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Down-regulation of LncRNA UCA1 alleviates
liver injury in rats with liver cirrhosis
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Abstract: Objective: The purpose of this study is to explore the role of long non-coding RNA HULC (IncRNA HULC)
in liver injury of rats with cirrhosis. Methods: The rat model of liver cirrhosis was induced by dimethylnitrosamine
(DMN), which was intraperitoneally injected with siRNA-negative control (NC) or HULC siRNA. HULC expression in rat
liver tissues was detected by qRT-PCR. The amounts of alanine transaminase (ALT) and aspartate aminotransferase
(AST) in serum and levels of malonyldialdehyde (MDA) and superoxide dismutase (SOD) in liver tissues were mea-
sured. TUNEL staining was used to determine hepatocyte apoptosis. Western blot analysis was used to detect the
expression of Caspase-3, Bax, and Bcl-2 in liver tissues. qRT-PCR and ELISA were used to detect the mRNA levels
and contents of IL-13 and TNF-a in liver tissues and serum of rats, respectively. Results: High expression of HULC
was found in liver tissues of rats with liver cirrhosis. Downregulation of HULC reduced the contents of ALT and AST in
serum of rats, inhibited liver tissue lesions and liver fibrosis in rats, suppressed apoptosis (lower expression of cas-
pase-3 and Bax as well as higher BCL-2 expression) of hepatocytes in rats, and inhibited oxidative stress (decreased
MDA and increased SOD) and inflammatory injury (decreased IL-1f and TNF-&) in rats with cirrhosis. Conclusion:
The findings in this study highlight that the expression of HULC is up-regulated in liver tissues of rats with cirrhosis,
and down-regulation of UCAL could inhibit liver injury in rats with cirrhosis.
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Introduction involved in liver fibrosis [4, 5]. Based on this, an
appropriate diagnosis of cirrhosis is of great

Liver cirrhosis is defined as a common end importance for the management and treatment

point for different types of chronic liver diseas-
es, such as chronic viral hepatitis resulting
from hepatitis B or hepatitis C viral infections,
autoimmune hepatitis, biliary disorders, alco-
holic or nonalcoholic fatty liver disease, and
inherited metabolic defects [1]. The immune-
mediated liver damage in these diseases ulti-
mately contributes to cirrhosis regardless of
specific etiology [2]. It is acknowledged that the
complications of liver cirrhosis include ascites,
hepatic encephalopathy, gastroesophageal var-
ices, and renal and cardiac disturbances, which
mainly occur as a consequence of hyperdynam-
ic circulation and portal hypertension together
with their hemodynamic and metabolic effects
[3]. Additionally, hepatic fibrosis is regarded as
the primary pathologic basis for chronic liver
cirrhosis; and the activated hepatic stellate
cells (HSCs) are considered as the main cells

of patients with chronic liver diseases [6].
Therefore, it is crucial to seek more effective
strategies that could prevent the progression of
cirrhosis through identifying the potential
mechanisms that underlie cirrhosis.

Recently, it has been suggested that the aber-
rant expression of some long non-coding RNAs
(IncRNAs) functions in a wide range of diseas-
es, especially in cancer biology [7-9]. Besides,
IncRNAs have been reported to modulate some
vital biological processes, such as proliferation,
apoptosis, survival, and differentiation [10-12].
Especially, several IncRNAs seem to be involved
in liver fibrosis [13, 14]. For example, the inhibi-
tion of growth arrest-specific transcript 5
(GASD) in liver fibrosis mainly depends on a
competing endogenous RNA (ceRNAs) [13].
Highly upregulated in liver cancer (HULC), con-


http://www.ijcep.com

Role of UCA1 in liver injury of liver cirrhosis

served in primates, is mainly located on chro-
mosome 6p24.3, which is overexpressed in
hepatocellular carcinoma (HCC) [15]. Some
studies have demonstrated that HULC was
upregulated in a large number of human can-
cers, and has acted as an oncogene IncRNA in
the development and progression of tumors
[16, 17]. Meanwhile, a couple of IncRNAs have
recently been confirmed to participate in devel-
opment and progression of HCC, while their
associations with liver cirrhosis have not been
elucidated [18]. On that basis, this study
explores the potential role of IncRNA HULC in
liver function injury of rats with liver cirrhosis.

