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Abstract. — OBJECTIVE: Skin basal cell carci-
noma (BCC) is the most common malignant skin
tumor. Recent studies demonstrated that circu-
lar RNAs (circRNAs) are implicated in tumori-
genesis and may represent potential therapeu-
tic targets. The aim of the present study was to
explore the expression profiles of circRNAs and
their role in skin BCC.

MATERIALS AND METHODS: Three pairs of
skin BCC tissues and adjacent tissues were used
to perform a circRNA microarray for screening
of circRNA expression profiles. Circ_NCKAP1
was selected as a target circRNA by RT-qPCR
verification and bioinformatics analysis. The ef-
fect of circ_NCKAP1 knockdown on cell prolifer-
ation and apoptosis was assessed using CCK8
and Annexin V-FITC/PI assays, and its regula-
tion over the miR-148b-5p/HSP90 axis was as-
sessed by dual-luciferase reporter assay.

RESULTS: Circ_NCKAP1 was found to be
significantly upregulated in skin BCC tissues
(p<0.05). In vitro loss-of-function assays demon-
strated that circ_NCKAP1 knockdown marked-
ly inhibited cell proliferation and promoted cell
apoptosis (p<0.05). Moreover, Dual-Lucifer-
ase reporter assay identified that circ_NCKAP1
could bind to miR-148b-5p directly, and HSP90
was targeted by miR-148b-5p.

CONCLUSIONS: Circ_NCKAP1 can promote
skin BCC progression by sponging the miR-
148b-5p/HSP90 axis, and circ_NCKAP1 may be
a potential target for skin BCC therapy.
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Introduction

Skin basal cell carcinoma (BCC) is the most
common skin malignant tumor that originates from
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epidermal keratinocytes, accounting for 65-75% of
all skin malignancies and 80% of non-melanocytic
skin tumors'. BCC mainly develops in exposed ar-
eas of the skin, with 80% of the cases in the head
and neck, and 15% in the trunk and limbs. The in-
cidence of skin BCC continues to increase with ad-
vancing age®. Skin BCC can manifest in a variety
of pathological types, the most common of which
is nodular’. Others include sclerosing, infiltrative,
micronodular, and basosquamous. Skin biopsy and
pathological examination is the gold standard for
the diagnosis of skin BCC*. Treatment options in-
clude surgical resection and margin assessment, as
well as intralesional chemotherapy, cryotherapy,
photodynamic therapy, laser therapy and radiation
therapy®. The pathogenesis of BCC is complex, and
the specific underlying mechanism has yet to be
fully elucidated.

Circular RNA (circRNA) is a type of non-cod-
ing RNA that is widely expressed in eukaryotic
and prokaryotic cells and is characterized by a
covalent closed-loop structure®. Due to the lack
of 5* and 3’ free ends, it is not easily degraded by
Ribonuclease R (RNase R)’; in addition, the ma-
jority of circRNAs are highly conserved among
different species and exhibit cell type-specific
and tissue-specific expression patterns®. Previous
studies®'® have demonstrated that circRNA ab-
normal expression and regulation are involved in
the occurrence and development of a variety of
tumors. However, the function and interactions of
circRNAs in skin BCC remain unknown. In the
present study, human circRNA microarray analy-
sis was used to screen the circRNA expression pro-
files in skin BCC and identified that circ NCKAP1
was significantly upregulated in skin BCC. Loss-
of-function assays demonstrated that circ NCK-
AP1 may inhibit cell proliferation and promote cell
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apoptosis. Furthermore, circ NCKAP1 was found
to act as a competitive endogenous RNA (ceRNA)
to sponge miR-148b-5p in order to upregulate the
expression of heat shock protein (HSP)90. Our
study indicated that the circ. NCK AP1-miR-148b-
S5p-HSP90 axis participates in the occurrence and
development of skin BCC and circ. NCKAP1 may
be a potential target for BCC therapy.

