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apoptosis in retinoblastoma by regulating the MAPK signaling
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Abstract

Retinoblastoma (RB) is an intraocular malignancy that is most common in children and rare in adults. Addressing novel
biomarkers and therapeutic targets for RB to modulate tumor progression has become a challenge. The aim of the present
study was to investigate the function of long non-coding RNAs (LncRNAs) LOXL1-AS1 in RB cell proliferation and metas-
tasis. It was found that LOXL1-AS1 was overexpressed in RB tissues and cells. In order to evaluate cell viability and colony
formation potential, the knockdown of LOXL1-AS1 has been established. Knockdown of LOXL1-AS1 was also inhibited
cells migration and invasion. In addition, the proportion of cells in the G2/M phase of the sh-LOXL1-AS1 group increased
significantly, and the proportion of cells in the sh-NC group decreased significantly. In the xenograft model of RB, the tumors
in the sh-LOXL1-AS1 group grow slowly compared to the sh-NC group. Western blot analysis revealed that LOXL1-AS1
can regulate the progression of RB cells through MAPK signaling pathway in vitro and in vivo. These results indicated
that LncRNA LOXL1-AS1 promotes proliferation, invasion and inhibits apoptosis of retinoblastoma by regulating MAPK

signaling pathway, and might be expected to be a novel basis for clinical diagnosis and treatment.
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Introduction

Retinoblastoma (RB) is the most common primary intraocu-
lar malignant tumor in the pediatric population worldwide
[1]. RB remains the most common intraocular malignant
tumor in children, with an incidence of 1/15000-1/20000
cases annually and approximately 30-40% of patients
exhibiting bilateral onset [2]. The early manifestations of
RB mainly include leukocoria and strabismus, which can
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be severe enough to cause blindness or even fatality [3].
Therefore, early treatment and diagnosis are particularly
important due to the high degree of malignancy in RB. Cur-
rent therapies for RB including intravenous chemotherapy,
ophthalmic artery interventional chemotherapy, and local
laser irradiation, can increase the survival rate, but tumor
invasion through the optic nerve or choroid with the poten-
tial to spread regionally and distally remains a serious clini-
cal complication [4]. Resistance to chemotherapeutic drugs
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and their serious toxic effects contribute to the fatal con-
sequences of metastatic disease in the central nervous sys-
tem and distant organs [5]. Thus, new therapeutic strategies
targeting critical regulatory pathways in the development
and progression of RB have been explored. Long noncod-
ing RNA (IncRNA) is a type of noncoding RNA that is
longer than 200 nucleotides but does not encode a protein
[6]. Recently, IncRNAs have been found to participate in a
variety of cellular and physiological functions with advances
in high-throughput sequencing technology [7]. LncRNAs are
increasingly recognized as associated with cellular homeo-
stasis in cancers, such as cell proliferation, migration, inva-
sion, and differentiation [8]. Moreover, the role of IncRNAs
as novel biomarkers for diagnosis, clinical treatment and
prognosis in tumor development has received attention
from worldwide studies [9]. For example, Rajagopal et al.
reported that IncRNA HOTAIR is critical in suppressing
drug responses and driving genomic instability in multi-
ple malignant behaviors [10]. Gao has shown that IncRNA
MALATI1 and IncRNA NKILA can promote cell apoptosis
and inhibit the growth of RB cells [11].

Though there are some limitations to our comprehen-
sive understanding of IncRNAs, it has provided a theoreti-
cal basis for elucidating the cancer promotion or inhibition
function of IncRNAs for clinical application to RB. LncRNA
LOXLI1 antisense RNA 1 (LOXL1-AS1) is located on
human chromosome 15g24.1 and contains 10,781 nucleo-
tides and five exons. It is encoded on the opposite strand of
LOXLI1, which has been shown to have an oncogenic effect
in diverse human cancers [12, 13]. Previous research inves-
tigated whether LOXL1-AS1 increased medulloblastoma
metastasis by regulating the PI3K/AKT signaling pathway
[14]. LOXL1-AS1 is upregulated in cervical squamous cell
carcinoma and plays a key role as an oncogene [15]. How-
ever, its biological functions and underlying mechanisms
in RB tumorigenesis and progression have not been fully
elucidated. The current study sought to assess the expression
profile and functional properties of LOXL1-AS1 in RB cells
in vitro and in vivo. We hypothesized that LOXL1-AS1 was
overexpressed in a series of RB cell lines, which suggested
that LOXL1-AS1 might be involved in the regulation of RB.
However, the role of MAPK signaling pathway modulated
by LOXLI1-AS1 remains unexplored in RB, which might
be an innovative regulatory mechanism contributing to
LOXL1-AS1-mediated RB progression.