Materials and methods
Ethics statement

All animal procedures were approved by the
Institutional Animal Ethics Committee of Ton-
gde Hospital of Zhejiang Province.

Experimental animals and grouping

A total of 48 healthy Sprague-Dawley (SD) rats,
weighing 200 + 20 g, were purchased from
Beijing Vital River Laboratory Animal Technology
Co., Ltd. (Beijing, China). After adaptive feeding
for 1 week, the rats were kept in a clean-grade
animal room with the temperature of 22-24°C,
12 h day/night cycle, as well as free access to
food and drink. The rats were randomly divided
into 4 groups according to their body weights,
with 12 rats in each group: normal group (intra-
peritoneal injection of normal saline once a
day, 3 days per week, totalling 4 weeks, and
injection of phosphate buffer saline (PBS) every
other day from the 5" week for 2 weeks),
dimethylnitrosamine (DMN) group (a daily intra-
peritoneal injection of 0.5% v/v)/2 ml/kg of
DMN for 3 consecutive days per week, for total-
ly 4 weeks [19], DMN + siRNA-negative control
(NC) group (a daily intraperitoneal injection of
0.5% v/v)/2 ml/kg of DMN for 3 consecutive
days per week, for totally 4 weeks, and injec-
tion of siRNA-NC every other day from the 5"
week for 2 weeks) and DMN + HULC-siRNA (a
daily intraperitoneal injection of 0.5% v/v)/2
ml/kg of DMN for 3 consecutive days per week,
for totally 4 weeks, and injection of HULC-siRNA
every other day from the 5" week for 2 weeks).
DMN was purchased from Tokyo Kasei Kogyo
Co., Ltd. (Tokyo, Japan), and siRNA-NC and
HULC-siRNA plasmids was purchased from

456

Shanghai Sangon Bioengineering Co., Ltd. (Sh-
anghai, China).

Specimen collection and index detection

Subsequently, rats in each group were anesthe-
tized by intraperitoneal injection of pentobarbi-
tal sodium to extract the jugular vein blood.
After resting for 30 min, the blood was centri-
fuged for 10 min at 1500 r/min. The superna-
tant was stored in the refrigerator at -70°C for
the detection of serum indexes. The liver tis-
sues of 4 rats were taken for transmission elec-
tron microscope observation, and the liver tis-
sues of 4 rats were fixed in 4% paraformalde-
hyde solution, routinely dehydrated, paraffin
embedded and sectioned for histological exam-
ination. The liver tissues of the remaining 4 rats
were stored in -80°C cryogenic refrigerator for
the detection of quantitative reverse transcrip-
tion polymerase chain reaction (qRT-PCR),
western blot analysis and oxidative stress
index.

The contents of alanine transaminase (ALT)
and aspartate aminotransferase (AST) in serum
were calculated by spectrophotometry accord-
ing to the instructions of the kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing,
Jiangsu, China).

The expression levels of IL-6, IL-8, and TNF-a
in serum (Nanjing Jiancheng Bioengineering
Institute, Nanjing, Jiangsu, China) were detect-
ed by enzyme-linked immunosorbent assay
(ELISA).

The levels of oxidative stress index, malonyldi-
aldehyde (MDA) and superoxide dismutase
(SOD) (Nanjing Jiancheng Bioengineering In-
stitute, Nanjing, Jiangsu, China) in homogenate
of liver tissues were measured by spectropho-
tometer colorimetry.

