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Purpose: The poor prognosis of hepatocellular carcinoma (HCC) urgent us to discover early 
and effective biomarkers. In this study, we applied tandem mass tag (TMT)-based proteomic 
analysis to discover potential protein markers for HCC identification and differentiation.
Patients and Methods: Fifteen patients, well-differentiated (G1, N = 5), moderate- 
differentiated (G2, N = 5), and poorly differentiated (G3, N = 5), with 30 matched pair 
tissues (both tumor and adjacent non-tumor tissues derived from the same patient) were 
enrolled. All samples were subjected to TMT labeling and LC−MS/MS analysis. The 
identified proteins were subsequently assigned to GO and KEGG for predicting function. 
The identified protein candidates were validated using immunohistochemistry (IHC).
Results: A total of 1010 proteins were identified. Of these, 154 differentially expressed proteins 
(DEPs), 100 up-regulated and 54 down-regulated, were found between tumor and adjacent non- 
tumor tissues; 12 DEPs, 9 up-regulated and 3 down-regulated, were found between G1 and G3 
tissues; 8 DEPs, 5 up-regulated and 3 down-regulated, were found between G1 and G2 tissues; 
11 DEPs, 8 up-regulated and 3 down-regulated, were found between G2 and G3 tissues. Among 
them, ASS1 and CPS1 were significantly up-regulated while UROD and HBB were significantly 
down-regulated in G3 compared with G1 and G2 tumors. Three proteins, CYB5A, FKBP11 and 
YBX1, were significantly up-regulated in G1 compared with both G2 and G3 tumors. The 7 
biomarker candidates were further verified by IHC.
Conclusion: A variety of DEPs related to the histological differentiation of HCC were 
identified, among which ASS1, CPS1, URPD and HBB proteins were potential biomarkers 
for distinguishing poorly differentiated HCC, while CYB5A, FKBP11 and YBX1 were 
potential biomarkers for distinguishing well-differentiated HCC. Our findings may further 
provide a new insight facilitating the diagnosis and prognosis of HCC.
Keywords: tandem mass tag, proteomic analysis, hepatocellular carcinoma, histological 
differentiation, diagnosis, prognosis

Introduction
Hepatocellular carcinoma (HCC) is the most prevalent type of liver cancer 
(accounting for 70–90%) and one of the leading causes of cancer-related death 
worldwide.1 Late diagnosis and limited treatment modalities explain the high 
mortality rate and poor prognosis of patients with HCC, while early diagnosis 
using effective biomarkers could improve the survival rate and therapeutic options. 
Alpha fetal protein (AFP) is the most commonly used biomarker for clinical 
diagnosis in HCC.2 However, the low diagnostic sensitivity and specificity, and 
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disturbances of other non-liver diseases minimize its clin-
ical significance as biomarker for HCC.2,3

The development of HCC is a series of multi-gene and 
multi-step collaborative processes based on histologic 
changes. Tumor cells are initially well differentiated 
(grade I, G1), and then progress to moderately differen-
tiated (grade II, G2) and poorly differentiated (grade III, 
G3) types with high proliferation rates.4 Patients with G3 
tumors are more likely to develop invasive and metastatic 
diseases with much worse prognosis than those with G1 or 
G2 tumors.5 Previous evidences have demonstrated that 
the proteome profiles of HCC tumors are grade- 
dependent.6–9 Thus, it is of great clinical significance to 
identify the differentially expressed proteins (DEGs) 
among G1, G2 and G3 tumors for revealing the develop-
ment and prognosis of HCC.

Proteomics analysis is increasingly employed in global 
evaluation of protein expression. Multiple proteomic 
approaches have been applied to study various aspects of 
HCC, such as investigating the underlying molecular 
mechanisms,10 identifying relevant proteomic signature 
for HCC phenotypes,11–13 screening molecular biomarkers 
for early diagnosis and prediction,14–16 and detecting new 
therapeutic targets.10 Yet, there is still no report on the 
proteome distinctions in G1, G2, and G3 HCC tumors.

The development of new proteomics strategies enables 
us to further explore the molecular events in HCC differ-
entiation. Tandem mass tag (TMT), a type of chemical 
label developed for MS-based detection and quantification 
of biological molecules, plays an important role in com-
parative proteomics in various samples such as biofluids, 
tissues, and cells using gel-free proteomic approaches.17 

TMT enables the multiplexing of all peptide sets prepared 
from different clinical samples to be combined into 
a single liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) analysis, thereby increasing throughput and 
coverage by avoiding missing values commonly found in 
label-free based quantification.

In this study, we attempted to make comprehensive and 
comparative analysis of proteins associated with histolo-
gical differentiation of HCC. TMT-based quantitative pro-
teomic analysis was used to explore the DEPs profiles 
between HCC tissues with varying degrees of histological 
differentiation and their adjacent paired non-tumor tissues 
identifying potential diagnostic protein biomarkers of 
hepatocellular differentiation. The potential biomarker 
candidates were further validated using immunohisto-
chemistry (IHC). By elucidating the proteome alterations 

occurring in different HCC differentiation grades, we 
hoped to provide potential diagnostic and prognostic pro-
tein markers for HCC differentiation and shed light on new 
therapeutic targets for future investigations.