Materials and methods

Clinical Tissues and Cell Lines

Three pairs of skin basal cell carcinoma tissues
and adjacent tissues were collected from Affiliat-
ed Hospital of Hebei University of Engineering.
The diagnosis and treatment of skin basal cell
carcinoma in our study were followed by NCCN
Clinical Practice Guidelines in Oncology: Basal
Cell Skin Cancers (2019.v1)"°. None of the patients
received preoperative chemotherapy and radio-
therapy. The clinicopathologic characteristics
of 3 patients shown in Supplementary Table I.
Human skin basal cell cancer cell line TE354.T
(Item No.: ZQ0046) and the human immortal ke-
ratinocyte cell line HaCaT (Item No.: ZQ0047)
were purchased from Shanghai Zhong Qiao Xin
Zhou Biotechnology Co., Ltd (Shanghai, China).
This project was approved by the Ethics Commit-
tee of Affiliated Hospital of the Hebei University
of Engineering.

Reagents

RPMI-1640 medium, high glucose DMEM,
and trypsin were purchased from Gibco Co.,
Ltd (Thermo Fisher Scientific, Waltham, MA,
USA). The Dual-Luciferase detection kit was
purchased from Promega Co., Ltd (Madison, WI,
USA). Transfection reagent Lipofectamine®**™
(Lip3000), M-MLYV reverse transcriptase, TRIzol,
and Real-Time PCR kit were bought from Invitro-
gen Co., Ltd (Thermo Fisher Scientific, Waltham,
MA, USA). Anti-Hsp90 antibody (ab13495) was
purchased from Abcam Co., Ltd (Thermo Fish-
er Scientific, Waltham, MA, USA). PVDF mem-
brane, CL chemiluminescence kit was purchased
from Bio-Rad Co., Ltd (Hercules, CA, USA). The
psiCHECK?2 dual luciferase reporter gene vector
was purchased from Shanghai Hanheng Biotech-
nology Co., Ltd (Shanghai, China).

CircRNA Expression Profiling

Total RNA was extracted from three pairs of
tissues and treated with RNase R (EpicentreTech-
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nologies, Inc., Madison, WI, USA) to remove lin-
ear RNA, and then amplified with random primers
and reverse-transcribed into fluorescence-labeled
cRNA (Invitrogen, Inc., Carlsbad, CA, USA). The
labeled cRNAs were purified using RNeasy Mini
Kit. A total of 1 pg of fluorescence-labeled cRNA
was mixed with 5 pl of 10X Blocking Agent, 1
pl of 25X lysate, and 25 pl of 2X hybridization
buffer, followed by the addition of 50 pl hybrid-
ization reaction solution into the Human Circular
RNA Array reaction slide. The hybridization re-
action was conducted at 65°C for 17 h. After the
reaction was completed, the slides were fixed and
scanned on an Agilent G2505C scanner. The Agi-
lent Feature Extraction Software (version 11.0.1.1)
(Thermo Fisher Scientific, Inc., TX, USA) was
used to analyze the hybrid pictures and extract the
data. Finally, the data were normalized and ana-
lyzed to identify the differentially expressed cir-
cRNAs between the two groups of samples. Fold
change and p-values were screened, and the t-test
was used to select the circRNA with a fold differ-
ence of >1.5 and p <0.05. circRNAs chip detection
and data analysis were undertaken by Shanghai
Genechem Co.Ltd (Shanghai, Chinese).

Reverse Transcription-Quantitative PCR

RNA was extracted by TRIzol® reagent (Invit-
rogen, Inc., Carlsbad, CA, USA) and reverse-tran-
scribed to cDNA. The SYBR Green Master Mix
(Bio-Rad Laboratories, Inc., Hercules, CA, USA),
template, upstream/downstream primers, and
ddH,O, were prepared into a PCR reaction solu-
tion and placed on a Real-time PCR instrument for
PCR amplification. The reaction conditions were
as follows: Pre-denaturation at 95°C for 2 min, fol-
lowed by 40 cycles at 95°C for 1 min, 60°C for 1
min, 72°C for 1 min, and extension at 72°C for 7
min. The relative expression levels of target RNAs
were quantified using the 2444 method.

Bioinformatics Analysis

Gene Ontology (GO) database (http:/www.
geneontology.org) was used to perform gene
function enrichment analysis of differential cir-
cRNA-derived genes. The Kyoto Encyclopedia
of Genes and Genomes (KEGG) database (http:/
www. genome.jp/kegg/pathway.html) was used
to perform pathway analysis of differential cir-
cRNA-derived genes.

