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Long non-coding RNA CACNA1G-AS1 promotes
calcium channel protein expression and positively
affects human keloid fibroblast migration
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Abstract. Keloids are a type of benign hyperplasia that cause
dermatologic dysfunction and esthetic deformity by invading
adjacent normal tissues. Little is known about their etiology,
therefore, they are a challenge to treat using plastic surgery. In
a previous study, it was demonstrated that the expression of the
long non-coding RNA CACNA1G-AS1 (CASI) is high in keloid
tissue, suggesting that CASI1 is involved in keloid formation.
In the present study, the aim was to identify potential keloid
target proteins by exploring CASI biological function during
cell proliferation and migration, cytokine secretion, collagen
secretion and the control of calcium channel protein expres-
sion in human keloid fibroblasts. Three biopsy samples were
collected from each patient with keloids at The Peking Union
Medical College Hospital, which were then used to investigate
the role of CASI in cell proliferation and migration. CAS1
silencing was also carried out using small interfering RNA;
cell factors, collagen and calcium channel protein levels were
compared with control cells. The interference of CAS1 expres-
sion reached 50% compared with the control group. CACNAI1G
and type I collagen expression was significantly downregulated
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long noncoding RNA,

by CAS1 knockdown, while the expression of transforming
growth factor-f§ and type III collagen was not affected. Wound
healing time was longer in the CAS1-knockdown group, but
there was no visible change in cell proliferation. In conclusion,
CASI appeared to promote calcium channel protein and type I
collagen expression, and to have a positive effect on cell migra-
tion in human keloid fibroblasts. Therefore it has potential as a
novel therapeutic target for keloids.

Introduction

Keloids are a dermatologic condition that affects 1/10 people
in Africa (1), and has an incidence of 0.15% in the Asian
population (2). Although it is a benign hyperplasia, it causes
dermatologic dysfunction and esthetic deformity by invading
adjacent normal tissues (3). Frequent episodes of itching
and pain also occur, resulting in physical and psychological
distress (4). The majority of keloids are initiated by minor skin
trauma, such as folliculitis and/or acne, and grow with chronic
inflammation of the reticular layer of the dermis (5). A typical
pathognomonic characteristic of keloids is the presence of
thickened and hyalinized collagen (6). They are problematic in
plastic surgery due to little being known about their etiology
or optimal treatment.

Keloids are considered to result from prolonged, aberrant
wound healing that involves excessive fibroblast participa-
tion and collagen deposition (7). Fibroblasts are the primary
effector cells of keloid tissue and are characterized by excessive
proliferation, disordered apoptosis, and increased secretion of
extracellular matrix (8). Numerous previous studies have inves-
tigated the pathogenesis of keloids with respect to genetics,
mechanics, endocrinology, immunology and nutrition (9-11).
The skin injury-wound tension theory was a milestone in our
understanding of keloid formation (9). Keloids are frequently
observed on the anterior chest and scapular regions, but rarely
on the scalp or anterior lower legs; this is closely associated
with the frequency of local physical tension or movement in
these regions (9). Reducing skin tension around wounds or
scars can, therefore, be beneficial in the prevention and treat-
ment of keloids (12). The characteristic shapes of keloid scars
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are largely determined by the direction of local mechanical
forces on the skin (13). Other influences, besides these local
factors, also promote keloid development, including genetic
factors (single nucleotide polymorphisms) (14), systemic factors
(hypertension (15) and estrogen levels) (16), endocrinal factors
(physiological hyperactivity of the sebaceous gland) (17) and
metabolic factors (higher adenosine triphosphate levels and
insufficient oxygen levels) (18). Although keloid development
is known to involve complex pathways, the exact mechanisms
by which keloid formation is initiated and regulated remain to
be elucidated.

