo, no significant differences were 

found in tumor growth of the treated mice in the different groups, although there were no signs of toxicity. 

Regarding gene expression, we found a different pattern of expression between the samples of the 

control group and those treated with ZnAc, a total of 348 genes were found to be over-expressed and 

881 under-expressed in the ZnAc group compared with the control group (p<0.05). 97 of these genes 

have an absolute log fold change above 0.5 and are represented in the heatmap of figure 1. 

 

Conclusion: HCC cell lines are sensitive to ZnAc supplementation in a dose-dependent manner. ZnAc 

supplementation decreases viability and colony formation and reduces the ability of HCC cell lines to 

migrate and invade. However, ZnAc does not significantly improve tumor progression in an in vivo model 

of HCC, although differences in gene expression have been found in the tumor tissue of ZnAc-treated 

mice compared to control. Histological studies and deeper analysis are currently ongoing. 
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Background and Aims: Aurora kinase A (AURKA) has a key mitotic role in G2/M transition, spindle 

assembly, and centrosome maturation. In cancer, AURKA plays relevant regulatory roles in several 

oncogenic pathways including the activation of Programmed death ï ligand 1 (PD-L1) in breast cancer. 

Thus, numerous drugs targeting AURKA have been developed. Only limited information about the role 

of AURKA in hepatocellular carcinoma (HCC) is available. AURKA is higher expressed in HCC and 

associated with increased proliferation and angiogenesis, however, no evidence exists about its function 

in PD-L1 regulation. Therefore, we aim to explore the correlation between AURKA and PD-L1 in HCC 

tissues and evaluate the involvement of AURKA in PD-L1 regulation. 

 

Method: AURKA and PD-L1 mRNA expression was evaluated by Quantitative Real-Time PCR (RT-

qPCR) in 39 HCC nodules and paired distal tissues from resected livers. JHH6 cells, an undifferentiated 

HCC-derived in vitro model, were treated for 72 hours with two inhibitors of the kinase activity of AURKA 

(Alisertib and AK-01) and short interfering RNA (siRNA) targeting AURKA. The kinase activity of AURKA 

was evaluated by assessing the phosphorylation of LATS2 (Ser83). The effects of the treatments were 

assessed in terms of cell viability (MTT assay), cell cycle arrest (FACS), chromatin content, and 

centrosome changes (immunofluorescence). RNA and protein expressions were determined through 

RT-qPCR and Western Blot, respectively. 

 

Results: The expression of AURKA was significantly higher in HCC nodules compared to paired-distal 

tissues (p = 0.007) with upregulation in 69% of samples and a significant positive correlation with PD-

L1 expression in both nodules and distal tissues (p < 0.001). Using the median expression of AURKA 

as the cut-off value, we divided the population into High- vs Low-AURKA groups. The High-AURKA 

group has significantly higher levels of PD-L1 in both nodule and distal tissues (p < 0.001). In vitro, the 

treatments with AURKA inhibitors or siRNA significantly decreased LATS2 phosphorylation (p < 0.001) 

and cell viability (p < 0.001). In addition, we observed chromatin accumulation associated with an 

increase in centrosomes and incorrect chromosome alignment during mitosis. All treatments 

significantly reduced PD-L1 protein expression (Alisertib: p = 0.026; AK-01 and siRNA: p < 0.001) with 

major reductions caused by AK-01 at 72 hours (38%) and siRNA at 144 hours (35%). 

 

Conclusion: AURKA is positively correlated with PD-L1 in both HCC and non-tumor tissues. The 

inhibition of kinase activity of AURKA enhances the number of polynucleated cells due to defects in 

chromosome separation and incorrect mitosis. The reduced expression of PD-L1 following AURKA 

inhibition highlights the potentiality of AURKA inhibitors in cancer therapy, possibly in combination with 

new immune checkpoint inhibitors.  
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Background and Aims: Recurrence is a significant problem following treatment for Hepatocellular 

Carcinoma (HCC). It affects more than 70% of patients receiving a surgical resection. Recurrence can 

arise from undetected micrometastasis (multicentric tumor) or ñde novoò cancer. Clinical and 

experimental studies suggest that liver regeneration ensuing surgical resection may activate occult 

micro-metastasis leading to tumor recurrence. More work is required to compare the gene and protein 

expressions in normal and malignant liver cells in a regenerative liver environment to identify targetable 

signaling pathways unique to cancer cells. Ultimately unifying the opposing concepts of an anti-tumor 

microenvironment and beneficial conditions for liver regeneration. Here, we aim to establish an in vivo 

model to understand the impact of liver regeneration on HCC tumor growth. 

 

Method: Patient Derived Organoids (PDOs) were generated from HCC tissue obtained from patients 

that underwent liver resection at the University Center for Gastrointestinal and Liver Diseases (Clarunis). 

HCC-PDO organoids have been proved to retain the histopathological characteristic of the original 

tumor. After a laparotomy, HCC-PDO were implanted in the liver of NOD Scid gamma mice. Successful 

implantation and growth were verified by sonography. Animals were randomized to control or 

experimental group. Experimental group undergo a re-laparotomy and 30% or 70% hepatectomy while 

control group only receives a re-laparotomy. Tumor growth was monitored by ultrasound until the end-

point of the experiment. Healthy and tumor tissue were characterized using immunohistochemistry. 

 

Results: The HCC-PDOs implantation process has been refined and optimized regarding scheme of 

anesthesia, volume and speed of injection. We have successfully performed the implantation of 2 HCC-

PDO lines. Tumors obtained from the orthotopic models maintain the histopathological characteristic of 

the initial tumor. Preliminary results from animals that received resections after implantation, showed an 

increase in tumor growth compared to control. The resection group (n = 4) of organoid line 1 showed a 

mean increase of 256.4 percent (SD ± 416.9) compared to 45.14 percent (SD ± 9.987) mean increase 

in the control group (n = 2) (p = 0.536). The resection group (n = 6) of organoid line 2 showed a mean 

increase of 41.50 percent (SD ± 75.13) compared to 22.24 percent (SD ± 12.73) mean increase in the 

control group (n = 4) (p = 0.632). 