Cell Transfection
TE354.T cells were cultured in RPMI-1640 me-
dium supplemented with 10% fetal bovine serum
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at 37°C, 5% CO,, using saturated humidity incu-
bators. When the degree of cell fusion reached
approximately 50%, 50 nmol/l circ. NCKAP1 siR-
NA plasmid (si-circ. NCKAP1) and control siRNA
(si-NC) were synthesized by Shanghai Genechem
Co.Ltd (Shanghai, Chinese) and transfected into
TE354.T cells using Lipofectamine 3000™ ac-
cording to the instructions of the manufacturer
(Thermo Fisher Scientific, Inc., TX, USA). After
48 h of transfection, EDTA-trypsin digestion was
performed for subsequent experiments.

CCK-8 Assay

TE354.T cells were collected in 96-well plates
at 24, 48, 72 and 96 h after transfection, and five
replicates at each time point were performed
according to the instructions of the CCK-8 Kit.
A total of 20 ul CCK-8 reagent were added and
then cultured for 2 h. Optical density (OD) value
was measured at 450 nm on a microplate reader
(BioTek, Inc., Winooski, VT, USA).

Annexin V-FITC/PI Double-Staining Assay

TE354.T cells in the logarithmic growth phase
were collected and resuspended in PBS to 10°
cells/ml. The cells were then stained with 5 pl
AnnexinV-FITC kit (Invitrogen, Inc., Carlsbad,
CA, USA) for 15 min and 5 pl propidium iodide
(PD) kit (Invitrogen, Inc., Carlsbad, CA, USA)
for 20 min. The apoptosis rate was detected by
flow cytometry (Becton Dickinson, Inc., Franklin
Lakes, NJ, USA).

Dual-Luciferase Reporter Assay

The psiCHECK?2 dual-luciferase reporter
gene vector (Promega, Inc., Madison, Wis-
consin, USA) was purchased from Shanghai
Hanheng Biotechnology Co., Ltd. (Shanghai,
China). The circ NCKAPI sequence with
miR-148b-5p binding was cloned into the psi-
CHECK2 vector (psiCHECK2- circTCF25-wt/
mut). The HSP90 3’UTR containing miR-148b-
5p binding site was cloned into the psiCHECK?2
vector (psiCHECK2- HSP90-wt/mut). Renilla
Luciferase was used as the reporter gene and
Firefly luciferase as the internal reference gene.
Cells were transfected in groups according to
the instructions of Lipofectamine 3000™, and
Luciferase activity was measured according to
the instructions of the manufacturer (Promega,
Inc., Madison, Wisconsin, USA). The lumines-
cence value of Renilla Luciferase gene/firefly
Luciferase gene (Rluc/Fluc) was recorded as
the relative Luciferase activity.

Immunohistochemistry (IHC)

The tissue was fixed with 4% paraformaldehyde
solution, embedded in paraffin, and cut into 5-um
serial sections. The paraffin sections were subject-
ed to xylene dewaxing, gradient ethanol hydra-
tion, gradient alcohol, and xylene dehydration. and
they were incubated with 5% normal goat serum
at room temperature for 20 min, rabbit anti-mouse
HSP90 monoclonal antibody (Abcam, Cambridge,
UK, ab13495, 1:1000) in a refrigerator at 4°C over-
night, and biotinylated goat anti-rabbit IgG second-
ary antibody at 37°C for 1 h. After washing with
PBS for 3 times, the sections were incubated with
horseradish peroxidase (HRP)-labeled streptavidin
antibody (CST, #7074, 1:3000) at 37°C for 30 min.
DAB staining, and neutral balata fixation. Final-
ly, the sections were observed under an inverted
microscope (Bio-Rad, Hercules, CA, USA). The
brown particles indicated positive expression.

Statistical Analysis

All data were processed by statistic package
SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) and
and GraphPad Prism 8.1 (GraphPad, Inc., La
Jolla, CA, USA). The variables of normal distri-
bution are shown as y?+ s. Comparison between
two groups was performed with #-test, and among
multiple samples with one-way analysis of vari-
ance followed by Tukey’s post hoc test. p<0.05
was considered to indicate statistically significant
differences. ‘p<0.05, “p<0.01.

