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Abstract
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death worldwide, occurring predominantly 
in patients with underlying chronic liver disease and cirrhosis. Here, we describe a case of a 62-year-old man that was 
admitted to our hospital and diagnosed with HCC where the cancer has already metastasized to the retroperitoneum and 
peritoneum. In order to better characterize the HCC, both the cancerous liver tissue and the adjacent normal liver tissue 
of the patient were collected and subjected to a genomic, transcriptomic and proteomic analysis. Our patient carries a 
highly mutated HCC, which is characterized by both somatic mutation in the following genes ALK, CDK6, TP53, PGR. In 
addition, we observe several molecular alterations that are associated with potential therapy resistance, for example the 
expression of the organic-anion-transporting polypeptide (OATP) family members B1 and B3, that mediate the transport 
of the anticancer drugs, has been found decreased. Overall, our molecular profiling potentially classify the patient with 
poor prognosis and possibly displaying resistance to pharmacological therapy.

1 Introduction

Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer, which is often occurred in people with 
chronic liver diseases. Many factors contribute to the development of HCC, including chronic viral hepatitis infection 
(hepatitis B or C) or exposure to toxins such as alcohol and aflatoxin. In addition, non-alcoholic steatohepatitis associ-
ated with type 2 diabetes or obesity is now significantly contributing to the development of HCC [1–3]. The molecular 
pathogenesis of HCC is dependent on different genotoxic stimulus and although in the last years our understanding of 
the molecular mechanisms underlying the HCC pathogenesis is improved, only few knowledge has been translated into 
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the clinic. The most common genomic alterations found in HCC are the mutations in the Telomerase Reverse Transcriptase 
(TERT) promoter [4], that account for approximately 60–80% of the cases. A second most common alteration (30–50% 
of the cases) is the deregulation of the Wnt–β-catenin signalling. This deregulation is caused either by a mutation that 
results in the activation of catenin beta-1 (CTNNB1) (encoding β-catenin), or by a mutation in Axin-1 (AXIN1), which is a 
inhibitors of Wnt pathway. Moreover, other mutations affect genes involved in the cell cycle regulation (p53, RB1) or genes 
regulating chromatin remodelling such as AT-Rich Interaction Domain 1A (ARID1A) and ARID2 [4, 5]. Indeed, liver cancer 
cells frequently show important genomic defects [6–8], often implying deregulation of the proteasome degradation 
[9–12], as well as mutation or simply deregulated expression of the p53 family members [13–18] or other transcription 
factors [19]. Moreover, metabolism and the hypoxic pathway shows at times significant biochemical abnormalities [20]; 
all these are able to affect cancer progression [21, 22] as well as response to therapy [23]. Finally, activation of oncogenic 
signalling pathways including tyrosine kinase receptors (hepatocyte growth factor receptor (MET), Fibroblast Growth 
Factor 19 (FGF19), and Vascular Endothelial Growth Factor A (VEGFA)) has been described in HCC. Of note, tyrosine kinase 
receptors are the only druggable mutations, however, the incidence of these mutations is low.

The treatment strategy in the management of the HCC has significantly improved and the therapy is assigned accord-
ing to tumor stages. HCC at early stage is mainly treated with surgical resection or liver transplantation, while HCC at 
intermediate stages are treated with transarterial chemoembolization (TACE) and those with advanced stages will be 
treated with systemic therapy [1]. Although the overall survival of the patients has substantially improved in the last 
decade, we still face patients that either do not respond to the systemic therapy or develop resistance. In particular, the 
polymorphic transporters OATP1B1 and OATP1B3, which are highly expressed in liver cancer cells have been associated 
with a significant alteration of the pharmacokinetic profile of drugs used in cancer therapy [24].

Therefore, the main challenge is to better understand the molecular mechanisms underlying the HCC pathogenesis 
in order to characterize the mechanisms of resistance to the systemic therapy and stratified patients to maximize the 
therapeutic outcome. In this case report, we describe a patient with a highly mutated HCC, which is characterized by 
somatic mutation of genes associated with poor prognosis and a mutational signature distinguishable from the most 
common HCC signature.

2  Results and discussion

2.1  Case presentation

A 62-year-old male with a history of essential (primary) hypertension and non-insulin-dependent diabetes mellitus with-
out complications was admitted to our hospital. He did not smoke but had fatty liver cirrhosis (NASH). The patient was 
first confirmed with HCC in August 2018, and then accepted the liver transplantation. However, twenty-seven months 
later, he returned to our hospital and a series of examinations revealed the HCC relapse and even developed a secondary 
malignant neoplasm of retroperitoneum and peritoneum.

