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Purpose: Reliable biomarkers for the diagnosis and differential diagnosis of various stages of liver cancer are lacking. In this study,
we aim to detect the levels of differentially expressed proteins (DEPs) in serum exosomes of patients with different liver diseases using
a sensitive method.

Patients and Methods: Exosomes were purified and validated. The expression of DEPs in exosomes from patients with chronic
hepatitis B (CHB), liver cirrhosis (LC) and hepatocellular carcinoma (HCC) was validated by parallel reaction monitoring (PRM)
technology and Western blotting, and the biological functions were analyzed by bioinformatics analysis.

Results: A total of 11 DEPs were identified by PRM technology. Significantly higher level of haptoglobin (Hp) was detected in HCC
patients as compared to LC and CHB patients. HCC patients had a significantly lower level of transthyretin (TTR) in the patients with
CHB. Among the patients with HCC who undertaken surgery, the postoperative levels of CRP, SERPINA3 and Heparin cofactor 2
(SERPINDI1) were significantly reduced compared to their respective preoperative levels.

Conclusion: Hp and TTR may be potential markers for early diagnosis of HCC. CRP, SERPINA3 and SERPIND1 may serve as
potential prognostic indicators for HCC patients undertaken surgery.
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Introduction

As we all know, the diagnosis of liver disease is challenging, especially cirrhosis and liver cancer. Liver cancer can be
detected by ultrasound, MRI, CT imaging or alpha-fetoprotein (AFP) of serum, accurate diagnosis is difficult due to
lacking of obvious symptom during early development period. A new diagnostic method to distinguish the early stage of
liver cancer have been trying to find, so as to improve the survival rate of patients.

In recent years, exosome as a new mechanism of intercellular communication has aroused widespread concern. The
exosomes are membrane vesicle with a size of 30-100 nanometers,’ which are rich of lipids, proteins, RNAs and
DNAs,' mediating information transfer between cells. Studies have shown that exosomes are related to the occurrence
and development of liver diseases, including hepatitis C virus (HCV) infection,® hepatitis B virus (HBV) infection,”
hepatocellular carcinoma (HCC),” liver fibrosis,’ cirrhosis,” nonalcoholic fatty liver disease (NAFLD) and alcoholic liver
disease (ALD).® In addition, almost all types of cells in the body can secrete exosomes, and exosomes can be widely
detected in the human body, such as blood,” urine,'® saliva,'' bile,'* milk,"* amniotic fluid'* and so on. Our previous
study has found that the combined examination of extracellular miR-21 and miR-144 in serum is helpful in diagnosing
HCC, and points out the enrichment of these two miRNAs in serum of patients with HCC,'” suggesting that extracellular
vesicles or exosomes may provide new ideas for the diagnosis and prognosis of HCC.

International Journal of General Medicine 2022:15 783 1-7842 7831
Received: 28 July 2022 © 2022 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 5 October 2022
Published: 14 October 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Huang et al Dove

Quantitative proteomics is one of the important applications in the field of proteomics research. Through quantitative
proteomics technology, all proteins expressed in the same sample can be identified and quantified, DEPs between
samples or groups can be screened, the function of differential proteins can be predicted combined with biological
information analysis, and the physiological and pathological mechanisms can be analyzed. PRM technology is a targeted
proteomics technology based on mass spectrometry and an ion monitoring technology based on high-resolution and high-
precision mass spectrometry which can selectively detect the target protein and target peptide, so as to realize the
quantification of the target protein/peptide. The PRM method is used to detect differential proteins and only quantita-
tively analyze the target protein. It is targeted, more accurate and more sensitive than other protein profiles. It is suitable
for the verification of omics results and the quantitative analysis of specific proteins. Proteome analysis of serum
exosomes can be used to identify diagnostic or prognostic biomarkers and provide in-depth understanding of disease
development and progression mechanisms.

Quantitative differential proteomic analysis of serum exosomal proteins in patients with chronic hepatitis B (CHB),
liver cirrhosis (LC) and hepatocellular carcinoma (HCC) were performed by using Label-free and iTRAQ proteomics
technology in our previous study. In this study, we identified potential biomarkers and verified the expression of DEPs by
PRM technology and Western blotting, and finally several biomarker candidate proteins were identified, aiming to play
an important guiding role in the non-invasive diagnosis and prognosis of liver cancer.