Transmission electron microscope observation

Small pieces of fresh liver tissues used for
transmission electron microscope observation
were taken and immobilized in 4% glutaralde-
hyde precooled at 4°C for 24 h. The tissues
were then immobilized with 1% osmitic acid for
2 h, dehydrated with conventional ethanol and
acetone, encapsulated with acetone-Epon812
epoxy resin, sliced into ultrathin section,
stained with uranium acetate and lead citrate
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Table 1. Primer sequence

Gene Sequence

HULC F: 5’-GGGGGTGGAACTCATGATGG-3’
R: 5’-TGGGAAGCATGGCAAAATATCA-3’
IL-1B F: 5'-GAAGGCAGTGTCACTCATT-3’
R: 5’-TCTTTGGGTATTGTTTGG-3’
TNF-a0  F: 5-CTGTGAAGGGAATGGGTGTT-3’
R: 5’-GGGCTGGCTCTGTGAGGAAG-3’
GAPDH F:5-CGACT-TCAACAGCAACTCCCACTCTTCC-3’
R: 5’-TGGGTGGTCCAGGGTTTCTTACTCCTT-3’

Note: F, forward; R, reverse; GAPDH, glyceraldehyde phos-
phate dehydrogenase.

electron, and the ultrastructure was observed
by a transmission electron microscope.

Hematoxylin-eosin (HE) staining

More than 3 sections of liver tissues from each
rat of each group were dewaxed and hydrated.
After H&E staining, the histopathological exam-
ination was performed and photos were taken
so as to observe the histopathological condi-
tion in liver tissues of rats in each group.

Masson staining

No less than 3 sections of each rat were taken
from each group. The slices were routinely
dewaxed, hydrated, stained with Masson com-
pound dyeing solution for 5 min, washed with
distilled water, stained with molybdic acid for 5
min, then dried, stained with aniline blue for 5
min, and slightly flushed with distilled water, dif-
ferentiated with differentiation liquid for 30~60
s (twice), dehydrated, cleared, sealed by neu-
tral gum. Collagen fibers were blue, nuclei were
blue, as well as cytoplasm, muscle fibers and
red blood cells were red. Three visual fields
were taken from each slice and the fibers were
semi-quantified by Image J software National
Institutes of Health, Bethesda, Maryland, USA.

Terminal deoxynucleotidyl transferase (TdT)-
mediated dUTP nick end labeling (TUNEL)
staining

No less than 3 sections of each rat were taken
from each group. Apoptosis of hepatocytes was
detected by TUNEL kit (Wuhan Boster Biological
Technology LT, Wuhan, China). The sections
were observed under a microscope. The cells
with brown granules in the nucleus were apop-
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totic cells. According to the staining results, five
high-power visual fields (x 400 times) with the
largest number of positive cells were randomly
selected from each section, and the percent-
age of positive cells in 500 hepatocytes was
calculated as apoptotic index (Al).

qRT-PCR

The one-step method of Trizol (Invitrogen,
Carlsbad, CA, USA) was adopted for the extrac-
tion of the total RNA of tissues and cells, and
the high-quality RNA was verified by ultraviolet
(UV) analysis together with formaldehyde dena-
turation electrophoresis detection. With the
obtain of 1 ug RNA, cDNA was obtained by the
reverse transcription of avian myeloblastosis
virus (AMV). As shown in Table 1, PCR primer
was designed and synthesized by Invitrogen,
Carlsbad, CA, USA. U6 and glyceraldehyde
phosphate dehydrogenase (GAPDH) were used
as internal controls. The amplification condi-
tions for PCR were shown as follows: pre-dena-
turation at 94°C for 5 min, with a total of 40
cycles of denaturation at 94°C for 40 s, anneal-
ing at 60°C for 40 s, extension at 72°C for 1
min and finally, extension at 72°C for 10 min.
The PCR product was verified by agarose gel
electrophoresis. Through manually selecting
the threshold at the lowest point of parallel rise
of each logarithmic expansion curve, the
threshold cycle (Ct) value of each reaction tube
was obtained. 222°t method was utilized for
analyzing the ratio relation of target gene
expression between the experimental group
and the control group. The formula is as foll-

ows: AACt = [Ct (target gene)-C‘t (internal control gene)] the
experimental ngUP-[ (targe.tgene)- (internal control gene)- the con-
rol group® The experiment was done indepen-

dently 3 times to obtain the average value.
Western blot analysis

The proteins from cells were extracted and the
protein concentrations were determined based
on the instructions of the bicinchoninic acid
(BCA) assay (Wuhan Boster Biological Te-
chnology LT, Wuhan, China). The extracted pro-
tein was supplemented to the sample buffer
and subsequently, boiled at 95°C for 10 min,
with each well loading 30 ug protein. The pro-
teins were separated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) (Wuhan Boster Biological Te-
chnology LT, Wuhan, China), and then trans-
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Figure 1. Expression level of HULC in liver tissues of
rats in each group. Note: N = 4; the ANOVA was used
for the comparison among three or more groups.
After ANOVA analysis, the LSD-t test was employed
for pairwise comparisons; *P < 0.05 vs. the normal
group; #P < 0.05 vs. the DMN group.