Histological analysis allowed the classification of the HCC as a poorly differentiated neoplasm characterized by large 
necrotic areas (Fig. 1A), solid and trabecular tumor growth patterns (Fig. 1A), a high mitotic index with numerous atypical 
mitoses (Fig. 1B), and vascular invasion. Several smaller neoplastic satellite nodules were observed next to the primary 
cancer nodule (5 cm in diameter). Immunohistochemical (IHC) analysis revealed positivity for CD10 (a highly specific 
marker for hepatocytic differentiation) (Fig. 1C), Keratin 19 (CK19) (Fig. 1D), which plays an important role in promot-
ing the malignant properties of HCC, HSA (focally positive), and other following markers: CK8/18, Epithelial Membrane 
Antigen (EMA), and alpha-1 antitrypsin SERPINA1. Proteome investigations reveal high expression of CK8/18, CK19, and 
SERPINA1 (Figure supplementary 1).

Furthermore, the observed low expression of HAS is consistent with the findings from IHC. Specifically, only focal posi-
tivity for HAS was observed. Macrovescicular steatosis and chronic inflammation were observed in the non-neoplastic 
hepatic parenchyma. The TNM classification was pT2NxM1. In addition, our transcriptomic and proteomic analysis of 
our patient cohort (n = 155), reveals a significant upregulation of CDK6 expression both at RNA and protein levels when 
compared with the normal counterpart (Fig. 1E).

Previous publications stated that only few cases of HCC express the oestrogen receptor (ER) and progesterone recep-
tor (PR) [25]. On the contrary, most cases of HCC express progesterone receptor membrane component 1 (PGRMC1) 
and PGRMC2 [25, 26]. Our HCC sample expressed much lower ER + PR than mean cohort. More interesting, the protein 
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Fig. 1  Immunohistochemical analysis and expression profile. A Hematoxylin and eosin staining shows a poorly differentiated HCC charac-
terized by solid and trabecular tumor growth patterns and a large necrotic area (asterisk) (scale bar represents 100 µm). B High magnifica-
tion of Panel A displays several atypical mitoses (arrows) (scale bar represents 20 µm). C Immunohistochemical analysis reveals high positiv-
ity for CD10, a specific marker for hepatocytic differentiation, in HCC cells (scale bar represents 100 µm). D Immunohistochemical analysis 
shows several CK19 positive HCC cells (scale bar represents 100 µm). E RNA and whole protein (WP) expression of CDK6 both in normal and 
tumor tissue. F and G RNA and WP expression of progesterone receptor membrane component 1 (PGRMC1) and PGRMC2 both in normal 
and tumor tissue Blue boxplots refer to 155 HCC patients and the red triangle to the HCC patient of interest
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expression level of both PGRMC1 and PGRMC2 are significantly down regulated in our case both at protein and mRNA 
levels (Fig. 1F, G). Of Note, PGRMC1 downregulation is associated with poor patient outcome [25].

2.2  Somatic variation

Whole genomic sequence was performed both in cancer tissue and the normal counterpart. We have detected muta-
tion in the Anaplastic lymphoma kinase (ALK) gene (Variant Allele Frequency, VAF of about 38.9%), which is one of the 
major oncogenic drivers and therapeutic targets in lung cancer [8, 27] (Table 1). Moreover, we have detected mutation 
in cyclin-dependent kinase 6 (CDK6, VAF 61,8%) (Table 1), which is another oncogene with a key role in regulating the 
progression of the cell cycle and tumor angiogenesis [28]. Further we noticed somatic mutations in two genes reflect-
ing poor prognosis. TP53 (VAF: 38.8%) might be associated with the acquisition of stem-like gene expression traits and 
contribute to the aggressive behaviour of tumors [29]. The other mutated gene is the progesterone receptor (PGR, VAF: 
45.8%).

2.3  Mutational signatures

To further characterize the mutational landscape of the HCC, we have assessed the mutational signature, which is a pat-
tern of mutations that arise during neoplastic transformation [30, 31]. We found that there is a prevalence of Signature in 
mismatch repair 2 (MMR2) (Fig. 2A), followed by a mutational Signature 3, which indicates a deficiency in the homologous 
recombination (HR) pathway (Fig. 2A). MMR signatures are often co-occur with driver mutations in PMS2 and MSH genes. 
Our HCC patient also has several somatic mutations in PMS2, MSH4 and MSH6 (Table 1).

