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Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary malignancy of the liver, the fifth most common 
cancer, and the third-leading cause of cancer-related 
mortality worldwide (1,2). The poor prognosis of HCC 
is mainly due diagnosis in later stages, for which there 

are few effective treatment options. Given that chronic 
inflammation gives rise to a stromal environment 
that favors hepatocyte transformation and creates an 
immunosuppressive milieu that further leads to liver cancer 
progression, HCCs can be considered a paradigm for 
inflammation-induced cancers. For this tumor modality, 
immunotherapy is quite promising (3). Although, there are 
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similar study illustrated the association between genetic 
and immunological background of HCC and expression 
of programmed cell death-1 and point out that CD8+ cells 
were densely infiltrated in PD-L1 positive tumors (4). Thus, 
there is a pressing need to explore the immune response 
signaling pathways and the disease microenvironment for 
HCC initiation and progression.

Immune checkpoint proteins, including PD-1, PD-
L1 and CTLA-4, initiate signaling pathways that suppress 
T-cell function (5). PD-L1, a 40 kDa type I transmembrane 
protein, is composed of two side-by-side domains and 
extracellular IgV and IgC domains (6). Despite the approval 
of targeted inhibitors of sorafenib as first-line treatments 
for advanced HCC, which could improve survival by several 
months (7), small molecules of pathway inhibitors may 
induce drug resistance (8). At present, immune checkpoint 
inhibitors (ICIs) have shown preferable efficacy in several 
types of cancer, including lung, breast, bladder, and non-
small-cell lung cancers (9-11). In 2017, the US Food and 
Drug Administration (FDA) approved nivolumab as the first 
anti-PD-1 antibody for the treatment of HCC. Thus, ICIs 
might play an indispensable role in HCC treatment, which 
brings new hope to cancer patients.

PD-L1 is universally expressed both inside and outside 
of cells (including cancer cells), which can lead to the 
exhaustion of T cells (12). Some studies have reported that 
patients with a higher expression of PD-L1 in cancer cells 
are correlated with preferential outcome in lung cancer (13). 
However, others have found that a high PD-L1 expression 
level is a poor prognostic factor in esophageal and cervical 
cancers (14,15). Although recent studies have been carried 
out (16-18), the association between the clinical response 
to anti-PD-1 antibodies and PD–L1 expression in HCC 
tumor cells remains unclear. Obviously, there is a pressing 
need to study the features of PD-L1 expression in HCC.

Cancer cells originate from a single cell with accumulated 
germ-line or somatic mutations and epigenetic alterations, 
which lead to the transformation of a normal cell into a 
malignant cell. Existing studies have demonstrated the 
diversity frequency rates of mutations, such as TP53, 
CTNNB1, AXIN1, KEAP1, and RB1, in the HCC 
population (19). The tumor mutational burden (TMB), 
coupled with PD-L1 expression, has been shown to be 
a powerful biomarker for ICB selection among different 
cancer types. The TMB has also been reported to be strongly 
correlated with the clinical response to immunotherapy using 
checkpoint inhibitors. Traditionally, the TMB was detected 
by whole-exome sequencing. However, more recently, 

targeted gene sequencing (TGS) has been extensively applied 
in clinical TMB evaluation. Moreover, taking advantage of 
whole-exome and TGS could provide valuable insight into 
tumor heterogeneity at the genetic and genomic levels (20).

In this study, we aimed to explore the correlation between 
PD-L1 expression and the TMB, mutation signature, and 
driver-gene mutations in 30 Chinese patients with HCC. 
We also analyzed patient outcomes based on the mutational 
landscape and the immune microenvironment. Our results 
highlight the roles of the immune microenvironment and the 
mutational landscape in patient prognosis, which will help 
to guide personalized immune-based therapy for Chinese 
patients with HCC. We present the following article in 
accordance with the MDAR reporting checklist (available at 
https://dx.doi.org/10.21037/jgo-21-251).

Methods 

Patients and clinical information collection

Thirty-two patients with primary HCC who were admitted 
to our hospital between May 2019 and November 2020 
were included in this study. Written informed consent was 
obtained from all patients. This study was performed in 
accordance with the Helsinki Declaration (as revised in 2013) 
and was approved by the Ethics Committee of the Affiliated 
Hospital of Guangdong Medical University. Clinical 
information of the 30 HCC patients were in Table S1.

