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ABSTRACT
Biliary atresia (BA) is a devastating liver disease in neonates. Liver fibrosis is regarded as a universal 
and prominent feature of BA. Studies have revealed that long non-coding RNAs (lncRNAs) regulate 
cellular processes during the development of liver fibrosis in BA. Long non-coding RNA-adducin 3 
antisense RNA1 (lnc-ADD3-AS1) has been shown to increase susceptibility to BA. However, the 
role of lnc-ADD3-AS1 in liver fibrosis in BA remains unclear. Here, we investigated the role of lnc- 
ADD3-AS1 in the proliferation, migration, and apoptosis of the immortalized human hepatic 
stellate cell (HSC) line, LX-2. We successfully overexpressed and silenced lnc-ADD3-AS1 in LX-2 
cells using adenovirus vectors and evaluated the proliferation of transfected cells using the Cell 
Counting Kit-8 (CCK8) assay. Cell apoptosis was detected using annexin V–fluorescein isothiocya-
nate (FITC)/propidium iodide (PI) double staining and flow cytometry. We then analyzed cell 
migration by performing wound-scratch and transwell migration assays. Our results show that lnc- 
ADD3-AS1 significantly promoted LX-2 cell proliferation and attenuated apoptosis. More impor-
tantly, lncRNA-ADD3-AS1 significantly accelerated the migration of LX-2 cells. Our data indicated 
that lncRNA-ADD3-AS1 plays a role in the pathogenesis of liver fibrosis in patients with BA and 
may serve as a potential diagnostic marker for monitoring liver fibrosis in BA or as a therapeutic 
target for the disease.
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Introduction

Biliary atresia (BA) is a severe liver disease in 
neonates, and it has a high incidence rate in 
China. It usually leads to liver failure and even 
death within a few years of birth due to fibro-
sclerosis and obliteration of bile ducts if left 
untreated [1–6]. Liver fibrosis is not only 
regarded as a universal and prominent feature 
of BA but also the most important predictor of 
outcome following portoenterostomy [7,8]. 
Although Kasai hepatoportoenterostomy 
(KHPE) helps prevent the development of cir-
rhosis and improves long-term survival, there is 
still an urgent requirement to identify the 
mechanisms underlying fibrogenesis and reliable 
therapeutic targets for liver fibrosis in BA.

Increasing evidence has revealed that non- 
coding RNAs, including microRNAs and long 
non-coding RNAs (lncRNAs), play key roles in 
regulating liver-related fibrosis and disease 
[9,10]. Indeed, microRNAs such as microRNA- 
21 have been reported to affect liver fibrosis in 
patients with BA [11]. LncRNAs are RNA tran-
scripts longer than 200 nucleotides without pro-
tein-coding ability [12]. The lncRNA Alu- 
mediated p21 transcriptional regulator (APTR) 
was shown to promote hepatic stellate cell 
(HSC) activation and the progression of liver 
fibrosis [13]. Aberrant APTR expression has 
also been observed in the liver of BA affected 
infants, indicating that APTR may contribute to 
liver fibrogenesis [14]. It has been shown that 
lincRNA-p21 (hepatocyte long intervening non- 
coding RNA-p21) promotes p21 expression and 
inhibits the cell cycle proliferation and progres-
sion of primary HSCs [15]. Other studies have 
demonstrated that lincRNA-p21 is significantly 
upregulated during liver fibrosis [16] and was 
initially considered to be a transcriptional target 
of p53 [17]. Protein TET3 (ten-eleven transloca-
tion 3) was closely associated with HSC activa-
tion, and lncRNA HIF1A-AS1 expression was 
significantly increased in TET3 knockdown LX- 
2 cells [18]. Further studies have shown that 
silencing of lncRNA HIF1A-AS1 reduces apop-
tosis and promotes LX-2 cell proliferation. These 
results illustrate the role of TET3 in HSC activa-
tion by modulating HIF1A-AS1 expression [18]. 