Methods
Ethics Statement
All experiments were carried out with the approval of the 
Ethics Committee of the Fourth People’s Hospital of 
Foshan (approval code: 2,019,012) and in accordance 
with the Declaration of Helsinki. Written informed consent 
was received from all participants in this study.

Patients Selection and Specimen 
Collection
The study population comprised inpatients who were histo-
pathologically diagnosed as HCC between January 2017 to 
December 2017 at the Fourth People’s Hospital of Foshan. 
All HCC diagnoses were in accordance with the Guidelines 
for Diagnosis and Treatment of Primary Liver Cancer in 
China (2017 Edition).18 Patients were excluded if they: 1) 
over 75 years old; 2) with anorexia nervosa, inflammatory 
bowel disease, immunological disease, or endocrine disor-
ders; 3) with infection; 4) with cholangiocarcinoma, gastric 
cancer or other tumors; 5) with severe complications such as 
gastrointestinal bleeding or tumor rupture bleeding; 6) had 
received any surgical treatment, radiotherapy, or chemother-
apy in the past 4 weeks; 7) had undergone medication that 
could seriously affect metabolism or body mass; 8) were 
pregnant. A total of 15 HCC patients were recruited and 
assigned to one of the following groups based on their 
histological differentiation grade: well-differentiated (G1 
group, N = 5), moderately differentiated (G2 group, N = 5) 
and poorly differentiated (G3 group, N = 5). The clinico-
pathological data of the enrolled patients were presented in 
Supplementary Table S1.

In each patient, clinical HCC tissue and the corre-
sponding adjacent non-tumor tissue were obtained. The 
samples were washed with phosphate buffered saline 
(PBS) to remove blood, contaminants and stripped 
mucosa, and subsequently frozen in liquid nitrogen to 
minimize protein degradation. Three biological replicates 
per sample were prepared.

Protein Extraction
The extracted proteins from 15 tumors tissues and 15 
paired non-tumor tissues were treated separately. For 
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each sample, the frozen tissue was added with 100 μL of 
RIPA lysis buffer (Beyotime Biotechnology, Beijing, 
China, Cat. No. P0013C), broken down with tissue homo-
genizer (1998–1, Biovision, San Francisco, USA), and 
subsequently sonicated six times on ice using a high- 
intensity ultrasonic processor (VC500, Sonics & 
Materials, New York, USA). After centrifugation (12,000 
× g, 4 °C, 20 min), the supernatants were collected. Then, 
the samples were processed with Pierce™ Top 12 
Abundant Protein Depletion Spin Columns (Thermo 
Fisher Scientific, Waltham, MA, Cat. No. 23,227) to 
remove proteins with high abundance ratios. Protein con-
centrations after depletion were determined using Pierce™ 
BCA Protein Assay Kit (Thermo Fisher Scientific, 
Waltham, MA, Cat. No. 23,227) according to the manu-
facturer’s instructions.

Protein Reduction, Alkylation, and 
Trypsin Digestion
About 200 μg of protein solutions from each sample were 
reduced in 5 mM dithiothreitol for 1 h at 60 °C, and 
alkylated in 11 mM iodoacetamide for 30 min at room 
temperature in darkness. After alkylation, the protein solu-
tions were loaded onto an ultrafiltration filtrate (10 kDa; 
UFC801096, Millipore, Darmstadt, Germany), and centri-
fuged at 12,000 × g for 20 min. The precipitates from the 
collection tube were discarded. Next, the sample was 
washed twice by adding 100 μL urea buffer (8 M urea, 
pH 8.5) and centrifuged at 12, 000 × g for 20 min, and 
thrice with 100 μL TEAB (0.25M, pH 8.5) and centrifuged 
at 12, 000 g for 20 min. The protein suspensions were then 
digested with trypsin. Trypsin (TPCK Treated, Sangon, 
Shanghai, China; Cat. No. A003740-0100) was added at 
a mass ratio of 1:50 (trypsin: protein) for the first digestion 
at 37 °C overnight, and a mass ratio of 1:100 (trypsin: 
protein) for a subsequent second digestion at 37 °C for 4 
hours. After digestion, approximately 100 μg of proteins 
for each sample was collected for the following 
experiments.

