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Background: Acute-on-chronic hepatitis B liver failure (ACHBLF) is a clinical syndrome with an extremely high mortality. In this
study, we aim to evaluate the potential role of serum exosomal long noncoding RNA (IncRNA) growth arrest-specific 5 (GASS) in
ACHBLF and its predictive value for 3-month mortality.

Methods: From December 2017 to June 2022, we enrolled 110 patients with ACHBLF and 42 healthy controls (HCs). Exosomes
were isolated from the serum of the participants. Serum exosomal IncRNA GASS5 was detected using quantitative real-time polymerase
chain reaction (QRT-PCR). The functional role of IncRNA GASS5 on hepatocyte phenotypes was investigated through loss-of-function
and gain-of-function assays. Exosomal labeling and cell uptake assay were used to determine the exosomes-mediated transmission of
IncRNA GASS in hepatocytes in vitro.

Results: The serum exosomal IncRNA GASS5 was identified to be an independent predictor for 3-month mortality of ACHBLF. It
yielded an area under the receiver operating characteristic curve (AUC) of 0.88, which was significantly higher than MELD score
(AUC 0.73; P < 0.01). Further study found that IncRNA GASS5 could inhibit hepatocytes proliferation and increase hepatocytes
apoptosis. Exosomes-mediated IncRNA GASS transfer promoted hepatocytes injury. The knocked down of IncRNA GASS weakened
H,0;-induced hepatocytes injury.

Conclusion: We revealed that serum exosomal IncRNA GASS might promote hepatocytes injury and showed high predictive value
for 3-month mortality in ACHBLF.
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Introduction

Acute-on-chronic liver failure (ACLF) is a complex clinical syndrome characterized by an acute episode of liver
dysfunction in patients with pre-existing chronic liver diseases."* The common causes of ACLF include viral infection,
bacterial infection, alcoholic hepatitis and surgery injury.'~ In Asia, hepatitis B virus (HBV) infection remains the main
cause of ACLF, which is named acute-on-chronic hepatitis B liver failure (ACHBLF). The short-term mortality of
ACHBLF is as high as 63%72.3%.% Until now, liver transplantation remains the only determined cure for ACHBLF.
However, it is hard to be applied widely due to the limitation of liver donors and high cost in most Asia countries.
Therefore, prognostic biomarkers for ACHBLF are urgently needed.

Exosomes are nanosized vesicles with a diameter of 40-200 nm, which can serve as mediators of intercellular
communication through transferring proteins, nucleic acids and lipids among cells. Recent studies revealed that
exosomes participated in the development and progression of several kinds of liver diseases.”® Long noncoding
RNAs (IncRNAs) refer to a class of non-protein coding transcripts with a length of more than 200 nucleotides.'® They
can regulate gene expression at the transcriptional and post-transcriptional levels through interacting with DNA, RNA or
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proteins.'! Recently, emerging evidences suggested that IncRNAs encapsulated in exosomes were involved in regulating
physiological and pathological processes, such as immune response, inflammation, tumor growth and infection.'*!* In
our previous study, we found that the serum exosomal IncRNA NEAT1 was aberrantly overexpressed in ACHBLF and
might serve as a biomarker for short-term prognosis of ACHBLF.'*

LncRNA growth arrest-specific transcript 5 (GAS5) has been proven to inhibit cells growth and sensitize cells to
apoptosis.'>'® Low level of IncRNA GAS5 was found to be associated with early recurrence and poor prognosis of non-
muscle-invasive bladder cancer.'” The up-regulated IncRNA GASS5 inhibited glioma cell growth, migration and invasion.'®
Upregulation of IncRNA GASS suppressed cell proliferation, promoted cell apoptosis and reversed the resistance of cells to
EGFR-TKIs via downregulation of the IGF-1R expression.'® In addition, IncRNA GASS5 played an important role in

maintaining the self-renewal of human embryonic stem cell.*

Since ACHBLF was characterized by its increased hepatocytes
apoptosis, we speculated that IncRNA GASS might also play a potential role in the pathogenesis of ACHBLF.
Therefore, we designed this study to evaluate the potential role of serum exosomal IncRNA GASS5 in ACHBLF and

determine the predictive value of serum exosomal IncRNA GASS5 for 3-month mortality of ACHBLF.