In our previous study, an investigation of differential
long non-coding RNA (IncRNA) expression between keloids
and normal skin tissue was conducted, and it was revealed
that the IncRNA CANCA1G-ASI1 (CASI1) was significantly
upregulated in keloid tissue (19). This suggested that CAS1
may be involved in the mechanism of keloid formation. In the
present study, an investigation of the biological role of CAS1
in cell proliferation, cell migration, cytokine secretion and
collagen secretion was performed, with controlled calcium
channel protein expression in human keloid fibroblasts using
loss-of-function studies.

Materials and methods

Patient samples. This study was approved by the institutional
review board at Peking Union Medical College (Beijing,
China), in accordance with the principles of the Declaration
of Helsinki. Keloid and corresponding normal skin from
16 patients, who received surgery at The Peking Union
Medical College Hospital (Beijing, China) (19), was previously
obtained in 2014. Written informed consent was obtained from
all patients prior to surgery. None of the patients in the study
received any local treatment, such as corticosteroid injections,
or radiation therapy prior to surgery.

Cell culture. Cultures were established from keloid speci-
mens of three patients, processed within 4 h of post-surgical
excision, using conventional methods (20). Briefly, these
specimens were washed three times in 1X PBS and the
epidermis and subdermal fat were removed. The remaining
dermis was dissected and incubated in Dulbecco's modified
Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (Thermo Fisher Scientific, Inc.) at 37°C in a 5% CO,
humidified atmosphere. The DMEM was replaced every
3 days and keloid fibroblasts were used during passages 3-5.
Detailed information about primary keloid fibroblast isolation
and culture was described in our previous report (19).

Transfection. Three small interfering RNAs (siRNAs)
targeting different sites of IncRNA CASI (GenBank accession
no. NR_038439.1) were designed and synthesized by Suzhou
GenePharma Co., Ltd. (Jiangsu, China) to knock down CASI1
expression, as well as a control siRNA that did not target CAS1
as the negative control (NC). The sequences were as follows:
Casl siRNA-1, 5-CCCUCAACCCAAGGAAGAUTT-3,
Casl siRNA-2, 5-GCCUUCGCAACUCAUUCAUTT-3,
Casl siRNA-3, 5-CCGUGUGAAGGGAGCAAUUTT-3,
NC, 5-UUCUCCGAACGUGUCACGUTT-3". Keloid fibroblasts
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were seeded in 6-well plates (1x10° cells/well) and incubated
overnight in an atmosphere of 5% CO, at 37°C to allow their
full extension and adherence prior to transfection. The cells were
grown to 70-90% confluency, and the siRNAs were transfected
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.),
according to the manufacturer's instructions. The cells were
collected for further experiments 48 h after transfection.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was isolated from cells using
TRIzol® reagent (Thermo Fisher Scientific, Inc.) 48 h after
transfection, according to the manufacturer's instructions.
The expression of CAS1 and other target genes was quantified
relative to endogenous GAPDH expression, using RT-qPCR
with the following primer sets: CASI1 forward, 5-TGTGCT
TCACCATGCTCCAT-3" and reverse, 5S'-ATTAGTGCTCCG
GCCAACAA-3'; GAPDH forward, 5'-GGTCACCAGGGC
TGCTTTTA-3' and reverse, 5'-GGATCTCGCTCCTGGAAG
ATG-3'; CACNAIG forward, 5-CACGGTCATCTCGCC
TATCT-3' and reverse, 5“-TCCTTGTTGCTCTCCTCCAG-3";
transforming growth factor-f (TGF-f), forward, 5-GCAACA
ATTCCTGGCGATAC-3' and reverse, 5'-CTAAGGCGA
AAGCCCTCAAT-3"; COL1Al, forward 5'-AAGACATCC
CACCAATCACC-3' and reverse, 5'-CGTCATCGCACAACA
CCTT-3"; and COL3A1 forward, 5-CTGCCATCCTGAACT
CAAGAGTGG-3' and reverse, 5'-CCATCCTCCAGAACT
GTGTAGG-3". The PCR conditions were as follows: 95°C for
60 sec, followed by 40 cycles of 95°C for 10 sec, and finally
60°C for 45 sec. After amplification, real-time data acquisition
and analysis were performed. The relative quantitative results
were calculated using the 2-22¢4 method (21).