 

Conclusion: Preliminary data shows an increased tumor growth rate in our resection groups compared 

to control groups. Our established orthotopic xenograft model can help understand the molecular basis 

of HCC recurrence after surgery. Therefore, this model may provide the basis for future projects for 

specific drug therapy before or after liver resection to inhibit tumor growth and favour regeneration. 
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Background and Aims: Enhancer of Zeste Homolog 2 (Ezh2) is frequently upregulated in 

hepatocellular carcinoma (HCC) tissues and increased Ezh2 expression correlates with HCC 

aggressiveness and/or poor prognosis. Ezh2 knockdown in HCC cells has been shown to reverse 

tumorigenicity in a nude mouse model, suggesting a potential therapeutic value of Ezh2 inhibition in 

HCC. The histone methyltransferase Ezh2 inhibitor tazemetostat has been FDA-approved for locally 

advanced or metastatic epithelioid sarcoma. However, this inhibitor demonstrated low efficacy in solid 

tumors suggesting that histone methyltransferase independent functions of EZH2 play an important role 

in cancer. As the catalytic subunit of PRC2, Ezh2 is responsible for H3K27 di- and trimethylation 

associated with gene repression. In additional to this canonical activity, Ezh2 can also activate gene 

transcription. Ezh2 activity is regulated by post-translational modifications, including glycosylation by 

OGT. We have previously shown that OGT expression is increased in tumor tissue from HCC patients. 

Interestingly, it has been reported that OGT and Ezh2 co-repress a defined tumor suppressor genes in 

breast and colon cancer cells. The aim of our project is to assess whether OGT and EzH2 can regulate 

cancer-associated pathways in HCC and to determine the underlying molecular mechanisms. 

 

Method: Paired liver tumor and peri-tumor tissue samples derived from HCC patients were analyzed by 

RT-PCR. Transcriptomic analysis of human hepatoma HepG2 cells following Ezh2 or OGT silencing 

was performed using RNA-sequencing (RNA-seq). Chromatin immunoprecipitation followed by 

sequencing (ChIP-seq) experiments were done using antibodies directed against OGT, Ezh2, 

H3K27me3 or H3K27ac. 

 

Results: We showed that OGT and Ezh2 are upregulated in tumor tissues as compared to peri-tumor 

tissues in 152 HCC patients of a French cohort as well as 50 patients from the TCGA LIHC cohort. RNA-

seq and ChIP-seq analysis of human hepatoma cells indicate that OGT and Ezh2 co-modulate the 

expression of a significant number of genes, including genes involved in cell cycle and cancer pathways. 

Notably, only a minority of co-regulated genes appear to be co-repressed by Ezh2 and OGT. Our data 

suggest that Ezh2/OGT mostly promote gene expression in liver cancer cell lines and HCC patients. 

Interestingly, stabilization of O-GlcNAcylation increased the number of Ezh2/OGT target genes 

suggesting that O-GlcNAcylation of Ezh2 and/or other co-factor(s) contributes to define the repertoire of 

Ezh2 targets in liver cancer. 

 

Conclusion: Our results demonstrate that OGT plays an important role in the regulation of Ezh2-

mediated gene expression in transformed liver cells. Stabilization of O-GlcNAcylation increases the 

repertoire of Ezh2 direct targets. Our data provide important insights for epigenetic strategies as 

potential future anti-HCC therapies.
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Background and Aims: Intrahepatic cholangiocarcinoma (ICC) is the second most common primary 

liver cancer with a 5-year overall survival of 25-40% and a tumor recurrence rate of 50ï70%. Liver 

surgery and transplantation are the only curative options. Nowadays the available predictors of 

recurrence are not sufficient to stratify patients before surgery. In this study we seek to identify patients 

at high risk for very early recurrence by combining clinicopathological parameters and a gene expression 

signature. 

 

Method: We will perform gene expression analysis from primary tumor tissues of patients with very 

early recurrence (<6 months) and a progression free survival (PFS) > 6 months. The differentially 

expressed gens between the groups will be used for the signature generation and then combined with 

other clinicopathological parameters to provide a risk-stratification model. Clinical training and validation 

of risk stratification model will be performed by analyzing prospectively recruited clinical cohorts. 

 

Results: Combined databases from University Hospital of Basel, Switzerland and Humanitas University 

Hospital, Milan, Italy provide 12 samples with very early recurrence and 53 samples with a progression 

free survival > 6 months. Using currently available clinical risk scores only two of 12 patients (17%) of 

our cohort with very early recurrence were considered to have a high probability of very early recurrence. 

10 patients (83%) of our very early recurrence cohort were predicted to have a low probability of very 

early recurrence by the risk score. An analysis of the patient characteristics of our cohort showed that 

only the microvascular invasion status was significantly associated with progression free survival.  

 

Conclusion: Currently the practice of patient stratification into high risk of very early recurrence if 

practiced at all is insufficient. This seems especially daunting when considering the severity of surgery 

needed to cure intrahepatic Cholangiocarcinoma. Often there is a high morbidity and mortality 

associated with the interventions. An improved patient stratification can aid the important process of 

patient selection. In this case in two ways: either rethinking the decision to perform an operation with 

high morbidity in a patient with a very high risk of early recurrence. Or in encouraging the treatment 

decision in a patient with a low risk of very early recurrence.  
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Background and Aims: Hepatocellular carcinoma (HCC) is a lethal disease due to late diagnosis and 

a lack of effective screening methods. The Hepatitis B virus (HBV) is the primary etiological factor of 

HCC in Turkey. miRNA plays an important role in carcinogenesis and may serve as a non-invasive 

biomarker. In the literature, miR-4510 and miR-146b-5p expression levels were found to be associated 

with HCC however their associations with HBV related HCC yet to be explored. This study aimed to 

assess the predictive and prognostic value of expression levels of serum miR-4510 and miR-146b-5p 

in the HCC with HBV etiology and performed bioinformatics analyses based on the miRNA expression 

profile. 

 

Method: This cross-sectional study used serum from 16 patients with Chronic Hepatitis B (CHB), 15 

HBV-cirrhosis, 15 HBV-HCC, and 16 control subjects. The total RNA was isolated from serum and the 

expression of miR-4510 and miR-146b-5p were measured by qRT-PCR calculated using 2-ȹȹCt methods. 

MIENTURNET and Network Analyst were used to predict miRNA-target interactions and visualization 

of functional enrichment analysis. 

 

Results: There was a significant difference between study groups for miR-146b-5p (p=0.009) (Figure1.). 