ferred to a nitrocellulose membrane by wet
transfer method, with the electrophoretic volt-
age from 80 v to 120 v, the transmembrane
voltage of 100 mv as well as the time for 45-70
min. Subsequently, the protein samples were
transferred to polyvinylidene fluoride (PVDF)
membrane and blocked with 5% bovine serum
albumin (BSA) for 1 h. Afterwards, the mem-
branes were supplemented with the primary
antibodies to caspase-3, Bax, Bcl-2 (1:1000;
Abcam, Cambridge, MA, USA) and B-actin
(1:3000; Abcam, Cambridge, MA, USA) and
incubated at 4°C overnight. The membranes
were rinsed with Tris-buffered saline and Tween
20 (TBST) for 3 times, each time for 5 min, and
the corresponding secondary antibodies, which
were purchased from Shanghai Miao Tong
Biotechnology Company (Shanghai, China),
were incubated at room temperature for 1 h in
order to wash the membranes for 3 times, each
time for 5 min. B-actin was used as an internal
control. An electrogenerated chemilumines-
cence (ECL) reagent and Bio-rad Gel Dol EZ
formatter (GEL DOC EZ IMAGER, Bio-Rad,
California, USA) were used for developing. The
gray value analysis of the target band was ana-
lyzed by Image J software (National Institutes of
Health, Bethesda, Maryland, USA). The experi-
ment was repeated for three times to obtain
the average value.
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Statistical analysis

All the data in this study were analyzed by SPSS
21.0 (IBM SPSS Inc. Chicago, IL, USA) software.
The data had a normal distribution after being
verified by the Kolmogorov-Smirnov test. The
results were expressed as mean * standard
deviation. The t test was used for the compari-
son between two groups, while the one-way
analysis of variance (ANOVA) was used for the
comparison among three or more groups. After
ANOVA analysis, the Fisher’s least significant
difference t test (LSD-t) was employed for pair-
wise comparisons. All tests were 2-sided, and P
values < 0.05 were considered significant.

Results

High expression of HULC is found in liver tis-
sues of rats with cirrhosis

First, the expression of HULC in rat liver tissues
was detected by qRT-PCR. The results showed
that the expression level of HULC in the DMN
group was significantly increased compared
with the normal group (P < 0.05), which sug-
gested that the expression of HULC was
involved in cirrhosis induced by DMN. No signifi-
cant difference was found in the expression
level of HULC between the DMN group and the
DMN + siRNA-NC group (P > 0.05). In compari-
son to the DMN + siRNA-NC group, the expres-
sion level of HULC in rat liver tissues was signifi-
cantly decreased (P < 0.05), indicating that
HULC-siRNA could effectively inhibit the expres-
sion of HULC in liver tissues of rats with cirrho-
sis (Figure 1).

Downregulation of HULC reduces the contents
of ALT and AST in serum of rats with cirrhosis

Next, the contents of ALT and AST in serum of
rats with cirrhosis were measured by qRT-PCR.
As shown in Figure 2, the findings indicated
that relative to the normal group, the contents
of ALT and AST in serum of rats in the DMN
group were significantly increased (both P <
0.05). There was no significant difference in the
content of ALT and AST in the serum of rats
between the DMN group and the DMN + siRNA-
NC group (both P > 0.05). The contents of ALT
and AST in serum of rats were significantly
increased in contrast to the DMN and the DMN
+ siRNA-NC groups, (all P < 0.05). These results
suggest that inhibiting the expression of HULC

Int J Clin Exp Pathol 2019;12(2):455-465
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the DMN siRNA-NC group
# (both P < 0.05).