Materials and Methods

Patients and Controls
In this study, a total of 110 patients with ACHBLF and 42 healthy controls (HCs) were enrolled from December 2017 to
June 2022 at the Department of Hepatology, Qilu Hospital of Shandong University. ACHBLF was diagnosed according
to the consensus recommendations of APASL: (1) the presence of serum hepatitis B surface antigen (HBsAg) for >6
month; (2) progressive jaundice (serum bilirubin>5mg/dL); (3) coagulopathy (INR > 1.5 or prothrombin activity <40%).>
Exclusion criteria included: (1) co-infected with human immunodeficiency virus (HIV), hepatitis A, C, D or E virus,
Epstein-Barr virus, cytomegalovirus; (2) accompanied by other liver diseases, such as alcoholic hepatitis, autoimmune
liver diseases; (3) decompensated liver cirrhosis; (4) liver cancer; (5) pregnancy. The routine therapies for patients with
ACHBLF were in accordance with the APASL consensus recommendations, including anti-HBV treatment, absolute bed
rest, energy supplements and vitamins, intravenous infusion of albumin, maintenance of water, electrolyte and acid—base
equilibrium, prevention and treatment of complications.

Informed consent was obtained from each participants included. The study protocol was approved by the local
Research and Ethics Committee at Qilu Hospital of Shandong University, in accordance with the guidelines of the 1975
Declaration of Helsinki (6th revision, 2008).

Serum Exosomes Isolation
Five milliliter of peripheral venous blood was drawn from each participant on the first day of diagnosis. All venous blood
samples were firstly centrifuged at 3000 rpm for 10 min to separate serum, and then centrifuged at 11,000 rpm for 10 min
to further remove cell debris. The serum was stored at —80°C for exosomes isolation.

The exosomes were isolated following the manufacturer’s instructions. Briefly, 250 puL of serum was mixed with 63
pL of Exo-Quick™ solution (EXOQS5A-1; SBI System Biosciences, United States). The mixture was incubated for 30
min, and then centrifuged twice at 4°C (1500 g for 30 min and 1500 g for 5 min). The supernatants were discarded, and

the exosomes were resuspended in 50 uL of PBS.'*

Transmission Electron Microscopy (TEM)

The morphological characteristics of exosomes were characterized by TEM. Briefly, isolated exosomes were resuspended
in 50 pL PBS buffer and adsorbed onto the copper grid. Then, the copper grid of adsorbed exosomes was suspended
above 2.5% glutaraldehyde droplet for fixation, and then suspended above 2% uranyl acetate for staining. Wash the
copper grid 10 times with double distilled water, each time for 2 min. Images were collected with TEM (FEI, United
States) at 185 kV.
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Western Blot Assay

Cultured MIHA cells and isolated exosomes were lysed in RIPA buffer (Solarbio, China) supplemented with protease
inhibitor cocktail (Solarbio, China). Protein concentrations were determined using BCA Protein Assay Kit
(ThermoFisher Scientific, United States). Proteins were separated by a 10% SDS-polyacrylamide gel and electrophor-
etically transferred onto PVDF membranes (Millipore, United States). Subsequently, the membranes were blocked in 5%
skimmed milk for 1h and incubated with primary antibodies at 4°C overnight. Following primary antibodies were used:
anti-CD81 (ab79559, Abcam), anti-Hsp70 (ab45133, Abcam). After the membranes were incubated with HRP-
conjugated secondary antibodies (ZSGB-BIO, China), immunoreactive signals were detected using enhanced chemilu-
minescence reagent (ThermoFisher Scientific, United States). GAPDH was used as internal reference control.

RNA Extraction and Reverse Transcription

Total RNA was extracted from exosomes by miRNeasyMicro Kit (Qiagen, Germany). Concentration and integrity of
total RNA was evaluated using NanoDrop spectrophotometer (Thermo Fisher Scientific, United States). Purified RNA
was reversely transcribed into cDNA using the TaKaRa Reverse Transcription Kit (TaKaRa, China).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

qRT-PCR was performed in a 25 pL system containing 12.5 pL of SYBR® Premix ExTaq™ (Takara, China), 0.5 pL of
ROX Reference Dye a, 2 pL of diluted cDNA, 0.75 puL of gene specific forward and reverse primers (10 umol/L), and
8.5 uL of RNase-free ddH,O. GAPDH was used as an endogenous control. The primers sequences for PCR were as
follows: GAS5 (forward: 5’-CTGTGAGGTATGGTGCTGGG-3’, reverse: 5’-GGCTTGCTCTTTAGGACTTCA-3’),
GAPDH (forward: 5’-AAGGTGAAGGTCGGAGTCAA-3’, reverse: 5’-GGAAGATGGTGATGGGATTT-3"). The reac-
tion included an initial denaturation step at 95°C for 30 seconds, 42 cycles of amplifications at a melting temperature of
95°C for 5 seconds, and an annealing temperature of 60°C for 30 seconds. The product was confirmed using melting

curve analysis. The serum exosomal IncRNA GASS5 level was calculated by 274" method.