Results

CircRNA Expression Profiling

Through circRNA microarray analysis and
data normalization, the present study identified
543 tumor-associated differentially expressed
circRNAs, including 301 downregulated and 242
upregulated circRNAs. GO and KEGG pathway
analyses for 543 significantly differentially ex-
pressed circRNAs gene symbols were conducted
to predict the potential functions of the circRNAs.
The GO biological process (GO-BP) analysis re-
sults demonstrated that circRNAs gene symbols
were more commonly associated with regulation
of chromosome organization (GO:0033044) and
membrane-bounded organelle (G0:0043227),
among others (Figure 1A). The KEGG pathway
analysis results indicated that circRNAs gene
symbols were mainly enriched in the Hippo sig-
naling pathway and HSP90/JAK signaling path-
way, among others (Figure 1B).
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Figure 1. Bioinformatics analysis of gene symbols. A, GO-BP analysis, the top ten significantly GO-BP terms. B, KEGG
pathway analysis, the top ten significantly enriched pathways. GO: Gene Ontology, BP: Biological process, KEGG: Kyoto

Encyclopedia of Genes and Genomes, DE: Differentially expressed.

Circ NCKAP1 Is Significantly
Upregulated in Skin BCC Tissues

The circRNA microarray data demonstrated that
the expression of circ NCKAP1 was significantly
upregulated in skin BCC tissues (Figure 2A). RT-
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PCR assay further confirmed that the expression
of circ. NCKAPI was significantly upregulated in

three pairs of tumor tissues (Figure 2B, p<0.05).
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Figure 2. circ NCKAP1 was significantly upregulated in skin basal cell carcinoma tissues. A, Hierarchical cluster map of the
top ten differentially expressed circRNAs. B, RT-PCR validation was performed using three skin basal cell carcinoma tissues.
"p<0.05, "p<0.01 compared with adjacent non-cancerous tissues. BCC: Basal cell carcinoma.

Circ NCKAP1 Knockdown Can Inhibit
Cell Proliferation and Promote
Cell Apoptosis

RT-PCR assay demonstrated that the expres-
sion of circ. NCKAP1 was sinificantly increased
in TE354.T cells, compared with that in HaCaT
cells (Figure 3A, p<0.05). circ. NCKAPI-target-
ing siRNA expression plasmids were constructed
and transfected into TE354.T cells in order to si-
lence circ NCKAPI, with si-NC used as a con-
trol. RT-PCR assay revealed that the expression of
circ. NCKAPI in the siRNA group was markedly
decreased compared with that in the si-NC group
(Figure 3B, p<0.05). In addition, the CKK-8 assay
indicated that the absorbance at OD 450 nm in
the siRNA group was markedly lower compared

with the si-NC group (Figure 4A, p<0.05), which
suggested that circ. NCKAP1 knockdown inhib-
ited cell proliferation. Annexin V-FITC/PI dou-
ble-staining assay demonstrated that the apoptot-
ic rate in the siRNA group was significantly lower
compared with that in the si-NC group (Figure
4B, p<0.05), which suggested that circ NCKAPI
knockdown promoted cell apoptosis.

Circ_ NCKAP1 Acts as an Endogenous
Sponge by Binding MiR-148b-5p
Arraystar’s home-made software indicated
the putative binding site between circ NCKAPI
and miR-148b-5p (Figure 5A). Co-transfection
of luciferase reporters containing a wild-type
circ. NCKAPI1-3’UTR sequence and miR-148b-

A 2.54

<

O + 2.0-

3%

O 1.5

g— @)

o zl

_g £ 1.0

53

[ .

x 0.5
0.0-

HaCaT TE354.T

B2
f
O -
[ & 0.9-
o
S0
 Z, 061
-
= 0
< %5 0.3
o

0.0-

si-NC si-circ_NCKAP1

Figure 3. siRNA interference. A, Expression of circ. NCKAP1 in TE354.T cells compared with HaCaT cells. "p<0.05, "p<0.01.
B, The transfection efficiency was detected by RT-PCR. "p<0.05, “p<0.01 compared with the si-NC group.
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Figure 4. Knockdown of circ. NCKAP1 inhibited cell proliferation and promoted cell apoptosis. A, The cell growth rate was
measured by the CCK-8 assay. B, The cell apoptosis rate was evaluated by Annexin V-FITC/PI double-staining assay. p<0.05,

“p<0.01 compared with the si-NC group.

