Gastrointestinal Oncology

Baishideng Publishing Group Inc



Oncology

World Journal of
(]- ¢ Gastrointestinal

Contents Monthly Volume 12 Number 10 October 15, 2020

MINIREVIEWS
1080  Contemporary treatment approaches for metastatic colorectal cancer driven by BRAF V600 mutations

Kanat O, Ertas H, Caner B

ORIGINAL ARTICLE
Basic Study

1091  Synergistic anti-liver cancer effects of curcumin and total ginsenosides

Deng Z, Xu XY, Yunita F, Zhou Q, Wu YR, Hu YX, Wang ZQ, Tian XF

1104  Prognostic significance of KIF23 expression in gastric cancer

Liang WT, Liu XF, Huang HB, Gao ZM, Li K

Retrospective Cohort Study

1119  Changing trends of clinicopathologic features and survival duration after surgery for gastric cancer in
Northeast China

Zhai Z, Zhu ZY, Cong XL, Han BL, Gao JL, Yin X, Zhang Y, Lou SH, Fang TY, Wang YM, Li CF, Yu XF, Ma Y, Xue YW

Retrospective Study
1133 Minimally invasive vs open pancreatectomy for nonfunctioning pancreatic neuroendocrine tumors

Kim J, Hwang HK, Lee WJ, Kang CM

1146  Comparison of prognostic factors in different age groups and prognostic significance of neutrophil-
lymphocyte ratio in patients with gastric cancer

Li Q, Huang LY, Xue HP

1167  Diagnostic value of serum human epididymis protein 4 in esophageal squamous cell carcinoma

Liu SY, Ahsan Bilal M, Zhu JH, Li SM

1177  Prognostic factors and therapeutic effects of different treatment modalities for colorectal cancer liver
metastases

Ma ZH, Wang YP, Zheng WH, Ma J, Bai X, Zhang Y, Wang YH, Chi D, Fu XB, Hua XD

Observational Study

1195  Blood exosomal micro ribonucleic acid profiling reveals the complexity of hepatocellular carcinoma and
identifies potential biomarkers for differential diagnosis

Sheng LQ, Li JR, Qin H, Liu L, Zhang DD, Zhang Q, Huang ML, Li XL, Xu XY, Wei YN, Chen ZS, Luo H, Zhang JY, Zhou
CH, Chen H, Chen ZG, Li FG, Li NF

WJGO | https://www.wjgnet.com I October 15,2020 | Volume12 | Issue10 |

Jaishideng®



World Journal of Gastrointestinal Oncology
Contents

Monthly Volume 12 Number 10 October 15, 2020

CASE REPORT

1209  Achievement of complete response to nivolumab in a patient with advanced sarcomatoid hepatocellular
carcinoma: A case report

Zhu SG, Li HB, Yuan ZN, Liu W, Yang Q, Cheng Y, Wang W.J, Wang GY, Li H

Geishidenge WIGO | https://www.wijgnet.com 11 October 15,2020 | Volume12 | Issue10 |



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 12 Number 10 October 15, 2020

ABOUT COVER

Editorial board member of World Journal of Gastrointestinal Oncology, Adriana Ciocalteu, MD, PhD, is a Researcher
at the Research Center of Gastroenterology and Hepatology and a Teaching Assistant in the Department of
Gastroenterology of the University of Medicine and Pharmacy, Craiova (Romania). Having received her Bachelor’s
degree from University of Medicine and Pharmacy of Craiova in 2011, she undertook her postgraduate training at
the Clinical Emergency County Hospital Craiova in the Gastroenterology Unit, Copenhagen University Hospital,
Herlev and at Aarhus University Hospital (Denmark), receiving her PhD in 2016. Upon return to Craiova, she
began her practice as Specialist in Gastroenterology and Teaching Assistant in the Department of Gastroenterology
at the University of Medicine and Pharmacy. Her ongoing research interests involve studying malignant pathology
of the digestive system using state-of-the-art techniques. (L-Editor: Filipodia)

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World | Gastrointest Oncol) is to provide
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic
and clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, efc.