Cell Culture
Human hepatocyte MIHA was purchased from BeNa Culture Collection (Beijing, China). The cells were cultured in
RPMI 1640 medium (Gibco, United States) supplemented with 10% fetal bovine serum (FBS) (Gibco, United States),

100 U/mL penicillin and 100 pg/mL streptomycin (Life Technologies, United States) in a humidified 37°C and 5% CO,
incubator.

Cell Transfection

The cDNA encoding IncRNA GAS5 was PCR-amplified by Thermo Scientific Phusion Flash High-Fidelity PCR Master
Mix (ThermoFisher Scientific, United States) and subcloned into the Xhol and EcoRI sites of pIRES2-EGFP over-
expression vector (Invitrogen, United States). The siRNAs specifically targeting GASS and control siRNA were
synthesized by RiboBio (Guangzhou, China). Cells were transfected with the plasmids or siRNAs using
Lipofectamine 3000 (Invitrogen, United States) according to the manufacturer’s instructions.

Cell Counting Kit-8 (CCK-8) Assay

CCK-8 (Dojindo, Japan) assay was conducted to evaluate cell viability. A total of 5000 MIHA cells were seeded into 96-
well culture plates with corresponding treatment. Then, 10 pL CCK-8 reagent was added to each well. After incubation
for 3h at 37°C, the absorbance was examined at 450 nm using the Infinite M200 spectrophotometer (Tecan, Switzerland).

Flow Cytometry

Cell apoptosis was detected using BD FACSCanto II flow cytometer (BD Biosciences, Belgium) with an Annexin
V-FITC/7-amino-actinomycin (7-AAD) double-staining kit (BD Biosciences, Belgium). In brief, 5 uL of PE Annexin
Vand 5 pL 7-AAD were added into 100 uL of single-cell suspension (1 x 10° cells) followed by a 15 min incubation at
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RT (25°C) in the dark. Flow cytometry was performed within 1 hour. The cells are divided into four groups: dead cells
(Q1), early apoptotic cells (Q2), viable cells (Q3), and late apoptotic cells (Q4).

Exosomes Isolation from Cell Culture Media

Exosomes in conditioned media of MIHA cells were isolated by differential ultracentrifugation. MIHA cells were
incubated in RPMI 1640 medium containing 10% exosome-depleted FBS (SBI, United States) for 48 h. Then, condi-
tioned media was collected and centrifuged at 2000g for 20 min at 4°C to remove cells followed by 10,000 g for 30 min
at 4°C to remove cell debris. The resulting supernatant was filtered through a 0.22 mm filter (Millipore, United States).
Exosomes were pelleted by ultracentrifuged at 100,000 g for 70 min at 4°C. After resuspension in phosphate-buffered
saline (PBS), exosomes were pelleted again by ultracentrifuged at 100,000 g for 70 min at 4°C.

Exosomal Labeling and Cell Uptake Assay

To demonstrate that exosomes can be transmitted among hepatocytes, we labeled exosomes using PKH67 Fluorescent Cell
Linker kits (Sigma-Aldrich, United States). A total of 10 pg exosomes isolated from culture medium supernatant were
resuspended with PBS and labeled with PKH67 solution according to the manufacturer’s protocol. The exosomes labeled with
PKH67 were co-cultured with MIHA cells for 24 h at 37°C. Cell nuclei were stained with DAPI (Solarbio, China).

Statistical Analysis

Quantitative variables were expressed as median (centile 25; centile 75). Categorical variables were expressed as number
(percentage). The data were analyzed using GraphPad Prism 5.0 (GraphPad Software, LaJolla, CA, United States) and
SPSS 16.0 (SPSS Inc., Chicago, IL, United States). The quantitative variables were compared by Student’s ¢-test and
Mann—Whitney U-test. The categorical variables were compared by chi-square test. Spearman correlation analysis was
used to evaluate correlation between serum exosomal IncRNA GASS level and clinicopathological parameters. The
independent prognostic factors were identified using univariate and multivariate cox proportional hazards regression
analysis. The receiver operating characteristic (ROC) curve was used to determine diagnostic performance. The area
under the ROC curve (AUC) was used to evaluate the diagnostic value of IncRNA GASS and MELD score. From the
ROC curve coordinates, the optimal cut-off point that associated with the maximum of the Youden index was chosen.
Furthermore, sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV), negative like-
lihood ratio (LR-) and positive likelihood ratio (LR+) was used to determine the diagnostic accuracy. Survival curve was
used to evaluate the survival condition. All statistical analyses were two sided and P < 0.05 was considered statistically
significant.