Materials and methods
Human tissues and ethical approval

Human RB tissues from 16 patients cases were obtained
from The Third Affiliated Hospital of Nanchang University
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and Affiliated Eye Hospital of Nanchang University. All
patients had signed informed consent. No patients under-
went chemotherapy or radiotherapy before the surgery. This
study has been approved by the Ethics Committee of The
Third Affiliated Hospital of Nanchang University. The clini-
cal information of the patients is mentioned in Table 1.

Cell culture and reagents

Three cell lines, the human retinoblastoma cell Lines Y79
and WERI-Rb1 and the human retinal pigment epithelium
cell line ARPE-19, were purchased from the Institute of
Biochemistry and Cell Biology (Shanghai, China). The
WERI-Rb1 cell lines were cultured in Roswell Park Memo-
rial Institute (RPMI) 1640 medium (Gibco, Thermo Fisher
Scientific, Waltham, MA, USA) containing 10% fetal bovine
serum (FBS) (Gibco, Invitrogen, Waltham, MA, USA) and
1% penicillin/streptomycin (P/S) (Solarbio, Beijing, China).
Y79 and ARPE-19 cell lines were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Thermo Fisher
Scientific, Waltham, MA, USA) containing 10% FBS and
1% P/S. All cells were cultured at 37 °C in a humidified
incubator with 5% CO,

Lentivirus transfection and construction
Lentiviruses encoding shRNAs targeting the knockdown of
IncRNA (Lv-LOXL1-AS1), with the sequences 5'-GGGTGC

CACGGCTTACCAATG-3" and 5'GCTTTGGCATCCAAG
AAATCA-3', were constructed by GenePharma (Shanghai,

Table 1 Clinical characteristics of patients with RB (n=16)

Characteristics n Percent
Gender

Male 11 68.75

Female 5 31.25
Onset age (years)

<3 11 68.75

>3 5 31.25
Eyes

Left 9 56.25

Right 7 43.75
Tumor size (mm)

<3 11 68.75

>3 5 31.25
Family history of retinoblastoma

Yes 1 31.25

No 15 68.75
Clinical staging

Intraocular/glaucomatous stage 11 68.75

Extraocular/systemic metastasis 5 31.25
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China) and contained a GFP fluorescent tag. The negative
control (NC) shRNA sequence was 5'-TTCTCCGAACGT
GTCACGT-3' (Lv-NC). The lentivirus (5x 108 TU/mL)
and polybrene (5 pg/ml, GenePharma) were added to Y79
and WERI-Rb1 cells, respectively, for 24 h. Cells were then
selected with 0.5 pg/ml puromycin for the next week and
received stable knockdown cell lines (Table 2).

Quantitative real-time PCR

Total RNA was extracted from tissues and cells using TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA), and comple-
mentary DNA was obtained using a reverse transcriptase kit
(TaKaRa, Kusatsu, Japan) according to the manufacturer’s
protocol. All real-time PCRs were performed with SYBR
Green Reaction Mix (TaKaRa, Dalian, China) in a CFX96
Real-Time System (Bio-Rad, CFX96 optics module). After-
ward, the expression levels of each RNA were calculated
using the 2724CT method relative to the level of the control
gene.

Immunofluorescent assay

Stable knockdown cell lines were washed three times with
PBS and fixed with 4% paraformaldehyde for 30 min at
37 °C. The cells were rinsed with PBS for 3 X5 min, per-
meabilized with 0.5% Triton X-100 in PBS for 20 min, and
then blocked in 10% FBS for 2 h. A GFP tag was inserted
into the cells, which were then stained with 4’,6-diamidino-
2-phenylindole (DAPI). Images were acquired with a fluo-
rescence inverted microscope (Olympus, IX73).