HR-deficient cancers often respond more robustly to certain DNA-damaging agents due to decreased ability to repair 
therapy-induced DNA damage and, in some cancers, they are associated with PARP inhibitor sensitivity [32]. PARP1 inhi-
bition leads to double stranded breaks, which cannot be resolved in HR-deficient cancers and lead to cell death. Driver 
mutations of this signature can often be found in TP53, BRCA1, BRCA2, MYC, ARID1A and NF1. Our HCC patient contains 
somatic mutations in TP53. Interestingly, we found an increase of PARP1 and PARPBP mRNA in the HCC (Fig. 2B, C), which 
is frequently observed in patients with HCC and is associated with poor clinical outcome [33].

2.4  Genomic instability analysis

Because alteration of the genes involved in the regulation of the MMR pathways results in genomic instability and it 
is known to correlate with high Tumor Mutational Burden (TMB) [34], we determine the TMB of the HCC. As shown in 
Fig. 3A, the HCC displayed an higher TMB (about 104.8) when compared to the cohort.

Microsatellite Instability (MSI) is another marker of genomic instability [35]. In our case, the MSI score is 5.4 
(Fig. 3B), indicating a patient with an highly mutated HCC. To further corroborate the genomic instability observed 
in our tumor sample, we also assessed the chromosomal instability. As shown in figure supplementary 2A, HCC has 
more deletions and insertions than average HCC cases (~ 60th percentile), whereas duplications, inversions and 
break ends (e.g. translocations) appear less than average. Moreover, whereas numerical (FGA: fraction of genome 
altered) and structural (CNA: copy number aberration) chromosomal instability (CIN) seem to be only a little higher 
than the median of the HCC cohort, Copy Number Heterogeneity (CNH) is much higher than expected (Fig. S2B). 
This data is consistent with recent NGS findings that highlight the notable extent of heterogeneity in HCC [36]. This 

Table 1  Genetic alterations in 
the HCC patient

Gene Position Original AA Alteration VAF %

Somatic mutations
 ALK 1529 Asp Glu 38.90
 CDK6 317 Ser Cys 61.80
 TP53 273 Arg Cys 38.80
 PGR 660 Val Leu 45.80
 MSH6 39 Gly Glu 39.20
 PMS2 571 Leu Ile 27.30
 MSH4 Missense
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heterogeneity is observed not only among different patients but also within individual tumors and across distinct 
regions within the same tumor. Consequently, uncovering distinct mutation profiles among HCC patients presents 
promising avenues for novel diagnostic and therapeutic approaches. In this context, it has been recently shown 
that tumors with both high TMB and MSH would likely benefit of immunotherapy [37]. Therefore, we assessed the 
expression of the key molecular targets of the immunotherapy [38, 39], including programmed death 1 (PD-1), 
the two programmed death-ligands (PD-L1 and PD-L2) and cytotoxic T-lymphocyte antigen 4 (CTLA-4). Our mRNA 
expression profile shows an upregulation of CTLA-4, as well as a slight upregulation of PD-1 and PD-L2, but not of 
PD-L1 (Fig. 3C).

In addition, we also observed a deletion of the Inducible T Cell Costimulator Ligand (ICOSLG) gene, which results 
in a slight down-regulation of the mRNA (Fig. S2C).

Fig. 2  Mutational signature 
of HCC and Poly [ADP-ribose] 
polymerase 1 (PARP1) expres-
sion. A HCC isolated from 
patient display a prevalence 
in both MMR2 and HR (Ref. Sig 
3) signature B PARP1 is highly 
expressed in the patient 
tumor tissues compared to 
normal tissue (in RNA-Seq, 
as well as whole proteome 
(WP) data). C PARPBP is highly 
expressed in the patient 
tumor tissues compared to 
normal tissue (in RNA-Seq 
as well as WP). Blue boxplots 
refer to 155 HCC patients and 
the red triangle to the HCC 
patient of interest
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2.5  Markers of chemotherapy resistance