MiR-146b-5p expression was significantly reduced in only HBV-HCC group and HBV-Cirrhosis group 

than in controls (p=0.005 and p=0.006 respectively) (Figure 1). No significant association was found 

between the miRNA-146b-5p and clinicopathological parameters (p>0.05). MiR-4510 expression was 

not detected in all patient groups but only in 3 individuals in the control. There was not found to be any 

associations between HCC prognosis and miRNAs expression levels. 

 

Conclusion: We concluded that serum miR-146b-5p levels can be used as non-invasive diagnostic 

biomarkers for HCC but not as prognostic markers. According to our preliminary data, serum miR-4510 

expression hasn't diagnostic value for HCC. Taken together, our findings shed light on potential 

biomarkers for the diagnosis of HBV-HCC in terms of selected miRNAs. MAPK signaling pathway and 

Pathway in cancer were statistically significant pathway in KEGG. This work has been supported by 

Marmara University Scientific Research Projects Coordination Unit under grant number SAG-C-DRP-

120619-0229. 
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Figure: Relative expression levels of miR-146b-5p in serum. 
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Background and Aims: Na+ taurocholate co-transporting polypeptide (NTCP) expressed exclusively 

at the basolateral membrane of hepatocytes in the liver and mediates the uptake of glycine/taurine 

conjugated bile acids (BAs) from the portal vein. Studies showed NTCP involvement in cholestasis, 

however, NTCP role in Hepatocellular Carcinoma (HCC) was not studied previously. We aim to evaluate 

NTCP expressions and BAs trafficking in HCC. 

 

Method: Hep3B cells (human hepatocellular carcinoma) were assessed for NTCP expressions through 

flow cytometry and western blot analysis. Expressions of CYP27A1 (BAs synthesis enzyme) were asses 

through western blot. Hep3B were treated with BAs substrate; Taurocholic acid (TCA) and with NTCP 

antagonist; Obeticholic acid (OCA) at concentrations 10 mM and 50 mM. Bile salt export pump (BSEP) 

were also evaluated. Flow cytometry, western blot and confocal microscopy were also used to evaluate 

HCC expressions of FXR and BSEP. Apoptosis/necrosis were also evaluated for apoptosis (Annexin-V 

/PI).  

 

Results: Flow cytometry analysis indicated a diminished expressions of NTCP on HCC and was 

associated with no BAs trafficking /entry following treatments with TCA. In parallel, quantitation of 

western blot data showed NTCP immunoblot bands indicating an intracellular NTCP expressions. Also, 

data showed protein expressions of CYP27A1 and BESP indicating an active mechanism of intracellular 

synthesis of BAs and BAs exporter, respectively. Compared to normal hepatocytes, intracellular 

expressions of CYP27A1 in the HCC were 2-fold higher and BAs concentrations were 4-fold elevated 

(P<0.05). These results were correlated with increased FXR in HCC and as a result inhibited intracellular 

NTCP (P<0.01).   OCA-treated HCC significantly activated FXR expressions and negatively regulated 

intracellular expressions of NTCP.  Moreover, OCA while decreased apoptosis of HCC from 60±7% to 

39±3.1% (annexin-V+/PI-) it shifted the cells to late apoptosis and necrosis from 26±4 to 50±6.6 % 

(annexin-V+/PI+). aFP levels were reduced from 250±27 ng/ml in untreated HCC to 89±11 ng/ml in the 

OCA-treated cells (P<0.05). There results were linearly correlated with the increase concentration of 50 

mM OCA. 

 

Conclusion: Our data indicated an inhibited surface expressions of NTCP which could indicate 

protective effects against insults of BAs. In turn, high synthesis of BAs (most probably because of high 

proliferative cells) increased FXR and lower intracellular NTCP expressions which in part indicated 

NTCP translocation dysfunction and may explain escape/defence of the cells and direct them to late 

apoptosis.  Modulatory therapies targeting FXR could be a potential approach to prevent complications 

to liver cancer.  
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Background and Aims: In hepatocellular carcinoma (HCC) patients undergoing tumor downstaging by 

anti-angiogenic therapy (AAT) + immune checkpoint inhibitors (ICIs), liver transplantation (LT) 

represents a potential curative option. In other cancers, tumor regression is due to the ICI-mediated 

activation of memory and effector T cells and AAT mediated down-modulation of myeloid-derived 

suppressor cells (MDSC) and regulatory T cells (Treg). In the LT setting immunosuppressant therapy 

and the prolonged ICI washout applied for minimizing graft rejection, could blunt ICI-promoted immune 

surveillance. In this study we performed a comprehensive blood immune profile of HCC patients 

undergoing LT after atezo+bev, to monitor tumor immunity in relation to treatment and clinical outcomes. 

 

Method: 3 HCC patients downstaged with atezo+bev and receiving LT were studied during pre-LT 

washout (T0 and T1) and at different post-LT intervals (T2-T4, Figure 1). 

 

Results: According to flow cytometry profiling, pre-LT ICI washout was associated with a rapid drop of 

effector/memory (EM) and terminally-differentiated effector memory (TEMRA) T cell responses with 

respect to the levels achieved during ICI-AAT treatment. Concomitantly, immunosuppressive pro-

tumoral cell subsets, including monocytic MDSC (M-MDSC), granulocytic MDSC (PMN-MDSC) and 

Treg, remarkably increased (Figure 1). After LT, all T cell subsets were further reduced, albeit with 

different kinetics. In contrast, M-MDSC and Tregs progressively raised in a patient-specific manner, 

while PMN-MDSC remained at low levels (Figure 1).  

 

Conclusion: These preliminary results suggest that ICI-AAT pre-LT washout is associated with a rapid 

loss of the anti-tumor immunological benefit achieved in peripheral blood by atezo+bev. To what extent 

the balance of pre-LT ICI washout and post-LT immunosuppression may modify the atezo+bev anti-

tumor effect needs to be assessed at longer intervals together with the relative weight of each 

component.  
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Figure: 
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Background and Aims: Cholangiocarcinoma (CCA) comprises a heterogeneous group of malignant 

tumors with poor prognosis. Krüppel-like factors (KLF) are a family of transcription factors involved in 

large variety of biological processes, including organogenesis, differentiation and cellular homeostasis. 

Here, we investigated the role of KLF5 in cholangiocarcinogenesis and evaluated the therapeutic 

potential of its inhibition during CCA tumorigenesis. 