INDEXING/ABSTRACTING

The WJGO is now indexed in Science Citation Index Expanded (also known as SciSearch®), PubMed, and PubMed
Central. The 2020 edition of Journal Citation Reports® cites the 2019 impact factor (IF) for W]JGO as 2.898; IF without
journal self cites: 2.880; 5-year IF: 3.316; Ranking: 143 among 244 journals in oncology; Quartile category: Q3;
Ranking: 55 among 88 journals in gastroenterology and hepatology; and Quartile category: Q3.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Xiang Ii; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5204 (online) https:/ /www.wignet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
February 15, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Rosa M Jimenez Rodriguez, Pashtoon Kasi, Monjur Ahmed https:/ /www.wijgnet.com/bpg/getinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5204/editorialboard.htm https:/ /www.wignet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
October 15, 2020 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJGO | https://www.wjgnet.com 11 October 15,2020 | Volume12 | Issuel10 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v12.i10.1195

World Journal of
Gastrointestinal
Oncology

World | Gastrointest Oncol 2020 October 15; 12(10): 1195-1208

ISSN 1948-5204 (online)

Observational Study

ORIGINAL ARTICLE

Blood exosomal micro ribonucleic acid profiling reveals the
complexity of hepatocellular carcinoma and identifies potential
biomarkers for differential diagnosis

Lang-Qing Sheng, Jia-Rong Li, Hao Qin, Ling Liu, Da-Dong Zhang, Qi Zhang, Meng-Li Huang, Xiao-Li Li,
Xiao-Ya Xu, Yang-Nian Wei, Zi-Shuo Chen, Hui Luo, Ji-Yang Zhang, Cheng-Hui Zhou, Hao Chen, Ze-Guo

Chen, Fu-Gen Li, Nian-Feng Li

ORCID number: Lang-Qing Sheng
0000-0002-4935-7946; Jia-Rong Li
0000-0002-8763-8968; Hao Qin 0000-
0002-4918-7625; Ling Liu 0000-0002-
6112-8759; Da-Dong Zhang 0000-
0001-6419-8886; Qi Zhang 0000-
0001-9983-0220; Meng-Li Huang
0000-0003-0169-7906; Xiao-Li Li
0000-0002-0717-3575; Xiao-Ya Xu
0000-0002-2992-320X; Yang-Nian
Wei 0000-0003-1509-003X; Zi-Shuo
Chen 0000-0001-6601-8041; Hui Luo
0000-0001-5593-8563; Ji-Yang Zhang
0000-0002-0202-6146; Cheng-Hui
Zhou 0000-0002-2658-4476; Hao
Chen 0000-0002-0201-8066; Ze-Guo
Chen 0000-0003-4947-0225; Fu-Gen
Li 0000-0001-5124-5532; Nian-Feng
Li 0000-0003-3442-2781.

Author contributions: Li NF, Sheng
LQ, LiJR, Qin H, and Zhang DD
designed the experiments; Li NF,
Sheng LQ, LiJR, Qin H, Liu L,
Zhang DD, Zhang Q, Huang ML,
Xu XY, Li XL, Chen ZS, Wei YN,
Luo H, Zhou CH, Chen ZG, and Li
FG performed the experiments and
interpreted the data; Li NF, Qin H,
Zhang DD, Zhang JY, and Chen H
carried out data analysis; Li NF,
Sheng LQ, LiJR, Qin H, and Zhang
DD wrote and revised the
manuscript.

Jaishideng®

WJGO | https://www.wjgnet.com

Lang-Qing Sheng, Ling Liu, Qi Zhang, Xiao-Li Li, Yang-Nian Wei, Hui Luo, Cheng-Hui Zhou, Ze-Guo
Chen, Nian-Feng Li, Department of Hepatobiliary and Pancreatic Surgery, Xiangya Hospital,
Central South University, Changsha 410008, Hunan Province, China

Jia-Rong Li, Department of Biliopancreatic Surgery, Xiangya Hospital, Central South
University, Changsha 410008, Hunan Province, China

Hao Qin, Da-Dong Zhang, Xiao-Ya Xu, Zi-Shuo Chen, Ji-Yang Zhang, Hao Chen, Fu-Gen Li,
Research and Development Institute of Precision Medicine, 3D Medicines Inc., Shanghai
201114, Hunan Province, China

Meng-Li Huang, The Medical Department, 3D Medicines Inc., Shanghai 201114, China

Corresponding author: Nian-Feng Li, MD, Department of Hepatobiliary and Pancreatic
Surgery, Xiangya Hospital of Central South University, No. 87 Xiangya Road, Changsha
410008, Hunan Province, China. 1535909540@qq.com

Abstract

BACKGROUND
Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related
deaths worldwide, but there is a shortage of effective biomarkers for its diagnosis.

AIM
To explore blood exosomal micro ribonucleic acids (miRNAs) as potential
biomarkers for HCC diagnosis.

