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Introduction: HCC is the third leading cause of cancer-related death worldwide, with chronic 
viral hepatitis accounting for more than 70% of the cases. Therapeutic options are limited and 
ineffective. The increasing use of immune-based therapies in solid tumors highlights the need to 
expand our knowledge on the immunologic microenvironment of HCC.
Methods: Access to liver samples from 20 well-characterized patients with HCC associated 
with HCV (n = 9) or HBV (n = 11) gave us the opportunity to study the immunologic 
landscape in these tumors. For each patient, RNA-sequencing was performed on the tumor 
and surrounding nontumorous tissue.
Results: We found that both HCV- and HBV-HCC are associated with a predominance of 
downregulated genes (74% and 67%, respectively). Analysis of the immune landscape using 
a curated gene list showed 216 of 2481 (9%) immune genes in HCV-HCC and 164 of 2560 
(6%) in HBV-HCC. However, only 8 immune genes (4%) were upregulated in HCV-HCC 
and 27 (16.5%) in HBV-HCC. HCV-HCC was characterized by an enrichment of down
regulated genes related to T-cell activation and oxidative stress. The dramatic downregula
tion of immune genes related to T-cell activation in HCV-HCC prompted us to perform an 
extensive immunohistochemistry analysis on paraffin-embedded liver specimen. 
Interestingly, we found a significant reduction of immune-cell infiltration (CD3, CD8 and 
CD20 positive cells) within the tumor. Moreover, we observed that HCV-HCC is character
ized by an enrichment of M2-like CD68-positive cells. These data are consistent with the 
dramatic downregulation of immune-cell infiltration seen in HCV-HCC. Conversely, HBV- 
HCC was characterized by upregulation of genes related to monocyte/macrophage activation 
and cell cycle control, and downregulation of genes involved in various cell metabolisms.
Conclusion: This study demonstrates a distinctive molecular signature and immune land
scape in HCC of different viral etiology, which could provide new insights into pathogenesis 
and lead to the development of novel immune-based therapies.
Keywords: hepatocellular carcinoma, hepatitis C virus, hepatitis B virus, RNA-sequencing, 
molecular signature, immune landscape

Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third 
leading cause of cancer-related death worldwide.1,2 The incidence is increasing 
worldwide, with an estimated global incidence rate of 9.3 per 100,000 person-year 
in 2018 and a corresponding mortality rate of 8.5.2 Thus, the incidence and 
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mortality of HCC are roughly equivalent. Moreover, HCC 
has a poor 5-year survival,1 with a dramatic increase in 
mortality over the past decades in contrast with the 
decreasing mortality reported for several tumors.3 

Although the pathogenesis of HCC remains to be eluci
dated, chronic infection with hepatitis C virus (HCV) and 
hepatitis B virus (HBV) account for 71% of all HCC cases 
worldwide.4,5 Both of these viruses are included in the list 
of carcinogenic viruses.6 Cirrhosis is the single most 
important risk factor for HCC, being present in more 
than 80% of the cases.7 The use of long-term antiviral 
therapy in patients with chronic hepatitis B and the success 
of direct-acting antivirals in eradicating HCV in over 95% 
of patients have significantly decreased but not eliminated 
the risk of HCC.8

HCV is an enveloped RNA virus belonging to the 
Flaviviridae family.9 HCV does not integrate into the 
host genome, and therefore it likely promotes hepatocar
cinogenesis through chronic inflammation, liver regenera
tion and fibrosis rather than through a direct oncogenic 
effect.10,11 However, experiments in mouse models sug
gested that overexpression of the HCV core protein may 
promote hepatocarcinogenesis.12 HBV was the first virus 
associated with the development of HCC13 and is the 
leading cause of HCC worldwide.5 Although the avail
ability of an effective vaccine against HBV holds promise 
for the elimination of HBV-associated HCC, more than 
257 million chronic HBsAg carriers in the world are still 
at increased risk of developing cirrhosis and HCC.14 Of 
note, approximately 20% of HBV-related HCC cases do 
not present with cirrhosis, suggesting a direct oncogenic 
effect of HBV.15 HBV is the prototype member of the 
Hepadnaviridae family. It contains in its interior 
a nucleocapsid with the viral genome, a 3.2 Kb relaxed 
circular double-stranded DNA (dsDNA). After entry into 
hepatocytes, the nucleocapsid is released into the cyto
plasm and migrates to the nucleus,16 where the viral 
genome can integrate into the host DNA, causing inser
tional mutagenesis and activation of cancer driver 
genes.17

HCC is one of the most heterogenous cancers compris
ing distinct molecular and clinical subgroups.18,19 

Interestingly, it has been shown that only about 20% of 
HCC cases, regardless of the tumor etiology, show a high 
to moderate levels of immune cell infiltration while the 
vast majority displays a low degree of immune-cell 
infiltration.18,20,21 The immune microenvironment of 
HCC has been studied in recent years,20–24 but there is 

limited information on whether the immune-cell infiltra
tion varies according to the different viral etiology. Given 
the involvement of the immune system in the pathogenesis 
of chronic viral hepatitis22–24 and the increasing use of 
immune-targeted therapies for solid tumors, it is important 
to investigate the immune landscape of HCC in order to 
identify differences and similarities among HCCs of dif
ferent viral etiology. Access to a unique collection of 
paired liver specimens (tumor and surrounding nontumor
ous tissue) from 20 well-characterized Caucasian patients 
with HCV- and HBV-HCC, seen at a single center in Italy, 
gave us the unique opportunity to define the molecular 
signature and the immunologic landscape of these tumors 
to better understand their differences and similarities.