 

Method: KLF5 expression was determined in human CCA tissues [Copenhagen (n=210), TCGA (n=36), 

Job (n=78), TIGER-LC (n=90) and San Sebastian cohorts (n=12)] and cell lines. KLF5-/- CCA cells were 

generated by CRISPR/Cas9. Proteomic analyses were carried out by mass spectrometry and the 

functional effects of KLF5 genetic ablation or chemical inhibition with ML264 were evaluated in vitro and 

in vivo. 

 

Results: KLF5 expression was upregulated in human CCA tissues from 5 different patient cohorts 

compared to surrounding normal liver tissue. High KLF5 levels correlated with lymph node invasion and 

worse overall survival. In vitro, KLF5 protein and mRNA levels were found upregulated in human CCA 

cells compared to normal human cholangiocytes. Proteomic analysis of KLF5-/- CCA cells revealed that 

most of the altered pathways are related with the modulation of cell cycle, proliferation, survival and 

migration. In agreement, KLF5-/- CCA cells displayed decreased cell proliferation, colony formation and 

migration while promoting cell cycle arrest at G1/S and apoptosis in vitro, when compared with CCA 

control cells. Instead, no signs of tumor development were evident after subcutaneous or orthotopic 

injection in a xenograft animal model of CCA. Likewise, pharmacological inhibition of KLF5 with ML264 

hampered CCA cells proliferation and migration in vitro and blocked tumor growth in vivo in distinct 

animal models. Lastly, both genetic and pharmacological inhibition of KLF5 sensitized CCA cells to 

chemotherapy-induced apoptosis in vitro, and the combination of the standard of care chemotherapy 

(gemcitabine + cisplatin) and ML264 completely halted CCA tumor growth in mice.    

 

Conclusion: Increased KLF5 is a general event in CCA, contributing to cancer progression by 

promoting cell survival and proliferation, as well as, chemoresistance. KLF5 inhibition with ML264 may 

represent a potential therapeutic strategy for CCA.   
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Background and Aims: Intrahepatic cholangiocarcinoma (iCCA) is the second most common primary 

liver malignancy after hepatocellular carcinoma (HCC) with limited therapeutic options. Immunotherapy 

(IO) has revolutionized cancer therapy during the last decade, offering durable responses with an 

acceptable safety profile. In biliary malignancies, addition of the immune checkpoint inhibitor to 

Gemcitabine/Cisplatin has recently become the standard of care in first line treatment, however, the 

overall survival benefit is moderate in an all-comer population. To facilitate patient stratification, and to 

explore new strategies, it will be critical to characterize and better understand the interplay between 

tumor cells and the immune microenvironment.     

 

Method: We combined spatial transcriptomics (ST) with published single-cell RNA sequencing (scRNA-

seq) of iCCA patients to identify the subpopulations of tumor cells and spatial structures in the tumor 

microenvironment. We also inferred cell-to-cell relationships from high throughput ligand-receptor 

interaction measurements within tissue sections.   

 

Results: High-resolution spatial transcriptomic analysis reveals subpopulations of tumor cells that 

display distinct patterns of KRAS-, Myc-, TGFß- and Wnt/beta-catenin signaling pathway signatures. 

We also observed a higher frequency of a tumor immune barrier structure in stroma rich tumor, while 

stroma poor tumor cells are more frequently infiltrated with macrophages/T-cells. In stroma rich tumor, 

tumor cells express IGF1R while surrounding fibroblasts express IGF1, suggesting a potential activation 

of IGF1 pathway which is known to promote tumor growth and survival. In both, stroma rich and poor 

tumor, tumor cells express vascular endothelial growth factor VEGFA, which can stimulate endothelial 

cells through VEGF receptor, FLT1, suggesting a pro-angiogenic shift in the state of the tumor-

associated endothelial subpopulation. In addition we identified macrophage subpopulations with a high 

M2-gene signature. Interestingly, we detected CXCL6+ tumor cells, suggesting a tumor-associated 

microbiota. We are currently determining the identity and in situ location of intratumoral microbial 

communities within patient tissues. 

 

Conclusion: Our data suggest that an immune suppressive tumor microenvironment associates with 

suppressive myeloid populations, in addition to high stromal angiogenic activity. Our work thus provides 

a highly detailed and comprehensive analysis of the iCCA tumor microenvironment and an exploratory 

analysis of tumor-stromal cell interactions. 
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Figure: Workflow description (partly created with BioRender.com)  
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Background and Aims: The chick chorioallantoic membrane (CAM) is naturally immunodeficient and 

highly vascularized, making it an ideal system for tumor implantation. Sorafenib is a widely used first-

line standard systemic agent for therapy of advanced hepatocellular carcinoma (HCC). It has been 

suggested that elevated levels of some metallothionein (MTs) isoforms could mediate protection against 

apoptosis and promote cell proliferation, thus encouraging chemoresistance. Thus, we decided to 

develop in vivo preclinical models to study the activity of sorafenib in human MT3 overexpressing HCC 

cells Huh7 by in ovo and ex ovo CAM assay. 

 

Method: Fertilized chicken eggs were obtained from Iocal farm. The eggs were incubated with 

intermittent rotation. For ex ovo CAM assay, the eggshells were cracked and embryos were transferred 

into small, sterile plastic bowls. Then, bowls were covered with a square Petri dish and placed in 

incubator until day 10, when embryos were xenografted on several places. Before xenografting, 

Huh7mock and Huh7MT3 cells were pre-labeled with CellTracker Green and implanted on the CAM at an 

initial seeding density of 5×104. After 3 days of incubation, 100 ɛM sorafenib was added to each 

microtumor and ex ovo cultures were further incubated for 24 h. For subsequent fluorescent photos, 

EVOS FL Auto Cell Imaging System was used. For in ovo CAM assay, after 10 days, a square window 

was drilled into eggshell. Then, eggs were inoculated with 1×106 Huh7mock and Huh7MT3 cells grafted 

directly on the CAM, followed by incubation (6 days). Then, 100 µM sorafenib was added topically on 

the upper CAM directly to the developed microtumors. After 24 h, CAM containing tumors, and organs 

were harvested, weighted and histology process.  