Hematoxylin-eosin staining and immunohistochemistry 

For consensus judgement, all hematoxylin-eosin (HE) 
images were identified together independently by one 
otolaryngologist and two experienced pathologists, and the 
histological subtype classification was assessed according to 
the World Health Organization’s Classification of Tumors 
[2015]. Formalin-fixed, paraffin-embedded (FFPE) tissue 
specimens obtained from surgeries were examined in 
triplicate. Each FFPE tissue was selected from a centrally 
located area of the tumor that had been confirmed to 
contain tumor cells by HE staining. FFPE tissue were 
serial sectioned at a thickness of 4μm and deparaffinized, 
and then subjected to immunohistochemical staining using 
a previously described method with a previously validated 
rabbit monoclonal PD-L1 antibody (E1L3N, 1:800, Cell 
Signaling Technology, Danvers, MA). For visualization 
of the antigen, a peroxidase-labeled secondary antibody 
(DAKO, 22C3) was applied. 

https://dx.doi.org/10.21037/jgo-21-251
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DNA extraction

Tumor tissues and matched blood DNA were extracted 
using the GeneJET FFPE DNA Purification Kit (#K0881, 
Thermo Scientific, Shanghai, China) according to the 
manufacturer’s instructions. The DNA samples were then 
identified using the Applied Biological Materials Inc. (ABM), 
and DNA quality was assessed on Thermo NanoDrop 2000 
(Thermo Scientific, Shanghai, China).

Library preparation and sequencing

Genomic DNA were exacted from the tumor tissue sections, 
and then sonicated into 200 bp fragments in ultrasonic. 
To prepare the DNA library, we used Roche SeqCap EZ 
Exome V3 and TruePrep DNA Library Prep Kit V2 for 
Illumina (#TD501, Vazyme, Nanjing, China) to capture 
the target DNA, and Illumina HiSeq machines were used 
to acquire sequencing data. Agilent’s SureSelect Human All 
Exon V5 Kit (Agilent Technologies, Inc. Beijing, China) 
was applied to capture the whole exome, after amplified 
modified gDNA fragments in six cycles of PCR. In total, 
50 Mb of DNA sequences, containing 33,4378 exons from 

20,965 genes, were obtained. The average sequencing depth 
and coverage of the target region are summarized.

Copy number determination using exome-sequencing data

We aligned bisulfite reads to the reference genome at 
the candidate locations, and then applied GATA 4.1.4.0 
to classify and eliminate PCR duplicates as previously 
described (21). Copy number variants (CNVs) from the 
next generation sequencing (NGS) data were calculated by 
CNVKIT (22). Finally, somatic mutations were converted 
to MAF and visualized using R package maftools. 

Statistical analysis

All clinical and statistical analyses were performed using 
SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). 
Clinicopathologic variables of the high and low PD-L1 
groups were compared using two-sample t-test  or Fisher’s 
exact test for nominal variables. Given that this study was 
limited to a small sample size, all clinical-related statistical 
analysis were considered to be significant when p<0.05 
without multiple correction test.

Results

Patient characteristics

Tumor tissue and blood were collected from 30 patients 
with HCC at the time of diagnosis. The HCC patients, 
including 26 males and four females, had an average age 
of 58 years (range, 34–69 years). Nineteen patients were 
former smokers, and the remaining 11 were non-smokers. 
Additionally, 24 male patients and one female patient were 
never-drinkers, while four male patients were ever-drinkers. 
Twenty-four patients had hepatitis, while the remaining six 
patients did not. The number of patients with CCLC stages 
Ia, Ib, IIa, IIb, and IIIa were 10, seven, seven, one, and four 
respectively, and the number of those with BCLC stages A 
and B were 12 and 17, respectively. The exclusion criteria 
were as follows: (I) patients with prior chemotherapy 
and radiotherapy, (II) patients with prior non-infectious 
pneumonitis; and (III) patients with HIV,  autoimmune 
disease, or other conditions that could interfere with their 
participation in the trial. None of the included patients 
received radiation therapy previously. The baseline patient 
characteristics and detailed clinical information are depicted 
in Table 1 and Table S1.