Surprisingly, 34,146 differentially expressed (DE) 
lncRNAs were identified during human HSC 
quiescence and activation, and the expression 
of only 1685 DE mRNAs and 3763 DE 
lncRNAs changed significantly after activation 
[19]. Therefore, we need to identify and charac-
terize more lncRNAs that participate in the pro-
gression of liver fibrosis in BA.

Membrane skeletal protein adducin 3 (ADD3) 
is abundantly expressed in the biliary tract of the 
fetal liver and was shown as a susceptibility gene 
of BA in both Asian and Caucasian populations 
by a genome-wide association study (GWAS) 
[20–22]. By knocking down ADD3 in zebrafish, 
Tang et al. identified ADD3 as a putative genetic 
risk factor for BA susceptibility that may affect 
the Hedgehog pathway, which is an important 
factor in BA pathogenesis [23]. In our previous 
study, we found that miR-145 contributes to 
liver fibrosis in BA by upregulating ADD3 
expression [24]. Interestingly, a long non- 
coding RNA ADD3-antisense 1 (lncRNA-ADD3- 
AS1), situated in locus 10q25.1, with the 5’-end 
overlapping with the ADD3 gene, was shown to 
increase susceptibility to BA, which suggested 
that the lncRNA-ADD3-AS1 transcript played 
an additive role in the pathogenesis of the dis-
ease [25]. Nevertheless, the functions of ADD3 
and lnc-ADD3-AS1 in liver fibrosis during BA 
are unclear, and the underlying mechanisms 
need to be elucidated.

In the present study, we aimed to determine the 
role of lncRNA-ADD3-AS1 in the proliferation, 
migration, and apoptosis of immortalized human 
HSCs and LX-2 cells. We successfully overexpressed 
and silenced lnc-ADD3-AS1 in LX-2 cells using ade-
novirus vectors and evaluated the proliferation of 
transfected cells using the Cell Counting Kit-8 
(CCK8) assay. Apoptosis was detected using annexin 
V–fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) double staining and flow cytometry. We 
then analyzed cell migration by performing wound- 
scratch and transwell migration assays. Our results 
showed that lnc-ADD3-AS1 significantly promoted 
LX-2 cell proliferation and attenuated apoptosis. 
Importantly, lncRNA-ADD3-AS1 significantly 
accelerated the migration of LX-2 cells. Moreover, 
our gain- and loss-of-function studies demonstrated 
that lncRNA-ADD3-AS1 played a regulatory role in 
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the progression of liver fibrosis in BA. Therefore, 
LncRNA-ADD3-AS1 could be considered as 
a potential therapeutic target for this disease.

Materials and methods

Cell culture and transfection

LX-2 cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM, Corning, USA) con-
taining 10% fetal bovine serum (FBS), penicillin 
G (100 U/mL), and streptomycin (100 μg/ 
mL) at 37°C with 5% CO2 in a humidified 
atmosphere.

Cells were seeded the day before transfection and 
grown to 50–70% confluence. Lnc-ADD3-AS1 over-
expressing (OE-ADD3-AS1), short hairpin RNAs 
(shRNAs) specifically targeting lnc-ADD3-AS1 (sh- 
ADD3-AS1), or the corresponding controls (OE-NC 
or sh-NC) were delivered into LX-2 cells using an 
adenovirus vector. Untreated wild-type (WT) cells 
were used as negative controls. For lnc-ADD3-AS1 
overexpression, primers used were as follows:

Forward primer: AGGTCGACTCTAGAGactcg 
agcggccgcagtgc;

Reverse primer: TGTAGTCCATACCGGtaaact 
taagcttttcagtggcagag

For lnc-ADD3-AS1 silencing, specific shRNAs 
were used as follows.

Lnc-ADD3-AS1-1, gagacaaggaaattgaaatttcaaga-
gaatttcaatttccttgtctctttttt;

Lnc-ADD3-AS1-2, gatgttccctatagtaaatttcaaga-
gaatttactatagggaacatctttttt;

Lnc-ADD3-AS1-3, ggcctcatttgaaccacatttcaaga-
gaatgtggttcaaatgaggcctttttt.