Tandem Mass Tag Isobaric Labeling
Fifteen HCC tissues and 15 adjacent non-tumor tissues 
were mixed into 8 pooled samples designated as G1, G2, 
G3, HCC, G1 non-tumor, G2 non-tumor, G3 non-tumor, 
and HCC non-tumor. The pooled samples for G1, G2, G3 
and their corresponding non-tumor groups were generated 
by mixing equal protein amounts of 5 samples in each 

group, while the HCC and HCC non-tumor groups were 
generated by mixing equal protein amounts of all 15 
samples. The resulting peptides after trypsin digestion 
were desalted by a Strata-X C18 solid-phase extraction 
(SPE) column (Phenomenex, Torrance, CA, USA) and 
then vacuum-dried. Subsequently, the peptides were recon-
stituted in 0.5 M TEAB and labeled with TMT10-plex™ 
Isobaric Label Reagent Set (3 x 0.8 mg, Thermo Fisher 
Scientific, Waltham, MA, USA, Cat. No. 90,111) accord-
ing to the manufacturer’s instructions. The samples were 
labeled as (G1)-127N, (G2)-128N, (G3) −129N, (HCC)- 
130N, (G1 non-tumor)-127C, (G2 non-tumor)-128C, (G3 
non-tumor) −129C, (HCC non-tumor)-130C. Three biolo-
gical replicates were generated for each group. The labeled 
peptides were incubated with TMT reagent for 2 h at room 
temperature and then pooled, desalted and dried in 
a vacuum centrifugation.

High pH Reversed-Phase Fractionation
The labeled peptides were fractionated by high pH 
reversed-phase high-performance liquid chromatography 
(HPLC) (8050, Shimadzu, Tokyo, Japan) equipped with 
an Acclaim™ PepMap™ 100 C18 columns (3 µm, 100 Å, 
75 µm x 15 cm; AB Sciex, Cat. No. 4,381,664). The 
mixed peptides were re-dissolved with solvent A (0.1% 
formic acid, 2% acetonitrile). Then, the sample (100 μL) 
was eluted at a flow rate of 0.2 mL/min and monitored by 
measuring absorbance at 214 nm. The gradient was 
increased from 5% to 37% solvent B (0.1% formic acid, 
98% acetonitrile) for 75 min, from 37% to 95% in 5 min, 
and kept at 95% for the last 5 min. Fractions were col-
lected every 50 s. A total of 12 fractions were finally 
obtained and vacuum dried for subsequent LC-MS/MS 
analysis.

LC-MS/MS Analysis
The fractionated peptides were dissolved in aqueous solu-
tion with 0.1% formic acid and 5% acetonitrile, and loaded 
onto a Thermo Scientific EASY trap column (100 mm × 
2 cm, 5 mm, 100 Å, C18, Thermo Fisher Scientific) and an 
analytical column (75 mm × 25 cm, 5 mm, 100 Å, C18, 
Thermo Fisher Scientific). Then, the peptides were sepa-
rated for 90 min with a gradient of 5% to 28% Solvent 
B (0.1% formic acid, 98% acetonitrile) for 40 min fol-
lowed by 28%–90% Solvent B for 2 min and then 90% 
Solvent B for 18 min, at a flow rate of 600 nL/min on an 
EASY-nLC 1000 Ultra-performance liquid chromatogra-
phy (UPLC) system (Thermo Fisher Scientific, Waltham, 
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MA, USA). After liquid-phase separation, the peptides 
were subjected to nanoelectrospray ionization followed 
by tandem mass spectrometry (MS/MS) in Q Exactive 
mass spectrometer (Thermo Fisher Scientific, MA, USA) 
coupled online to the HPLC.

Database Search
Raw data were processed using Proteome Discoverer 2.2 
(Thermo Fisher Scientific, Waltham, MA, USA). The 
search parameters were set as follows: database, UniProt- 
human-filtered-organism Homo sapiens (Human), 9606 
entries; [taxonomy, Homo sapiens] quantitative method: 
TMT 10-plex labeling; precursor ions mass tolerance, 10 
ppm; fragment ions mass tolerance, 0.02 Da; enzyme, 
trypsin; max missed cleavages, 2; fixed modification: 
Carbamidomethyl on cysteine, TMT-10plex (N-term), 
TMT 10-plex (K); variable modification, oxidation of 
methionine; false discovery rate (FDR), less than 1%. 
For TMT quantification, the ratios of the TMT reporter 
ion intensities in MS/MS spectra (m/z 127–130) from raw 
data sets were used to calculate fold changes (abundance 
ratios) between samples. For each sample, the quantifica-
tion was mean-normalized at peptide level to center the 
distribution of quantitative values. Protein quantitation 
was then calculated as the median ratio of corresponding 
unique or razor peptides for a given protein. Proteins with 
fold changes >1.20 or <0.83 and unadjusted significance 
level P-value <0.05 between two comparable groups were 
considered as differentially expressed proteins (DEPs).

Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) functional enrichment analysis of 
DEPs was performed using WebGestaltR (http://www.web 
gestalt.org/option.php). Significant GO terms and path-
ways with p-value <0.05 are presented. Search Tool for 
the Retrieval of Interacting Genes/Proteins (STRING) ver-
sion 10.5 (http://www.webgestalt.org/option.php) was 
applied for potential protein–protein interaction (PPI) ana-
lysis of DEPs. All interactions with a confidence score 
≥0.4 were fetched, and the yield PPI results were visua-
lized by Cytoscape software.