RESULTS

The principal component analysis suggested that daily alcohol consumption could
alter the blood exosomal miRNA profiles of hepatitis B virus positive non-HCC
patients through miR-3168 and miR-223-3p. The miRNA profiles also revealed the
tumor stages of HCC patients. High expression of miR-455-5p and miR-30c-5p,
which significantly correlated with better overall survival in tumor tissues, could
also be detected in blood exosomes. Two pairs of miRNAs (miR-584-5p/miR-106-
3p and miR-628-3p/miR-941) showed a 94.1% sensitivity and 68.4% specificity to
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differentiate HCC patients from non-HCC patients. The specificity of the
combination was substantially influenced by alcohol consumption habits.

CONCLUSION

This study suggested that blood exosomal miRNAs can be used as new non-
invasive diagnostic tools for HCC. However, their accuracy could be affected by
tumor stage and alcohol consumption habits.

Key Words: Blood exosomal micro ribonucleic acids; Biomarker; Differential diagnosis;
Alcohol consumption habit; Hepatocellular carcinoma; Bioinformatics

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: To identify the potential biomarkers for hepatocellular carcinoma (HCC)
diagnosis, we focused on exosomal micro ribonucleic acids (miRNAs) using miRNA
sequencing. To our knowledge, this is the first study to explore the exosomal miRNAs for
differential diagnosis of HCC using miRNA sequencing. This study provided a hint that
blood exosomal miRNAs can be used as new non-invasive diagnostic tools for HCC in
clinical implementation.

Citation: Sheng LQ, Li JR, Qin H, Liu L, Zhang DD, Zhang Q, Huang ML, Li XL, Xu XY, Wei
YN, Chen ZS, Luo H, Zhang JY, Zhou CH, Chen H, Chen ZG, Li FG, Li NF. Blood exosomal
micro ribonucleic acid profiling reveals the complexity of hepatocellular carcinoma and
identifies potential biomarkers for differential diagnosis. World J Gastrointest Oncol 2020;
12(10): 1195-1208

URL: https://www.wjgnet.com/1948-5204/full/v12/i10/1195.htm

DOI: https://dx.doi.org/10.4251/wjgo.v12.i10.1195

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-associated
mortality worldwide, especially in East and South Asia!". In China, more than 460000
new cases of HCC were diagnosed with 422100 deaths in 2015, Due to its insidious
onset without specific early symptoms, most of the HCC patients are diagnosed at an
advanced stage. The lack of effective early diagnosis methods for HCC is a major
challenge to improving the outcomes of these patients, who therefore lose the
opportunity for therapeutic treatments, such as resection and sorafenib’l. Hence,
there is an urgent demand for the identification of potential biomarkers for early
detection to cut down the high mortality of HCC.

It was reported that some tumor biomarkers in serum had been discovered and
might play an important role in HCC diagnosisl*'’. At present, the serum afetoprotein
(AFP) test is a common and important early diagnostic test for liver cancer, but this
biomarker has a low specificityl'l. In addition, carbohydrate antigen (CA) 19-9 (CA19-
9) and carcinoembryonic antigen have been widely used as serum tumor markers for
the clinical diagnosis of HCCI"”. However, the efficacy of these tumor markers in the
clinical diagnosis of HCC remains unsatisfactory. In addition, candidate tumor
biomarkers, such as circulating tumor cells, serum cell-free deoxyribonucleic acid
(DNA), non-coding ribonucleic acids (RNAs), and microRNAs (miRNAs), show
limited progress in advanced HCC to datel””"*'“l. In the face of the difficult problem of
exploring biomarkers for diagnosis of HCC, it is particularly important to adopt new
techniques and study related interference factors.

Exosomes, which are 50-150 nm membrane microvesicles secreted by a number of
cell types, have been found in many types of body fluids, including saliva, plasma,
breast milk, urine, and malignant effusions!"”l. It has been reported that exosomes serve
as a key regulator of the tumor microenvironment by promoting HCC occurrence and
progression’’l. The transfer of exosomes from primary tumors to the circulatory
system has been demonstrated in various models!"”), and many studies have indicated
that cancer-associated exosomal miRNAs participate in the regulation of cancer cell
growth, metastasis, and drug resistance!"*"’l. This rapidly expanding field includes
studies investigating opportunities for developing serum-derived exosomal contents
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as new biomarkers in cancer diagnosis, treatment, and drug resistance.