Materials and Methods

Patient Characteristics

A total of 43 subjects from January 2016 to December 2018 were recruited from Dalian Public Health Clinical Center.
The samples in this study were obtained with informed consent. The study was approved by Ethics Committee of the
Dalian Public Health Clinical Center (Approval ID: 2020-032-001). Written informed consent was obtained from each
participate before being enrolled into the study. Patient characteristics were shown in Tables 1 and 2. Recruits
participating in the PRM mass spectrometry assay were divided into three groups showed in Table 1: CHB patients
(n=10), LC patients (n=10), and HCC patients (n=10). Recruiters who participated in Western blotting protein validation
were divided into three groups showed in Table 2: CHB patients (n=15), LC patients (n=15), and HCC patients (n=15).
Some patients participated in both experiments. CHB, LC and HCC were diagnosed according to the criteria of the Asian
Pacific Association for the Study of the Liver.

Table | Patients Clinical Characteristics According to the Etiology in PRM Mass Spectrometry

Clinical Parameter CHB (n = 10) LC (n=10) HCC (n=10)
Age (year) 51.8+£12.04 55.6+10.23 58+9.9
Sex (M/F) 8/2 7/3 8/2

ALT (U/L) 96.41£95.31 31.15%20.4 157.3+43.93
AST (U/L) 53.99+43.69 35.25+18.54 153+33.83
TBiL (mmol/L) 13.15£5.15 26.26+18.43 24.17+10.95
AFP (ng/mL) 2.59+1.09 3.91+3.48 17.52+39.56
AFP > 100 ng/mL n=0 n=0 n=|

Small HCC (<2 cm) / / n=8
HBsAg (positive/negative) 247.88+6.01 247.17+6.94 246.6+7.6

Notes: This part is footer. “/” Represents no data.
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Table 2 Patients Clinical Characteristics According to the Etiology in Western Blotting

Clinical Parameter CHB (n = 15) LC (n=15) HCC (n = 15)
Age (year) 50.38+11.88 53.14£10.01 60.73+9.68
Gender (M/F) 132 12/3 10/5

ALT (U/L) 185.4£360.1 32.64+18.18 136.78+58.88
AST (U/L) 136.62+299.72 33.16x15.87 131.81£52.86
TBiL (mmol/L) 15.15+4.87 23.37x16.5 21.72+9.62
AFP (ng/mL) 9.04+24.34 3.79+2.95 20.5+40.88
AFP > 100 ng/mL n=0 n=0 n=2
Small HCC (<2 cm) / / n=12
HBsAg (positive/negative) 248.12%5.13 241.7£14.2 227.54+64.71

Notes: This part is footer. “/” Represents no data.

Purification of Human Serum Exosomes Using Exo-Spin Extracellular Vesicle (EV)

Purification Kit

Serum exosomes of CHB, LC and HCC patients were extracted and purified using Exo-spin EV Purification Kit (Cell
Guidance Systems, EX02). Cell debris was removed and exosomes were purified from 500 pL serum according to the
Exo-spin EV Purification kit (Cell Guidance Systems, EX02) instructions.

Transmission Electron Microscopy and ZetaView Analysis
Serum exosomes were identified by transmission electron microscopy and ZetaView Analysis. The method in this part is
consistent with our previous experimental method in identifying serum exosomes."”

Western Blotting Analysis

The cluster of differentiation 63 (CD63) and CD9 are often enriched in exosomes. To validate the isolation of the
exosomes from the serums, Western blotting analysis was performed using the mouse polyclonal anti-human (CD63)
(Santa Cruz, sc-5275) and rabbit polyclonal anti-human CD9 antibodies (abcam, ab223052), and at the same time, rabbit
polyclonal anti-human HSP70 antibodies (ABclonal, A0284) was used as positive marker protein, and rabbit polyclonal
anti-human Hsp90B1 antibodies (ABclonal, A0989) and rabbit polyclonal anti-human Calnexin antibodies (ABclonal,
A4846) were used as negative marker protein. Mouse monoclonal anti-human GAPDH (abcam, ab8245) as a loading
control. Purified exosome particles were washed with PBS and lysed with RIPA lysis buffer. The subsequent Western
blotting procedure was consistent with the procedure of our previous study.'