Chemoresistance remains a major challenge in oncology [40]. Different molecular mechanisms are involved in mediat-
ing resistance to therapy including, (i) reduction in intracellular concentrations of drugs; (ii) alteration in the molecular 
drug targets; (iii) enhanced DNA repair; (iv) stimulation of survival mechanisms, (v) epithelial to mesenchymal transi-
tion [41–43] and inhibition of (vi) cell death. In HCC, more than 100 genes are implicated in regulating chemoresist-
ance and have been classified into seven groups from Mechanisms of Chemoresistance 1 (MOC-1) to MOC-7 [44]. 
Therefore, we have analyzed both the mRNA and protein levels of the key genes that belongs to the seven groups. 
We first focused our attention on genes that modulate drug uptake and export (MOC-1 group). In particular, we have 
observed not only much more somatic mutations in genes of the solute carriers genes family (SLC) as in other HCC 
cases, but also a down-regulation of 33% of all measured SLC proteins (Fig. 4A). Specifically Marin et al. refer to the 
down-regulation of a subset of SLC genes, which highly contribute to chemoresistance: organic-anion-transporting 
polypeptide (OATP) family, OATP1B1 and 3 (also known as SLCO1B1 and SLCO1B3) that mediate the transport of the 
tyrosin kinase inhibitors [24] (same trends can be seen in our HCC patient, Fig. 4B). Our results are also corroborated 
by the higher EMT scoring (Fig. 4C).

Next, we analyzed mechanism of drug export pumps (MOC1-b). ATP-binding cassette proteins (ABC transporter) 
which are crucial player in multidrug resistance were found up-regulated both at mRNA and protein levels. Some 
members of the ABCC family, such as ABCC2 and ABCC3 contribute to multidrug resistance. ABCC2 is involved in the 
transport of some tyrosine kinase inhibitors (TKI) and high ABCC3 might go along with the lack of sensitivity to TKI. 
Our HCC patient has missense somatic mutations in ABCC2, which might influence the transport system, but the 
expression of ABCC2 and ABCC3 is not different between tumor and normal which might hint to sorafenib sensitiv-
ity (Fig. S3).

MOC-2 and MOC-3 investigate drug metabolism and changes in drug targets. Changes in the enzyme activity involved 
in drug metabolism may result in a reduced prodrug activation, which may reduce the amount of active agent in cancer 
cells. Individuals with high dihydropyrimidine dehydrogenase (DPD) expression often show a worse response to IFN-α 
therapy and a worse prognosis. Our HCC patient does not show an up-regulation in DPD, which might open insights into 

Fig. 3  Tumor mutational 
burden (TMB), microsatel-
lite instability (MSI) analysis 
and differential expression of 
immune checkpoints. A TMB 
and B MSI in HCC compared 
to the cohort. C) mRNA 
expression of the indicated 
immune co-stimulatory/co-
inhibitory molecules. Blue 
boxplots refer to 155 HCC 
patients and the red triangle 
to the HCC patient of interest. 
PD-1, programmed death 
1; PD-L1 and PD-L2, pro-
grammed death-ligands and 
CTLA-4, cytotoxic T-lympho-
cyte antigen 4
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IFN-α therapies. Further there are two more insights pointing to TKI/sorafenib sensitivity. On the one hand sorafenib could 
inhibit the UGT1A1 enzyme, which is responsible for bilirubin glucuonidation and biliary detoxification. Same outcome 
holds true for EGFR and HER3 expression. High expression of those genes correlate with sorafenib resistance. Our HCC 
patient does not show differences in the expression between tumor and normal samples (data not shown).

Fig. 4  Genes involved in chemotherapy resistance are deregulated in HCC. A mRNA and protein expression of the solute carriers genes fam-
ily (SLC) and B Specific examples of down-regulated SLC genes: organic-anion-transporting polypeptide (OATP) family, OATP1B1 and 3 in 
HCC isolated from the patient. C EMT scoring. D and E Genes involved in DNA double-strand breaks repair are up-regulated both at mRNA 
and protein levels. Blue boxplots refer to 155 HCC patients and the red triangle to the HCC patient of interest
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We then analyzed whether pathways involved in the DNA repair (MOC-4) were deregulated in our HCC sample. 
There are several pathways which are involved in chemoresistance: e.g. nucleotide or base excision repair (NER or 
BER), non-homologues end joining (NHEJ), HR or MMR. As we already highlighted in the section about mutational 
signatures, MMR and HR were found with a high mutational contribution in our HCC patient. Further we found two 
NHEJ related genes, XRCCa and XRCC4 to be up regulated in our HCC patient. It is known that XRCC4 can be dramati-
cally up-regulated after treatment with TACE containing platinum drugs, which leads to overexpression and worse 
outcome (Fig. 4D, E), which may suggests that the patient would be refractory to the treatment with DNA damage 
agents such as doxorubicin and cisplatin.