Materials and Methods
Patients
The study included liver specimens from 9 patients with 
HCV-associated HCC, 1 female and 8 males, aged 60 ± 8 
years (mean ± SD), and 11 patients with HBV-associated 
HCC, 1 female and 10 males, aged 57.7 ± 7.7 years. The 
clinical, virologic, and histopathological features of the 
patients were previously reported.25,26 All patients were 
followed at the Liver Transplantation Center of the Brotzu 
Hospital in Cagliari, Italy. Informed consent was obtained 
from all subjects involved in the study. The protocol was 
approved by the ethical Committee of the Hospital Brotzu 
(Cagliari, Italy), and by the Office of Human Subjects 
Research of the NIH, granted on the condition that all 
samples were deidentified.

RNA-Sequencing
Total RNA from liver tissue was extracted from frozen 
liver specimens as described previously27 using TRIzol 
reagent (Invitrogen) according to the manufacturer’s 
recommendations. Total RNA quality and integrity 
were assessed using the Agilent 2100 Bioanalyzer. The 
mRNA libraries were constructed from 0.5 to 1 µg 
mRNA using the Illumina TruSeq RNA Sample Prep 
Kits, version 2. The resulting cDNA was fragmented 
using a Covaris E210. Library amplification was per
formed using 10 cycles to minimize the risk of over- 
amplification. Unique barcode adapters were applied to 
each library. Libraries were pooled in equimolar ratio 
and sequenced together on a HiSeq 2500 with ver 4 
flow cells and sequencing reagents. At least 47 million 
125-base read pairs were generated for each individual 
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library. Data were processed using RTA 1.18.64 and 
CASAVA 1.8.2.

All RNA-sequencing (RNA-seq) samples had a raw 
yield of at least 60 million paired-end 125 base-pair 
reads. Data were processed using the Pipeliner workflow 
(https://github.com/CCBR/Pipeliner). Reads were trimmed 
to remove contaminating adapter sequences and low- 
quality bases using cutadapt28 and aligned to the human 
hg38 reference genome and Gencode release 28 using 
STAR v2.5.2b run in 2-pass mode.29 RSEM v1.3.030 was 
used for gene-level expression quantification, and limma 
v 3.40.231 was used for voom quantile normalization and 
paired differential expression analysis. Only genes passing 
the following cutoff were used for downstream analyses: 
more than 0.5 counts per million across at least nine or ten 
samples for HBV and HCV respectively. Selection criteria 
for transcriptomic analysis require genes to have fold- 
change greater than +1.0 or lower than −1.0, and FDR- 
adjusted P value less than 0.05. RNA-seq data have been 
deposited in the NCBI Sequence Read Archive (SRA) 
(accession number PRNJA719288).

Functional Immune Categories
We first selected the genes involved in the immune 
response from the bulk gene expression data (expressed 
as fold change between tumor and non-tumor tissue) based 
on a curated list of 828 genes encompassing cell surface 
markers, secreted proteins, and intracellular factors. This 
list was generated by combining gene ontology with two 
databases, Reactome32 and Ingenuity [QIAGEN Inc.]. To 
identify pathways among the differentially expressed 
immune genes, we utilized the WEB-based Gene SeT 
AnaLysis Toolkit (WebGestalt, version 2019) analysis 
using our curated list of immune genes as reference.33 In 
this web application, we selected the overrepresentation 
enrichment analysis (ORA), followed by pathway analysis 
using Reactome as database.32 We selected a multiple test 
adjustment with Benjamini & Hochberg (BH) correction 
and set a P-value < 0.05.

Immunohistochemistry
Immunohistochemical staining of formalin fixed paraffin- 
embedded liver sections was performed using a panel of 
antibodies including CD3, CD8, CD20, CD68 (Dako), 
alpha-SMA (Abcam), and CD163 (Novus Biologicals). 
Briefly, sections of 3 to 5 μm were deparaffinized through 
graded alcohols and xylene. Immunohistochemical stain
ing was performed after antigen retrieval using either 

citrate buffer (10 mmol, pH 6.0) or EDTA (1 mmol, pH 
9.0). Slides were incubated in Tris-goat serum (3%) for 15 
min and then incubated at room temperature with primary 
antibodies. Detection was carried out on the automated 
system BenchMark XT autostainer (Ventana Medical 
Systems) according to the manufacturer’s instructions. 
Images were taken using an Olympus BX41 microscope, 
objective UPlanFI 20×/0.75, with an adaptor U-TV0.5xC 
using a digital camera Q-imaging Micropublisher 5.0 RTV. 
The images were captured using Q-Capture version 3.1.