Exosomal Protein Sample Preparation

The serum samples were extracted with SystemBiosciences (SBI) exosomes extraction kit (EXOTCS50A-1), and the
extracted exosomes samples were extracted with SDT (4% (w/v) SDS, 100mM Tris/HCI pH 7.6, 0.1M DTT) lysis
method to extract protein and BCA method for protein quantification. Take an appropriate amount of protein from each
sample and use the Filter aided proteome preparation (FASP) method for trypsin digestion, and then use the C18
Cartridge to desalt the digested peptides.

LC-PRM/MS Detection and Analysis

According to the pre-experimental results, the target peptides were subjected to PRM quantitative analysis. Import
peptide information suitable for PRM analysis into the software Xcalibur for PRM method settings. Take 2ug peptides
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from each sample and mix with 20 fmol standard peptide, a total of 40 samples. Chromatographic separation was
performed using the Easy nLC system with nanoliter flow rate HPLC. Buffer: A solution is a 0.1% formic acid aqueous
solution, and B is a 0.1% formic acid acetonitrile solution (84% for acetonitrile). The column was balanced with 95%
A liquid. After the sample was injected into the Trap Column, it passed through the Thermo scientific EASY column for
gradient separation at a flow rate of 250 nl/min. The liquid phase separation gradient was as follows: 0 minutes-42
minutes, the linear gradient of liquid B was from 5% to 23%; 42 minutes-50 minutes, the linear gradient of liquid B was
from 23% to 40%; 52 minutes-In 60 minutes, the linear gradient of liquid B rose to 100% and maintained. The samples
separated by nano-upgraded high performance liquid chromatography were analyzed by Q-Exactive mass spectrometer
(Thermo Scientific) for PRM mass spectrometry. Analysis time: 60 min, detection mode: positive ion. The scanning
range of the primary mass spectrometer: 300—1800 m/z, mass spectral resolution: 60,000 (m/z 200), AGC target: 3e6,
Maximum IT: 200 ms. After each full MS scan (full MS scan), 20 PRM scans (MS2 scans) were collected according to
the Inclusion list, isolation window: 1.6 Th, mass spectrum resolution: 30,000 (m/z 200), AGC target: 3e6, Maximum IT:
120 ms, MS2 Activation Type: HCD, Normalized collision energy: 27. 40 samples were tested for PRM, and the original
PRM files were analyzed by skyline 3.5.0.

Data Difference Analysis and Bioinformatics Analysis

Screen differentially expressed proteins (DEPs) with a fold change greater than 1.5 times (up-regulation greater than
1.5-fold or down-regulation less than 0.667-fold) and p-value less than 0.05. Perform GO (Gene Ontology) function
annotation and enrichment analysis (including biological process, molecular function, cell component analysis) and
cluster analysis of differential proteins. Based on the information in the STRING (http://string-db.org/) database, find

direct and indirect interaction relationships between target proteins, generate interaction networks, and analyze the
networks.

Statistical Analysis

All statistical analysis was performed using SPSS 22.0, and Graph Pad Prism 7 was used for image rendering. Student
t test was used for analyzing the data conforming to normal distribution, while non-parametric test was used for
analyzing the data not conforming to normal distribution. In all cases, P<0.05 was considered significant and P<0.01
was considered highly significant.

Results

Purification and Validation of Serum Exosomes from Human Peripheral Blood
Exosomes purified from CHB, LC, and HCC patients serum were identified by transmission electron microscopy,
ZetaView, and Western blotting, revealing a population of nanovesicles about 100 nm in size with typical morphology
of exosomes (Figure 1A—C). The morphology of exosomes was complete and numerous, with a particle concentration of
five million per milliliter of PBS (Figure 1C). In addition, Western blotting analysis of protein extracts from the isolated
exosomes confirmed that these particles expressed the characteristic exosome-positive marker proteins CD9, CD63 and
HSP70, and the negative markers Hsp90B1 and Calnexin expressed little or no expression (Figure 1D). The above results
showed that exosomes were obtained with high purity and concentration.