Cell viability assay

Cell viability was assessed using a cell counting kit-8 (CCK-
8) assay (Solarbio, Beijing, China) according to the man-
ufacturer’s protocol. Stable knockdown cell lines of Y79
(5x 10° cells/well) and WERI-Rb1 (8 x 10° cells/well) were
seeded into 96-well plates with 100 pl medium containing
10% CCK-8 reagent. The cells were incubated for 2 h at
37 °C with 5% CO,. The absorbance value of each well was
measured by a microplate reader at 450 nm. All experiments
were performed in triplicate.

Table 2 Primer sequences used for qRT-PCR in this study

Gene Sequence (5'-3")

GAPDH Forward primer GAAGGTGAAGGTCGGAGTC
GAPDH Reverse primer  GAAGATGGTGATGGGATTTC
LOXL1-AS1 Forward primer TTCCCATTTACCTGCCCGAAG
LOXL1-AS1 Reverse primer ~GTCAGCAAACACATGGCAAC

Soft agar colony formation assay

Soft agarose (A9045-5G, Sigma—Aldrich, St. Louis, MO)
was prepared at concentrations of 1.2% and 0.6% in a high-
pressure and steam-sterilized environment. The medium was
supplemented with 20% FBS and 2% P/S. Then, 1.2% soft
agarose was mixed at a 1:1 ratio, and 2 ml was added to each
well of a six-well plate and cooled at room temperature for
30 min. Cells were added to the same volume of medium
with 0.6% soft agarose for the upper agar layer. After cells
were cultured for at least 2 weeks, the morphology of the
colonies was analyzed using cell staining, and the number of
colonies formed per well was quantified using ImageJ (ver-
sion 1.52; National Institutes of Health) software.

Transwell cell migration and invasion assays

Stable knockdown cell lines of Y79 and WERI-Rb1 cells
were seeded into the upper level of a Transwell chamber
(6.5 mm diameter, 8§ pm pores, Corning, NY, USA) at a
density of 2.0 x 10° cells/chamber, and the lower level was
filled with 600 pl medium containing 20% FBS. Cells were
cultured at 37 °C with 5% CO, for 48 h. Subsequently, the
cells that had invaded the lower surface of the membrane
were fixed for 30 min with 4% paraformaldehyde, stained
with 0.25% crystal violet dye for 10 min, and rinsed with
PBS several times. In the invasion experiment, Matrigel
matrix (Corning, New York, USA) was diluted 1:3 with
precooled basal medium at 4 °C and coated on the bottom
of the Transwell chamber. The next procedure was the same
as the migration experiment. Photographs of three random
regions were taken, and the number of migrated cells was
counted with a microscope.

Western blot assay

Cells were harvested and lysed with RIPA buffer (Beyotime
Institute of Biotechnology, Beijing, China) supplemented
with protease inhibitors (CWBIO, Beijing, China). After
the protein concentration was determined by a bicinchoninic
acid (BCA) Protein Assay Kit (Beyotime, Shanghai, China)
to ensure the use of equal amounts of protein in each group,
the protein was separated by 10% SDS—PAGE gel and
transferred to 0.45 um polyvinylidene fluoride (PVDF)
membranes (Millipore, Burlington, MA, USA) at a constant
current of 350 mA. The PVDF membranes were placed in
5% skim milk for 1 h to block nonspecific binding sites and
incubated with primary antibodies at 4 °C for 12 h. The fol-
lowing antibodies were used as primary antibodies: Bcl-2
antibody (1;1000, No. 12789-1-AP), Bax antibody (1;1000,
No. 50599-2-1g) (Proteintech, USA), p44/42 MAPK (Erk1/2)
antibody (1:1000, No. 4695S), phospho-p44/42 MAPK anti-
body (P-Erk1/2) (1:1000, No. 4377T), MEK1/2 antibody
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(1;1000, No. 9122), phospho-MEK1/2 antibody (1;1000,
No. 9154S), and B-actin antibody (1:1500, No. 8457). (Cell
Signaling Technology, Danvers, MA, USA).The membranes
were washed three times in PBST and incubated with the
appropriate secondary antibody at room temperature for
1 h. Then, the membranes were visualized via an enhanced
chemiluminescence (ECL) imaging system and analyzed
with ImagelJ software.