Statistical Analysis
Pathway analysis was performed using Ingenuity Pathway 
Analysis (IPA, version 01–19-00, Qiagen Redwood City, 
www.qiagen.com/ingenuity). The association of genes to 
pathways was evaluated as the ratio between the number 
of genes present in the dataset and the total number of 
genes that map to the same pathway. The Fisher’s exact 
test was also used to calculate the probability of such 
association. The chi-square test was used to analyze the 
frequency of the differentially expressed genes in one 
immune category (T-cell immune response) between HCV- 
HCC and HBV-HCC. Prism version 8.0.1 (GraphPad soft
ware) was used for graphical representation of the data and 
statistical analysis. Statistical significance was set at 
P < 0.05.

Results
Characteristics of the Patients
RNA-sequencing (RNA-seq) was performed in a cohort of 
20 well-characterized patients with viral-associated HCC, 
which included 9 patients with HCV and 11 patients with 
HBV-associated HCC. For each patient, liver specimens 
obtained from the tumor and surrounding nontumorous 
tissue were analyzed. The demographic, clinical, serologi
cal, and pathological features of the 9 patients with 
HCV25,34 and the 11 with HBV26 have previously been 
reported. In the surrounding nontumorous tissue, cirrhosis 
was documented in 90% of HCV-associated HCC 
patients25 and in 82% of HBV-associated HCC. The 
tumor size was less or equal to 3 cm in 5 patients and 
larger than 3 cm in the remaining 4 patients with HCV- 
HCC;25 the grade of the tumor differentiation was found to 
be G2 in 5 patients and G3 in the remaining 4 patients.25 

All patients were positive for HCV RNA and most had 
genotype 1 (89%).34 In HBV-HCC, the tumor size was 
between 2 and 3 cm in 8 patients and larger than 3 cm in 
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the remaining 3 patients;26 the grade of tumor differentia
tion was G2 in 7 patients, G3 in 3 patients, and G4 in the 
remaining patient.26 All patients were HBsAg positive and 
anti-HBe positive with very low levels of HBV replication 
since all patients were under nucleos(t)ide therapy.26

Pathway Analysis in Tumor versus 
Nontumorous Liver Tissue in HCV- and 
HBV-Associated HCC
For each of the 20 patients studied, RNA-seq was per
formed using RNA obtained from paired tumor and non
tumorous liver specimens. The results of these analysis 
showed that both HBV- and HCV-associated tumors are 
characterized by a predominant gene downregulation 
(Figure 1), confirming previous data that we reported 
using microarray gene expression profiling.25,26 In HCV- 
HCC (Figure 1A), we detected 2481 differentially 
expressed genes within the tumor with a large preponder
ance of them downregulated (1831; 74%). A complete list 
of the differentially expressed genes in HCV HCC is 
reported in Table S1. Of the 20 top-scored pathways in 
HCV-HCC, the top-scored was represented by hepatic 
fibrosis and hepatic stellate cell activation, with only 1 
gene upregulated and 48 genes downregulated 
(Figure 1B). However, the most peculiar feature of HCV- 
HCC was a group of 14 pathways involved in the regula
tion of the immune response, with 95% downregulated 
genes (Figure 1B). These pathways encompassed genes 
of both the innate and adaptive immune responses, 
although the T cell-mediated immune response was the 
most represented (Th1 and Th2 activation pathway, com
munication between innate and adaptive immune cells, 
Th1 pathway, primary immunodeficiency signaling, Th2 
pathway, hematopoiesis from pluripotent stem cells, and 
dendritic cell maturation). The remaining 5 pathways were 
not directly related to the immune system; two of them 
were associated with lipid metabolism (LXR/RXR activa
tion and eicosanoid signaling) and three were related to 
signal transduction of G-protein coupled receptor (sperm 
motility, G-protein coupled receptor signaling and cAMP- 
mediated signaling) (Figure 1B).