Changes of Differentially Expressed Proteins (DEPs) in Serum Exosomes of Patients
with CHB, LC and HCC

Through iTRAQ and Label-free quantitative proteomics in the early stage of our experiment, 11 DEPs were obtained for
the next step of quantitative detection of PRM proteins. The PRM method can detect the unique peptide segment of the
protein, and the change of the protein expression can be reflected by the change of the peptide segment (Figure 2). Then,
we grouped the DEPs for statistical comparison (Table 3) to compare the expression differences of each protein in HCC
patients before (AB group) and after (AA group) surgery and at different stages such as CHB and LC.
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Figure | Identification and characterization of exosomes of patients with CHB, LC and HCC. (A) Transmission electron micrograph of purified exosomes showed small
vesicles with sizes ranging from 30 to |10 nm in diameter (bars 100 nm). Arrow represented exosomes. (B) Morphology of exosomes by ZetaView. Analysis parameters:
Max Area: 1000, Min Area: 5, Min Brightness: 20. (C) Particle size and concentration distribution of exosomes by ZetaView. (D) Western blotting analysis of exosome-
associated proteins CD9 and CDé3 in purified exosomes from CHB, LC and HCC patients, the control group was exosome-depleted serum.

Statistical analysis of DEPs according to different groups showed that compared with the CHB group, the signifi-
cantly up-regulated protein in the preoperative liver cancer group was VWF (Table 3). Compared with the LC group, the
significantly up-regulated proteins in the AB group were SELENOP, SERPINDI1, and Hp (Table 3). Compared with the
CHB group, the significantly up-regulated proteins in the AA group were CRP, FGA, and VWF (Table 3). Compared
with the liver cirrhosis group, the significantly up-regulated proteins expressed in the hepatocellular carcinoma group
were CRP and SHBG (Table 3). Compared with the CHB group, the significantly up-regulated protein in the LC group
was VWF (Table 3). Compared with the CHB group, the significantly down-regulated proteins in the AB group were
TTR and Hp (Table 3). Compared with the LC group, the significantly down-regulated protein in the AB group was
APOA4 (Table 3). Compared with the CHB group, the significantly down-regulated proteins in the AA group were
SERPINCI1, APOA4, and TTR (Table 3). Compared with the LC group, the significantly down-regulated proteins in the
AA group were SERPINCI1 and APOA4 (Table 3). Compared with the CHB group, the significantly down-regulated
protein in the LC group was Hp (Table 3).

In order to understand different proteins as postoperative predictors of HCC patients, 11 DEPs were grouped and
counted according to the differences before and after surgery (Table 3). The results showed that compared with the AA
group, the significantly up-regulated protein in the AB group was SERPINDI, and the significantly down-regulated
proteins were CRP and SERPINA3 (Table 3). These DEPs have important implications for disease progression and
prognosis in patients undergoing liver cancer surgery.

At the same time, according to the quantitative results obtained by PRM, we selected APOA4, HP and SERPINDI1 to
verify the protein expression by Western blotting in parallel. The results showed that the expression of APOA4 was
down-regulated in AA group compared with the CHB and LC group, which was consistent with the PRM results
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Figure 2 Expression level of | | DEPs in exosomes of patients with CHB, LC and HCC by using PRM technology. (A—N) Expression levels of | | DEPs in 4 groups including
group AB (before surgery), group AA (after surgery), group LC and group CHB by using PRM technology. “*”” means P<0.05,"**” means P<0.01.

(Figure 3). Compared with the CHB groups, the expression of Hp was down-regulated in the AB and LC groups, which

was consistent with the PRM results. Compared with the LC and AA groups, the expression of SERPINDI was up-

regulated in the AB group, which was consistent with the PRM results. The results of Western blotting and PRM

indicated that the protein expression results were reliable, which could relatively truly reflect the expression of DEPs in

serum exosomes of liver diseases, and could provide a theoretical basis for clinical diagnosis and detection indicators.

Bioinformatics Analysis of DEPs in Serum Exosomes of Patients with CHB, LC and
HCC

When conducting proteomics research, our research object is the collection of all proteins in cells, tissues or organisms.

For subsequent functional research and analysis, it is important to understand the function of each protein, cell location,

and the biological processes involved, but for high-throughput omics, understanding which functions or biological

pathways are significantly affected by biology is the first task. Therefore, it is necessary to summarize and analyze the
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Table 3 Differential Expression of Peptides in Serum Exosomes of Patients with CHB, LC and HCC Before (AB Group) and After

Surgery (AA Group)

Peptide Sequence Gene Symbol Protein Name (UniProt Accession Number)
Upregulation

Ratio AB/CHB

YLSDHSFLVSQGDR* VWEF von Willebrand factor (L8E853)
Ratio AB/LC

DDFLIYDR* SELENOP Selenoprotein P (DDFLIYDR)
TLEAQLTPR* SERPIND Heparin cofactor 2 (P05546)
VVLHPNYSQVDIGLIK* Hp Haptoglobin (P00738)