Results

General Characteristics

In this study, 153 patients with ACHBLF were screened from December 2017 to June 2022 at Department of Hepatology, Qilu
Hospital of Shandong University. Eight patients were excluded for co-infection with HAV, HCV or HEV. Fifteen patients were
excluded for alcoholic hepatitis and 7 patients were excluded for autoimmune hepatitis. Nine patients were excluded for
history of hepatocellular carcinoma. Four patients were excluded for incomplete clinical data. Finally, 110 ACHBLF patients
were enrolled (Figure 1). Meanwhile, 42 healthy controls were also enrolled at Qilu Hospital of Shandong University.

TEM was used to confirm the morphology of serum exosomes. The serum exosomes were spherical vesicles with double
layer membrane structure and diameters about 40 to 200 nm (Figure 2a). Western blotting analysis was used to confirm the
expression of specific protein markers in exosomes. CD81 and Hsp70 have been detected in the exosomes (Figure 2b).

The general characteristics of enrolled participants are presented in Table 1. The serum exosomal IncRNA GASS5
levels in patients with ACHBLF were significantly higher than those in HCs (Z = —6.84, P < 0.01, Figure 2¢). Then, we
analyzed the association between serum exosomal IncRNA GASS5 expression and clinicopathological characteristics of
ACHBLF patients. ACHBLF patients were categorized into high-expression group and low-expression group according
to the median value of serum exosomal IncRNA GASS. As shown in Table 2, high serum exosomal IncRNA GAS5
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153 patients with ACHBLF were 42 healthy controls were enrolled
screened at Qilu Hospital of at Qilu Hospital of
Shandong University Shandong University

43 patients excluded for:
Co-infected with HAV, HCV or HEV (n=8)
Alcoholic hepatitis (n=15)
Autoimmune hepatitis (n=7)
Hepatocellular carcinoma (n=9)
Incomplete clinical data (n=4)

110 patients enrolled

152 participants were
finally enrolled

Figure | The inclusive process of the participants.
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Figure 2 The expression of INcRNA GASS in serum exosomes was elevated in patients with ACHBLF. (a) The representative image of serum exosomes analyzed by TEM.
(b) Exosomal markers CD81 and Hsp70 were detected using Western blot. (c) The expression level of serum exosomal IncRNA GASS5 in patients with ACHBLF and HCs.

expression was significantly associated with TBIL (t = —=5.75, P < 0.01), DBIL (t = —4.88, P <0.01), PT-INR (Z = —2.38,
P = 0.02) and MELD score (t = —4.04, P < 0.01). However, no significant association was found between serum
exosomal IncRNA GAS5 expression and age (t = 0.90, P = 0.37), gender (x> = 0.23, P = 0.63), ALT (Z =—0.12, P =
0.90), AST (Z = -0.39, P = 0.70), ALB (t = —0.23, P = 0.82), Cr (Z = —1.08, P = 0.28), WBC (Z = —1.65, P = 0.10),
HGB (t=0.12, P=0.91) and PLT (t = 0.42, P = 0.68). Through further statistical correlation analysis, we found that the
expression level of serum exosomal IncRNA GASS was positively correlated with TBIL (Spearman’s r = 0.53, P < 0.01,
Figure 3a), DBIL (Spearman’s r = 0.44, P < 0.01, Figure 3b), PT-INR (Spearman’s r = 0.28, P < 0.01, Figure 3c) and
MELD score (Spearman’s r = 0.43, P < 0.01, Figure 3d).
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Table | Baseline Characteristics of the Enrolled Participants

Characteristics ACHBLF Group (n = 110) HCs Group (n = 42)

Age (yr) 50.00 (40.00-58.00) 47.00 (32.00-62.25)
Male gender n. (%) | 88 (80.00%) 21 (50.00%)

ALT (UL) 144.0 (74.75-407.50) 14.00 (10.00-21.00)
AST (UL) 166.5 (90.00-424.0) 17.00 (14.00-22.25)

TBIL (pmol/L)
DBIL (pmoliL)

280.60 (178.58—414.10)
180.45 (114.28-288.80)

10.00 (8.33—15.95)
3.30 (2.50-4.40)