MTS assay. Cell proliferation was assessed using an MTS
assay (Promega Corporation, Madison, WI, USA). Cells were
plated at a density of 5x10° cells/well in 96-well plates and
incubated overnight in an atmosphere of 5% CO, at 37°C. After
transfection, 20 ul MTS was added into each well containing
100 ¢l DMEM (Thermo Fisher Scientific, Inc.), and the cells
were then incubated at 37°C for 1 h in a humidified 5% CO,
incubator. Absorbance was detected at 490 nm using a micro-
plate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Cell cycle analysis by flow cytometry. Cells were collected
48 h after transfection, washed with PBS and trypsinized
with 0.025% trypsin-EDTA to yield single cell suspensions.
They were then fixed in ice-cold 70% ethanol and stained with
50 ug/ml propidium iodide solution (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) containing 10 xg/ml RNaseA
(Tiangen Biotech Co., Ltd., Beijing, China). A BD Accuri™
C6 flow cytometer was used for flow cytometric analysis, and
the cell cycle profiles were analyzed using ModFit LT soft-
ware for Windows Version 3.2 (Verity Software House, Inc.,
Topsham, ME, USA).

Scratch wound migration assay. Keloid fibroblasts were
seeded uniformly (1x10* cells/well) into 6-well plates and
grown overnight. A total of 48 h after transfection, a scratch
wound was made across the center of each confluent cell
culture monolayer using a sterile 200 ul pipette tip, and any
non-adherent cells were washed off with 1X PBS. Conditioned
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Figure 1. CASI expression in keloid fibroblasts 48 h after transfection with
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Figure 2. CASI-knockdown effect on cell proliferation. No significant
difference was detected in proliferation between cells transfected with
siRNA-3 and NC-treated cells. CAS1, CACNAI1G-ASI1; siRNA, small
interfering RNA; NC, negative control.

DMEM was then reapplied to the cells according to the
previous treatment regimen, and the plates were incubated for
a further 72 h in at atmosphere of 5% CO, at 37°C). Each well
was imaged every 24 h using objective inverted microscopy
(Olympus Corporation, Tokyo, Japan).

Statistical analysis. Statistical analysis was performed using
the SPSS software version 13.0 (SPSS, Inc., Chicago, IL, USA).
All results are presented as the mean + standard deviation and
were analyzed using a Student's t-test and one-way analysis
of variance (ANOVA) to determine the levels of significance.
Bonferroni correction was used to perform the post-hoc test
following ANOVA. P<0.05 was considered to indicate a
statistically significant difference.

Results

siRNA-3 downregulates CASI expression in keloid fibroblasts.
A total of 48 h after transfection, RT-PCR was used to detect
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CAS1 mRNA expression in keloid fibroblasts. Of the three
siRNA sequences, siRNA-3 had the greatest effect on reducing
CASI expression (Fig. 1), and thus was selected as an effective
means of interference for use in further experiments.

CAS1 knockdown does not inhibit cell proliferation. To
examine the effects of CAS1 on cell proliferation, an MTS
assay, using keloid fibroblasts, was performed and cell viability
was measured every 24 h (Fig. 2). The data revealed that CAS1
knockdown did not change the cell proliferative rate compared
with NC-treated cells. This indicated that CAS1 may not be
involved in cell proliferation.

CASI knockdown does not change the cell mitotic index. To
assess the effects of CAS1 on the cell cycle, analysis of the
cell cycle distribution 48 h after siRNA-3 transfection was
conducted; this revealed no change in the cell cycle compared
with NC-treated cells (Fig. 3). This suggested that downregu-
lation of CAS1 expression does not alter the cell cycle in keloid
fibroblasts, which implied that CASI does not participate in
cell division.