Ratio AA/CHB

GYSIFSYATK* CRP C-reactive protein (P02741)
QLEQVIAK* FGA Fibrinogen alpha chain (P02671)
YLSDHSFLVSQGDR** VWEF von Willebrand factor (L8E853)
Ratio AA/LC

GYSIFSYATK* CRP C-reactive protein (P02741)
TWDPEGVIFYGDTNPK* SHBG Sex hormone-binding globulin (I3LIJ1)
Ratio LC/CHB

YLSDHSFLVSQGDR* VWF von Willebrand factor (L8E853)
Ratio AB/AA

TLEAQLTPR* SERPIND | Heparin cofactor 2 (P05546)
Downregulation

Ratio AB/CHB

AADDTWEPFASGK** TTR Transthyretin (A6XMHI)
VGYVSGWGR** Hp Haptoglobin (P00738)

Ratio AB/LC

SELTQQLNALFQDK* APOA4 Apolipoprotein A-IV (P06727)
Ratio AA/CHB

LPGIVAEGR* SERPINCI (GIG25) | Antithrombin-lll (AOA024R944)
SELTQQLNALFQDK* APOA4 Apolipoprotein A-IV (P06727)
TSESGELHGLTTEEEFVEGIYK* | TTR Transthyretin (A6XMHI)

Ratio AA/LC

LPGIVAEGR** SERPINCI (GIG25) | Antithrombin-lll (AOA024R944)
SELTQQLNALFQDK** APOA4 Apolipoprotein A-IV (P06727)
Ratio LC/CHB

VGYVSGWGR** Hp Haptoglobin (P00738)

Ratio AB/AA

GYSIFSYATK** CRP C-reactive protein (P02741)
ITLLSALVETR* SERPINA3 Serpin peptidase inhibitor, clade A (Alpha-| antiproteinase, antitrypsin), member 3,
LYGSEAFATDFQDSAAAK* isoform CRA_c (AOA024R6P0)

Notes: This part is footer. *P< 0.05, **P< 0.01.

Abbreviations: DEPs, differentially expressed proteins; CHB, chronic hepatitis B; LC, liver cirrhosis; HCC, hepatocellular carcinoma; PRM, parallel reaction monitoring; Hp,
haptoglobin; TTR, transthyretin; SERPIND |, heparin cofactor 2; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic fatty liver
disease; ALD, alcoholic liver disease; BP, biological process; CC, cellular component; MF, molecular function; OS, overall survival.

studied proteins and their functions from a more systematic and general perspective. GO enrichment analysis on the
DEPs of each comparison group were performed by using Fisher’s exact test method. The results were shown in the
Figure 4, this figure showed the top ten items of biological process (BP), cellular component (CC) and molecular
function (MF) enrichment analysis significance ranking. The items of each category were sorted from left to right
according to their -log(p-value) value, the more to the left, the more significantly. Among them, important biological
processes such as biological regulation, response to stimulus, single organism process, localization, and multicellular

organismal process, as well as positioning proteins such as extracellular region, extracellular region part, organelle part,
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Figure 3 The relative expression of three DEPs (APOA4, HP and SERPINDI) in serum exosomes of patients with CHB, LC and HCC before (AB) and after (AA)
surgical operation by Western blotting.
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Figure 4 GO function enrichment analysis of serum exosomes DEPs in patients with CHB, LC and HCC. The abscissa in the figure represents the functional classification of
the enriched GO, which is divided into three categories: Biological Process (BP), Cellular Component (CC) and Molecular Function (MF). The ordinate on the left represents
the number of proteins or genes corresponding to each entry as a percentage of the total number of submitted proteins or genes, and the ordinate on the right represents
the number of proteins or genes corresponding to each entry.

cell part and molecular functions such as binding, molecular function regulator, transporter activity and structural
molecular activity were significantly changed.