ALB (g/L) 31.05 (27.48-34.25) 4525 (43.18-47.63)
Cr (pmol/L) 62.00 (49.50-80.00) 61.00 (54.00-76.75)
PTINR 201 (1.74-2.43) 1.02 (0.97—1.05)

WBC (x 10°/L) 6.98 (5.02-12.14) 572 (4.98-7.14)

HGB (g/L) 122.00 (106.00—135.00) 134.00 (121.75-148.00)

PLT (x 10°/L)
LncRNA GASS level

85.50 (60.50-132.00)
10.48 (6.43-21.27)

257.00 (217.00-294.50)
0.99 (0.27-5.41)

Notes: Quantitative variables were presented as median (25-75% interquartile range). Categorical variables
were expressed as number (percentage).

Table 2 Relationship Between IncRNA GAS5 Expression and Clinicopathological
Characteristics in ACHBLF

Characteristics LncRNA GASS5 Expression P-value
High-Expression Group | Low-Expression Group

Age (yr) 50.00 (39.00-60.00) 51.00 (43.00-58.00) 0.37°
Male gender n. (%) | 45 (81.82%) 43 (78.18%) 0.63¢
ALT (U/L) 132.00 (77.00-395.00) 148.00 (62.00-469.00) 0.90%
AST (U/L) 158.00 (87.00-422.00) 178.00 (92.00-430.0) 0.70*
TBIL (pmol/L) 387.00 (256.80-509.20) 201.60 (137.00-328.20) <00I°
DBIL (umol/L) 256.0 (140.10-345.20) 130.90 (76.00-218.10) <00I°
ALB (g/L) 30.60 (27.50-34.20) 31.20 (27.40-34.40) 0.82°
Cr (umol/L) 67.00 (51.00-84.00) 60.00 (48.00-73.00) 0.28%
PT-INR 2.19 (1.78-2.71) 1.92 (1.69-2.18) 0.02*
WBC (x 10°/L) 8.64 (5.15-12.54) 6.08 (4.95-10.75) 0.10%
HGB (g/L) 122.00 (106.00—137.00) 122.00 (106.00—135.00) 0.91°
PLT (x 10°/L) 80.00 (54.00-134.00) 92.00 (61.00-132.00) 0.68°
MELD score 23.65 (20.02-27.88) 19.24 (16.58-23.53) <00I°

Notes: *Mann-Whitney U-test; “Student’s t-test; <, x* test. Quantitative variables were expressed as the median
(centile 25; centile 75). Categorical variables are expressed as number (percentage).

Serum Exosomal IncRNA GASS5 Level Was an Independent Risk Factor for 3-Month
Mortality of ACHBLF

After 3-month follow up, 60 patients with ACHBLF died and the mortality was 54.55%. The mean survival time was
54.04 (SE 3.50, 95% CI 47.18-60.89) days. Survivors (median 6.41, interquartile range 4.44-9.66) showed significantly
lower serum exosomal IncRNA GASS levels than non-survivors (median 17.39, interquartile range 10.94-39.26; P <
0.01) (Figure 3e). Univariate Cox proportional hazards regression analysis showed that the 3-month mortality of
ACHBLF was significantly associated with TBIL (P < 0.01), DBIL (P < 0.01), Cr (P = 0.04), PT-INR (P = 0.04),
serum exosomal IncRNA GASS5 expression (P < 0.01) and MELD score (P < 0.01). Further multivariate Cox propor-
tional hazards regression analysis demonstrated that serum exosomal IncRNA GASS5 expression (P < 0.01) was an
independent predictor for 3-month mortality of ACHBLF (Table 3).
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Figure 3 Over-expressed serum exosomal InNcRNA GAS5 was associated with adverse clinicopathological characteristics and poor prognosis in ACHBLF. (a—d) Statistical
correlation analysis between the expression level of serum exosomal IncRNA GAS5 and TBIL (a), DBIL (b), PT-INR (c) and PTA (d). (e) Kaplan—Meier curves for 3-month
mortality of patients with ACHBLF grouped according to relative serum exosomal InNcRNA GAS5 expression. (f and g) ROC curves of serum exosomal IncRNA GAS5 level
(f) and MELD score (g) in predicting 3-month mortality of ACHBLF.