Table 1 Baseline patient characteristics

Characteristic Value

Median age in years [range] 58 [34–69]

Gender (male/female) 26/4

Status (alive/dead) 24/6

PD-L1 expression: +/−/NA 10/13/7

Targeted deep sequencing 30

Smoker or ex-smoker/non-smoker 7/23

Never-drinker/ever drinker 18/12

Hepatitis (positive/never) 24/6

CCLC stage (Ia/Ib/IIa/IIb/IIIa) 10/7/7/1/4

BCLC stage (A/B) 12/17

Tumor number (1/2–3/over 3) 19/5/4

Tumor location (SF/C/DC/HF/R) 10/4/5/8/3

Median (range) tumor size, cm 5.5 (1.7–13)

Microvascular invasion (yes/no) 12/18

α-fetoprotein (AFP) >20 μg/L 17

NA, not available; SF, sigmoid flexure; C, cecum; DC, descending 
colon; HF, hepatic flexure; R, rectum.

https://cdn.amegroups.cn/static/public/JGO-21-251-supplementary.pdf
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Correlation between PD-L1 and clinicopathologic features

To evaluate the relationship between PD-L1 and tumor 
pathological features, we compared the clinicopathologic 
features with PD-L1 in each tissue sample. Patients 
were separated into PD-L1 positive and PD-L1 negative 
groups. We found that the PD-L1 positive patients were 
more likely to suffer from aggressive clinicopathologic 
features. These results demonstrate that PD-L1 positive 
patients possessed more tumors with vascular invasion 
and advanced CCLC stage (Figure 1 A,B,C,D,E,F and  
Table S1). 

Relationship between PD-L1 and the TMB

The TMB is specified using whole genome sequencing 
(WGS), whole exome sequencing (WES), or targeted gene 
panels sequencing. In our study cohort, the PD-L1 positive 
patients exhibited a lower TMB compared to the PD-L1 
negative group. Thus, we may infer that high PD-L1 patients 
in the Chinese HCC population have a low TMB (Figure 2).

Landscape of somatic mutations in HCC patients

To assess somatic alternation, TGS was performed on tissue 

A B

C D

E F

Figure 1 PD-L1 expression in HCC tissue samples. (A) PD-L1 immunohistochemistry of Liujinxiang HCC biopsy. (B) HE staining of 
Liujinxiang HCC biopsy. (C) PD-L1 immunohistochemistry of Linjun HCC biopsy. (D) HE staining of Linjun HCC biopsy. (E) PD-L1 
immunohistochemistry of Wangjiatuan HCC biopsy. (F) HE staining of a representative HCC biopsy. HCC, hepatocellular carcinoma. 
Scale bars =200 μm.

https://cdn.amegroups.cn/static/public/JGO-21-251-supplementary.pdf
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Figure 3 The Oncoprint of the top 30 driver genes in 46 HCC samples. HCC, hepatocellular carcinoma.

samples from the 30 HCC patients. The mean coverage 
depth for tumor and blood samples was 194×. There were 
459 mutation events in 556 genes; the top 30 mutated 
genes are shown in Figure 3. In HCC, the most frequent 
driver gene mutations were found to be in TP53, CTNNB1, 
KMT2D, AXIN1, ALK, and NOTCH1 (Figure 3). The TMB 
(mutations/Mb) and CNV alteration (CNA) are shown in 
Table S2. 

Mutation spectrum and signatures

Our results revealed that missense mutations were the 
most common mutation variant cases (Figure 4A); and 
single nucleotide polymorphisms (SNPs) were the most 

https://cdn.amegroups.cn/static/public/JGO-21-251-supplementary.pdf
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common variant types (Figure 4B). C > A and C > T were 
the most common base substitutions (Figure 4C); The 
mean variant of each sample was 9.97, and P13_T2 had the 
highest mutation number (Figure 4D). Variant classification 
summary also suggested that missense mutations and frame 
shift deletion was the primarily mutation variant cases 
(Figure 4E). To identify the HCC mutation spectrum and 
signatures, the top 10 mutated genes in Figure 4F were 
consistent with SMGs in Figure 5A. Moreover, we identified 
the significantly mutated genes (SMGs) with p<0.01 in the 
HCC mutation cohort, which included TP53, CTNNB1, 
AXIN1, TSC2, MST1, RB1, and MYC etc. (Figure 5A). 
We further analyzed mutational signatures 1 and 6 in 46 
HCC samples, and found that they were correlated with age 
of cancer diagnosis and defective DNA mismatch repair, 

respectively (Figure 5B).