Cluster analysis is an exploratory data analysis method whose purpose is to group and classify data on the basis of
similarity. In the results of clustering grouping, the data pattern similarity within the general group is relatively high,
while the data pattern similarity between the groups is relatively low, so the grouping can be effectively distinguished. In
this article, we used the pheatmap based on R language to analyze the heat map. In order to eliminate the difference in
material values as much as possible when drawing the heat map, we used the Z-score algorithm to normalize the data.
The more bluish the color in the heat map, the lower the content of the protein in the sample, on the contrary, the more
reddish the color, the higher the content. The protein content of DEPs in each patient was showed in Figure 5.
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Figure 5 Cluster analysis of serum exosomes DEPs in patients with CHB, LC and HCC. Each row in the figure represented a protein (the ordinate was the protein that was
significantly differentially expressed), and each column represented a set of samples (the abscissa was the sample information), and the logarithm value of the expression of
the protein that was significantly differentially expressed in different samples (Log2 Expression) values were displayed in different colors in the heat map, where red
represented relatively high protein content, and blue represented relatively low protein content.

The proteins in the organism perform their functions by regulating and mediating each other. The study of the
network formed by the interaction between proteins is of great significance for revealing the function of proteins. Among
them, the highly aggregated proteins may have the same or similar functions; the highly connected proteins may be the
key points affecting the metabolism or signal transduction pathways of the whole system. In the protein interaction
network, nodes represent proteins, and lines represent interactions between proteins. The number of proteins that directly
interact with a protein is called the degree of connectivity of the protein. Generally speaking, the greater the degree of
connectivity of a protein, the greater the disturbance to the entire system when the protein changes. In this study, the
DEPs of each comparison group were constructed to construct a protein interaction network diagram, and the results
were shown in Figure 6. The result showed that Hp, TTR, SERPINDI, FGA and SERPINCI1 were the core proteins of
the network and interacted strongly with each other. These proteins may be the key to maintain the balance and stability
of the system, and are the candidate proteins for subsequent key research.

Discussion

Diagnosis of liver disease is challenging, especially cirrhosis and HCC. HCC can be detected by ultrasound, nuclear
magnetic resonance, CT imaging or serum AFP, and AFP is currently the best serum marker for diagnosing HCC.
However, in some HCC patients with tumors less than 2 ¢cm in diameter, AFP levels did not exceed the upper limit of
detection, resulting in lower diagnostic accuracy. Among the 25 HCC patients we recruited, 20 had tumor diameter less
than 2 cm, only 3 had AFP detection level greater than 100 ng/mL, and the early development of HCC had no obvious
symptoms, making it difficult to diagnose accurately. Therefore, early diagnosis of HCC can greatly improve the survival
rate of patients.

Liquid biopsy is the most important diagnostic and therapeutic technique that can be used in cancer research and
dynamically reflect the full picture of tumor gene spectrum in clinical practice. Exosomes are spherical vesicles secreted
by cells, rich in lipids, proteins, RNA and DNA,"* which mediate information transfer between cells by transferring
different biologically active molecules. There is good evidence that exosomes are associated with a variety of liver
diseases.”® In addition, almost all types of cells in the body can secrete exosomes. Therefore, microRNAs (miRNAs) and
proteins in exosomes will become important biomarkers for the diagnosis and treatment of liver diseases such as HCC.
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Figure 6 The interaction network of DEPs of serum exosomes DEPs in patients with CHB, LC and HCC. The nodes represent proteins, and lines represent interactions
between proteins. The number of proteins that directly interact with a protein is called the degree of connectivity of the protein. The greater the degree of connectivity of
a protein, the greater the disturbance to the entire system when the protein changes.

We screened serum samples from 22 patients with CHB, 10 patients with LC and 22 patients with HCC from the sample
library, isolated and purified exosomes, and identified exosomes by Zetaview particle size analysis, Western blotting and
transmission electron microscopy. The morphological structure and marker proteins of exosomes proved that the isolated
microvesicles were exosomes.

In the early stage, we screened the DEPs from the serum exosomes of patients with CHB and HCC by two methods of
Label-free and iTRAQ, verified the expression of the DEPs by the PRM method, and classified the 11 kinds of DEPs
according to different groups. The results showed that the DEPs screened by PRM mass spectrometry were closely
related to the development of liver disease. It is well known that Hp is an acute phase protein. It is mainly produced by
the liver and secreted into the blood. Studies have shown that Hp plays an important role in hemoglobin metabolism and
may be involved in inflammation and host defense responses to infection.'® Recent studies have found that Hp plays
a role in angiogenesis.'® A large number of studies have shown that Hp is expressed in malignant ovarian epithelial cells,
renal tumor cells and HCC tissues,'® suggesting that serum Hp may be a biomarker for cancer diagnosis. However, the
concentration of Hp in the serum of HCC patients is currently unknown. The results of PRM in this study showed that
compared with the LC group, Hp in serum exosomes of HCC patients was significantly up-regulated, and the results of
Western blotting were consistent with the PRM results. In addition, Ang et al also conducted a study of elevated serum