Diagnostic Value of Serum Exosomal INcRNA GAS5 Level and MELD Score for the

3-Month Mortality of ACHBLF Patients
In this study, serum exosomal IncRNA GASS5 yielded an AUC value of 0.88 (SE 0.03, 95% CI, 0.81-0.94; Figure 3f),
which was markedly higher than MELD score (AUC 0.73; SE 0.05, 95% CI 0.64-0.81; P < 0.01), indicating that serum
exosomal IncRNA GASS level was a better predictor than MELD score in predicting 3-month mortality of ACHBLF.
An optimal cut-off value of 10.12 was selected for serum exosomal IncRNA GASS level to discriminate survivors
and non-survivors, with a sensitivity of 81.67%, specificity of 84.00%, PPV of 86.00%, NPV of 79.20%, LR+ of 5.10,
and LR- of 0.22. The mean survival time of patients with serum exosomal IncRNA GASS levels >10.12 was 32.83 (SE
4.03, 95% CI 24.93-40.73) days. Meanwhile, the mean survival time of those patients with serum exosomal IncRNA
GASS levels <10.12 was 77.69 (SE 3.77, 95% CI 70.31-85.07) days. Compared with patients with serum exosomal
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Table 3 Univariate and Multivariate Analysis of Factors Associated with 3-Month
Mortality of Patients with ACLF

Characteristics Univariate Analysis Multivariate Analysis
HR (95% CI) P - value HR (95% CI) P-value

Age (yr) 0.99 (0.97-1.01) | 0.32

Male gender n. (%) 0.75 (0.38-1.47) | 0.40

ALT (U/L) 1.00 (1.00-1.00) | 0.52

AST (U/L) 1.00 (1.00-1.00) | 0.58

TBIL (pmol/L) 1.00 (1.00-1.01) | < 0.0l 1.00 (0.99-1.00) | 0.38

DBIL (pmol/L) 1.01 (1.00-1.01) | <0.0l 1.01 (1.00-1.01) | 0.26

ALB (g/L) 0.99 (0.94-1.05) | 0.8l

Cr (pmol/L) 1.01 (1.00-1.01) | 0.04 1.00 (0.99-1.01) | 0.58

PT-INR 1.17 (1.00-1.37) | 0.04 0.80 (0.51-1.28) | 0.36

WBC (x 10°/L) 1.02 (0.99-1.06) | 0.19

HGB (g/L) 1.00 (0.98-1.01) | 0.56

PLT (x 10°/L) 1.00 (0.99-1.00) | 0.30

LncRNA GASS level | 1.05 (1.03-1.06) | <0.01 1.04 (1.03-1.06) | < 0.0l

MELD score 1.07 (1.04-1.11) | <0.01 1.08 (0.95-1.23) | 0.22

IncRNA GASS levels <10.12, survival in those with serum exosomal IncRNA GASS levels >10.12 was significantly
poorer (x> = 47.41, P < 0.01, Log rank test) (Figure 3g).

LncRNA GASS Inhibited Hepatocytes Proliferation and Increases Hepatocytes
Apoptosis in vitro

The development of ACHBLF is largely due to an imbalance between hepatocytes apoptosis and proliferation. To
determine the regulatory effect of IncRNA GASS5 on hepatocyte functions, MIHA cells were transfected with pIRES2-
GASS or siRNAs. LncRNA GASS5 was overexpressed after transfected with pIRES2-GASS5 (Figure 4a) and knocked
down by siRNAs (Figure 4b). Because of the highest knockdown efficiency of siRNA-3, it was applied to subsequent
knockdown experiments (referred to as “si-GASS5” hereafter). Through carrying out CCK-8 assay, we found that cell
viability was inhibited in MIHA cells with overexpressed IncRNA GASS5 and enhanced in MIHA cells after knockdown
of IncRNA GASS5 (Figure 4c). To gain insight into the role of IncRNA GASS on cell apoptosis, flow cytometry was
performed on Annexin V PE/7-AAD double staining hepatocytes. As shown in Figure 4d, the apoptosis proportion was
increased by the overexpression of IncRNA GASS5 and reduced by the knockdown of IncRNA GASS.