CASI knockdown decreases the rate of wound closure. The
scratch wound assay demonstrated that transfected cells had a
slower closure rate than NC-treated cells (Fig. 4), suggesting
that the downregulation of CASI1 expression reduced the fibro-
blast migration rate. This indicated that CAS1 may serve a role
in keloid fibroblast migration.

CASI knockdown alters CACNAIG and COLIAI expression.
To explore the interaction between CAS1 and the biological
properties of keloid fibroblasts, analysis of CACNAIG,
TGF-f, COLIAI and COL3A]I expression using RT-PCR
was conducted. Post-siRNA-3 transfection, CACNAIG and
COLIA]I expression decreased, while TGF- and COL3A1
expression was unchanged, compared with in the NC-treated
cells (Fig. 5). These results suggested that CAS1 knockdown
affects calcium channels and collagen secretion. The absence
of a notable effect on TGF-f expression following CAS1
knockdown supports these findings, which suggests that CAS1
does not affect the cell cycle.

Discussion

In the present study, it was demonstrated that CAS1 knock-
down significantly downregulated CACNAIG and type I
collagen expression, but that it had little effect on TGF-f and
type III collagen expression. The wound healing assay also
demonstrated that CAS1 knockdown inhibited keloid fibroblast
invasion, but the MTS assay and cell cycle analysis revealed
that it had a limited impact on cell proliferation.

IncRNAs are a group of RNA molecules that range in
length from 200-100,000 nucleotides and do not encode
proteins (22). Numerous studies have demonstrated that
IncRNAs participate in various regulatory processes, including
transcriptional activation, transcriptional interference and
intranuclear transport (22-24). IncRNAs have also been identi-
fied to serve an important role in the development, growth and
progression of human carcinomas, acting as oncogenic drivers
through diverse mechanisms, including cell proliferation,
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invasion, apoptosis and the secretion of essential proteins (25).
For example, several IncRNAs are differentially expressed
in melanoma cell lines compared with their controls. One of
these IncRNAs, SPRY4-IT1, is derived from an intron of the
SPRY4 gene, and is predominantly localized in the cytoplasm
of melanoma cells, as identified by RNA fluorescence in situ
hybridization analysis (26). SPRY4-IT1 RNA interference
impairs cell growth and differentiation, and leads to higher
rates of apoptosis in melanoma cell lines. Thus, higher
SPRY4-IT1 expression may be important to the molecular
etiology of human melanoma, and could be used as an early
biomarker for melanoma detection (26).

In an earlier study (19), microarray analysis was used to
identify differential IncRNA expression between three pairs
of keloid and normal skin tissues. A total of 1,731 IncRNAs
were identified to be consistently upregulated and 782 were
downregulated in keloids (fold-change =2.0). Validation of
our findings using quantitative RT-PCR revealed consistency
with these microarray results. It was also demonstrated
that 11 signaling pathways were upregulated and 44 were
downregulated in keloid tissues compared with the healthy
controls. Within the co-expression network, one IncRNA
was connected with numerous mRNAs, and vice versa.
Bioinformatic analysis indicated that IncRNA CACNA1G-AS1
may be crucial for keloid formation (19).

Numerous studies (27-29) have demonstrated that IncRNAs
may serve important roles in carcinomas and fibrotic diseases
by regulating the process of cell proliferation, invasion,
apoptosis, and the secretion of essential proteins.

One of the metastasis-associated IncRNAs, HOTAIR, was
previously observed to be highly expressed in primary mela-
noma lymph node metastases (27). Knockdown of HOTAIR
using siRNAs reduced motility and invasion of the human
melanoma cell line A375. siHOTAIR also suppressed gelatin
matrix degradation, suggesting that HOTAIR promotes
gelatinase activity. These data indicate that IncRNAs may be
involved in melanoma metastasis. In the present study, it was
revealed that CAS1 may be involved in keloid fibroblast inva-
sion, which provided new insights into the keloid pathology of
invasion into adjacent normal tissues.