 

Results: After induction HCC xenografts on CAM, highly vascularized HCC tumors, formed from 

densely populated HCC cells were developed. We also confirmed that the transient up-regulation of 

MT3 resulted in high proliferation activity of Huh7MT3 tumor. It is worth to note that follow-up experiments 

revealed a significant chemoresistance to sorafenib due to MT3 up-regulation, while sorafenib efficiently 

decreased weight/volume of Huh7mock tumor. Interestingly, we also found out that although sorafenib 

exhibited only a slight inhibitory effect on metastatic spread of Huh7MT3 cells. 

 

Conclusion: We show that the applicability of CAM assay can be simply extended from its primary 

purpose to study carcinogenesis to the field of screening of anticancer activity of various types of drugs 

useful for HCC therapy. Besides, we provide clear evidence that up-regulation of MT3 results in 

increased metastatic spread from the primary tumors and also enhanced chemoresistance phenotype 

of examined HCC cells. 
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Figure:  
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Background and Aims: Hepatitis B virus (HBV) infection is the leading cause of chronic hepatitis, 

cirrhosis, and hepatocellular carcinoma (HCC). The accumulation of HBV surface antigen (HBsAg) 

induces inflammatory response together with direct activation of oncogenes leading to HCC. This study 

aim is to investigate the dynamics of various oncogenes during hepatocarcinogenesis related to HBV 

infection in a HBV-transgenic mouse model. 

 

Method: A total of 92 tissue samples from HBV-transgenic mouse model C57BL/6J-

TG(ALB1HBV)44BRI/J (HBV-TG) and its wildtype counterpart (C57BL/6J) (WT) were  analyzed. Liver 

samples were collected representing the different stages of injuries due to the presence of HBsAg (3 

months: inflammation, 6 months: early hepatic damage, 9 months: dysplasia, and >12 months: 

neoplasia). Serum transaminases and lactate dehydrogenase (LDH) levels were measured to confirm 

hepatic injury. In silico analysis of protein-protein interaction (PPI) networks from published HCC 

classifications identified the oncogene candidates of this study. Gene expressions analysis was 

performed by RTqPCR to investigate the differences of mRNA expression across age groups and 

between strains. Statistical analysis was calculated using GraphPrism software. 

 

Results: In silico analysis identified eleven candidate oncogenes in this study: c-Fos, Fgr, Mdm-2, 

Zbtb16/PLZF, Jun/AP-1, Cblb, Dcun1d2/DCNL2, Eps15, Src/pp60c-src, Aurka/AIRK1, and 

Yap1/Yap65.There were upregulated expressions of Aurka (Aurora Kinase A) and Src (Rous sarcoma 

oncogene) for about 3-fold higher and 2- to 5-fold higher, respectively, in HBV-TG compared to WT 

(p<0.0001). Paired analysis within similar age groups confirmed the observed differences. Interestingly, 

the expression level of Src in HBV-TG liver tissues sequentially increased along with the progression of 

liver. The increase of Aurka was already noted to be significantly high at 3 months in HBV-TG. This 

might be related to the presence and accumulation of HBsAg in the liver. In parallel, the increase of 

alanine transaminase (ALT) and aspartate transaminase (AST) were significantly increased along with 

hepatic injury in HBV-TG mice. 

 

Conclusion: The role of oncogenes such as Aurka and Src with the presence and accumulation of 

HBsAg may contribute to the initiation of hepatocarcinogenesis. 
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Background and Aims: Hepatocellular carcinoma (HCC) is the most common form of primary liver 

cancer. In Europe and North America, 15%-20% of HCC cases attribute to NASH, but this percentage 

is expected to increase in the near future.  

 

Recent study found that immune checkpoint inhibitors in combination with anti-angiogenic drugs exert 

a potent anti-tumor effect toward advanced HCC, probably through breaking immunosuppressive TME3. 

However, in the pre-clinical model of NASH-HCC, in which mice were fed a choline-deficient high fat 

diet (CD-HFD) or Western diet (WD), Pfister. D et al, reported that anti-PD-1 treatment could not reduce 

tumor burden, although the CD8+PD1+ T cells were increased within the tumor after treatment. A meta-

analysis of three randomized phase III clinical trials that tested inhibitors of PDL1 (programmed death-

ligand 1) or PD1 in more than 1,600 patients with advanced HCC revealed that immune therapy did not 

improve survival in patients with non-viral HCC. These data suggest that NASH/NAFL in the context of 

HCC potentially influence the effectiveness of an immunotherapy response. 

 

Thus, further studies are warranted to understand the cross-talk and interplay among immune cells and 

cancer cells, which facilitate to develop better immunotherapy against NASH-NAFL induced HCC. 

We aim to develop an improved immunotherapy of HCC in a preclinical model of HCC with underlying 

NASH by novel combinatorial treatments. Since NASH is a metabolic disease, we hypothesis that 

combining distinct anti-metabolic-regulating reagents with immunotherapy would be beneficial for the 

NASH-related HCC. 

 

Method: We use the CD-HFD- or WD-induced HCC model, because these are the best models to mimic 

the chronic development of NASH and spontaneous development NASH-HCC in human patients. 

Metabolic-regulating reagents, which have been reported in NASH or HCC treatment, are taken as the 

candidates. The NASH-HCC tumor metabolites are screened by gas chromatographyïmass 

spectrometry (GC-MS).  

 

Results: We found that combining metabolic-regulating reagents with immunotherapy, compared with 

mono-immunotherapy, would efficiently reduce the growth of tumors in NASH-HCC moues models. 

Interestingly, combining metabolic-regulating reagents with immunotherapy could significantly reduce 

the body weight, which mainly attribute to the loss of fat tissue. By GC-MS metabolites screening, we 

found that metabolic-regulating reagents could change the metabolism of tumors, release the metabolic 

stress of NASH-HCC microenvironment and revert the T-cell phenotypes.  

 

Conclusion: Combining metabolic-regulating reagents with immunotherapy could be a novel 

therapeutic strategy for NASH-related HCC. 
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Background and Aims: Emerging reports suggest a relationship between thyroid hormones (TH) 

signalling pathways and liver diseases, including hepatocellular carcinoma. Deiodinases are enzymes 

involved in serum and hepatic regulation of TH. Although it has been proven that the expression of 

deiodinases type 1 (D1) and 3 (D3) changes during induced liver injury, their role is still poorly 

understood in hepatocarcinogenesis. We aimed to evaluate the role of deiodinases and their regulation 

in liver carcinogenesis investigating whether and how the TH homeostasis impacts on HCC phenotype 

and patientsô outcome. 