Also, several somatic mutation in DNA damage response and repair (DDR) genes have been detected. In particular, 
our analysis revealed somatic mutations in the following genes: direct repair (MGMT Leu 115 Phe), damage sensor 
(MDC1 Arg 268 Lys), homologous recombination (GEN1 Lys 644 Arg; RAD52 Gly 119 frameshift; TOP3A Asp 202 Asn; 
TP53BP1 Lys 1141 Gln), MMR (EXO1 His 354 Arg; MSH4 Ser 914 Asn; MSH6 Gly 39 Glu; PMS2 Leu 571 Ile), nucleotide 
excision repair (ERCC5 Asp 1104 His; ERCC6 Gly 399 Asp; XPC Leu 48 Phe), NHEJ (POLM His 439 Asn; PRKDC Met 333 
Ile) and translesion synthesis (POLN Ser 502 Gly; REV3L Val 3064 Ile).

3  Conclusion

HCC is the third most deadly cancer, accounting for 830,180 death per year (2020) worldwide [45]. Although in the 
last decade the pharmacological armamentarium for the treatment of HCC has expanded with the approval of both 
tyrosine kinases inhibitors (TKIs) and immune checkpoint inhibitors (ICIs), the patient outcome is not significantly 
improved and clinicians face a high resistance to therapy [46]. In this regard, our HCC patient shows not only a 
high somatic mutations in genes of the solute carriers genes family (SLC), but also a down-regulation of 33% of all 
measured SLC proteins [47]. In particular, organic-anion-transporting polypeptide (OATP) family, OATP1B1 and 3, 
which mediates drug uptake of TKI where significantly down-regulated in our HCC case. Therefore, a better patient 
stratification is needed for selecting the most appropriate therapeutic approach. In addition, we describe a case 
characterized by an highly mutated HCC according to both TMB and MSI score. Indeed, we detected somatic muta-
tions in ALK, CDK6, TP53 and PGR, which are all predictors of poor survival [25, 27, 29, 48, 49].

During neoplastic transformation, hepatocytes accumulate numerous genetic and epigenetic mutations. Several 
sequencing studies have highlighted that mutational signature in HCC is associated with different factors. Indeed, 
specific mutational signature is mainly found in patient exposed to aflatoxin B, while smoking and alcohol are associ-
ated with different mutational signature [50, 51]. Nevertheless, our case revealed a very different mutational signature 
with a substantial higher mutational rate on genes involved in the regulation of mismatch repair (MMR2) and in the 
homologous recombination (signature 3). It is tempting to speculate that one possible therapeutic approach in this 
scenario is to treat patients with the PARP inhibitor Olaparib [33].

The treatment options for HCC depend on the stage, severity of the disease and liver function may include sur-
gery, liver transplantation, chemotherapy or radiotherapy [46]. Because the patient has a metastatic HCC, TACE is 
not recommended. However, even if the patient was eligible for TACE, patients with high expression levels of XRCC4 
in HCC have a worse outcome when compared with patients having low level of XRCC4 (454). On the other hand, 
according to both high TMB and MSI the patient would benefit of a treatment with the immune checkpoint block-
ers. Nevertheless, it should be noted that PD/PD-L1 and ICOSLG are not upregulated pointing out that monoclonal 
antibodies against PD/PD-L1 such as nivolumab and pembrolizumab would lack of pharmacological efficacy. Even 
though, monoclonal antibody against CTLA-4, such as ipilimumab and tremelimumab would be a therapeutic option 
since we observed an upregulation of CTLA-4 expression in the tumor. In this scenario, tremelimumab, a fully human 
anti-CTLA-4 IgG2 monoclonal antibody was the first immune checkpoint blocker to be tested in advanced HCC in a 
21-patient cohort of advanced, HCV-associated HCC patients as reported by Sangro et al. [53].

In conclusion, our case report study based on the multi-omics molecular profile, indicate a patient with likely poor 
prognosis driven by mutational and signalling profiles and potential resistance against therapies. Therefore, although 
the most common mutational signatures have been described in liver cancers, there is the possibility that some less 
common signatures probably remain to be identified. Despite the fact that this mutational landscape may affect a 
low proportion of patients with HCC, may have a significant impact on treatment strategy in the management of HCC.
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4  Material and methods

4.1  Collection of samples

To minimizing ischemia time, tumour samples were collected as previously described [54]. The QC check was performed 
on Hematoxilin and Eosin-stained serial sections (n = 2). These sections were also used to evaluate tumour heterogeneity. 
Inclusion criteria for tumour samples collection: tumor content of >  = 30%; Necrosis <  = 30%; presence of invasive tumour 
cells. Normal tissues were also collected.