The results of transmission
electron microscope observa-

The level of ALT in serum (U/L) >
4 *
H

The level of AST in serum (U/L) T

Figure 2. The contents of ALT and AST in serum of rats in each group. Note:
A. Determination of ALT in serum of rats in each group by spectrophotom-
etry; B. Determination of AST in serum of rats in each group by spectropho-
tometry; N = 12, the ANOVA was used for the comparison among three or
more groups. After ANOVA analysis, the LSD-t test was employed for pairwise
comparisons; *P < 0.05 vs. the normal group; #P < 0.05 vs. the DMN group.

can significantly decrease the levels of ALT and
AST in rats with cirrhosis.

Downregulation of HULC inhibits liver tissue
lesions and fibrosis in rats with cirrhosis

The findings by H&E staining (Figure 3A)
showed that the rats in the normal group had
clear hepatic lobule structure as well as normal
structure of the central vein and confluence
area; the hepatic cell cords were arranged radi-
ally from the central vein to all sides and there
were irregular hepatic sinuses. In rats of the
DMN group, there were typical changes of liver
cirrhosis, extensive fibrous hyperplasia of liver
interstitial tissue, many pseudolobules, and dif-
fuse inflammatory cell infiltrates in interstitial
tissue. Similar to the DMN group, the rats in the
DMN + siRNA-NC had severe hyperplasia and
obvious liver cell degeneration and inflamma-
tory necrosis. In the DMN + HULC siRNA group,
the fibrous tissue spacing was normal in rats,
and the denaturation and inflammatory reac-
tion necrosis were less than those in the DMN
group and the DMN siRNA-NC group.

The results of Masson staining (Figure 3B)
showed that the normal group of rats present-
ed with normal liver tissue structure and no
fibrous deposition; the proliferation of hepatic
fibrous tissue was obvious, and a coarse fiber
spacing was formed in rats of the DMN group
and the DMN siRNA-NC group; the liver fibrosis
in rats was significantly reduced in the DMN
siRNA-NC group. In comparison to the DMN
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tion (Figure 3C) showed that
the hepatocytes in rats of the
N normal group were clear in

& structure, abundant in cyto-

plasm, intact in nuclear mem-
brane, dense in nucleoli, and
distributed in groups of rough
endoplasmic reticulum in the
cytoplasm and arranged in
stratified order. The hepato-
cytes in rats of the DMN group
and the DMN siRNA-NC group
presented with deformed nucleus, loose nu-
cleolus, condensation of heterochromatin in
nucleus, cavitation of nuclear matrix, large lipid
droplets in cytoplasm, obvious dilatation of
capillary bile ducts, unclear wall structure,
more vacuoles in cytoplasm, swelling of mi-
tochondria,and cystic dilatation and fracture
of rough surfaced endoplasmic reticulum (RER).
The hepatocytes in rats of the DMN + HULC
siRNA group showed mild swelling, partial mito-
chondrial proliferation, and endoplasmic reticu-
lum slightly dilated. This suggests that inhibit-
ing the expression of HULC can improve the
pathological changes of liver tissues in rats
with liver cirrhosis.

Inhibition of HULC suppresses apoptosis of
hepatocytes in rats with liver cirrhosis

The results of TUNEL staining showed that
there were few apoptotic hepatocytes in the
liver tissues of rats in the normal group.
Compared with the normal group, the Al of
hepatocytes was increased significantly in the
DMN group and the DMN siRNA-NC group (both
P < 0.05). The Al of hepatocytes in the DMN +
HULC siRNA group was significantly lower than
that in the DMN group and the DMN siRNA-NC
group (both P < 0.05; Figure 4A).