In HBV-HCC, the analysis identified 2560 differentially 
expressed genes with a high prevalence of downregulated 
genes within the tumor (1712; 67%), although there was 
a higher proportion of upregulated genes as compared with 
HCV-HCC (848; 33%) (Figure 1C). A complete list of the 
differentially expressed genes in HBV HCC is reported in 

Table S2. When we analyzed the 20 top-scored pathways, 
we found that 5 pathways were in common with HCV-HCC 
(hepatic fibrosis and hepatic stellate cell activation, primary 
immunodeficiency signaling, LXR/RXR activation, acute 
phase response signaling, and complement system) 
(Figure 2). The presence of the hepatic fibrosis and hepatic 
stellate cell activation pathway with the vast majority of 
genes downregulated (98% in HCV-HCC and 84% in HBV- 
HCC) suggests that in HCC the extracellular matrix produc
tion was inhibited regardless of the tumor etiology, a finding 
previously reported by our group using microarray assay.35 

The other 4 pathways shared by HCV- and HBV-HCC 
included LXR/RXR activation, which is related to lipid 
metabolism, and 3 pathways related to the immune response, 
specifically B-cell activation and antibody production (pri
mary immunodeficiency signaling) and acute phase response 
(acute phase response signaling and complement system) 
(Figure 2). In contrast to HCV-HCC, whose signature was 
characterized by a prominent dysregulation of genes 
involved in the T-cell immune response, in HBV-HCC we 
did not find any pathway related to T-cell immune activation 
and regulation (Figure 1D). The most peculiar feature of 
HBV-HCC was the presence of 9 pathways associated with 
the regulation of cell metabolism, which were uniquely 
detected in HBV-HCC (Figures 1D and 2). These included 
3 pathways related to the family of nuclear receptors, which 
play a central role in the regulation of lipid metabolism 
(LPS/IL-1 mediated inhibition of RXR function, FXR/ 
RXR activation, LXR/RXR activation, and PXR/RXR acti
vation). The other 6 pathways were involved in the degrada
tion of several substrates, such as acetone, bupropion, 
tyrosine, histidine, nicotine and α-tocopherol (Figure 1D). 
The remaining two pathways were related to hepatic synth
esis (estrogen biosynthesis and coagulation system). 
Although these pathways were all characterized by the pre
valence of downregulated genes, in HBV-HCC we uniquely 
detected 4 pathways involved in cell cycle regulation and 
control (estrogen-mediated S-phase entry, GADD45 signal
ing, cyclins and cell cycle regulation, and cell cycle control 
of chromosomal replication) with the vast majority (80%) of 
genes upregulated (Figure 1D).

Analysis of the Immune 
Microenvironment in Viral-Associated 
HCC
Given the significant presence of pathways related to the 
immune response in HCV-HCC, we further investigated 
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the immune landscape of this tumor and compared it with 
that of HBV-HCC. First, we selected all genes involved in 
the immune response from the bulk of gene expression 
data (expressed as fold change between tumor and non- 
tumor tissue) using a curated list of 828 genes that we 
generated combining gene ontology with two databases, 

Reactome32 and Ingenuity [QIAGEN Inc.], which encom
pass genes related to cell surface markers, secreted pro
teins, and intracellular factors.

In HCV-HCC, 216 of 2481 (9%) genes were related 
to the immune response, and only a minority of them 
was upregulated (8 of 216; 4%) (Figure 3A). HBV- 

BA

DC

Figure 1 Molecular signature of HCV- and HBV-associated HCC. Pie charts showing the number of upregulated and downregulated genes (A) and the top scored canonical 
pathways (B) in HCV-HCC. Pie charts showing the number of upregulated and downregulated genes (C) and the top scored canonical pathways (D) in HBV-HCC. Columns 
(quoted on the top axes) represent the percent ratio between the number of genes present in the dataset and the total number of genes present in the database, for each 
pathway. The green and red portions of columns indicate downregulated and upregulated genes, respectively. The orange line (quoted on the bottom axes) shows the 
statistical significance of each biological process, expressed as the negative p-value of Fisher exact test. The dotted line indicates the significance threshold corresponding to 
P = 0.05 on the log scale. The pathways in bold indicate those associated with the immune system. Pathway analysis was derived from Ingenuity Pathway Analysis (http:// 
www.ingenuity.com).
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HCC showed a lower proportion of differentially 
expressed genes related to the immune response (164 
of 2560 genes; 6%) but a higher number of upregulated 
genes (27 of 164; 16.5%) compared with HCV-HCC; 
the remaining immune genes were downregulated (137 
genes; 83.5%) (Figure 3B). All the differentially 
expressed immune genes are listed in Table S3 and S4.

Next, we analyzed the pathways among the immune 
genes by using the Reactome database as reference.32 This 
analysis showed marked differences between HCV-HCC 
and HBV-HCC. Among the 15 significant pathways iden
tified in HCV-HCC, we found 3 pathways related to the 
T-cell immune response (cross-presentation of particulate 
exogenous antigens, generation of second messenger 