Protein lysate preparation and nucleic acid extraction were performed by using 10 mg of each collected tissue. The tissues 
stay frozen during the entire process.

4.2  Nucleic acid extraction and quality assessment

Frozen tissue slices underwent homogenization by utilizing the BeadBug system and a sample buffer containing beta-mer-
captoethanol. Simultaneously, DNA and RNA were extracted from the same sample following the manufacturer’s instructions 
provided in the Qiagen AllPrep Universal Kit.

Subsequently, the concentrations of DNA and RNA were determined using a Qubit fluorometer, employing the Qubit 
dsDNA BR assay for DNA and the Qubit RNA BR assay for RNA. Evaluation of DNA and RNA quality was carried out through 
the Agilent Tapestation, utilizing the Agilent Genomic DNA kit for DNA and the Agilent High-Sensitivity RNA ScreenTape kit 
for RNA.

For RNAs to be chosen for library preparation, a minimum RIN (RNA Integrity Number) of 4 or a DV200 (the percentage of 
RNA fragments longer than 200 nucleotides) of at least 60 is required.

4.3  Library preparation and NGS sequencing

Library preparation and NGS sequencing were performed as previously reported [54].
In WGS, the target was to achieve an average coverage of at least 60X for tumor samples and at least 30X for normal 

samples, ensuring a total genomic coverage of at least 95%.
For whole transcriptome sequencing datasets, the criteria included having a total of at least 100 million reads, with less 

than 20% originating from ribosomal RNA and at least 20 million reads mapping to mRNAs based on the Ensembl reference. 
Ribosomal depletion was carried out to eliminate nuclear rRNA and mt-rRNA.

4.4  NGS data processing

To align NGS data, Grch38 genome assembly was used as reference.
As concern the normal samples, the Haplotype Caller from the Genome Analysis Toolkit (GATK) [55] was used for both 

identification and annotation of short genomic variations. Somatic variations in WGS were identified through a consensus 
approach involving Mutect2 [56], Strelka [57], Varscan [58], and Somatic Sniper [59]. Structural variations were detected using 
R packages, specifically TitanCNA [60], DellyCNV, DellyCall [61], and Manta [62].

Differential expression analysis for RNA-Seq was based on normalized read count data represented as transcripts per 
million (TPM)..

Differential expression analysis for RNA-Seq was based on normalized read count data represented as transcripts per 
million (TPM).

4.5  Whole proteome analysis

The whole proteome profiling was obtained as previously described [63, 64].
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4.6  Bioinformatical analyses

R package MutationalPattern [65] was used to identify mutational signatures. MSI classification was done using R 
package MSIseq [66]. R package signifinder, R package CINmetrics [67] and CNHplus were used to study EMT and 
chromosomal instability respectively.

4.7  Histology and immunohistochemistry

For histological and immunohistochemical analysis, approximately 1 × 1×0.5 cm of each sample was fixed in 4% 
formalin and then embedded in paraffin wax (FFPE). Haematoxylin and eosin-stained sections were used for histo-
pathological classification. The main prognostic and predictive biomarkers for HCC including CD10, CK8/18, CK19, 
HSA, EMA and SERPINA1 have been studied by immunohistochemistry. Automated Leica Bond IHC platform (Leica Bio-
systems, Deer Park, IL) performed immunohistochemical reaction by using the following primary antibodies: mouse 
monoclonal anti-CD10 (prediluted; clone 56C6; Leica Biosystems), mouse monoclonal anti-CK8/18 (prediluted; clone 
5D3; Leica Biosystems), mouse monoclonal anti-CK19 (prediluted; clone B170; Leica Biosystems), mouse monoclonal 
anti-HSA (prediluted; clone OCH1E5; Leica Biosystems), mouse monoclonal anti-EMA (prediluted; clone GP1.4; Leica 
Biosystems) and mouse monoclonal anti- SERPINA1 (prediluted; clone AAT/6323, ThermoFischer Scientific, Waltham, 
Massachusetts, USA). The immunohistochemical reactions were evaluated blindly by independent pathologies (n = 2).
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