Considering the frequency of late diagnosis in HCC, biomarkers as potential
prognostic indicators and their complexity are worthy of further investigation. Several
studies have reported the application of exosomal miRNAs as biomarkers in early
detection, diagnosis, and therapy of HCCU"***!l. However, the previous research was on
a small scale and showed differences in candidate biomarkers using real-time
polymerase chain reaction (PCR) or microarrays, which are classic methods for
miRNA expression analysis and can detect only known and limited miRNAs. In
previous studies, there was a lack of comprehensive miRNA expression profiling.
Such comprehensive profiling has proven useful in diagnosing and monitoring the
development and progression of tumors. Recently, with the rapid development of
next-generation sequencing, miRNA sequencing (miRNA-seq) has begun to offer
increased specificity and sensitivity in miRNA profiling?*’. In particular, it possesses
the ability to identify novel miRNAs, which has significantly enabled rapid profiling
and deep investigation of miRNAs. Therefore, we adopted two relatively large
population cohorts [including hepatitis B virus (HBV)-infected individuals, liver
cirrhosis patients, and HCC patients] for exosomal miRNA profiling using miRNA-
seq. Cohort analysis of blood exosomal miRNA profiling was performed and revealed
the complexity caused by drinking alcohol and potential biomarkers for differential
diagnosis in HCC. This work was the first study revealing how exosomal miRNA
biomarkers are made more complex by drinking alcohol in the differential diagnosis of
HCC using exosomal miRNA-seq.

MATERIALS AND METHODS

Patient clinical information and clinical sample collection

This study was approved by the Ethics Committee of Xiangya Hospital of Central
South University (No. 201803818). There were 136 patients enrolled for this study
between August 2017 and May 2018. After excluding patients with non-HCC
malignant tumors and hemolysis, this study included 89 patients, comprising 51
patients with HCC confirmed by surgical pathology, 20 liver cirrhosis patients, and 18
HBV-infected individuals. These patients were divided into two cohorts (cohorts 1 and
2). Detailed clinical characteristics of these patients are shown in Table 1. We collected
data about the patients” age, sex, cirrhosis, tumor stage, alcohol consumption, and
levels of various tumor biomarkers (AFP, CA19-9, and carcinoembryonic antigen)
(Table 1). Daily consumption of alcohol under 12 g was defined as “No daily
drinking,” while daily drinking greater than or equal to 12 g of alcohol was defined as
“Daily drinking” in this study. All of the individuals at the Xiangya Hospital of
Central South University gave their written consent for their plasma samples and
pathology information to be used in this research.

The blood samples of these patients were collected in vacutainers with
anticoagulant (REF367863, BD, United States) and then shipped at 4 °C after collection.
When we received the blood samples, we first centrifuged them at 4 °C (1600 x g, 10
min). After this, we determined and recorded the hemolysis level. Plasma samples
with a hemolysis level beyond four were not used in this study. Followed by a second
centrifugation at 4 °C (16000 x g, 10 min), we finally transferred each 1 mL of fraction
of the supernatant to a 1.5 mL fresh tube and stored them at -80 °C for further study.

Plasma exosome isolation

As previously described™, plasma exosome isolation was performed using 3D
Medicine isolation reagent (L3525; 3DMed, Shanghai, China). After plasma samples
were incubated in a water bath and then centrifuged at 4 °C (12000 x g, 10 min), we
transferred the supernatants into a 0.45 pm tube filter (Costar, CLS8163-100EA,
Corning, United States), centrifuged them at 4 °C (12000 x g, 5 min), and then filtered
them with 0.22 pm tube filters (Costar, CLS8161-100EA, United States). The
supernatants were transferred into fresh 1.5 mL tubes. We then added one-quarter
volume of exosome isolation reagent (L3525, 3DMed, Shanghai, China). We gently
vortexed the mixtures and incubated them for 30 min at 4 °C, and then centrifuged
them at 4 °C (4700 x g, 30 min). The supernatants were discarded, and the precipitates,
containing the exosomes, were resuspended in 200 pL of phosphate-buffered saline.

Characterization of exosomes by scanning electron microscopy
Scanning electron microscopy (SEM) was performed as previously described™!.
Briefly, exosomes were suspended in phosphate-buffered saline before being fixed in
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Table 1 Clinical characteristics of patients and control individuals

Cohort 1 (n = 44) Cohort 2 (n = 45)
Age (yr), average 46.0 £10.24 472 +11.02
Gender
Male 36 41
Female 8 4
Category
HBV infected group 10 8
Liver cirrhosis group 10 10
HCC tumor group 24 27
BCLC stage'
Stage A 8 9
Stage B 8 8
Stage C 8 10
Drinking history
No daily drinking’ 29 21
Daily drinking’ 15 24
Intake of alcohol (g/d), average 97 +143 121 +£121
AFP (ng/mL) of HCC, average 350.75 + 361.98 221.86 +274.84
CA19-9 (KU/L) of HCC, average 44.63 £59.17 28.96 +59.2
CEA (ng/mL) of HCC, average 2.98 £1.98 3.94+732

1Barcelona Clinic Liver Cancer stage.

Daily consumption of alcohol under 12 g was defined as “No daily drinking”.