Cell proliferation assay

The assay was performed as previously described 
[26]. Briefly, transfected LX-2 cells were seeded 
into 96-well plates at a density of 1000 cells per 
well and cultured continued for 0, 24, 48, and 
72 h respectively. Subsequently, 10 μL CCK-8 
solution (Solarbio) was added to each well and 
incubated at 37°C for 30 min. The optical den-
sity at 450 nm, indicative of a positive correla-
tion with cell viability, was measured using 
a microplate reader (MB-580; Heales).

Flow cytometry analysis

The assay was performed as previously described 
[26]. Briefly, LX-2 cells were cultured and trans-
fected with the indicated adenovirus vector for 
24 h, after which the cells were digested with 
EDTA-trypsin and washed with PBS. Annexin 
V-FITC/PI dual staining (Sigma, USA) was per-
formed to determine LX-2 cell apoptosis, following 
the manufacturer’s instructions. Apoptotic cells 
were measured using a FACS flow cytometer 
(Beckman Coulter, CytoFLEX S) and analyzed 
using the Flow Jo software (Becton Dickinson, 
CA, USA).

Scratch test

The assay was performed as previously described 
[26]. Briefly, the transfected LX-2 cells were grown 
to 100% confluence in 6-well plates and then 
scraped using a 100 μL pipette tip. The wells 
were washed three times with PBS, and fresh med-
ium was added. The plate was incubated at 37°C 
and the cells were allowed to migrate into the 
wound and then fixed. The migration distance of 
the cell-scratched region was examined under an 
inverted microscope after 0, 24, and 48 h. The 
migration ratio (%) was calculated as the width 
at 24 h and 48 h divided by the width at 0 h.

Transwell assay

Cell migration was evaluated in 24-well trans-
well chambers (Corning, MA, USA) according 
to the manufacturer’s instructions. Briefly, the 
lower chambers of a 24-well plate were filled 
with 500 μL of DMEM containing 10% FBS. 
Transfected cells (1 × 104) in 100 μL of medium 
without FBS were placed in the upper compart-
ment of the wells. The transwell chambers were 
incubated at 37°C in 5% CO2 humidified atmo-
sphere for 24 h. The cells that invaded the 
lower surface of the polycarbonate membranes 
(12 μm pore size) were fixed with 4% parafor-
maldehyde for 15 min and stained with 0.5% 
crystal violet solution for 20 min. The number 
of cells was measured under an inverted micro-
scope and quantified by counting three micro-
scopic fields/filter.
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Statistical analysis

GraphPad Prism 6.0 was used to evaluate statistical 
analysis. All results were represented as mean ± 
standard error of the mean (SEM) from three 
individual tests. Statistical comparisons were eval-
uated using unpaired Student’s t-test or one-way 
analysis of variance (ANOVA) using the SPSS19 
software program.

Results

In this study, we aimed to determine the role of 
lncRNA-ADD3-AS1 in the proliferation, migra-
tion, and apoptosis of immortalized HSCs, LX-2 
cells. Using adenovirus vectors, we successfully 
overexpressed and knockdown the lncRNA- 
ADD3-AS1 in LX-2 cells. The transfected cells 
were used to evaluate the function of lncRNA- 
ADD3-AS1 in cell proliferation, migration, and 
apoptosis.

LncRNA-ADD3-AS1 promotes the proliferation of 
LX-2 cells

LX-2 cells have been widely characterized and 
show the key features of hepatic stellate cytokine 
signaling, retinoid metabolism, and fibrogenesis, 
making them a suitable model for human hepatic 
fibrosis [27]. To investigate the impact of lncRNA- 
ADD3-AS1 on fibrosis in BA, appropriate adeno-
virus vectors were used to overexpress and knock-
down lncRNA-ADD3-AS1 (OE-ADD3-AS1 and 
sh-ADD3-AS1, respectively) in LX-2 cells, which 

was confirmed using RT–qPCR. As shown in 
Figure 1), lncRNA-ADD3-AS1 was ~10,000-fold 
higher in OE-ADD3-AS1 cells than in OE-NC 
cells, which were transfected with the empty vector 
and served as a negative control. Furthermore, 
shRNAs targeting lncRNA-ADD3-AS1 were used 
to knockdown its expression. RT–qPCR results 
showed that among the three specific shRNAs, sh- 
ADD3-AS1-1 had the highest knockdown effi-
ciency (Figure 1)). Therefore, we chose sh-ADD3- 
AS1-1 for subsequent functional studies.