Enzyme-linked immunosorbent assay

The enzyme-linked immunosorbent assay (ELISA) was per-
formed according to the manufacturer’s guidelines (Boster
Biological Technology, Wuhan, China). Y79 and WERI-Rb1
cells were collected and diluted five times in PBS and centri-
fuged at 4 °C for 10 min at 12,000xg. Next, the supernatants
were collected for secretion measurement. The detection rea-
gent and each group of cells were pipetted into precoated
plates that had been coated with MMP-2 and MMP-9 anti-
bodies for 60 min at 37 °C. The OD value was determined
at 450 nm by an instant enzyme-labeled analyzer.

Cell apoptosis assay

An Annexin V fluorescein (FITC)/PI double-staining cell
apoptosis detection kit (No. KGA107, KeyGen Biotech,
Nanjing, China) was used to identify apoptotic cells accord-
ing to the manufacturer’s instructions. Briefly, cells were
collected and washed twice with PBS, then resuspended in
300 pl binding buffer containing 3 pl Annexin V FITC and
3 pl PI. Cell suspensions were incubated at room tempera-
ture in the dark for approximately 15 min. Samples were
then analyzed by FlowJo software (BD FACSCalibur). All
experiments were performed in triplicate.

Cell cycle assay

Flow cytometry analysis was performed to analyze cell
cycle progression. Briefly, cells were fixed with 70% etha-
nol at — 20 °C overnight. After washing twice with PBS, the
cells were incubated with 50 pg/ml RNase A and 50 pg/ml
propidium iodide (PI) at room temperature in the dark for
15 min. The results were analyzed using FlowJo software.

Xenotransplantation experiments in vivo

All animal experiments were carried out in compliance with
a protocol specifically approved by the Experimental Ani-
mal Center of Nanchang University Animal Care and Use
Committee (approval No. NCUFLLL-20220722). Twelve
male athymic BALB/c nude mice (18-20 g, 4-5 weeks old)
were maintained in a special pathogen-free (SPF) condi-
tion and handled as described previously [16]. Twelve mice
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were randomly divided into two groups, namely, scramble
groups and the sh-LOXL1-AS1 group (n=6 per group). A
total of 1x 107 stable knockdown cell lines of Y79 cells were
injected subcutaneously into the right side in each mouse
in 200 pl PBS and 30% (v/v) Matrigel matrix. The tumor
volume (length, L, and width, W) and body weights of the
mice were monitored every 7 days. The tumor size was cal-
culated as follows: tumor volume (mm®) =L x W?/2. After
28 days of feeding, the mice were euthanized by i.v. injection
of 100 mg/kg pentobarbital and tumor tissues were dissected
for subsequent analyses.

Hematoxylin and eosin staining
and immunohistochemistry

Tumor tissues from the mouse model were embedded in par-
affin in 5-pm serial sections. Hematoxylin and eosin stain-
ing (H&E) was used to confirm the pathology results. The
slides were examined under a light microscope with a pho-
tomicrographic attachment. After H&E staining, the slides
were washed, blocked, and incubated with primary antibody
against Ki-67 (1:1000, No. ab15580, Abcam) at 4 °C over-
night. The sections were incubated with the corresponding
secondary antibody (No. ab205718, Abcam) for 30 min. The
immunostaining reactivity was captured by diaminobenzi-
dine (DAB) and images were taken for each slide.

Statistical analysis

All data are expressed as the mean + SD and each experi-
ment was repeated more than three times. The statistical
significance of differences was determined using Student’s
t test for the study. P <0.05 was considered to indicate a
statistically significant difference.