Figure 2 Synopsis of the 20 top-scored pathways using all 2481 genes differentially expressed in HCV-HCC and all 2560 genes from HBV-HCC obtained from paired liver 
specimens (tumor and nontumorous tissue for each patient). The common pathways are listed in the first rows, shown by red dots.
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molecules, and PD-1 signaling), with all genes downregu
lated (Figure 4A). Moreover, we identified a large number 
of genes not included in these 3 molecular pathways, but 
functionally related to T cell-activation and regulation, 
comprising CD27, CD5L, CD69, CD7, CD86, CD8A, 
CD8B, CD96, CLEC4G, GATA3, HAVCR2, NFATC1, 
NFATC2, TAGAP, TIGIT, TIMD4, VSIG4, VTCN1 (Table 
S3). We also found two pathways, namely, interleukin-10 
signaling and GPCR downstream signaling, as well as 
a series of genes that are not included in these two path
ways but are related to chemokine and cytokine production 
and signaling, mainly associated with the differentiation of 
T cells (eg, CCL14, CXCL14, IL15RA, IL17RE, IL18R1, 
IL18RAP, IL1RAP, IL1RL1, IL20RA, IL21RA, IL27, 
IL2RA, IL2RB, IL4R, IL7R, TGFA, TGFB3) (Figure 4A 
and Table S3).

In addition to the pathways related to the T-cell 
immune genes, another significant and distinctive feature 
of HCV-HCC was the presence of a group of 5 pathways 
associated with oxidative stress (signaling by Rho 
GTPases, Rho GTPases activate NADPH oxidases, regu
lation of TLR by endogenous ligand, Rho GTPase effec
tors, and detoxification of reactive oxygen species) mainly 
related to reactive oxygen species (ROS) production, with 
all genes downregulated (Figure 4A). The remaining 4 
pathways were related to the complement system (creation 
of C4 and C2 activators, classical antibody-mediated com
plement activation, complement cascade and regulation of 
complement cascade).

In HBV-HCC, only 9 pathways reached statistical signifi
cance (Figure 4B). Interestingly, the first three top-scored path
ways were related to the complement system and were in 
common with HCV-HCC (terminal pathway of complement, 
complement cascade, and regulation of complement cascade), 
with all genes downregulated (Figure 4B). A fourth pathway 
related to the complement system (alternative complement 
activation) was instead uniquely detected in HBV-HCC. 
Among these pathways, not only the complement components 
(C1R, C1RL, C3, C5, C6, C7, C8A, C8B, C9) and factors of the 
complement (CFD, CFH, CFI, CFP, CFHR3) were down
regulated, but also the receptors C5AR1, which has chemotac
tic activity, and CR1, which plays a critical role in clearance of 
complement-opsonized pathogens (Table S4). The remaining 
pathways were uniquely detected in HBV-HCC and were 
involved in platelet activation (post-translational modification: 
synthesis of GPI-anchored proteins, platelet degranulation, and 
response to elevated platelet cytosolic Ca2+) and related to the 
response of immune cells to tumor antigens (immunoregula
tory interactions between a lymphoid and a non-lymphoid cell) 
(Figure 4B). Finally, among the upregulated immune genes, 
the majority of differentially expressed genes were involved in 
monocyte/macrophage activation (eg, MIF, S100A4, S100A10, 
S100A11) (Table S4).

Unique and Common Immune Genes in 
Viral-Associated HCC
To better identify the differences between HCV-HCC and 
HBV-HCC, we further analyzed the immune genes 

A B

Figure 3 Proportion of immune genes in HCV- and HBV-associated HCC. Graphs showing the proportion of immune genes (light blue) on the total differentially expressed 
genes (pie charts) and the number of downregulated and upregulated immune genes (vertical charts) identified in liver tissue of HCV- (A) and HBV-associated HCC (B).
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uniquely expressed in these two tumors. Our analysis 
documented that in HCV-HCC 117 of 216 (54%) immune 
genes were differentially expressed only in this tumor with 
the vast majority downregulated (113 of 117 genes; 97%) 
(Figure 5A and Table S5). Pathway analysis using the 
Reactome database as reference32 showed that the immune 
genes uniquely expressed in HCV-HCC were mostly asso
ciated with 5 pathways related to T-cell response, in parti
cular T-cell co-stimulation and activation (phosphorylation 
of CD3 and TCR zeta chains, generation of second mes
senger molecules, PD-1 signaling, translocation of ZAP-70 

to immunological synapse, and IL-10 signaling) 
(Figure 5B). Among these pathways, we found 
a downregulation of genes related to antigen presentation 
(HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DRA, HLA- 
DRB1), cytokine production (CCL2, CCL22, CCR1, 
CXCL1, CXCL8, IL10RA, IL18, IL1B, IL6), and T-cell 
activation (CD274, CD3E, CD86) (Table S5). 
Interestingly, we also found other downregulated genes 
not included in these pathways, but related to T-cell acti
vation, differentiation, and interaction with other cells 
(CD53, CD7, CD8B, CD96, GATA3, HAVCR2, TAGAP, 

A

B

Figure 4 Pathway analysis of the immune genes differentially expressed in HCV- and HBV-associated HCC. Top-scored canonical pathways of immune genes differentially 
expressed in liver specimens obtained from HCV- (A) and HBV-associated HCC (B). Columns (quoted on the top axes) represent the percent ratio between the number of 
genes present in the dataset and the total number of genes present in the database, for each biological process. The green and red portions of the columns indicate 
downregulated and upregulated genes, respectively. The orange line (quoted on the bottom axes) shows the statistical significance of each biological process, expressed as 
the negative p-value of Benjamini & Hochberg test. The dotted lines indicate the significance threshold corresponding to P = 0.05 on the log scale. Pathway analysis were 
obtained by over-representation analysis using our curated gene list as reference and Reactome as pathway database (http://www.webgestalt.org).
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VSIG4, VTCN1) (Table S5). The remaining pathways were 
associated with the innate immune response and oxidative 
stress (Figure 5B).