To understand the effect of lncRNA-ADD3-AS1 
on cell proliferation, we performed the CCK8 
assay. We seeded LX-2 cells in 96 multi-well cul-
ture plates and transfected them with OE-ADD3- 
AS1 or specific sh-ADD3-AS1-1 adenovirus. Cells 
were then collected 0, 24, 48, and 72 h after trans-
fection. The growth curves were examined using 
the CCK8 kit. As illustrated in Figure 2, the num-
ber of OE-ADD3-AS1 cells was significantly 
higher than the number of OE-NC cells 24 and 
48 h post transfection. Conversely, the cell number 
remarkably decreased when lncRNA-ADD3-AS1 
was partially silenced, which was consistent with 
the gain-of-function study. Taken together, the 
data showed that lncRNA-ADD3-AS1 significantly 
promoted the proliferation of LX-2 cells.

LncRNA-ADD3-AS1 inhibits LX-2 cells apoptosis

Given that lncRNA-ADD3-AS1 enhanced the pro-
liferation of LX-2 cells, we next found out whether 
lncRNA-ADD3-AS1 had an impact on cell apop-
tosis. LX-2 cells were transfected with the 

Figure 1. Expression levels of lnc-ADD3-AS1 in LX-2 cells transfected with designated adenovirus. (a) Fold overexpression of lnc- 
ADD3-AS1 in LX-2 cells, quantified by RT-qPCR. OE-ADD3-AS1, LX-2 cells infected with lnc-ADD3-AS1-expressing adenovirus; OE-NC, 
LX-2 cells infected with control adenovirus. The data were normalized to GAPDH. Lnc-ADD3-AS1 expression levels were further 
normalized to the expression level of OE-NC, defined as 1. (b) Fold change of lnc-ADD3-AS1 in LX-2 cells, quantified by RT-qPCR. Sh- 
NC, LX-2 cells infected with control adenovirus. Sh-ADD3-AS1, LX-2 cells infected with adenovirus that expressed shRNA targeting 
lnc-ADD3-AS1. The data were normalized to GAPDH. Lnc-ADD3-AS1 expression levels were further normalized to the expression level 
of sh-NC, defined as 1. Value in graphs represents mean ± SEM of at least three independent experiments. **P < 0.01.
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indicated adenovirus, and the influence of 
lncRNA-ADD3-AS1 on LX-2 cell apoptosis was 
assessed by annexin V-FITC/PI staining and flow 
cytometry 24 h after transfection (Figure 3). Our 
data showed that lncRNA-ADD3-AS1 overexpres-
sion reduced the percentage of apoptotic cells 
compared to that in the control group (Figure 3), 
(b) and (c)), which indicated that lncRNA-ADD3- 
AS1 inhibited apoptosis in LX-2 cells. 
Consistently, apoptosis in cells treated with sh- 
lncRNA-ADD-AS1 adenovirus increased (Figure 
3), (d) and (e)). These data confirmed that 
lncRNA-ADD3-AS1 attenuated LX-2 cell 
apoptosis.