3Daily drinking greater than or equal to 12 g of alcohol was defined as “Daily drinking”. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; AFP:
afetoprotein.

5% glutaraldehyde. Then, exosomes were immobilized in 1% OsO, and were
dehydrated with various concentrations of ethanol. Subsequently, samples underwent
drying at room temperature for 24 h and were finally analyzed by SEM (SU8020,
Hitachi High-Technologies, Japan).

Quantification of exosomal proteins

Exosomal protein extraction was done with exosome isolation reagent (N3525,
3DMed). Then, exosomes were lysed in 200 pL of lysis buffer (P0013B, Beyotime,
Shanghai, China). Equal amounts of proteins were run on a 4%-20% sodium dodecyl
sulfate polyacrylamide gel electrophoresis gel (No. 4561095, Bio-Rad, United States).
Proteins were transferred onto a polyvinylidene fluoride membrane (Millipore), and
then incubated at room temperature for 2 h with primary antibodies anti-CD9 (1:500
dilution, ab92726, Abcam, England) and anti-CD63 (1:2000 dilution, ab68418, Abcam).
Anti-rabbit immunoglobulin G (sc-2004, Santa Cruz, United States) was added and
blots were incubated at room temperature for 40 min. Blots were visualized using an
enhanced chemiluminescence system according to the manufacturer’s protocol
(Tanon-5200Multi, Shanghai, China).

MiRNA isolation from exosomes

Exosomal miRNAs were extracted with the miRNeasy Serum/Plasma Kit according to
the manufacturer’s instructions (217184, QIAGEN, Shanghai, China). The yield,
distribution, and quality of miRNAs were analyzed with the Agilent 2100 bioanalyzer
using Small RNA Chips (5067-1548, Agilent, United States).

MiRNA sequencing library preparation
A total of 100 ng RNA per sample was used to construct the miRNA library using the
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NEBNext Multiplex Small RNA Library Prep Set for Illumina (E7300L, NEB) according
to the manufacturer’s protocol. Eighteen cycles of PCR were performed after first
strand cDNA synthesis. The DNA libraries were purified by NucleoSpin Gel and PCR
Clean-up (740609.50, QIAGEN, Shanghai, China). The quality and distribution of
libraries were analyzed using the LabChip GX Touch 24 Nucleic Acid Analyzer. The
pooled libraries were sequenced using an Illumina HiSeq PE150 analyzer.

Bioinformatics analysis of miRNA-seq data

The miRNA-seq data were quantified and tested for differential expression with
DESeq?2 package in R/Bioconductor”!. After raw data cleaning, sequences with a
length less than 30 nt were mapped to hgl9 by BWAF10.7.12-r1039. The raw
expression of a miRNA was defined by the number of reads mapped to the locus of
the mature miRNA, which was obtained from miRBase!”! v21. Due to the limited
sequencing depth, only those miRNAs which had at least one read in each sample
were considered in the following analysis. Before comparing the expression between
samples, the raw expression was normalized. The 75th percentile expression of
samples was calculated as the size factor. The miRNA profiling was normalized using
counts per million mappable miRNA sequences. The method is described in
DESeq2™.

Statistical analysis

To scale for miRNA expression, principal component analysis (PCA) was performed,
wherein the normalized expression levels of each miRNA were scaled by dividing the
expression levels by the maximum expression levels of the miRNAs. PCA was then
performed on the matrix constructed by the scaled expression levels, using the prcomp
function in R 3.3.3.

To test the performance of biomarkers, the area under the curve (AUC) was
calaulated using r = /span >/Bioconductor pROC (v1.12.1) package. Clinicopathologic
diagnoses were used as the gold standard to assess the diagnostic accuracy of a group
of exosomal miRNAs by AUC. Kaplan-Meier plot analysis of The Cancer Genome
Atlas data was performed using the online bioinformatics tool, OncoLnc (
http:/ /www.oncolnc.org/). P < 0.05 was considered statistically significant.

RESULTS

Blood exosomal miRNA profiling in HCC and non-HCC patients

To study the blood exosomal miRNA profiles, 89 HBV positive patients were enrolled
and their blood was collected between August 2017 and May 2018. Among these
patients, there were 51 patients diagnosed with HCC, 20 liver cirrhosis patients, and 18
HBV-infected individuals. All of the patients were assigned to two cohorts (cohorts 1
and 2). The clinical information and statistics of the two cohorts are listed in Table 1.

To characterize the exosomes from plasma obtained from these patients, Western
blot and SEM analysis were performed. SEM images of two representative samples are
shown in Supplementary Figure 1A. Two characteristic proteins of exosomes are CD9
and CD63. The protein levels in four representative samples are shown in
Supplementary Figure 1B. These results suggested that exosomes from the plasma of
these patients were successfully obtained by this method.