Western blot analysis demonstrated that the
expression of caspase-3 and Bax was signifi-
cantly upregulated while the expression of
Bcl-2 was remarkably downregulated in liver tis-
sues of rats in the DMN group and the DMN

Int J Clin Exp Pathol 2019;12(2):455-465
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Figure 3. Changes of histopathology in liver and ultrastructure in hippocampus of rats in each group. Note: N = 4; A. Liver tissue morphology in each group by H&E
staining (x 100); B. Determination of hepatic fibrosis in rats by Masson staining (x 100); C. Ultrastructure of hippocampal tissue of rats in each group (x 20000);
*P < 0.05 vs. the normal group; #P < 0.05 vs. the DMN group.
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Figure 4. Apoptosis of rat hepatocytes in each group. Note: N = 4; A. TUNEL staining for the detection of hepatocyte
apoptosis in rats in each group (x 200); B. The expression level of apoptosis-related protein in liver tissues of each
group was detected by western blot analysis; the ANOVA was used for the comparison among three or more groups.
After ANOVA analysis, the LSD-t test was employed for pairwise comparisons; *P < 0.05 vs. the normal group; #P <

0.05 vs. the DMN group.

siRNA-NC group compared to the normal group
(all P < 0.05). The expression of caspase-3 and
Bax in liver tissues of rats in the DMN + HULC
siRNA group was significantly lower while the
expression of Bcl-2 was remarkably higher than
those in the DMN group and the DMN + siRNA-
NC group (all P < 0.05; Figure 4B).

Inhibition of HULC inhibits oxidative stress and
inflammatory injury in rats with cirrhosis

Subsequently, the levels of MDA and SOD in
liver tissues of each group were measured. The
results showed that the level of MDA in liver tis-
sues was increased significantly and the level
of SOD was decreased significantly in the DMN
group and the DMN + siRNA-NC group in con-
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trast to the normal group (all P < 0.05). Relative
to the DMN group and the DMN + siRNA-NC
group, the level of MDA in liver tissues of rats
was decreased significantly and the level of
SOD was increased significantly in the DMN +
HULC siRNA group (all P < 0.05; Figure 5A, 5B),
suggesting that inhibiting the expression of
HULC could inhibit oxidative stress injury in rats
with liver cirrhosis.

The mRNA expression of inflammatory factors
IL-1B and TNF-« in liver tissues of each group
was detected by gRT-PCR. The results suggest-
ed thatthe mRNA expression of IL-13 and TNF-a
in liver tissues of rats in the DMN group was
increased significantly compared with the nor-
mal group (both P < 0.05). The mRNA expres-

Int J Clin Exp Pathol 2019;12(2):455-465
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Discussion

LncRNAs, as a novel type of
RNA with limited or no pro-
tein coding ability, have been
reported to be implicated in a
growing number of cellular
processes and essential func-
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Figure 5. Oxidative stress and inflammatory injury in each group of rats.
Note: A. Determination of MDA level in liver tissues of rats in each group
by spectrophotometric colorimetry, N = 4; B. Determination of SOD levels
in liver tissues of rats by spectrophotometric colorimetry, N = 4; C. mRNA
expression of inflammatory factors in liver tissues of rats in each group de-
tected by qRT-PCR, N = 4; D. Detection of the expression of inflammatory
factors in serum of rats in each group by ELISA, N = 12; the ANOVA was used
for the comparison among three or more groups. After ANOVA analysis, the
LSD-t test was employed for pairwise comparisons; *P < 0.05 vs. the normal

group; #P < 0.05 vs. the DMN group.

sion of IL-13 and TNF-ain liver tissues of rats in
the DMN group and the DMN + siRNA-NC group
was not significantly different (all P > 0.05), but
the mRNA expression of IL-13 and TNF-« in liver
tissues of rats in the DMN + HULC siRNA group
was significantly lower than that in the DMN +
SiRNA-NC group (both P < 0.05; Figure 5C).