Results

LncRNA LOXL1-AS1 was overexpressed in RB tissues
and cells

To further evaluate the effects of LOXL1-AS1 in RB,
the expression level of LOXL1-AS1 was examined using
gRT—PCR in tumor tissues collected from 16 RB patients
and adjacent tissues, as shown in Fig. 1a. Fourteen of the
16 patients demonstrated obviously higher expression of
LOXL1-AS1 in RB tissues than in the paired adjacent tis-
sues (Fig. 1b). Furthermore, its expression in RB cell lines
(Y79 and WERI-Rb1) and the human normal retinal pigment
epithelium cell line ARPE-19 was compared. As shown in
Fig. 1c, the LOXL1-AS1 expression level was significantly
higher in RB cell lines than in normal cell lines. Together,
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Fig. 1 Expression of LncRNA LOXL1-AS1 in RB tissues and cells.
a qRT-PCR analysis was used to detect LOXL1-AS1 expression in
16 cases of clinical RB tissues and adjacent normal tissues. b The
paired expression of LOXL1-AS1 was shown in the 16 RB patients.

these data suggested that LOXL1-AS1 was overexpressed
in RB tissues and cells.

Knockdown of LncRNA LOXL1-AS1 expression in RB
cells inhibited cell viability and colony formation
capacity

To investigate the functionality of LOXLI1-ASI1, we
employed lentivirus transfection methods to knockdown
LOXLI1-AS1 expression.

Specific shRNAs depleted the expression level of
LOXL1-AS1 in Y79 cells (Fig. 2a) and WERI-Rb1 cells
(Fig. 2b). Immunofluorescence staining showed the distri-
bution of fluorescence in the two cell lines, suggesting that
LOXL1-AS1 expression was stably reduced (Fig. 2c, d).
Next, the CCK-8 assay was performed to detect the viability
of the above cells. The knockdown of LOXL1-AS1 obvi-
ously induced the proliferation of Y79 cells and WERI-Rb1
cells (Fig. 2e, f). Likewise, in the soft agar colony forma-
tion assay, we found that the maximum suppression effect
of proliferation ability was approximately 60% in Y79 cells;
similarly formed colonies were also found in WERI-Rbl1
cells (Fig. 2g, h). These data indicated that knockdown of
IncRNA LOXL1-AS1 inhibited cell viability and colony
formation capacity.

Knockdown of LOXL1-AS inhibited cell migration
and invasion in RB cells

Cell migration and invasion capacity are closely related
to cancer metastasis. The transwell assay revealed that

¢ qRT-PCR was used to compare the expression of LOXL1-AS1 in
RB cell lines to the human normal cell line (ARPE-19). ***p <0.001,
#kEEp <0.0001

LOXL1-AS1 knockdown cells migrated and invaded sig-
nificantly less than the sh-NC group in Y79 and WERI-
Rb1 cells (Fig. 3a). The percentages of the migration and
invasion areas are shown in Fig. 3b—e. MMP-2 and MMP-9
have been consistently associated with increased inva-
siveness and poor prognosis; their expression levels were
detected with ELISA. MMP-2 and MMP-9 expression was
significantly reduced in Y79 cell lines with LOXL1-AS1
knockdown compared to the sh-NC group, as shown in
Fig. 3f, g. Similarly, the MMP-2 and MMP-9 expression
levels were also decreased in WERI-Rb1 cells (Fig. 3h, 1).

Knockdown of LOXL1-AS1 promoted apoptosis in RB
cells and arrested the cell cycle at the G2/M phase

The apoptosis of RB cells was analyzed using flow cytom-
etry. FITC events represent apoptotic cells, and the apop-
tosis ratio was calculated by summing the percentage of
events in the Q2 and Q3 regions. Knockdown of LOXL1-
AS1 significantly increased the cell apoptosis ratio com-
pared with the sh-NC group (Fig. 4a, b). The Western blot
assay also suggested apoptosis was induced via increased
levels of Bcl-2 and Bax (Fig. 4c, d). In addition, knock-
down of LOXL1-AS1 arrested cell cycle progression at
the G2/M phase in the cell cycle analysis, which was obvi-
ously decreased compared to the sh-NC group. Accord-
ingly, the proportion of cells in the S phase increased from
approximately 2% in the sh-NC group to nearly 10% in
the sh-LOXL1-AS1 WERI-Rbl1 cell group (Fig. 4e, f). In
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Fig.3 The cell migration and invasion ability of LOXL1-AS1 knock-
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conclusion, these data show that knockdown of LOXL1-
AS1 promoted cell apoptosis and arrested the cell cycle
at the G2/M phase.