Exosomes-Mediated IncRNA GASS5 Transfer Promoted Hepatocytes Injury

We isolated exosomes from conditioned medium of MIHA cells and confirmed their identity. Exosomes exhibited typical
cup-shaped morphology under TEM (Figure 5a). Size distribution and number of exosomes were quantified by nano-
particle analysis (Figure 5b). The expression of exosomal markers CD81 and Hsp70 were confirmed by Western blot
assay (Figure 5c). Subsequently, we verified exosomes could be transmitted among hepatocytes by PKH67 staining
(Figure 5d). Then, we identified that exosomes could mediate the transfer of IncRNA GASS among hepatocytes and thus
affect cell phenotypes. Exosomes were isolated from the conditioned media of IncRNA GASS overexpressed MIHA cells
(GASS5-exo) and control-transfected cells (NC-exo). It was confirmed that IncRNA GASS level was higher in GAS5-exo
than NC-exo (Figure 5e). As expected, MIHA cells incubated with GASS5-exo showed increased IncRNA GASS
expression than those incubated with NC-exo (Figure 5f). CCK-8 assay demonstrated that MIHA cells incubated with
GASS5-exo for 24 h showed impaired viability than those incubated with NC-exo (Figure 5g). Meanwhile, flow cytometry
confirmed that MIHA cells incubated with IncRNA GAS5-exo for 24 h showed increased apoptosis rate than that
incubated with NC-exo (Figure 5h).
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Figure 4 LncRNA GASS5 inhibited hepatocytes proliferation and increased hepatocytes apoptosis. (a) Relative expression of IncRNA GASS5 after MIHA cells transfected with
pIRES2-NC, pIRES2-GASS. (b) Relative expression of IncRNA GAS5 after MIHA cells transfected with si-NC or si-GASS. (c) Cell viability of MIHA cells transfected with
pIRES2-NC, pIRES2-GASS, si-NC or si-GASS. (c) Cell apoptosis of MIHA cells transfected with pIRES2-NC, pIRES2-GASS, si-NC or si-GASS. (d) Cell apoptosis of MIHA
cells transfected with pIRES2-NC, pIRES2-GASS, si-NC or si-GAS5. *P < 0.05, **P < 0.01, ***P < 0.001.

Knocked Down of IncRNA GAS5 Weakened H,0O,-Induced Hepatocytes Injury

H,0, was used to induce hepatocytes injury. After treated with 0.1 mmol/L H,O, for 3 h, the expression of IncRNA
GASS5 was increased significantly in MIHA cells (Figure 6a), accompanied by impaired cell viability (Figure 6b) and
elevated apoptosis rate (Figure 6¢). Then, we knocked down IncRNA GASS5 in MIHA cells with si-GASS. It weakened
H,0,-induced hepatocytes injury by enhancing cell viability (Figure 6b) and decreasing apoptosis rate (Figure 6¢).

Discussion

In this study, we evaluated the expression pattern of IncRNA GASS5 in serum exosomes of ACHBLF patients. We
demonstrated that serum exosomal IncRNA GASS5 was elevated in ACHBLF and correlated with adverse clinical
characteristics. Further study revealed that IncRNA GAS5 was a robust inhibitor of hepatocytes proliferation and
promoted hepatocytes apoptosis. Exosomes-mediated intercellular communication might enhance the regulatory effect
of IncRNA GASS5 on hepatocyte phenotypes. These findings implied a high application value of serum exosomal IncRNA
GASS in clinical practice. The ACHBLF patients with serum exosomal IncRNA GASS levels >10.12 might have a worse
prognosis and require more clinical treatment measures.
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Figure 5 Exosomes-mediated IncRNA GASS5 transfer promoted hepatocytes injury. (a) The representative images of exosomes isolated from conditioned medium of MIHA
cells. (b) The size distribution of isolated exosomes. (c) Exosomal markers CD81 and Hsp70 were detected by Western blot. (d) The representative images of MIHA cells
cultured in the absence (control) or presence of PKH67-labeled exosomes. (e) Relative expression of InNcRNA GASS5 in exosomes isolated from conditioned medium of
MIHA cells overexpressing INcRNA GAS5 (GAS5-exo) or control cells (NC-exo). (f) Relative expression of IncRNA GAS5 in MIHA cells incubated with GAS5-exo or NC-

exo. (g) Cell viability of MIHA cells incubated with GAS5-exo or NC-exo. (h) Cell apoptosis of MIHA cells incubated with GAS5-exo or NC-exo. *P < 0.05, **P < 0.0,
kP < 0.001.
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Figure 6 Knocked down of IncRNA GAS5 weakened H,0O,-induced hepatocytes injury. (a) Relative expression of IncRNA GAS5 in H,O, treated MIHA cells or control
cells. (b) Cell viability of H,O, treated MIHA cells or control cells with or without IncRNA GAS5 knockdown. (c) Cell apoptosis of H,O, treated MIHA cells or control cells
with or without IncRNA GAS5 knockdown. **P < 0.01, ***P < 0.001, ns: not significant.