Immunohistochemistry
Tumor and adjacent non-tumor tissues were fixed in 4% 
paraformaldehyde at 4°C for 24 h, washed the next day and 
stored in 70% ethanol until paraffin embedding. 
Hematoxylin and eosin (HE)-stained sections (3 μm) of 
paraffin-embedded tissues were examined by an experi-
enced pathologist for the differentiation grade. 

Immunohistochemistry analysis was performed on 3 μm 
thickness of formaldehyde-fixed and paraffin-embedded 
tissues according to standard immunohistochemical proto-
cols for deparaffinization and embedding. Tissue sections (3 
μm) were deparaffinized and heated in drying oven for 25 
min at 75 °C to unmask the antigenic sites. 
Immunohistochemical staining was performed using the 
Ventana BenchMark Ultra in automatic mode (Roche 
Diagnostics Ltd., UK) and antibodies against (Abcam, 
Shanghai, China, Cat. ab170952), CPS1 (Abcam, 
Shanghai, China, Cat. ab129076), UROD (Santa Cruze, 
CA, USA, Cat. sc-365,297), HBB (Santa Cruze, CA, 
USA, Cat. sc-21,757), CYB5A (Abcam, Shanghai, China, 
Cat. ab69801), YBX1 (Abcam, Shanghai, China, Cat. 
ab76149), and FKBP11 (Abcam, Shanghai, China, Cat. 
ab237528).

Results
Protein Profiling
TMT analysis indicated 382,274 spectra and 7867 matched 
queries. After searching against the Uniprot Homo sapiens 
database, a total of 1010 unique proteins were identified 
across 3426 peptides. Using a 1.2-fold increase or 0.833- 
fold decrease in protein expression as a benchmark for 
a physiologically significant change, DEPs between 
groups were further filtered. A total of 154 DEPs (Up- 
regulated 100; Down-regulated 54) between HCC tumor 
and non-tumor tissues (Supplementary Table S2), 30 DEPs 
(Up-regulated 18; Down-regulated 12) between G1 and 
G1 non-tumor tissues (Supplementary Table S3), 41 
DEPs (Up-regulated 20; Down-regulated 21) between G2 
and G2 non-tumor tissues (Supplementary Table S4), and 
11 DEPs (Up-regulated 5; Down-regulated 6) between G3 
and G3 non-tumor tissues (Supplementary Table S5), were 
identified. Eleven DEPs (Up-regulated 8; Down-regulated 
3) were found between G1 and G2 groups (Figure 1A; 
Supplementary Table S6). Twelve DEPs (Up-regulated 9; 
Down-regulated 3) were found between G1 and G3 groups 
(Figure 1B; Supplementary Table S7). Eight DEPs (Up- 
regulated 5; Down-regulated 3) were found between G2 
and G3 groups (Figure 1C; Supplementary Table S8). 
Hierarchical clustering of the expression of DEPs in the 
three groups was mapped. The heatmap showed that these 
proteins were well distinguished, which provided 
improved visualization of the overall protein change 
(Figure 1D).
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Candidate Proteins as HCC 
Differentiation Biomarkers
If a protein is differentially expressed in G1 compared with 
both G2 and G3 tumors, the protein is identified as a potential 
marker for G1 tumors. Similarly, if a protein significantly up- 
or down-regulated in G3 compared with both G1 and G2 
tumors, the protein might be a potential marker for G3 tumors. 
Applying the above criteria, we further filtered the potential 

markers for identifying G1 and G3 tumors. Argininosuccinate 
synthase (ASS1, P < 0.001) and carbamoyl-phosphate 
synthase[ammonia] (CPS1, P < 0.001) were significantly up- 
regulated, while uroporphyrinogen decarboxylase (UROD, P < 
0.01), and hemoglobin subunit beta (HBB, P < 0.001) were 
significantly down-regulated in G3 tissues compared with G1 
and G2 tissues, indicating that the four proteins might be 
potential biomarker for distinguishing poorly differentiated 

Figure 1 Volcano plots and hierarchical clustering of differentially expressed proteins (DEPs) among poorly- (G3), moderate- (G2) and well-differentiated (G1) 
hepatocellular carcinoma (HCC). Volcano plots showing the distribution of significance fold change of DEPs between (A) G1 and G2, (B) G1 and G3, and (C) G2 and 
G3 HCC. The red spots and green spots indicate significantly up-regulated and down-regulated proteins, respectively. (D) Hierarchical clustering representing of 21 DEPs. 
Red indicates upregulation and green represents downregulation (color bar next to the figure).
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HCC (Tables 1 and 2; Figure 2). Cytochrome b5 (CYB5A, P < 
0.01), nuclease-sensitive element-binding protein 1 
(Fragment) (YBX1, P < 0.01), and peptidyl-prolyl cis-trans 
isomerase FKBP11 (FKBP11, P < 0.001) were significantly 
up-regulated in G1 group compared with G2 and G3 groups, 
suggesting that these proteins might be potential biomarker for 
distinguishing well-differentiated HCC (Tables 1 and 2; 
Figure 2).