LncRNA-ADD3-AS1 accelerates the migration of 
LX-2 cells

We then investigated the effect of lncRNA-ADD3- 
AS1 on the migration of LX-2 cells by performing 
wound-scratch healing and transwell migration 
assays. The migration ratio (%) was calculated 
using the wound width at designated time points. 
The results showed that more cells overexpressing 
lnc-ADD3-AS1 moved into the wound gap after 
24 h and 48 h, while the number of migrating cells 
decreased after knocking down lnc-ADD3-AS1 
(Figure 4)). As illustrated in Figure 4), the wound 
area was only 56% (24 h) and 21% (48 h) open in 
Lnc-ADD3-AS1 OE cells, whereas approximately 
72% (24 h) and 45% (28 h) open gaps remained in 

the OE-NC group. By contrast, the open gaps in 
sh-ADD3-AS1-1 cells reached 89% (24 h) and 54% 
(48 h), which were larger than those in sh-NC cells 
with 70% (24 h) and 45% (48 h) open gaps.

For transwell migration analysis, LX-2 cells 
were cultured on 12-μm-pore size transwell 
inserts. Serum in the lower chamber served as 
a chemoattractant and the cells migrating through 
the inserts were stained and counted. As shown in 
Figure 5, lnc-ADD3-AS1 increased more than 1.5 
times the cells that migrated toward the serum 
compared to that by the negative control (OE- 
NC) (Figure 5, c), and (f)). By contrast, the migra-
tion of sh-ADD3-AS1-1 cells was suppressed 
(Figure 5, e), and (f)). Our results demonstrated 
that lnc-ADD3-AS1 significantly accelerates LX-2 
cell migration.

Discussion

BA is the most common cause of obstructive jaun-
dice in infants. Children with cholestasis and pro-
gressive liver fibrosis who do not receive treatment 
usually die before reaching two years of age [28]. 
Liver fibrosis in BA progresses more rapidly than 
any other hepatic or biliary disease in adults and 
children. However, the underlying pathogenic fac-
tors remain unclear. Therefore, there is an urgent 
need to investigate the mechanisms related to 
fibrosis in BA and determining the potential diag-
nostic or therapeutic markers. In this study, we 
found that lnc-ADD3-AS1 significantly promoted 
LX-2 cell proliferation and migration, indicating 
that lnc-ADD3-AS1 is correlated with liver fibrosis 
progression.

Liver fibrosis is the excessive accumulation of 
extracellular matrix (ECM) proteins occurring 
most types of chronic liver diseases. HSCs are the 
main cell type responsible for liver fibrosis because 
the proliferation and migration of activated HSCs 
amplify the fibrotic response. Here, we disrupted 
the expression of lnc-ADD3-AS1 in LX-2 cells and 
found that lnc-ADD3-AS1 overexpression signifi-
cantly promoted the proliferation and migration of 
LX-2 cells as indicated by the CCK8 assay, trans-
well assay, and wound-scratch test (Figure 2,Figure 
3 Figure 4, and Figure 5, respectively). Conversely, 
knockdown of lnc-ADD3-AS1 expression inhib-
ited LX-2 cell proliferation and migration and 

Figure 2. Lnc-ADD3-AS1 enhanced LX-2 cell proliferation. The 
transfected LX-2 cells were cultured, and total viable cells were 
measured with a CCK8 assay at the indicated time point. Data 
were presented relative to 0 h. Data are shown as mean ± SEM. 
***P < 0.001.
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promoted apoptosis in LX-2 cells. Another reason 
that HSCs are responsible for liver fibrosis is that 
they are the primary cell type, increasing the 
synthesis and deposition of ECM proteins in the 
liver. Upregulation of α-SMA and collagen-α1 pro-
teins can be used as an indicator to determine the 
activation state of HSCs and liver fibrosis. We 
observed that lnc-ADD3-AS1 significantly upregu-
lated the protein expression of α-SMA (Fig. S1), 
indicating that lnc-ADD3-AS1 could induce liver 
fibrosis. However, we did not observe any reduc-
tion in α-SMA expression once lnc-ADD3-AS1 
was silenced, most likely because lnc-ADD3-AS1 
itself had lower expression in LX-2 cells or that 

silencing lnc-ADD3-AS1 affected other key indu-
cers of α-SMA.