Mounting evidence exists for the deregulation of IncRNAs
in fibrotic diseases, indicating that these molecules are
differentially expressed during fibrotic remodeling (28,29).
For example, it was recently demonstrated that Meg3 inhibits
hepatic stellate cell activation and liver fibrogenesis. In vitro,
Meg3 overexpression limits the TGF-f1-induced proliferation
of hepatic stellate cells and activates p53-dependent
apoptosis in fibrotic livers (28). Additionally, depletion
of the IncRNA ZEB2NAT was demonstrated to decrease
epithelial-mesenchymal transition (EMT)-associated gene
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Figure 4. CAS1 knockdown decreases the rate of wound closure. (A) Effect
of CAS1 knockdown on cell invasion. Cells migrated more slowly over the
wound after CAS1 knockdown. Results are presented as the mean + standard
deviation of three independent experiments. ‘P<0.05, compared with
NC-treated cells. (B) Representative light microscopy images of NC-treated
and siRNA-3 transfected cells at 0, 24 and 48 h after scratching of the mono-
layer. Scale bar, 200 ym. CAS1, CACNA1G-ASI; siRNA, small interfering
RNA; NC, negative control.

expression and cancer cell invasion in urinary bladder
cancer-associated fibroblasts. These results provide support
for fibroblast induction of EMT and the invasion of urinary
bladder cancer cells through the TGF-1-ZEB2NAT axis (29).
However, no significant association was identified between
CASI and cell proliferation or TGF-3 expression in the present
study.

CASI is the antisense RNA of CACNAI1G, which is the
mRNA of the T-type channel protein Cav3.1 (30). Numerous
antisense IncRNAs have been identified to be involved in the
regulatory gene-net of diseases. For example, proliferating
cell nuclear antigen (PCNA)-ASI, the antisense of PCNA,
is significantly upregulated in hepatocellular carcinoma. It
promotes tumor growth in vitro and in vivo through RNA
hybridization, which increases PCNA mRNA stability (31).

Clinical trials (32-34) have demonstrated that verapamil,
a calcium channel blocker that targets L-type and T-type
channels, was effective at preventing and treating keloids
with no major side effects. Calcium antagonists are reported
to promote a change in cell shape from bipolar to spherical,
which may reflect their calmodulin inhibitor-like behavior
involving calcium-independent alteration or rearrangement
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Figure 5. CASI knockdown reduced (A) CACNAIG and (B) COL1A1 expres-
sion in keloid fibroblasts, whereas (C) TGF-ff and (D) COL3A1 expression did
not change. Results are presented as the mean + standard deviation of three
independent experiments. "P<0.05, compared with NC-treated cells. CAS1,
CACNAI1G-ASI; siRNA, small interfering RNA; NC, negative control.

of the actin cytoskeleton (35). Alternatively, the effects of
calcium antagonists may be similar to that of cytochalasin B,
which alters the cell shape by disrupting stress fibers, and
inducing the expression of collagenase and protease (36).
Further studies (37,38) revealed that verapamil induces
procollagenase expression and increases collagenase; it also
inhibits the synthesis of extracellular matrix molecules,
including collagen, fibronectin and glycosaminoglycans.
Fibroblasts in keloids exhibit elevated levels of interleukin 6
and vascular endothelial growth factor, which are decreased
by verapamil, reducing cell proliferation and increasing
apoptosis (39). Verapamil was also indicated to prevent keloid
formation by inhibiting proliferation and TGF-f1 expression
in fibroblasts (40). The finding that CACNAI1G expression
was downregulated by CAS1 knockdown suggests that CAS1
affects calcium channel expression, leading to a reduction in
collagen levels and cell invasion.

In conclusion, CAS] may promote the expression of the
calcium channel protein CACNAIG and type I collagen, and
also have a positive effect on cell migration in human keloid
fibroblasts, rendering it a potential new therapeutic target for
keloids.
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