To further validate the MS results, the 7 identified candi-
date proteins were selected for IHC staining. Figure 3 
showed a representative IHC staining pattern obtained from 
paired HCC tissues which displayed reduced expression of 
candidate proteins ASS1, CPS1, CYB5A, YBX1 and HBB, 
and increased expression of proteins UROD and FKBP11 in 
tumor compared with paratumor tissues. Results of IHC 
staining of G1, G2, and G3 tumors were consistent with 
the MS findings, showing higher expression of proteins 
ASS1 and CPS1 and lower expression of proteins UROD 
and HBB in G3 tumors; and higher expression of proteins 
CYB5A, YBX1, and FKBP11 in G1 tumors (Figure 4).

GO and KEGG Pathway Enrichment
GO and KEGG pathway enrichment analyses were per-
formed using the 7 potential protein markers. The most 

enriched GO terms of biological processes (BP), molecular 
functions (MF) and cellular components (CC) were anno-
tated as metabolic process, catalytic activity, and cyto-
plasm, respectively (Figure 5).

KEGG pathway analysis identified 4 significantly 
enriched pathways, including arginine biosynthesis, ala-
nine, aspartate and glutamate metabolism, biosynthesis of 
amino acids, and metabolic pathways. Both ASSI and 
CPS1 proteins were implicated in several pathways 
(Table 3).

Protein–Protein Interactions Analysis
In the PPT network, protein CPS1 depicted interaction 
with protein ASS1 and YBX1, and protein ASS1 showed 
interaction with protein CPS1 and UROD (Figure 6). Of 
these, only CPS1 and ASS1 were found to be functionally 
associated with each other with high confidence (Table 4).

Discussion
Histological differentiation is an important factor affecting 
the prognosis of malignant tumors. Poorly differentiated 
HCC tumors have higher risk of invasion and metastasis.19 

The extremely poor prognosis of HCC patients is largely 
due to high frequency of disease recurrence or distant 
metastasis. Thus, identification of differentiation specific 

Table 1 List of Differentially Expressed Proteins as Potential Biomarker Candidates for Well- and Poorly-Differentiated Hepatocellular 
Carcinoma

Confidence Accession Gene Symbol q-value Coverage [%] # PSMs # Peptides # Unique Peptides Score

High P00966 ASS1 0 7 5 4 4 16.47

High P31327 CPS1 0 25 65 32 32 321.12

High P06132 UROD 0 11 4 3 3 19.98
High P68871 HBB 0 88 126 11 6 602.36

High P00167 CYB5A 0 16 9 2 2 39.38

High H0Y449 YBX1 0 5 2 1 1 10.88
High Q9NYL4 FKBP11 0.002 3 2 1 1 0

Table 2 Statistical Information on the Differentially Expressed Proteins

Gene 
Symbol

G1/G2 G1/G3 G2/G3 G1/G1 
Non-Tumor

G2/G2 
Non-Tumor

G3/G3 
Non-Tumor

HCC/ 
Non-Tumor

ASS1 0.928 0.354 ** 0.381 ** 0.188** 0.436* 0.979 0.373 **

CPS1 0.831 0.337 ** 0.406 ** 0.169** 0.586 0.800 0.344 **
UROD 0.835 1.739 * 2.082 ** 1.459 2.229** 0.778 1.495 *

HBB 1.479 3.722 ** 2.517 ** 0.368** 0.632 0.398** 0.616 **

CYB5A 2.866 * 4.257 * 1.485 0.679 0.308* 0.459 0.383 *
YBX1 1.817 ** 1.575 * 0.867 1.1 0.69* 1.339 0.805

FKBP11 2.694 * 4.085 ** 1.516 5.902** 2.429 0.625 2.048 *

Notes: *P<0.05; **P < 0.01.
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dysregulated proteins will benefit the elucidation of under-
lying mechanism of HCC progression, allowing early 
diagnosis and prognosis and providing new therapeutic 
targets of HCC with different differentiation. In this 

study, a comprehensive proteomic screening on HCC tis-
sues with different differentiation was conducted for the 
first time to identify protein candidates for distinguishing 
HCC differentiation. With the aid of the TMT-based 

Figure 2 Abundance ratio of differentially expressed proteins ASS1, CPS1, UROD, HBB, CYB5A, YBX1, and FKBP11 between hepatocellular carcinoma (HCC) tumor and 
non-tumorous tissues, and among well- (G1), moderate- (G2), and poorly- (G3) differentiated HCC. ASS1 and CPSI were up-regulated, while UROD and HBB were down- 
regulated in G3 compared with G1 and G2 tissues; CYB5A, YBX1, and FKBP11 were up-regulated in G1 compared with G2 and G3 tissues.