All of the patients were pooled to explore the potential differential features between
cancer patients and non-cancer patients. PCA was performed to identify the major
variations, which might reveal their biological nature (Figure 1). The distribution of
cancer patients and non-cancer patients generally overlapped in the top five principal
components (PC) and their combinations. The PCA result suggested that multiple
other factors could more significantly affect the blood exosomal miRNA profiles than
the biological difference between HBV infected HCC and non-HCC patients.

Daily alcohol consumption could alter the blood exosomal miRNA profiles of HBV

positive non-HCC patients

On the coordinates of PC1 and PC2, non-HCC patients who had a daily alcohol
consumption habit tended to distribute in the bottom right corner (Figure 2A),
suggesting that alcohol consumption might shift the blood exosomal miRNA profile.
To identify the key miRNAs that are expressed in response to alcohol consumption, a
two-dimensional coordinate was constructed by the weights of each miRNA in PC1
and PC2 (Figure 2B). In this coordinate, miR-3168 and miR-223-3p were spotted as
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outliers in the bottom right corner. Both miRNAs showed significantly higher levels in
non-HCC patients with daily alcohol consumption (Figure 2C and D). However, non-
HCC patients who had a daily alcohol consumption habit and HCC patients (drinking
or non-drinking) showed comparable blood exosomal miRNA levels.

Blood exosomal miRNA profiles reveal the stage of tumor tissues

On the coordinates constructed from PC1 and PC2, the HCC patients are colored
according to the Barcelona Clinic Liver Cancer tumor staging system™! (Figure 3A).
Interestingly, patients with stage C HCC tumors were mainly distributed in the
negative direction on the PC1 coordinate, indicating that the vital miRNAs that
contributed to the variation of PC1 might reveal tumor stage (Figure 3B). Since blood
exosomes could derive from various types of cells, the clinical and miRNA-seq data of
372 HCC tissue samples from The Cancer Genome Atlas were analyzed to discover the
connection between tumor tissues and blood exosomes in further detail. A Cox
regression model was performed on miRNAs that were expressed in all of the tissue
samples. Then, the Cox regression results from the tumor tissues were integrated with
the PC weights of the blood exosomal miRNAs (Figure 3C). We found that 29 miRNAs
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possessed a positive weight of PC1 larger than 0.1 (in the grey rectangle), while none
of the miRNAs possessed a negative weight less than 0.05, suggesting that the 29
miRNAs mainly contributed to the variation of PC1. Among the 29 miRNAs, 11
showed significant or marginal P values in the Cox regression model, and all of those
miRNAs possessed negative hazard ratios. MiR-455-5p and miR-30c-5p ranked among
the top five miRNAs with positive weights. Both miRNAs were suggested to be tumor
suppressors in various types of cancers” ], and patients with higher expression levels
showed significantly better overall survival (Figure 3D and E). Blood exosomal
miRNAs were related to the stage of the tumor tissues, which might predict the
survival of HCC patients. However, miRNAs from other tissues or cells might also
influence the signals from tumor tissues.

Accuracy of biomarkers from blood exosome miRNAs to classify HCC and non-HCC

patients is affected by tumor stage and alcohol consumption habits
Since blood exosomal miRNAs might be derived from various sources, normalization
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of all miRNAs with the same size factor (or the same housekeeping miRNA) might not
reveal the real difference of each miRNA between HCC and non-HCC patients. Similar
to the normalization concept of qPCR, the quotient between a pair of miRNAs, where
one is considered the target gene and the other is considered the reference gene, was
calculated. This exhaustive method was used to find the best reference gene to
normalize each target gene, and their quotients were considered the candidate
biomarkers. To avoid potential batch effects, the patients were allocated to two cohorts
according to their experimental date. The accuracy of each pair of miRNAs was
measured by AUC analysis. The pairs of miRNAs were ranked according to the
average AUC between the two cohorts, where the average AUC should be larger than
0.7 (Figure 4A). The top two pairs of miRNAs were miR-628-3p/miR-941 and miR-584-
5/miR-106b-3p, and their average AUCs were 0.7423 and 0.7421, respectively. To
distinguish HCC patients from non-HCC patients, miR-584-5p/miR-106b-3p showed a
94.7% specificity under a cutoff of 1.5, but the sensitivity was relatively low (37.2%).
Under a cutoff of 0.65, miR-628-3p/miR-941 showed a 76.5% sensitivity and 73.7%
specificity. When we considered a sample which had either of the quotients higher
than their cutoffs as HCC patients, the combination of two quotients raised the
sensitivity to 94.1%, while the specificity was maintained at 68.4% (Figure 4B).
Combining the two quotients increased the overall accuracy to 83.1%, which was
higher than that for miR-584-5p/miR-106b-3p (61.8%) or miR-628-3p/miR-941 (75.3%).