LOXL1-AS1 modulates the progression of RB cells
through the MAPK pathway in vitro

The molecular mechanisms of the LOXL1-AS1-mediated
phenotype were explored. It was observed that the phos-
phorylated levels of MAPK, including p-Erk and p-MEK,
were markedly decreased in LOXL1-AS1 knockdown cells.
However, the total protein levels of Erk and MEK had no
influence on knockdown cells, implying that LOXL1-AS1
modulates the MAPK pathway in RB (Fig. 5a, b). These data
suggested that LOXL1-AS1 can modulate the progression of
RB cells through the MAPK pathway.
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and MMP-9 in Y79 and WERB-Rb1 cells. **p <0.01, ***p <0.001,
*ax%p <0.0001

Knockdown of LOXL1-AS1 inhibited tumor growth
in vivo

To determine whether LOXL1-AS1 affects tumor growth
in vivo, a xenograft model of RB was established by inocu-
lating Y79 cells into nude mice. Four weeks later, the mice
were sacrificed and the tumors were monitored. Compared
with the scramble group, the tumors in the sh-LOXLI1-AS1
group grew slowly under the skin (Fig. 6a, b). The volume and
weight of tumors from the sh-LOXL1-AS1 group were sig-
nificantly lower than those from the scramble group (Fig. 6c,
d). On this basis, qRT—PCR was also conducted to detect the
expression of LOXL1-AS1 in a subcutaneous tumorigenesis
model (Fig. 6e). Immunohistochemical staining showed that
the positivity of Ki-67 was clearly different between the sh-
LOXL1-AS1 group and the scramble group (Fig. 6f, g). We
also assessed the MAPK signaling pathway in vivo; the protein
levels were similar to the results in vitro (Fig. 6h).
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«Fig.4 Knockdown of LOXL1-AS1 on cell cycle and cell apoptosis of
RB cells. a and b Flow cytometry was used to clarify the cell apopto-
sis in RB cells. ¢ and d Western blot assay was used to detect the pro-
tein expression of Bcl-2 and Bax in Y79 and WERI-RbI cells with
the knockdown of LOXL1-AS1. e and f Flow cytometry revealed that
cell cycle progression was halted in both cell lines at the G2/M phase.
*p<0.05, #¥p <0.01, ¥***p <0.001

Discussion

Although multimodal treatment regimens for retinoblastoma
have advanced over the decades, systemic chemotherapy
supplemented by local ophthalmic artery interventional ther-
apy is recommended as the most vital therapeutic modality
[17]. After a period of chemotherapy, RB patients frequently
develop drug resistance, and the molecular mechanism of
RB chemotherapy resistance remains unclear [18]. In sum-
mary, various complications follow in the later stages of
treatment, including tumor recurrence, drug resistance, and
metastasis; new therapeutic options are urgently needed.

In the human genome, approximately 70-90% of genes
are transcribed into RNAs, but only 2% of the total RNAs
are translated into proteins [19]. Noncoding RNAs have been
confirmed to play critical regulatory roles in a variety of
physiological, pathological, and carcinogenesis processes, as
gene sequences in the remaining RNAs that are not directly
involved in coding for proteins are applied [20]. The tran-
scribed content of IncRNAs in noncoding RNA is up to 80%,
and previous reports have shown that IncRNAs are differ-
entially expressed in several cancers, such as MALATI,
CCAT1, and MEG3, which can be potential therapeutic tar-
gets associated with clinical outcomes [21-23].