' which is consistent with our results and strongly suggests that serum Hp is

Hp concentrations in HCC patients,
a potential diagnostic biomarker for HCC. TTR is an extracellular protein mainly produced in the liver and choroid
plexus and has a stabilizing role in the transport of thyroxine and retinol throughout the body and the brain. Studies have
shown that TTR plays a role in tumor progression mainly by regulating the proliferation of endothelial cells and immune

cells surrounding the tumor. Therefore, TTR has recently been described as a biomarker for lung and ovarian cancers, as
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its levels were shown to be elevated in the serum of patients.'” TTR has been widely used as a biomarker for
malnutrition, health conditions in the elderly, and diseases including metabolic, inflammatory, and septic because liver
gene expression is shown to decrease in these conditions.'” Our results showed that TTR was significantly down-
regulated in serum exosomes of HCC patients compared with CHB patients, which was consistent with the trend of the
above results, suggesting that TTR in serum exosomes has the potential to become a biomarker.

In order to understand different proteins as postoperative predictors of HCC patients, we screened out the proteins CRP,
SERPINA3 and SERPINDI that were significantly differentially expressed in HCC patients before and after surgery. Studies
have shown that serum CRP is a prognostic factor for overall survival (OS) and recurrence of HCC in patients undergoing
resection or non-surgical treatment.'® Furthermore, studies have shown that elevated CRP in serum is associated with HCC
recurrence after liver transplantation and may be a marker of tumor biology. Studies have shown that CRP plays an important
role in the occurrence, development and/or prognosis of various cancers such as esophageal squamous cell carcinoma,
cervical cancer, and non-small cell lung cancer.'® In HCC, CRP predicts poor overall survival and recurrence after liver
resection and is associated with poor prognosis after living donor liver transplantation.'® The results in this study showed that
compared with the patients before liver cancer surgery, the expression of CRP in the serum exosomes of the patients after
surgery was significantly up-regulated, which also confirms the above research results, suggesting that the CRP in the serum
exosomes of HCC has the potential to be a prognostic indicator in patients with liver cancer surgery. Another protein is
SERPINA3, a member of the serine protease inhibitor gene family that has been shown to be involved in anti-inflammatory
therapy and is associated with many human diseases.'” Studies have shown that SERPINA3 mRNA levels are lower in HCC
tumors compared to non-tumors.*® In this study, SERPINA3 was significantly up-regulated in serum exosomes of patients
after liver cancer surgery compared with patients before liver cancer surgery, suggesting that SERPINA3 can be used as
a prognostic indicator for patients with liver cancer surgery to some extent. Heparin cofactor 2 (SERPIND1) is another
heparin-dependent antithrombin protein other than antithrombin III in plasma, and is a new component of the physiological
anticoagulation system. SERPINDI1 belongs to the serine protease inhibitor family. In recent years, its role in cancer has
gradually attracted the interest of researchers. The study found that SERPIND1 expression was significantly elevated in
epithelial ovarian cancer, suggesting that SERPIND1 may be an effective marker for evaluating the prognosis of ovarian
cancer.”! However, the role of SERPIND1 in HCC development remains poorly understood. We found that SERPIND1 was
significantly up-regulated in serum exosomes of HCC patients before surgery compared with LC patients and patients after
HCC surgery. This study is the first to study the expression of SERPIND1 in serum exosomes of HCC, and its expression was
significantly higher in patients with HCC before and after surgery. The difference can be further investigated for its
possibility as a prognostic indicator for HCC surgery. Based on the results of this study, we need to further expand the
number of enrolled samples to further verify the results. More research is needed in the future to realize the transformation
from basic research to clinical application.

Conclusion

The DEPs were validated according to the PRM technique and Western blotting, and the results showed that Hp and TTR
were expected to be the marker proteins for early diagnosis of HCC. CRP, SERPINA3 and SERPIND1 have the potential
to be prognostic indicators for liver cancer surgery. We need to further expand the number of enrolled samples to further
verify the results. More research is needed in the future to realize the transformation from basic research to clinical
application.
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