Furthermore, the contents of IL-13 and TNF-a in
serum of rats in each group were detected by
ELISA. The results revealed that there was no
significant difference in the content of IL-13 and
TNF-a in serum of rats in the DMN and DMN +
SiRNA-NC groups (all P > 0.05). The content of
IL-1B and TNF-a in serum of rats in the DMN
group and the DMN + siRNA-NC group was sig-
nificantly higher than those in the normal group
(all P < 0.05), but the content of IL-18 and TNF-«
in serum of rats in the DMN + HULC siRNA
group was markedly lower than that in the DMN
+ siRNA-NC group (both P < 0.05; Figure 5D).
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I DMN+siRNA-NC
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IL-18

tions in cancer biology [20-
22]. HULC, a IncRNA overex-
pressed in HCC, has been
shown to be participated in
the carcinogenesis and pro-
gression of HCC [23]. However,
the mechanisms of HULC in
functional impairment in liver
cirrhosis are still not well eluci-
dated. Therefore, in this pres-
ent study, we aim to figure out
whether HULC plays a signifi-
cant part in liver function inju-
ry of liver cirrhosis.

TNF-a
One of the findings in our study

suggested that high expres-
sion of HULC was found in liver
tissues of rats with liver cirrho-
sis. HULC is a IncRNA initially
identified in HCC, that is sig-
nificantly overexpressed in
human HCC samples [15].
Recently, it is reported that
HULC is related to several
other types of cancers, includ-
ing nasopharyngeal carcinoma, gastric cancer,
andcolorectal carcinoma [24-26]. Panzitt et al.
have found that using cDNA arrays and RT-PCR,
HULC was the most upregulated in HCC [15].
Also, a previous study revealed that HULC was
overexpressed in HCC and had a close associa-
tion with the staging and grading of HCC [27].
Yang et al. showed that HULC overexpression
was a favorable factor for overall survival (OS)
and disease-free survival (DFS) in HCC patients
[28]. Moreover, high expression of HULC has
been suggested to be a prognostic biomarker
for poor OS and metastasis in some general
human tumors [29]. Collectively, all these afore-
mentioned reasons led us to the confirmation
of the hypothesis that overexpression of HULC
participated in the progression of liver
cirrhosis.

Our study also suggested that downregulation
of HULC reduced the contents of ALT and AST in
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serum of rats, inhibited liver tissue lesions and
liver fibrosis in rats, and suppressed apoptosis
of hepatocytes (lower expression of caspase-3
and Bax as well as higher Bcl-2 expression) in
rats with liver cirrhosis. Serum ALT and AST lev-
els are used as sensitive markers of tissue
damage, especially liver toxicity [30, 31].
Similar to our results, a previous study has
demonstrated the hepatic function indexes,
ALT and AST, were reduced by si-NEAT1 lentivi-
rus in high-fat diet (HFD) rats with non-alcoholic
fatty liver disease [32]. Besides, it has been
reported that the effect of expression of MALAT-
1 on cell growth, cell cycle entry, and invasion
mainly depends on the regulation of expression
of apoptotic genes (i.e., caspase-3, Bax, and
Bcl-2) [33, 34]. Furthermore, the inhibition of
HULC is demonstrated to restrict cell prolifera-
tion and induce apoptosis in several tumors,
and HULC could act as a useful biomarker for
the diagnosis and prognosis of tumors [35].
The results of our study demonstrated that
downregulation of HULC inhibited oxidative
stress (decreased MDA and increased SOD)
and inflammatory injury (decreased IL-13 and
TNF-o) in rats with liver cirrhosis. A previous
study has demonstrated that hypoxic PC12
cells had an elevation in MDA with increased
apoptotic cells, while a reduction in SOD in
cells treated with MALAT-1, indicating downreg-
ulation of MALAT-1 can inhibit the oxidative
stress of PC12 cells through activating the
p38MAPK pathway [36]. Howeverf, Chen et al.
have proposed that MALAT1 knockdown signifi-
cantly decreased levels of TNF-a, IL-183, IL-6,
IL-10, IL-17, as well as IFN-y [37], which is in
accordance with the results in our study.

In summary, the present study has provided
evidence highlighting the role of HULC in liver
cirrhosis. It is suggested that the expression of
HULC is up-regulated in liver tissues of rats
with liver cirrhosis; and the down-regulation of
UCA1 could inhibit liver injury in rats with liver
cirrhosis, suggesting HULC could be used as an
important indicator for the treatment of liver
cirrhosis. However, this study focused only on
animals; in vitro experiments would be helpful
for confirmation of our findings, which could be
performed in future.
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