While miR-584-5p/miR-106b-3p did not show any bias toward distinguishing HCC
patients from non-HCC patients at any stages, among the HCC patients who could not
be identified by miR-584-5p/miR-106b-3p, the HCC patients in stages A and B showed
lower overall levels of miR-628-3p/miR-941 than those in stage C, and thus they were
more difficultly distinguished from non-HCC patients (Figure 4B and Supplementary
Figure 2). Additionally, non-HCC patients with different alcohol consumption habits
also showed effects on their levels of miR-628-3p/miR-941 (Figure 4C). Non-HCC
patients with daily alcohol consumption presented significantly higher levels of miR-
628-3p/miR-941 than those without daily alcohol consumption and were more likely
to be identified as false-positive HCC patients (Supplementary Figure 3).

DISCUSSION

It has been reported that miRNAs in blood could distinguish HBV-infected HCC
patients from HBV-infected non-HCC patients™!, which suggests that the signals
released from HCC can be observed. Mohamed ef al™ found that circulating miR-23a
showed an accuracy of 79.3% in diagnosing HCC patients with a sensitivity of 89.47%
and specificity of about 64.91%. Zhu et al® adopted a diagnostic 2-miRNA panel to
differentiate HCC patients from healthy controls (AUC = 0.823, P < 0.0001) and
cirrhosis patients (AUC = 0.859, P < 0.0001). Huang et al! established a score
comprising five blood miRNAs and a binary etiology variable that was capable of
differentiating between cirrhotic patients and HCC patients (AUC = 72.5%, P <
0.001)"1. These results bring some hope for the differential diagnosis of HCC, but they
are still not satisfactory for the clinical demand. However, blood miRNAs can be
derived from various sources. Exosomes are small extracellular vesicles released from
living cells for intercellular communications, and they also reveal the metabolic events
occurring inside the cells. Hence, studying the miRNA profiles from HCC exosomes
could provide insights for research and clinical diagnosis.

The exosomal miRNA profiles showed that in HBV-positive patients, the signals
from tumors or triggered by tumors might not be major factors able to shift the whole
profiles to be significantly distinct from those of non-HCC patients. However, other
clinical features could be revealed through exosomal miRNA profiling. Among these
clinical features, alcohol consumption is known to cause several liver diseases,
including alcoholic liver disease, alcoholic fatty liver, alcoholic hepatitis, and alcoholic
liver cirrhosis™. The liver is the main organ responsible for metabolizing ethanol, and
thus it has been considered for a long time a major organ damaged by the harmful use
of alcohol™\. The expression of a wide variety of miRNAs is potentially regulated by
many factors, such as alcohol, diet, cigarette smoking, and other drugs™. To date,
there has only been one previous study focusing on the role of alcohol-regulated
miRNAs in HCC pathogenesis and progression. That study reported that alcohol
consumption in patients with HBV positivity and those with HCC regulates miRNAs
(miR-944 and miR-223-3p) from tumor tissue. These miRNAs likely play previously
uncharacterized roles in the alcohol-associated carcinogenesis of HCCFl. Our study
showed that miR-3168 and miR-223-3p had significantly higher levels in non-HCC
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patients with daily alcohol consumption than in those without, suggesting that daily
alcohol consumption could alter the blood exosomal miRNA profiles of HBV positive
non-HCC patients. MiR-223-3p, which was reported to play a role in the alcohol-
associated carcinogenesis of HCC, was discovered as a blood exosomal biomarker for
alcohol consumption in our study. In addition, it has also been reported that when
treated by alcohol, the miR-223-3p level in tumor cell lines and in the immortalized
liver cell line LO2 increased™. A similar trend was also revealed in blood exosomal
miRNA. These results led to the idea that the function of miR-223-3p in the alcohol-
associated carcinogenesis of HCC deserves further study.

The Barcelona clinic liver cancer staging system classifies HCC patients into four
stages that are highly correlated with prognosis*l. Patients in early stage A or B are
usually asymptomatic without vascular invasion or extrahepatic spread, while patients
in advanced stage C have either symptomatic tumors, vascular invasion, or
extrahepatic spread, which causes poorer survival than early stages. Intriguingly,
tumor stages are major contributors in shifting the miRNA profiles among tumor
patients, especially between stage C and early stages. We found that 29 miRNAs
conferred the major differences between stage C and the early stages in blood
exosomes, and 37.9% of them predicted prognosis in the same direction in HCC
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tissues, suggesting that these miRNAs were mainly released from tumors. It is possible
that miR-455-5p and miR-30c-5p could function as tumor suppressors®*, with
decreased levels in stage C tumors compared with the early stages. Hence, profiles of
blood exosomal miRNAs could be harnessed to monitor the development of tumors.