However, the exact function of lncRNAs-ADD3 
-AS1 during the pathogenesis of liver fibrosis is 
still not known. The mechanism of action of dif-
ferent lncRNAs is closely linked to their interac-
tion with RNA-binding proteins (RBPs) in the 
cytoplasm or nucleic acids in the nucleus. 
Therefore, further studies are needed to reveal 
lncRNAs-ADD3-AS1 localization and identify 
RBPs or the nucleic acids interacting with it. In 
the development of liver fibrosis, some lncRNAs 
regulate diverse cellular processes by acting as 
competing endogenous RNAs (ceRNAs) in the 

Figure 3. LncRNA-ADD3-AS1 inhibited the apoptosis of LX-2 cells. (a-e) The transfected LX-2 cells were obtained and flow cytometry 
was performed. (f) The apoptotic rate of LX-2 cells was calculated based on the data presented on panel A-E. Value in graphs 
represents mean ± SEM of at least three independent experiments. ***P < 0.001.

Figure 4. Lnc-ADD3-AS1 promoted cell migration in LX-2 cells. (a) Images of transfected cells were captured at 0, 24, and 48 h after 
the wound scratch. The representative images were from three independent experiments. Scale bar: 100 μm. (b) The migration 
potency was determined by calculating the difference in wound width. Data are shown as mean ± SEM. ***P < 0.001.
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cytoplasm [10]. We hypothesize that lncRNAs- 
ADD3-AS1 modulates ADD3 expression as 
a ceRNA. LncRNAs-ADD3-AS1 has been 
reported as a transcript from ADD3 antisense 
and is associated with BA [25]. The locus on 
10q25 near XPNPEP1 and ADD3 genes was sus-
ceptible to BA in a genome-wide SNP association 
study conducted in Han Chinese patients with BA 
and controls [20], in an independent Chinese 
cohort [29] and in a Thai cohort [30]. 
Subsequent functional studies in an animal 
model [22] suggested that ADD3 is the most likely 
BA susceptibility gene at this locus [23]. More 
importantly, our previous study indicated that 
downregulation of microRNA-145 contributes to 
liver fibrosis by targeting ADD3 [24]. Thus, lnc- 
ADD3-AS1 may contribute to liver fibrosis by 
regulating the expression of ADD3 via 
microRNA-145 sponging. A similar mechanism 
was found for lncRNAs RNA01134 and DHRS4- 
AS1. LncRNA RNA01134 accelerates hepatocellu-
lar carcinoma (HCC) progression by sponging 
microRNA-4784 and downregulating structure- 
specific recognition protein 1 [31]. The lncRNA 
DHRS4-AS1 ameliorates HCC by suppressing 
proliferation and promoting apoptosis via the 
miR-522-3p/SOCS5 axis [32]. Nevertheless, 
further studies are required to confirm the role 
of lnc-ADD3-AS1 in liver fibrosis by performing 
in vivo experiments and investigating the 

underlying mechanism. Despite these limitations, 
this is the first report of the role of lnc-ADD3-AS1 
in fibrosis in BA.

Our results illustrate that lncRNA lnc-ADD3- 
AS1 contributes to liver fibrosis by promoting the 
proliferation and migration of HSCs. Our data 
suggest that lnc-ADD3-AS1 plays a role in the 
pathogenesis of liver fibrosis in patients with BA 
and may serve as a potential diagnostic marker or 
therapeutic target for liver fibrosis in BA.

Conclusions

BA is a devastating liver disease, and lncRNAs 
have been shown to regulate cellular processes 
during the development of liver fibrosis in BA. 
Here, we showed that lnc-ADD3-AS1 significantly 
promotes LX-2 cell proliferation and attenuates 
apoptosis. More importantly, lncRNA-ADD3-AS1 
significantly accelerated the migration of LX-2 
cells. Our data indicates that lncRNA-ADD3-AS1 
plays a role in the pathogenesis of liver fibrosis in 
patients with BA and may serve as a potential 
diagnostic marker for monitoring liver fibrosis in 
BA or as a therapeutic target for the disease.
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