In HBV-HCC, 65 of 164 (40%) immune genes were 
uniquely expressed in this tumor (Figure 5C). The propor
tion of upregulated immune genes in HBV-HCC was 

A B

C D

E F

Figure 5 Analysis of the immune genes uniquely expressed in HCV- and HBV-associated HCC. Pie charts showing the number of upregulated and downregulated genes (A) 
and the top-scored canonical pathways (B) in HCV-HCC. Pie charts showing the number of upregulated and downregulated genes (C) and the top scored canonical 
pathways (D) in HBV-HCC. Pie charts showing the number of upregulated and downregulated genes (E) and the top scored canonical pathways (F) among genes commonly 
expressed by HCV and HBV. Columns (quoted on the top axes) represent the percent ratio between the number of genes present in the dataset and the total number of 
genes present in the database, for each biological process. The green and red portions of the columns indicate downregulated and upregulated genes, respectively. The 
orange line (quoted on the bottom axes) shows the statistical significance of each biological process, expressed as the negative p-value of Benjamini & Hochberg test. The 
dotted lines point the significance threshold corresponding to P = 0.05 on the log scale. Pathway analysis was obtained by over-representation analysis using our curated gene 
list as reference and Reactome as pathway database (http://www.webgestalt.org).
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remarkably higher (22 out of 65; 34%) than in HCV-HCC 
(4 out of 117; 3%); the remaining 43 immune genes (66%) 
were downregulated (Figure 5C). The list of immune 
genes uniquely expressed in HBV-HCC is shown in 
Table S6. We found that only two pathways reached sta
tistical significance (Figure 5D). Among the 43 downre
gulated genes, there were 16 related to the innate immune 
response, especially associated with the complement sys
tem (eg, C3, C5, C6, CFI, CFH), and 15 associated with 
the adaptive immune system regulation, in particular 
related to B-cell regulation (IGHV4-31, FCRL2, HPX, 
PAX5, FCRLA, KLHL3, BLNK) (Table S6). A few genes 
were involved in T-cell response regulation (LAG3, 
CD160, TIAM1, TRGC2, TBX21). The remaining 12 
downregulated genes were involved in cytokine produc
tion and signaling (CXCR5, IL13RA2, CXCL2, IL1RN, 
IL33, CISH, CCL15-CCL14, IFNLR1, TGFBR3, IFITM1, 
IFNAR1, IL6ST). Among the 22 upregulated genes, 9 were 
related to the innate immunity (MIF, CTSA, CTSC, 
TALDO1, S100A11, VNN2, NOS2, ITGA2, LOXL2), 8 
were involved in cytokine signaling (TREM2, CCL20, 
CD109, TRIM45, SQSTM1, C1QTNF3, TNFRSF4, 
APOBEC3B) and the remaining 5 were related to the 
B-cell development (IKBKE, SEMA4F, CD34, HMGA1, 
GIMAP1-GIMAP5) (Table S6).

RNA-seq analysis showed that 99 immune genes were 
commonly expressed in HBV- and HCV-associated HCC 
with 94 genes (95%) downregulated and only 5 genes 
(5%) upregulated (Figure 5E). The list of the immune 
genes commonly expressed in both HCV-HCC and HBV- 
HCC is shown in Table S7. Interestingly, the 3 top-scored 
pathways were associated with the complement system 
with all genes downregulated (terminal pathway of com
plement, complement cascade, and regulation of comple
ment cascade) (Figure 5F). One pathway was related to the 
regulation of the lymphoid cell response to self and tumor 
antigens (immunoregulatory interactions between lym
phoid and non-lymphoid cell) and one was associated 
with the response to damage-associated molecular patterns 
(regulation of TLR by endogenous ligand) (Figure 5F), 
both of which are important in the immune response to 
solid tumors. In particular, genes related to the leukocyte 
immunoglobulin-like receptors (LILRA1, LILRA2, 
LILRA5, LILRB1, LILRB5), which play a crucial role in 
the modulation of several immune cell activity, were 
downregulated (Table S7). These molecules play an 
important role as a surveillance system in monitoring the 
dysregulation of MHC class I presentation during cancer 

or viral infection.36 Moreover, we observed a common 
downregulation of genes related to B-cell activation (eg, 
CD79A, FCRL1, FCRL3, FCRL5, MS4A1, MZB1, 
NFKBIZ, POU2AF1, SELP), and a downregulation of 
genes related to dendritic cell activation and antigen pre
sentation (eg, CCR7, CD1D, IGHG3, IRF8, MICB, 
PSMD4, SIGLEC7, SIGLEC11, TLR4) (Table S7). 
Finally, we also detected a strong downregulation of 
three chemokines (CXCL14, CXCL12, CCL19) involved 
in immune cell chemoattraction, suggesting a reduced 
recruitment activity within the tumor microenvironment. 
Strikingly, all the common genes were similarly down
regulated or upregulated in both HCV-HCC and HBV- 
HCC with the only exception of S100A6, which was 
upregulated in HBV-HCC and downregulated in HCV- 
HCC (Table S7).