 

Method: This is a proof of knowledge introductory to an ongoing monocentric prospective case-control 

study. We enrolled 19 patients underwent liver surgery for HCC (10 cases) or for other non-neoplastic 

liver diseases in non-cirrhotic context (9 controls). We evaluated genes and protein expression of the 

main TH metabolism factors (D1, Monocarboxylate transporter 8 -MCT-8-, Thyroid receptors alpha and 

beta and Kruppel-like factor 9 -KLF9-), with RT-PCR and Western blot analysis in HCC, cirrhotic liver 

and healthy liver samples. 

 

Results: RT-PCR analysis showed a progressive statistically significant decrease of D1 (p 0.004), MCT-

8 (p 0.001) and TRŬ (p 0.02) mRNA expression from healthy liver to HCC. The expression of KLF9, 

involved in cell differentiation and proliferation, decreased accordingly (p 0.03). Western Blot analysis 

showed a decreased expression of D1 protein in all cirrhotic samples (p 0.01), while D3 increased in 

50% of HCC (p 0.02). Among HCC patients, D3 expression was associated with more severe liver 

stiffness (32 kPa, IQR 23.47-35.5, p 0.002) and high BMI (p 0.004). A statistically significant overall 

survival (OS) difference between D3 positive and D3 negative HCC patients was observed (log rank p 

0.003), with a median OS of 17.9 (IQR 15.5-18.7) months for D3 positive vs 41.3 (35.1-43.8) months in 

D3 negative (Fig.1). Furthermore, a shorter Progression Free Survival and an increased recurrence rate 

was observed in D3 positive patients, even if not statistically significant. 

 

Conclusion: These preliminary data showed that D3 expression could define a more severe phenotype 

of HCC and it could be used in clinical practice as negative prognostic biomarker of patientsô outcome. 

Our exploratory findings need to be applied to a larger sample size to be confirmed. 
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Figure 1. Kaplan-Meyer survival curve in HCC patients D3+ and D3- 
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Background and Aims: The burden of hepatocellular carcinoma (HCC) associated with non-alcoholic 

fatty liver disease (NAFLD) is increasing. Preventive strategies are needed to counteract this trend. 

Thus, we investigated the effects of rifaximin (RIF) on epigenetic and autophagy markers in an 

experimental model of HCC secondary to NAFLD. 

 

Method: Adult Sprague Dawley rats were randomly assigned (8 animals each) and treated from 5 to 16 

weeks with gavage as follows: control [standard diet; water free of diethylnitrosamine (DEN) plus gavage 

with vehicle (Veh)], HCC [high-fat diet with choline deficiency (HFCD), DEN in drinking water and gavage 

with Veh], and RIF [HFCD, DEN in drinking water and gavage with RIF (50 mg/kg/day). 

 

Results: Hepatic expression of matrix metalloproteinases (Mmp)-9 was higher in the HCC-group in 

relation to the control, inversely observed for p62/sequestosome-1 (p62/Sqtm1) (p<0.05). There was a 

significant decrease in autophagy-related-factor-LC3A/B ((Map1l3b), beclin (Becn)-1 and enhancer of 

zeste homolog (Ezh)-2 in the HCC and RIF-groups compared to the control (p<0.05). Coactivator-

associated arginine methyltransferase (Carm)-1 was lower in the HCC compared to the RIF-group 

(p<0.05). There was no difference between groups for tubulin alpha (Tuba)-1c, aldolase (Aldo)-b, alpha-

fetoprotein (Afp), and Mmp2 (p>0.05). miR-122 expression was significantly higher in the HCC-group 

compared to the control (p<0.05). miR-34a was significantly higher in the RIF-group compared to the 

control (p<0.05). miR-26b expression was significantly lower in the HCC-group compared to RIF-group, 

the inverse was observed for miR-224 (p<0.05). There was no difference between groups for expression 

of miR-33a, miR-143, miR-155, miR-375 and miR-21 (p>0.05). All animals in the HCC and RIF groups 

developed NAFLD, however three animals in the RIF-group did not develop HCC. There was a 

significant positive correlation between miR-122 and miR-34a in relation to the autophagy markers 

Becn1, p62/Sqtm1 and Map1l3b. There was a significant positive correlation between Becn1, 

p62/Sqtm1 and Map1l3b and there was no correlation between Ezh2 and Carm-1. 

 

Conclusion: We demonstrated a beneficial effect of the treatment with RIF in rats with NAFLD-HCC in 

relation to the epigenetic markers evaluated, suggesting it could be useful to prevent or delay 

carcinogenesis. 
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Background and Aims: HCC is a major cause of cancer-related deaths, although novel 

pharmacological regimes, based on immunotherapy, have been approved. This study aims at assessing 

the efficacy of a novel liposomal formulation loaded with doxorubicin (DXR), targeted with the Fabô of 

the PD-L1 checkpoint inhibitor atezolizumab, for the selective delivery of the cytotoxic agent to cancer 

and exhausted immune cells.  

 

Method: In this study, two DXR-loaded liposomal formulations were tested both in vitro and in vivo, i.e., 

untargeted Stealth Liposomes (SL) and Stealth ImmunoLiposomes (SIL) targeted with atezolizumab. 

Cytotoxic effect was assessed on human HepG2 and murine Hepa1-6 cells by the ATP assay. DXR 

internalization was assessed by live confocal microscopy. Their effect on macrophage polarization was 

assessed on THP1-derived macrophages cocultured with HepG2. A HepG2-based spheroid model was 

set up to evaluate the effect of SIL and SL on sphericity index (SI) and cell viability by CellTiter-Glo® 3D 

Cell Viability test. In vivo efficacy was assessed in a mouse syngeneic model of HCC, obtained by 

injecting Hepa1-6 cells in C57BL/6J immunocompetent mice. They were treated with SIL or SL (10 

mg/Kg, 1EV/week for 4 weeks) when tumors reached a volume of 100 mm2. Tumor volumes were 

measured by an electronic caliper and collected at sacrifice to evaluate infiltrated macrophages by IHC. 