S5p mimics into TE354.T cells reduced the lucif-
erase activity to over 50%, but this effect was not
observed with co-transfection of the mutant-type
circ. NCKAP1-3’UTR sequence and miR-148b-
Sp mimics (Figure 5B, p<0.05). Furthermore, RT-
PCR analysis demonstrated that the expression
of miR-148b-5p was increased in TE354.T cells
transfected with si-circ. NCKAPI, compared
with the si-NC group (Figure 5C, p<0.05), and the
expression of miR-148b-5p was decreased in skin
BCC tissues, compared with adjacent non-cancer-
ous tissues (Figure 5D, p<0.05).

HSP90 Is Directly Targeted
by MiR-148b-5p

The putative binding sites of miR-148b-5p in
the HSP90-3’UTR were predicted by TargetScan
and miRanda (Figure 6A), and the results demon-
strated that HSP90 is targeted by miR-148b-5p,
which was confirmed by dual-luciferase reporter
assay (Figure 6B, p<0.05). In addition, the IHC
results demonstrated that HSP90 was strongly
expressed in skin BCC tissues, and HSP60 was
mainly expressed in the cytoplasm of cancer cells,
which manifested as light yellow to brown, homo-
geneous, powdery or granular material (positive),
whereas the adjacent non-cancerous tissues were
weakly stained or not stained (negative) (Figure
6C, p<0.05). Furthermore, RT-PCR analysis re-
vealed that the expression of HSP90 mRNA was
increased in skin BCC tissues, compared with ad-
jacent non-cancerous tissues (Figure 6D, p<0.05).
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Discussion

CircRNAs were first identified in eukaryotic
cells in 1979 by HSU',, but, it taken into account
for recently. Covalently closed circRNAs include
three types: Exonic circRNA (ecircRNA), exon-
ic RNA intronic circular RNA (ElcircRNA), and
circular intronic RNA (ciRNA), and their for-
mation mainly occurs through four pathways:
Spliceosome-dependent cyclization, intron-pair-
ing-driven circularization, lasso-driven circu-
larization, and cyclization of protein factor cor-
relation'. The specific functions of circRNAs
remain unclear, but known functions include
miRNA sponging, post-transcriptional regula-
tion, encoding proteins, generating circRNA-de-
rived pseudogenes, and splicing interference'.
Recent studies have demonstrated that the ab-
normal expression of circRNAs is implicated in
malignant transformation, and may play a sig-
nificant role in the occurrence and development
of several types of human tumors. Fox example,
Dong et al"* reported that circ NTSE can pro-
mote non-small-cell lung cancer (NSCLC) cell
proliferation by sponging miRNA-134. Yang
et al' observed that circ 0001105 can inhib-
it osteosarcoma progression and metastasis via
sponging the miR-766/YTHDF2 axis. Yang et
al'¢ indicated that Circular RNA-ABCBI10 Sup-
presses Hepatocellular Carcinoma Progression
Through Upregulating NRP1/ABL2 via Spong-
ing miR-340-5p/miR-452-5p.
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Figure 5. Circ_ NCKAPI acts as an endogenous sponge by binding miR-148b-5p. A, Schematic diagram of the binding sites
between circ. NCKAPI and miR-148b-5p. B, Verification of circ. NCKAP1 targeting miR-148b-5p by dual-luciferase reporter
gene assay. C, Effect of circ. NCK API silencing on the expression of miR-148b-5p. p<0.05, **p<0.01 compared with the si-NC
group. D, The expression of miR-148b-5p in three skin basal cell carcinoma tissues was evaluated by RT-PCR analysis. p<0.05,

"p<0.01 compared with adjacent non-cancerous tissues.