Figure 3 Representative immunohistochemical staining for seven candidate proteins (ASS1, CPS1, UROD, HBB, CYB5A, YBX1, and FKBP11) between hepatocellular 
carcinoma (HCC) and adjacent non-tumorous tissues. The scale bar is 500 μm.
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Figure 4 Representative immunohistochemical staining for seven candidate proteins (ASS1, CPS1, UROD, HBB, CYB5A, YBX1, and FKBP11) among well- (G1), moderate- 
(G2), and poorly (G3) differentiated hepatocellular carcinoma (HCC) tissues. The original scale bar is 500 μm.
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proteomic analysis, we have identified 4 proteins (ASS1, 
CPSI, UROD, HBB) as potential biomarkers for distin-
guishing poorly differentiated HCC tumors, and 3 proteins 
(CYB5A, YBX1, FKBP11) as potential biomarkers for 
distinguishing well-differentiated HCC tumors. These 
potential biomarkers were further confirmed and validated 
by IHC staining.

The above results indicated that the 7 proteins and their 
biological functions might be directly or indirectly impli-
cated in the malignant behavior of HCC cells. ASS1 and 
CPS1 are enzymes in the urea cycle. The urea cycle was 
first discovered by Hans Krebs in 1932.20 Its main func-
tion is to convert the toxic ammonia produced upon the 
metabolism of proteins and amino acids through a series of 
biochemical reactions into harmless urea.21 The urea cycle 

consists of five catalytic enzymes: two mitochondrial 
enzymes, namely, CPS1, paracetamol transacylase 
(OTC), and three cytosolic, namely, ASS1, argininosucci-
nate lyase (ASL) and arginase (ARG). ASS1 is the rate- 
limiting enzyme for arginine biosynthesis in the urea 
cycle. It catalyzes the production of argininosuccinate 
from citrulline and aspartate, which is then converted 
into arginine.22 Tumors with loss of ASS1 are generally 
chemoresistant and yet display a critical dependence on 
extracellular arginine for growth, known as arginine 
auxotrophy.23 Exhibiting down-regulation of ASS1, HCC 
is thus arginine auxotrophs.24 Selective elimination of 
extracellular arginine has been demonstrated as an effec-
tive anti-cancer therapy for HCC.25 Evidence has shown 
that ASS1 protein deficiency is a predictive biomarker for 

Figure 5 Gene Ontology enrichment analysis of the 7 DEPs (ASS1, CPS1, UROD, HBB, CYB5A, YBX1, and FKBP11) potentially for identifying poorly- and well- 
differentiated hepatocellular carcinoma.

Table 3 KEGG Pathway Enrichment Analysis of Differentially Expressed Proteins Between Well- and Poorly-Differentiated 
Hepatocellular Carcinoma

ID Description Count FDR Matching Proteins

map00220 Arginine biosynthesis 2 0.000 ASS1, CPS1

map00250 Alanine, aspartate and glutamate metabolism 2 0.000 ASS1, CPS1
map01230 Biosynthesis of amino acids 2 0.001 ASS1, CPS1

map01100 Metabolic pathways 3 0.019 ASS1, CPS1, UROD
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the development of metastasis and is associated with poor 
prognosis for HCC.26 Agreed with the previous findings, 
results of the present study also demonstrated significant 
down-regulation of ASS1 in HCC tumors compared with 
their adjacent non-tumor tissues. Besides, overexpression 
of ASS1 was presented in G3 compared with both G1 and 
G2 tumors, indicating its potential role for distinguishing 
poorly differentiated HCC.

CPS1 is a liver-specific, intramitochondrial, and the 
first and rate-limiting enzyme in the urea cycle, which is 
responsible for the conversion of ammonia into aminoa-
mide phosphate.27 A downregulation of CPS1 has fre-
quently been associated with HCC in literature. A study 
has reported that 75% of human HCC tissues express low 
levels of CPS1.28 Some even reported absence of CPS1 in 
human HCC cells.29,30 In this study, the CPS1 expression 
was also significantly down-regulated in HCC tumor tis-
sues compared with adjacent non-tumor tissues. In addi-
tion, we further pointed out that the expression of CPS1 
increased with the development of G3 tumors. Aflatoxin 
B1 (AFB1) is a potent hepatocarcinogenesis mycotoxin. 
Previous studies revealed that AFB1 down-regulated the 
protein level of CPS1.31 Using endogenous co- 
immunoprecipitation combined with GC-MS, Yang et al 
discovered three interaction proteins of CPS1, including 
type II cytoskeleton 1 (KRT1), albumin (ALB) and perva-
sive protein C (UBC).31 They showed that CPS1 was 

negatively regulating interacted and colocalized with 
KRT1 and ALB, and AFB1 affected correlation intensity 
of these correlations. CPS1, ALB, and KRT1 were 
reported to be involved in the development and differen-
tiation of cancer cell.32 Results of our TMT-analysis 
showed that the expression of ALB exhibited a trend of 
up-regulation (0.05 < P <0.01), which further supports the 
results of Yang et al.31 Altogether, CPS1 is implicated in 
the development and differentiation of HCC with potential 
for the identification of HCC differentiation.