ACHBLF is a severe clinical syndrome with high mortality. Until now, the only effective treatment of ACHBLF is

liver transplantation. However, liver transplantation cannot be widely the performed in Asia because of the limited organ

source and high cost.?' Therefore, effective prognostic evaluation is helpful to organ allocation and treatment guidance.
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Previous studies have demonstrated that IncRNAs engaged in the pathogenesis of a variety of diseases.”*** Specific
IncRNA expression patterns coordinate different cellular states in physiological or pathological conditions.?**’
Therefore, this study aimed to identify a differentially expressed IncRNA in ACHBLF which could be used as
a biomarker to predict ACHBLF prognosis and guide individualized treatment.

LncRNAs encapsulated into exosomes have been recognized as promising biomarker for occurrence and development
of several diseases. The double-layer lipid structure of exosomes keeps its contents intact and bioactive, which is
beneficial to improve the sensitivity of detection. Moreover, exosomes carry specific substances of their parental cells and
exert obvious signal amplification effect, avoiding the interference of complex components in body fluids on the
detection of biomarkers.”*® In this study, we found that IncRNA GAS5 was up-regulated in serum exosomes of
ACHBLF patients. Clinical implication of serum exosomal IncRNA GAS5 was further demonstrated. The expression of
serum exosomal IncRNA GASS in ACHBLF patients was positively correlated with TBIL, DBIL, PT-INR and MELD
score. It suggested that serum exosomal IncRNA GASS5 was an independent predictor for 3-month mortality of ACHBLF.

LncRNA GASS is a well-known IncRNA encoded by the GASS gene localized at 1g25.1. It is comprised of 12 exons
(about 0.7 kb) and originally identified in growth-arrested mouse fibroblast cells.’ A short open reading frame (ORF) lying in
exons of IncRNA GASS is able to encode for polypeptides; however, the sequence is poor conserved and not able to encode
any functional protein.’® The expression level of IncRNA GASS is regulated by the interplay between the mammalian target of
rapamycin (mTOR) and nonsense-mediated decay (NMD) pathways.3 ! Through the direct interaction with the DNA binding
domain of the glucocorticoid receptor (GR), LncRNA GASS5 regulates the activity of glucocorticoid.'®** Another major
molecular mechanism of IncRNA GASS is to serve as “sponges” of miRNAs.'®* According to these different mechanisms,
IncRNA GASS plays a role in inhibiting cell proliferation and promoting apoptosis. In this study, we proved that over-
expression of IncRNA GASS had the same regulatory effect on hepatocyte phenotypes including inhibition of cell prolifera-
tion and stimulation of apoptosis. Moreover, knockdown of IncRNA GASS in hepatocytes reduced H,O,-induced cell injury
by enhancing cell viability and inhibiting apoptosis. Exosomes-mediated IncRNA GASS transfer among hepatocytes played
an important role in the regulation of cell phenotypes. Therefore, elevated expression of IncRNA GASS, at least partially,
contributed to the exaggeration of liver injury in ACHBLF.

In this study, we found that serum exosomal IncRNA GASS was over-expressed in patients with ACHBLF. A study
performed by Feng et al found that HBV could induce the expression of GASS5, while GAS5 did not modulate the
replication of HBV.** Another study showed that IncRNA GAS5 was downregulated in the sera from CHB patients
compared with the sera from healthy controls.*® The possible reasons for the inconsistency among these studies might be
multifaceted. In our study, we firstly isolated exosomes from serum and then detected IncRNA GASS5 expression within
them. However, previous studies usually directly detected IncRNA GASS expression from serum or cells. Meanwhile,
the IncRNA GASS was proved to inhibit cell proliferation and promote apoptosis. Hepatocytes apoptosis was much more
obvious in patients with ACHBLF than CHB.

There were also several limitations in this study. Firstly, the clinical study was a single center study. A multicenter, large
sample validation was still needed prior to its clinical application. Secondly, we revealed the potential role of exosomal
IncRNA GASS in the development and progression of liver injury. However, the inner mechanism and signaling pathways
associated with the function of IncRNA GASS5 was still unclear, which will be investigated in our further study.

In conclusion, we revealed that overexpressed serum exosomal IncRNA GASS was a promising prognostic biomarker
for 3-month mortality in ACHBLF. LncRNA GAS5 could inhibit hepatocytes proliferation and increase hepatocytes
apoptosis. Exosomes-mediated IncRNA GASS5 transfer promoted hepatocytes injury and the knocked down of IncRNA
GASS5 weakened H,0,-induced hepatocytes injury in vitro. Therefore, IncRNA GASS5 had the potential to be a molecular
therapeutic target for ACHBLF.
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