In addition, circRNAs are involved in the gener-
ation, development and metastasis of several skin
tumors. For example, Yang et al'’ found that circ_
Amotll can increase the expression of STATS3,
DNMT3a and fibronectin through sponging miR-
17-5p, thereby accelerating skin wound healing.
Zou et al'® reported that circRNA 0016418 expe-
dites the progression of human skin melanoma
via miR-625/YY1 axis. However, the function
and interactions of circRNAs in skin BCC remain
elusive. In the present study, the circRNA ex-
pression profiles of three skin BCC patients were
screened using circRNA microarrays and verified
by RT-PCR analysis, and it was observed that
circ. NCKAP1 was significantly upregulated in
cancer tissues. The siRNA vector was successful-
ly constructed and transfected into TE354.T cells
to silence circ. NCK AP1 expression. /n vitro loss-
of-function assays demonstrated that circ NCK-

AP1 knockdown markedly inhibited cell prolif-
eration and promoted cell apoptosis. Therefore,
circ. NCKAP1 was identified as a key circRNA
for skin BCC in this study. Further dual-lucifer-
ase reporter assay indicated that circ NCKAP1
can function as an endogenous sponge by bind-
ing miR-148b-5p to regulate HSP90 expression in
skin BCC, and this conclusion was confirmed by
RT-PCR and IHC assays.

Circ. NCKAPI is an exonic circRNA locat-
ed in chr2:183817132-183818059, and named
hsa_circRNA 002092 in the circBase database
(http://www.circbase.org/)". To the best of our
knowledge, this is the first study to investigate the
role of circ. NCKAPI in cancer. It was recently
reported that miR-148b-5p acts as a tumor sup-
pressor in a number of tumors.miR-148b-5p can
inhibit gastric cancer metastasis by inhibiting
the Dock6/Racl/Cdc42 Axis*, and miR-148b
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Figure 6. HSPIO is directly targeted by miR-148b-5p. A, Schematic diagram of the binding sites between HSP90 and miR-
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can suppress NSCLC progression by inhibiting
ALCAM via the NF-kB pathway?'. Furthermore,
miRNA-148b can enhance the radio sensitivi-
ty of B-cell lymphoma cells by targeting Bcl-w
to promote cell apoptosis*. In the present study,
miR-148b-5p was downregulated in skin BCC tis-
sues and may act as a tumor suppressor in skin
BCC. Heat shock proteins (HSPs) are a family
of highly conserved proteins that are induced by
various stressors and their function is to maintain
protein stability and promote cell survival*?.
They are ubiquitous in organisms?®, and they are
divided into five major families according to their
molecular weight: HSP, HSP60, HSP70, HSP90
and HSP100%. HSP90 is one of the most com-
mon types of HSP in mammals, and it plays an
important role in the signal transduction process
that promotes tumor cell proliferation and inhib-
its apoptosis?”**. In the present study, HSP90 was
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strongly expressed in skin BCC tissues, and may
be a new auxiliary tool in the diagnosis or clinical
treatment of skin BCC. However, further inves-
tigation is required to fully elucidate the role of
miR-148b-5p and HSP90 in skin BCC.

The study of circRNAs on skin basal cell carci-
noma is very few at present; this was the first re-
port describing the role of circ. NCKAP1 in skin
basal cell carcinoma. Also, to our best knowl-
edge, our study provides the first evidence that
circRNAs can regulate the occurrence and de-
velopment of skin basal cell carcinoma through
miRNA sponging. However, for the function of
circ. NCKAP1-miR-148b-5p- HSP90 axis in skin
basal cell carcinoma, which requires us to further
explore. There were also other limitations to the
present study, such as the limited sample size and
the lack of in vivo animal experiments, which
must be addressed in future studies.
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Conclusions

Taken together, the findings of the present
study indicated that circ. NCKAP1 was signifi-
cantly upregulated in skin BCC tissues, whereas
knockdown of circ. NCKAPI1 inhibited cell pro-
liferation and promoted cell apoptosis. Moreover,
circ. NCKAP1 could directly bind to miR-148b-
5p, and HSP90 was targeted by miR-148b-5p in
skin BCC tissues. Therefore, circ. NCKAP1 can
promote skin BCC progression by sponging the
miR-148b-5p/HSPI0 axis, and it may be a poten-
tial target for the treatment of skin BCC.
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