Immunohistochemistry in HCV-HCC
To validate the immune profile of HCV-HCC, which was 
characterized by a dramatic downregulation of T-cell 
related genes, we performed an extensive immunohisto
chemistry analysis in paraffin-embedded paired liver spe
cimen from the same patients used for RNA-seq. The 
presence of CD3 (a marker of T cells), CD8 (a marker of 
CD8 T cells), CD20 (a marker of B cells), CD68 (a marker 
of monocyte/macrophage), CD163 (which is associated 
with M2-like phenotype of macrophages), and α-SMA (a 
marker of activation of hepatic stellate cells) in both tumor 
and nontumorous liver tissue was examined.

We found that while in all patients with HCV-HCC the 
surrounding nontumorous tissue was characterized by 
abundant immune-cell infiltration (CD3, CD8, and CD20) 
as well as hepatic stellate cell activation (α-SMA), within 
the tumor there was a significant reduction of immune-cell 
infiltration with few cells positive for CD3, CD8 and CD20 
as well as a strong reduction of hepatic stellate cells activa
tion, as shown by the weak expression of α-SMA (Figure 6). 
Thus, these data are consistent with the dramatic down
regulation of immune genes related to T-cell activation 
seen in patients with HCV-HCC by RNA-seq. 
Interestingly, in contrast to the lack of T-cell infiltration 
within the tumor, we found that CD68, a marker of mono
cytes and macrophages, was expressed both in the tumor 
and in the surrounding nontumorous tissue (Figure S1). 
Consistent with this finding, CD68 was not found to be 
differentially expressed by RNA-seq. To further define the 
phenotype of these cells, we performed staining with 
CD163, which showed that the vast majority of CD68 
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A

B

Figure 6 Immunohistochemical staining of immune cell markers in liver tissue from representative patients with HCV-associated HCC. Liver specimens obtained at the time 
of liver transplantation were stained with monoclonal antibodies against alpha-SMA, CD3, CD8, and CD20 with the use of immunoperoxidase both within the tumor (A) 
and in the surrounding nontumorous tissue (B) from four representative patients with HCV-HCC. (Magnification: x20).
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positive cells also co-expressed CD163, consistent with 
a M2-like phenotype (Figure 7). Thus, these data support 
the hypothesis that in HCV-HCC the presence of tumor- 
associated macrophages (TAM) with a M2-like phenotype 
may be involved in the suppression of the adaptive immune 
response against the tumor, as previously described.37

Discussion
Although there is a strong epidemiologic link between 
chronic infection with HCV or HBV and the develop
ment of HCC,4,5 the mechanisms whereby these viruses 
promote hepatocarcinogenesis remain elusive.10,11 

Taking advantage of a unique collection of liver 

specimens from well-characterized patients with viral- 
associated HCC, the aim of this study was to character
ize the molecular signature of HCV-associated HCC 
using RNA-seq, and to compare it with that of HBV- 
HCC. Our study demonstrated that both tumors are 
characterized by a predominant gene downregulation, 
yet distinctive features differentiate HCV- from HBV- 
HCC. We found that HCV-HCC is characterized by 
downregulation of genes related to oxidative stress and 
T-cell immune response, while HBV-HCC is character
ized by upregulation of genes associated with cell cycle 
control and monocyte/macrophage activation, and down
regulation of genes involved in various cell metabolisms 

Figure 7 Immunohistochemical staining of a monocyte/macrophage marker CD68 and M2-like phenotype CD163 in tumor tissue from 8 patients with HCV-associated 
HCC. Liver specimens obtained at the time of liver transplantation were stained with monoclonal antibodies against CD68 or against CD163 with the use of 
immunoperoxidase within the tumor from 8 patients with HCV-HCC. (Magnification: x20).
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(Figure 1). Thus, our data collectively suggest that the 
mechanisms leading to hepatocarcinogenesis differ 
according to the etiology of the tumor.