Discussion

To demonstrate the genetic mapping of liver cancer, we 
enrolled 30 Chinese HCC patients (involving 46 HCC 
tissue samples) in this study. TGS was performed on 
HCC tumor tissues and matched normal tissues, and 
their clonal evolution relationships were analyzed. The 
prevalence of somatic mutations, including nucleotide 
substitutions, CNA, TMB, and small insertions/deletions, 
was evaluated by bioinformatics analysis using the R 
packages, Mutect2 (23,24) and VarDict (25). We also 
determined the correlation between PD-L1 expression and 
clinicopathologic features, and TMB. Finally, the landscape 

A

D E F

B C

Figure 4 Landscape of somatic mutations of driver genes in HCC. (A) Classification of variant; (B) number of variants; (C) SNV class; (D) 
number of variants; (D) variants per sample; (E) variant classification summary; (F) top 10 mutated genes. HCC, hepatocellular carcinoma.
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of somatic mutations, as well as the mutation spectrum and 
signatures were calculated as previously described.

Our results suggested that tumors with positive PD-L1 
were more likely to suffer from aggressive clinicopathologic 
features, which is consistent with the results of a previous 
study (26). Specifically, PD-L1 positive patients possessed 
more tumors with vascular invasion, and advanced CCLC 

stage. Moreover, these patients exhibited a lower TMB 
compared to the PD-L1 negative group. We might 
speculate that high PD-L1 patients in the Chinese HCC 
population have a low TMB. 

Furthermore, the TMB and overall neoantigen load analysis, 
as predictors of response to immune checkpoint inhibitors 
and anti–PD-1 therapy, can alter neoantigen-specific T cell 

A

B

Figure 5 Significant mutated gene and signature distribution. (A) Significant mutated gene of HCC samples; (B) catalogue of somatic 
mutations of 46 HCC samples according to COSMIC. HCC, hepatocellular carcinoma; COSMIC, Catalogue of Somatic Mutations in 
Cancer.
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reactivity (27-29). Tumors with high microsatellite instability 
(MSI-H) accumulate substantial numbers of somatic mutations 
secondary to deficits in DNA mismatch repair (MMR) (30). 
The top 30 mutated genes in our dataset indicated that the most 
frequent driver gene mutations, including TP53, CTNNB1, 
KMT2D, AXIN1, ALK, and NOTCH1, were consistent with the 
SMGs, including TP53, CTNNB1, AXIN1, TSC2, MST1, 
RB1, and MYC etc. However, these results were inconsistent 
with the findings of Guichard et al. (19) and David et al. (31) ,  
who reported that the most common driver mutations were in 
TP53 and CTNNB1.

Missense mutations were the most common mutation 
variant cases, while C>A and C>T were the most common 
base substitutions. This is consistent with the findings 
of Julián et al. (31), who described the base substitution 
differential frequency distribution in HDV+ patients relative 
to HDV- patients in the Mongolian HCC population. Our 
results also indicated that SNPs were the most common 
variant types. The mean variant of each sample was 9.97, 
and P13_T2 had highest mutation number (63). We further 
analyzed mutational signatures 1 and 6 in 46 HCC samples, 
and found that they were correlated with age of cancer 
diagnosis and defective DNA mismatch repair, respectively.

In this study, we found that the PD-L1 positive HCC 
patients have a lower TMB than the PD-L1 negative 
group. It was recommended for PD-L1 positive HCC 
patients taking anti-PD-1 antibody administration. We also 
identified the most frequent driver gene mutations in our 
cohort, including TP53, CTNNB1, KMT2D, AXIN1, ALK, 
and NOTCH1. This study promotes the potential for PD-
L1 inhibitor treatment development for HCC and provides 
a deep understanding of the HCC mutational landscape, 
thereby encouraging personalized immune-based therapy 
for Chinese HCC patients.
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