 

Results: Atezolizumab targeting increased the in vitro internalization and cytotoxic effect of liposomal 

DXR in HepG2 and Hepa1-6 cells, since SIL had IC50 values significantly lower than those of SL 

(p<0.05). SIL-treatment significantly increased the polarization of M0 macrophages toward the anti-

tumoral M1 phenotype with respect to control and SL-treated cells (p<0.01) and effectively reduced 

spheroid viability (IC50=1.122 mM) without affecting SI. Both formulations decreased tumor growth in 

vivo (tumor volumes measured at sacrifice were significantly lower in treated mice compared to controls, 

p<0.05). The number of pro-tumoral macrophages was significantly lower in treated mice, particularly in 

those treated with SIL. 

 

Conclusion: PD-L1-targeted liposomal DXR reduces cancer cell growth in HCC preclinical models and 

prompts macrophage polarization towards an antitumoral phenotype. The active targeting of DXR to 

tumor cells and exhausted immune cells may pave the route to new pharmacological treatments of HCC, 

able to reduce off-target toxicity and enhance anticancer activity.   
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Background and Aims: The six-transmembrane epithelial antigen of prostate 4 (STEAP4) has been 

shown to promote tumor progression associated with its roles in inflammatory reactions, oxidative stress, 

and metabolism. However, STEAP4 has rarely been studied in hepatocellular carcinoma (HCC). We 

explored STEAP4 expression associated with tumor prognosis to understand its role in tumor biology in 

HCC. 

 

Method: STEAP4 mRNA and protein expressions were primarily analyzed based on The Cancer 

Genome Atlas database using bioinformatics tools to understand the expression pattern, molecular 

mechanism, prognostic impact, and association with immune cell infiltration. We further investigated the 

association between STEAP4 protein expression and clinicopathological parameters and their predictive 

value in patients with HCC using immunohistochemical staining (IHC) of tissue microarrays. 

 

Results: The expression of STEAP4 mRNA and protein was found to be significantly lower in HCC 

tissues than in normal liver tissues.  HCC with advanced stages, poor relapse-free survival (RFS), and 

overall survival were associated with reduced expression of STEAP4. Furthermore, reduced STEAP4 

expression was a significant predictor of worse recurrence-free survival in univariate and multivariate 

analyses in IHC cohort. GO, KEGG, and GSEA analyses indicate that STEAP4 is related to numerous 

biological processes and pathways, such as drug metabolism, DNA replication, RNA metabolism and 

immunoresponse. In terms of the immune system, the decreased level of STEAP4 was correlated with 

the immunosuppressive microenvironment. 

 

Conclusion: Our data indicated that reduced STEAP4 expression was significantly associated with 

tumor aggressiveness and poor prognosis possibly due to its link with various biological processes and 

triggering immune evasion of HCC. Therefore, STEAP4 expression may serve as a potential prognostic 

biomarker for cancer progression and cancer immunity, as well as a potential therapeutic target in HCC.  
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Background and Aims: Cholangiocarcinoma (CCA) is a deadly cancer of the biliary epithelium 

characterized by poor prognosis and limited therapeutic options. This scenario highlights the imperative 

need for elucidating CCA pathophysiological mechanisms to develop new therapeutic strategies. In the 

last years, strong efforts have been focused on the Organ-On-Chip (OoC) as a promising tool able to 

potentially recapitulate an in vivo-like 3D environment, compared to the standard 2D culture systems. 

Therefore, we aimed to develop an innovative CCA-on-chip device as a platform for drug screening 

purposes. 

 

Method: Primary CCA cells were isolated from patients surgically resected at the Hepatobiliary Surgery 

Department, Humanitas Clinical and Research Hospital. The microfluidic device was designed and 

fabricated at Politecnico di Milano, composed of three microfluidically interconnected channels 

separated by pillars and with independent accesses.  

 

Results: CCA niche was mimicked by co-culturing CCA cells and cancer-associated fibroblasts (CAFs) 

in the central channel, embedded in a fibrin/collagen hydrogel, and flanked by an endothelial tubule. 

The device architectural reconstruction showed the ability of the cells to self-assembly in a physiological-

like 3D topology. Moreover, the cells displayed a significant increase in the expression of key phenotypic 

cell markers, compared to 2D culture system. Diffusion assays assessed the high biocompatibility of 

this platform at small and large molecules, thus identifying the functional integrity of the endothelial 

tubule, which acted in a size-selective manner. Subsequently, hydrogel mechanical proprieties showed 

that deep matrix changes characterized the tumor niche during time in culture, highlighted by an 

increase in hydrogel stiffness and a reduction of its porosity. Besides, we observed a significant increase 

in the collagen IV deposition in the device at Day 4 compared to Day 1, only when tumor cells were co-

cultured with CAFs. Furthermore, drug exposure analysis using Gemcitabine and Cisplatin, the standard 

of care for CCA patients, revealed the increased resistance of CCA cells co-cultured with CAFs in the 

device compared to the 2D monolayer culture and the 3D tumor cell mono-culture. 

 

Conclusion: Our results showed that an in vivo-like CCA microenvironment was developed in a 3D 

microfluidic device, in which an extensive and bidirectional crosstalk was established between CCA cells 

and CAFs. This platform could represent a reliable 3D platform to elucidate the biological mechanisms 

involved in CCA chemoresistance and may provide a biologically relevant tool for patient-specific 

therapeutic strategies, paving the way toward precision medicine. 
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Figure 1: Schematic representation of the CCA-on-CHIP 
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Background and Aims: Hepatocellular carcinoma (HCC), the most common form of primary liver 

cancer, is the result of a complex interplay between genetic and epigenetic alterations accumulated and 

selected over time against a background of chronic liver disease. Unlike the genetic drivers of HCC, 

epigenetic alterations in HCC initiation and progression remain poorly characterized. As sequential 

biopsies of patients with HCC, from premalignancy to late-stage disease, are rarely performed 

genetically engineered mouse models (GEMMs) represent a potentially powerful experimental tool to 

study HCC evolution. Our aim is to investigate epigenetic regulators during tumour evolution and the 

efficacy of systemic therapeutic interventions targeted at epigenetic regulators. We employ a range of 

recently developed human-aligned GEMMs to maximise clinical relevancy. 

 

Method: Firstly, we employed a well characterised oncogene driven GEMM, to investigate epigenetic 

alteration during tumour evolution. AAV-TBG-Cre induction in this mouse model activated Ctnnb1 and 

overexpressed MYC, resulting in malignant lesions that recapitulate human beta-catenin driven HCC. 