LncRNA LOXL1-AS1 was identified based on the impact
of its abnormal expression in serious studies linked with the
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cellular stress response [24]. LOXL1-AS1 has been proven
to affect cell proliferation, cell cycle, migration, and invasion
as an oncogenic IncRNA in osteosarcoma cells [25]. The
present study confirmed that LOXL1-AS1 was upregulated
in vitro and in vivo, which manifested potent prooncogenic
functions in RB. To date, there are no expression data for
LOXL1-AS1 in RB tumor tissues. The expression level
of LOXL1-AS1 was compared with RB tissues and adja-
cent tissues in clinical samples. LOXL1-AS1 participates
in cancer regulation. Furthermore, we delivered evidence
that knockdown of LOXL1-AS1 can effectively suppress
cell viability, colony formation, migration, and invasion.
According to the CCK-8 assay results, cell viability clearly
declined after 36 h of culture, and knockdown of LOXL]1-
AS1 impaired cell migration and cell invasion capacities.
The maximum suppression efficiency of cell migration
reached nearly 36% in Y79 cells and 30% in WERI-Rb1
cells. Flow cytometry detection revealed that LOXL1-AS1
also facilitated cell apoptosis and arrested the tumor cell
cycle at the G2/M phase in vitro. The disturbance of cell
cycle progression is a hallmark of cancer growth. We con-
structed a xenograft model with knockdown of LOXLI1-
AS1 in human RB Y79 cell lines, and tumor validity was
inhibited in vivo. MMP-2 and MMP-9 are important mem-
bers of the MMP family, which are the main enzymes that
degrade proteins in the extracellular matrix via their endo-
peptidase activities [26]. MMP-2 and MMP-9 can digest
gelatin by binding type II fibronectin repeat sequences to
gelatin/collagen. Early reports suggested that MMPs play
an essential role in biological systems, acting as cell adhe-
sion molecules, cytoskeletal proteins, and growth factors
[27]. ELISA results showed that knockdown of LOXL1-
AS1 decreased the secretion of MMP-2 and MMP-9 in Y79
and WERI-Rb1 cells. The mitogen-activated protein kinase
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Fig.5 LOXLI-ASI can regulate the MAPK pathway in RB cell lines. a and b Western blot analysis revealed that the MAPK pathway’s protein

expression changed in both cell lines. *p <0.05, **p <0.01, ***p <0.001
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Fig.6 Knockdown of LOXL1-AS1 regulates tumorigenicity in vivo.
a and b The effects of LOXL1-AS1 knockdown in subcutaneous
tumorigenesis from the two groups. ¢ and d The tumor volume and
weights in xenografts from the two groups. e gRT-PCR analysis
found that the expression level of LOXL1-AS1 was decreased in the

(MAPK) pathway is also an evolutionarily conserved kinase
module that is involved in activated cell proliferation, stress
response, survival, and apoptosis [28].

It has been reported that the MAPK signaling pathway
can inhibit the expression of proinflammatory cytokines
in human osteoarthritis chondrocytes [29]. Zhuang also
reported that IncRNA DRHC restrained the MEK/ERK sign-
aling pathway via c-Myb in hepatocellular carcinoma [30].
In our study, the phosphorylation of p44/42 MAPK (Erk1/2)
and MEK1/2 was key to their activation. Erk1/2 receives
phosphorylation regulatory signals from the upstream mol-
ecule MEK, which phosphorylates transcription factors in
the cytoplasm or nucleus to exert biological effects. Inter-
estingly, we showed that the phosphorylated levels of Erk
(p-Erk) and MEK (p-MEK) were dramatically reduced after

@ Springer

tumor of the mice from sh-LOXL1-AS1 group. f and g Hematoxy-
lin and eosin staining images and immunohistochemistry images of
KI-67 in resected tumor tissues. h Western blot analysis was used
to detect the expression of the MAPK pathway in tumor tissues.
*#p <0.01, ¥**p <0.001, ****p <0.0001

LOXL1-AS1 depletion, proving that LOXL1-AS1 positively
regulates the MAPK signaling pathway.

These results suggested that abnormal changes in the
MAPK pathway were critical processes in tumor growth,
differentiation, and other physiological activities in RB and
that they represent promising therapeutic opportunities.
The result of the study highlight the importance of tailoring
treatment strategies for RB patients with high LOXL1-AS1
expression and this is probably the first study, which shows
the effectiveness of reagent targeting LOXL1-AS1 or the
MAPK pathway might serve as promising clinical thera-
peutics against RB.

In conclusion, we investigated a novel IncRNA, LOXL1-
AS1, which is substantially overexpressed in RB tissues
and concluded that LOXL1-AS1 promotes proliferation and
invasion and inhibits cell apoptosis by regulating the MAPK
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signaling pathway as a critical mediator in RB. It is quite
interesting to explore whether LOXL1-AS1 plays its role via
other methods to provide a new basis for the diagnosis and
treatment of RB in the future.
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