Interestingly, our data demonstrated that ASS1 and 
CPS1 expressions were continuously increasing in HCC 
tumor with the progress of poorly differentiated HCC. 
This phenomenon might be the result of blood metastasis. 
Angiogenesis is the basis of tumor growth, invasion and 
metastasis. Nitric oxide (NO) is a physiological messenger 
that modulates different cancer-related events including 
apoptosis, progression, invasion and metastasis.33 NO is 
generated from L-arginine, supplied by the urea cycle.34 

Arginine is regulated by ASS1 and CPS1, and thus the loss 
of ASS1 and CPS1 might lead to reduction of NO. It is 
suggested that overexpression of NO in tumor tissues 
induces tumor cell toxicity and apoptosis. We speculated 
that the formation of HCC tumor cells needs a low con-
centration of NO environment. Thus, the expression of 
ASS1 and CPS1 is down regulated, which reduces the 
production of NO. In the period of poorly-differentiation, 

Figure 6 STRING networks of the 7 DEPs (ASS1, CPS1, UROD, HBB, CYB5A, YBX1, and FKBP11) potentially for identifying poorly- and well-differentiated hepatocellular 
carcinoma. Different line colours represent the types of evidence for the association. Green colour depicts neighbourhood; Red colour: Gene fusion; Pink colour: 
Experiments; Light green colour: Text mining; Blue colour: Cooccurrence; Dark blue colour: Coexpression; Purple colour: Homology; and circle nodes indicated different 
proteins. Interaction networks are shown in evidence view.

Table 4 Protein–Protein Interaction Analysis of the Differentially Expressed Proteins Between Well- and Poorly-Differentiated 
Hepatocellular Carcinoma

Protein 1 Protein 2 Neighbourhood Gene Fusion Coexpression Experiment Databases Text Mining Score

CPS1 ASS1 0.185 0.627 0.522 0.35 0.8 0.803 0.995
CPS1 YBX1 0 0 0.064 0 0 0.441 0.454

ASS1 UROD 0.147 0 0 0 0 0.353 0.424
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a large number of tumor blood vessels need to be gener-
ated for blood metastasis, and thus up-regulated ASS1 and 
CPS1 to promote the production of NO. Nevertheless, the 
expressions of ASS1 and CPS1 in poorly differentiated 
HCC tumors are still lower than non-tumour cells, which 
allows the formation of microvessels but the amount of 
NO is not enough to generate apoptosis and can also 
remove toxic ammonia at the same time. This is the first 
report that increased expression of ASS1 and CPS1 
accompanies the progression of HCC differentiation. The 
underlying mechanisms of protein changes in HCC differ-
entiation still need further investigation.

Uroporphyrinogen decarboxylase (UROD) catalyzes 
decarboxylation of the four acetate side chains of uropor-
phyrinogen to form coproporphyrinogen. The mutation or 
deficiency of UROD can cause porphyria cutanea tarda 
(PCT). Evidences have showed that PCT is a risk factor 
for HCC.35,36 Results from a meta-analysis showed 
approximately 50% hepatitis C virus (HCV) prevalence 
in patients with PCT, suggesting a possible ecopathogenic 
role of HCV in PCT.37 These data suggest that UROD is 
implicated in HCC. In consistent with the data from The 
Human Protein Atlas, the current study also found over-
expression of UROD in HCC compared with non-tumor 
tissues. In addition, significant down-regulated UROD 
expression was detected in G3 tumors compared with G1 
and G2 tumors, suggesting the potential role of UROD in 
distinguishing poorly differentiated HCC.

Hemoglobin subunit beta (HBB) is an essential com-
ponent of hemoglobin. Results of the present study 
showed significantly lower HBB expression in HCC com-
pared to adjacent non-tumor tissues, and the expression of 
HBB decreased with poorly differentiated tumors. Using 
2-DE coupled with ESI-QTOF MS/MS, Khan et al 
detected significant down-regulation of HBB in HCC com-
pared with fibrotic liver and HepG2 cell line,38 which was 
consist with our findings. Although there is a possibility 
that a sample with blood may cause false positive, the 
in vitro culture of HepG2 cell line also detected expression 
of HBB.38 Anemia is a common complication in HCC, and 
the incidence of HCC in patients with thalassemia is also 
on the rise.39 Iron overload is one of the risk factors of 
HCC in thalassemia. The carcinogenicity of iron is related 
to its induction of oxidative damage, which results in 
genotoxicity, and to immunologic dysregulation, which 
attenuates cancer immune surveillance.39 Hemoglobin is 
an important oxygen-carrying protein and plays crucial 
roles in establishing host resistance against pathogens 

and in regulating innate immune responses.40 The HBB 
is an essential component of hemoglobin which has also 
been found to play an important role in the antiviral innate 
immunity. Yang et al showed that HBB was a pleiotropic 
regulator of the RIG-I/MDA5 signaling pathway, which 
can directly inhibit binding of MDA5 to dsRNA and 
negatively regulates MDA5-mediated IFN production; or 
involved in the regulation of cellular oxidative stress to 
enhance RIG-I ubiquitination, which indirectly promotes 
RIG-I-mediated IFN production.41 Thus, lower expression 
of HBB could result in increased oxidative stress mediated 
by free iron, which could promote HCC occurrence and 
progression. These findings may contribute to a broader 
understanding of the potential of HBB in the differentia-
tion of HCC.