Affected by multiple factors, accurately differentiating HBV-positive HCC patients
and non-HCC patients by blood miRNA levels is difficult. Zhou et alt*! constructed a 7-
miRNA model to distinguish HCC patients from non-HCC patients with chronic
hepatitis B. The sensitivity was 79.1% and the specificity was 76.4% in a clinical trial of
934 patients. However, this method is not significantly more accurate than current
protein biomarkers, such as AFP, HSP, and GPC3™*\. In this study, because the
exosomes could be derived from a vast range of cells, conventional normalization
methods for each miRNA might not be appropriate. Instead, the biomarkers were
searched in pairs to find the best reference sequence for each miRNA. More
biomarkers included in a model could increase the accuracy, but also could increase
the risk of over-fitting. Due to the limitation of sample size, only the top two pairs of
miRNAs were included in the model, and their performance was comparable to that of
other miRNA models or protein-based biomarkers. The sensitivity of this model was
94.1%, and advanced HCC patients were more easily detected than those in early
stages. However, the specificity of this model was relatively low compared with other
models or methods. One of the critical factors causing false positive results is alcohol
consumption. Hence, to further improve the diagnostic accuracy, a more complex
model constituted of biomarkers from multiple categories is necessary to eliminate the
influence of various factors. Such a complex model will need to be validated in a large
cohort of patients.

CONCLUSION

This study performed a cohort analysis of blood exosomal miRNA profiling to
discover the complexity of differential diagnostic biomarkers for HCC and to confirm
that exosomal miRNAs could be used as new biomarkers for HCC and liver cirrhosis.
In addition, we showed that the accuracy of biomarkers to classify HCC and non-HCC
patients from blood exosomal miRNAs could be affected by tumor stage and alcohol
consumption habits. This study laid a foundation for understanding the complexity of
blood exosomal miRNA profiles and for promoting the clinical application of blood
exosomal miRNAs as biomarkers in the differential diagnosis of HCC.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is common malignancy with high morbidity and
mortality. The differential diagnosis of HCC from non-HCC is an urgent demand in
clinical practice. However, there is a lack of effective non-invasive diagnosis methods
for the differential diagnosis of HCC. Blood exosomal micro ribonucleic acids
(miRNAs) have been reported as promising biomarkers in various types of
cancer, when biopsy or resection is not the first choice.

Research motivation
To better distinguish between HCC patients and non-HCC patients, a convenient, non-
invasive method with high accuracy is needed in clinical practice.

Research objectives

In this study, we aimed to characterize the blood exosomal miRNA profiling between
HCC patients and non-HCC patients, and investigate the feasibility of blood exosomal
miRNAs as potential biomarkers for differential diagnosis.

Research methods

Eighty-nine patients from Xiangya Hospital of Central South University were enrolled
in this study between August 2017 and May 2018. The expression of blood exosomal
miRNAs in these patients was assessed using miRNA sequencing.
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Research results

We explored the characteristics of blood exosomal miRNAs in 89 patients with HCC
and non-HCC patients, who were enrolled for cohort 1 (n = 44) and cohort 2 (n = 45).
The analysis result of principal component analysis suggested that daily alcohol
consumption could alter the blood exosomal miRNA profiles of non-HCC patients
through miR-3168 and miR-223-3p. The blood exosomal miRNA profiles also revealed
that some miRNAs are related to the stage of the tumor tissues. Based on the exosomal
miRNA expression profiles of 89 patients, two pairs of miRNAs (miR-584-5p/miR-106-
3p and miR-628-3p/miR-941) were established to identify HCC. The pairs of miRNAs
showed a 94.1% sensitivity and 68.4% specificity to differentiate HCC patients from
non-HCC patients. In addition, alcohol consumption habit was found to influence the
specificity.

Research conclusions

Exosomal miRNAs miR-584-5p/miR-106-3p combined with miR-628-3p/miR-941
could distinguish HCC patients and non-HCC patients. However, tumor stage and
alcohol consumption habits could affect the accuracy of the two pairs of blood
exosomal miRNAs.

Research perspectives

This study suggested the potentiality of blood exosomal miRNAs as novel non-
invasive diagnosis biomarkers to differentiate between HCC patients and non-HCC
patients.
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