We used immunohistochemistry staining for specific epigenetic DNA and histone modifications to 

compare end-stage tumorous tissue vs normal or adjacent. We employed Gene Set Enrichment 

Analysis (GSEA) in an RNA-seq dataset to explore the epigenetic landscape underlying in our model. 

Furthermore, we created GEMM-derived, 3D hepatic tumouroids from different mouse models and we 

proceeded to a high throughput screening using several histone deacetylase inhibitors (HDACi) as in 

vitro treatment. We then used the most effective HDACi, Romidepsin (FK228), in combination with 

Lenvatinib as a late-stage treatment in vivo. Finally, we created novel GEMMs through deletion of an 

epigenetic regulator associated with HCC, BRCA1 associated protein 1 (Bap1) to investigate its 

tumorigenic potential in vivo. 

 

Results: We showed that 3D hepatic tumouroids are responsive to HDACi treatment in vitro. These 

data suggested this response is dependent upon HDAC inhibitor molecular structure and HDAC class 

selectivity and furthermore influenced by genetic background across a range of different GEMM-derived 

tumouroids. Romidepsin and Lenvatinib combination treatment in vivo led to significant survival benefit 

and decreased tumour-count in late-stage HCC in the GEMM bearing Ctnnb1 and MYC alterations. 

 

Conclusion: Overall, this preclinical study delineates the crucial role of epigenetic alterations in HCC 

evolution and expands existing potential treatment options. The close link between in vivo and in vitro 

of our adaptable experimental system will allow for rapid validation with significant translational potential. 
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Background and Aims: Recent evidence supporting the need of a mitochondria-based metabolism for 

tumor growth prompted us to study the role of MCJ, an endogenous negative regulator of mitochondrial 

complex I, in the context of hepatocellular carcinoma (HCC). The tumor microenvironment imposes 

various metabolic regulations to hamper the antitumor immunity of infiltrating immune cells, therefore, 

modulating the metabolic rewiring may help recover the antitumor immune potential. This work aims to 

prove increased malignancy in mitochondria-based tumors and to analyze the differential immune 

response driven by metabolic changes. 

 

Method: Two different experimental models of HCC were used. Firstly, Wt and whole-body Mcj-/- mice 

were treated with diethylnitrosamine (DEN) for 5,8 or 12 months. Secondly, C57/BL6 mice were injected 

with MYC-luc;sgp53 plasmid combination and Mcj was specifically silenced in the hepatocytes. Tumor 

progression, liver metabolism, mitochondrial activity and tumor infiltrating cells were assessed in both 

models. 

 

Results: An in silico approach using UALCAN revealed reduced Mcj expression in patients at stage IV 

HCC. In vivo, the absence of MCJ increased tumorigenesis and mortality after DEN treatment. A strong 

oxidative phenotype was confirmed in Mcj-/- tumors, as mitochondrial respiration was significantly higher, 

with increased intracellular ATP, NAD+, and NADPH levels. Examination of immune cells infiltrating the 

tumor showed a reduction in effector T lymphocytes (CD44+ CD62L-) and neutrophils (GR1+CD11b+) in 

Mcj-/- mice. Serum and liver cytokine analysis showed a decrease in inflammatory IFNg and TNF in Mcj-

/- mice. Significantly increased PDL-1 levels in Mcj-/- mice indicated possible immunosuppression. On 

the other hand, liver-specific silencing of Mcj enhanced tumorigenesis in the MYC-luc;sgp53 model, 

along with reduced inflammatory IFNg and TNF and increased PDL-1. Interestingly, 20% of Mcj-silenced 

mice developed brain metastases. Mechanistically, increased expression of ectoenzymes Cd39 and 

Cd73 was found in Mcj-/- mice, along with higher hepatic adenosine levels, which may promote 

immunosuppression in T cells via adenosine receptor signaling cascades.  

 

Conclusion: Overall, decreased MCJ levels in the liver, which are also seen in advanced HCC patients, 

promote oxidative respiration and lead to metabolic rewiring that impedes antitumor immune potential 
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via ATP-ectoenzyme-adenosine signaling and promotes tumorigenesis and even metastasis. Therefore, 

measurement of MCJ levels along with characterization of glycolytic versus oxidative respiration could 

help determine the most appropriate treatment, such as blockade of the adenosine axis in combination 

with immunotherapy. 

 

Figure:  
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Background and Aims: The tumour microenvironment (TME) is made up of cancer, immune and 

stromal cells. The specific presence or absence of these cells has been implicated in the pathogenesis 

of hepatocellular carcinoma (HCC). The TME landscape in HCC has also been associated with clinical 

and prognostic outcomes. A better understanding of this intricate network is required to enhance the 

efficacy of current therapeutic options. Our work aims to provide further insight into the HCC TME 

landscape using imaging mass cytometry (IMC) to map cellular interactions in both a quantitative and 

spatial context. 

 

Method: Sixteen treatment naïve patients with HCC undergoing curative resection at a single tertiary 

institution were identified. Two tissue microarrays (TMAs) were created from regions of interest within 

the resected non-tumour, invasive margin, and tumour tissue. Using IMC, a high dimensional imaging 

platform that facilitates the quantification of up to forty markers, we developed and optimised an antibody 

panel consisting of immune, stromal and tumour markers to evaluate in the TMAs. Quantification and 

spatial analyses were undertaken to interrogate differences between tissue regions. X-shift clustering 

was done to identify cell subsets. The interaction levels were quantified by calculating the average 

number of cells within 20 µm. Manual gating was also performed to validate the identification of clusters. 

 

Results: Our high-dimensional panel allowed the identification of 53 subsets of cancer, immune and 

stromal cells. After quantifying cellular interactions, a sparse partial least-squares discriminant analysis 

was done. This revealed CD4+ CD45RO+ T cells and CD68+ myeloid cells had a higher level of 

interaction within tumour compared to non-tumour regions. This was confirmed by manual gating and 

by inspecting representative images (Figure, blue = CD68+ myeloid cells, yellow = CD4+ CD45RO+ T 

cells). 

 

Conclusion: Our analyses show differing T cell and myeloid interactions in tumour and non-tumour 

tissue. Further analysis will provide insight into the contributions of these interactions and their 

association with relevant clinicopathological parameters.  
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Figure:  

 

 














































































































































































































































































































































































































































