Cytochrome b5 (CYB5A) is a membrane-bound hemo-
protein which acts as an electron carrier for several mem-
brane-bound oxygenases. Using 2-DE proteomic analysis, 
Lee et al demonstrated that the differential expression of 
CYB5A could accurately distinguished HCC tissues from 
adjacent non-tumor tissues and normal liver tissues.42 

Khan et al also found that the expression of CYB5A was 
down-regulated in HCC as compared to fibrotic liver and 
HepG2 cell lines.38 Our study showed significantly down- 
regulated CYB5A in HCC tissues compared with the adja-
cent non-tumor tissues, which was consistent with the 
above findings. Furthermore, significantly higher CYB5A 
expression was found in G1 tumors than in G2 and G3 
tumors, indicating that CYB5A was relatively low in the 
invasion and expansion stage of HCC. Since CYB5A is 
mainly located in the endoplasmic reticulum, endoplasmic 
reticulum stress (ERS) may be responsible. ERS is 
a pathophysiological response to the accumulation of 
unfolded or misfolded proteins after endoplasmic reticu-
lum environment disturbance. A range of stressful cellular 
conditions (hypoxia, nutritional deficiency, energy defi-
ciency, oxidative stress, etc.) accompanied by HCC devel-
opment may trigger ERS.43 The endoplasmic reticulum is 
a dynamic and specialized membranous network which 
implicates in various cellular processes and acts as central 
coordinator for the maintenance of cellular homeostasis.44 

It displays various functions in tumor cells for different 
degrees of differentiation.45 Thus, the altered expression of 
CYB5A suggests that these proteins may be used as 
a novel diagnostic factor for HCC or prognostic factor 
for HCC differentiation.

FK506 binding protein (FKBP11), a member of the 
FK506 binding protein family, is involved in peptidyl- 
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prolyl cis-trans isomerase (PPIase) activity and is closely 
associated with inflammation.46 Previous research has 
detected a progressive elevation in the expression of 
FKBP11 during the development of HCC, which suggests 
potential role of FKBP11 as early biomarker for HCC.47 

Results of our study further support its role as an early 
biomarker, as overexpression of FKBP11 is observed in 
HCC tissues compared with adjacent non-tumor tissues. 
It has been suggested that FKBP11 is implicated in endo-
plasmic reticulum (ER) stress and unfolded protein 
response (UPR), and the ER stress pathway has been 
reported to be involved in liver malignancy and HCC 
progression.46,48 Thus, FKBP11 might be an early 
response gene to liver injury events that indicate ER 
stress caused by metabolic disorders and hepatitis due to 
viral infection and increases dramatically as the disease 
progress. Taken together, FKBP11 can serve as 
a potential protein marker to distinguish well- 
differentiated HCC.

YBX1, belonging to the cold shock domain family, is 
a highly conserved and multifunctional protein. It binds DNA 
in the nucleus and RNA in the cytoplasm, participates in 
transcription regulation, RNA processing and translation reg-
ulation, and plays pro-oncogenic roles in tumor progression, 
metastasis, and drug resistance in various cancers.49–51 In this 
study, the YBX1 expression tended to be lower in HCC tissues 
compared with adjacent non-tumor tissues, and significantly 
higher in G1 compared with G2 and G3 tumors. It has been 
demonstrated that YBX1 is up-regulated during liver develop-
ment and regeneration, in which hepatocytes are in an imma-
ture state requiring vigorous cell proliferation.52 Besides, 
YBX1 acts as a key regulator of ammonia detoxification by 
negatively regulating CPS1 expression.53 The present study 
showed that YBX1 expression was continuously decreasing 
while CPS1 expression was continuously increasing in HCC 
tumor with the progress of poorly differentiated HCC, which 
further confirmed the negative correlation between YBX1 and 
CPS1 in HCC. Chao et al demonstrated nuclear localization of 
YBX1 particularly in the HCC initiating cells, the EpCAM+ 
cells or sphere cells.52 These results suggest that YBX1is key 
factor in HCC tumorigenesis, and could maintain the HCC 
initiating cell population.52 This explained the significant up- 
regulation of YBX1 expression in G1 tumor compared with G3 
tumor, since well-differentiated tumor is the initial stage of 
HCC. Taken together, YBX1 may be a potential protein marker 
for HCC differentiation.

In conclusion, the current study illustrated remarkably 
DEPs profile in HCC with different differentiation. Of these, 

ASS1, CPS1, UROD and HBB have the potential to distin-
guish poorly differentiated HCC, while CYB5A, YBX1 and 
FKBP11 are candidate biomarkers for distinction of well- 
differentiated HCC. These findings pave a way for new 
insights into early diagnosis and prognosis of HCC with dif-
ferent differentiation, and provide potential therapeutic targets 
for further investigation.
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