HCV-HCC was characterized by a significant upregulation 
of oxidative stress genes in the surrounding nontumorous 
tissue indicating that necroinflammation and cytotoxic cyto
kine production may create a sustained proinflammatory 
environment38 leading to iterative hepatocyte damage that 
may be implicated in the early steps of the hepatocarcinogen
esis process. The other distinctive feature of HCV-HCC was 
the presence of a significant number of pathways involved in 
T-cell immune response, with almost all genes downregulated 
within the tumor. Further analysis of the immune landscape in 
the two tumors confirmed an enrichment of genes related to 
T-cell immune response in HCV-HCC as compared with 
HBV-HCC (chi-square test p = 0.0493). This gene downregu
lation was also confirmed by immunohistochemistry, which 
documented a dramatic reduction of infiltrating immune cells 
within the tumor as compared with the surrounding nontumor
ous tissue (Figure 6). However, HCV-HCC was associated 
with the presence of CD68-positive cells both inside and out
side the tumor (Figure S1) with a M2-like phenotype within 
the tumor (Figure 7). It has been demonstrated that activation 
of TAM can promote tumor survival and lead to a reduction of 
the adaptive immune response against the tumor.37 Thus, in 
our study the involvement of TAM in HCV-HCC could con
tribute to the downregulation of genes related to T-cell 
immune response and B-cell activation within the tumor, 
a finding consistent with the lack of tumor T- and B-cells 
infiltration observed by immunohistochemistry. Another fac
tor that may contribute to the lack of T-cell infiltration within 
the tumor was the downregulation of important chemokines 
involved in the recruitment of T cells (eg, CCL2, CCL19, 
CCL21, CCL22). Interestingly, we observed that 4 genes 
encoding immune checkpoints, namely, CD86, PD-L1, B7- 
H4 and TIM-3 were uniquely downregulated in HCV-HCC, 
while other immune checkpoint genes (eg, CTLA4, LAG3, 
PD-1) were expressed at similar levels between the tumor 
and nontumorous tissue. The absence of immune cell infiltra
tion and the downregulation of immune checkpoints are in line 
with previous studies, which reported the upregulation of 
immune checkpoints only in a small proportion (20–25%) of 
HCC cases, a finding that was associated with a higher 
immune cell infiltration within the tumor.18,20,21 However, in 
these studies some virological features, especially the levels of 
HCV replication which may influence the immune response 
within the tumor, were not evaluated. Indeed, it has been 
shown that the liver microenvironment and the levels of 

HCV replication can influence the activation of CD4 and 
CD8 T cells and the expression of several inhibitory 
receptors.39,40 Using the same cohort of patients, we pre
viously demonstrated that only the nontumorous tissue can 
efficiently sustain HCV replication, while the tumor showed 
a dramatic reduction in viral replication.34 Recently, we 
reported that the restricted HCV RNA replication within the 
tumor34 was associated with downregulation of tumor- 
associated calcium signal transducer 2 (TACSTD2), 
the second most downregulated gene in primary HCC tissue, 
which is critical for maintaining the proper cellular localiza
tion of CLDN1 and OCLN, two major HCV-entry cofactors.25

In contrast to HCV-HCC, we did not find any pathway 
related to T-cell response in HBV-HCC. We found only two 
pathways related to the innate immune response, which were 
mostly associated with the production of acute-phase 
response proteins from hepatocytes (acute-phase response 
signaling and complement system), and one pathway related 
to B-cell activation (primary immunodeficiency signaling), 
with most of the genes being downregulated. Moreover, we 
identified a few genes uniquely upregulated in HBV-HCC 
related to the innate immunity (eg, MIF, NOS2, S100A6, 
S100A11, TALDO1) suggesting a monocyte/macrophage 
activation in this tumor, which was not detected in HCV- 
HCC. Another distinctive feature of HBV-HCC was the 
presence of 4 pathways involved in cell cycle, with the 
vast majority of genes (80%) upregulated. Unlike HCV, 
which does not integrate into the host genome,9 the HBV 
genome can be integrated in infected cells and may contri
bute to HCC development through the cis- or trans- 
activation of cancer driver genes.16,17

Conclusion
Although the number of patients included in this study was 
relatively low, they were well characterized in terms of clin
ical, virological and histopathological features, and they were 
all seen at a single center in Italy. This homogeneous cohort of 
Caucasian patients allowed us to perform a reliable compar
ison of the molecular profiles of HCC of different viral etiol
ogy. Our study demonstrated that HCV-HCC is characterized 
by a distinctive molecular signature as compared with HBV- 
HCC, with downregulation of immune genes within the tumor, 
especially T-cell related genes, and upregulation of oxidative 
stress genes outside the tumor, probably related to the sus
tained necroinflammatory environment associated with hepa
tocarcinogenesis. In contrast, the molecular signature of HBV- 
HCC was characterized by upregulation of genes related to 
cell cycle control and monocyte/macrophage activation, 
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indicating a greater involvement of the innate immune system 
in this tumor. Additional work on large cohort of patients will 
be important to confirm the molecular signature and immune 
landscape in HCC of different etiology, which could provide 
new insights into the mechanisms of hepatocarcinogenesis and 
open new avenues for specific immune-based therapies to 
reduce the ominous prognosis of HCC.
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