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Abstract: Circulating RNAs (circRNAs) are involved in tumor development and progression by participating in im-
mune regulation. Nevertheless, the circRNAs expression profiles and their roles on the immunomodulatory effects
in cutaneous squamous cell carcinoma (cSCC) have rarely been studied. In our study, we identified the differentially
expressed circRNAs (DEcircRNAs), miRNAs (DEmiRNAs), mRNAs (DEmRNAs) in ¢SCC and established the circRNA
competing endogenous RNAs (ceRNAs) network. Subsequently, the hub differentially expressed immune-related
genes were identified and validated by immunochemistry as well as the GO and KEGG pathway analysis were
performed. 54 differentially expressed circRNAs were identified and hub differentially expressed immune-related
genes were identified and they were mostly associated with immune response in the progression of ¢SCC. Our
results indicated that the potential immune-related circRNA-miRNA-mRNA network may assist in understanding
the molecular mechanisms underlying the carcinogenesis and progression in cSCC. Moreover, the immune-related
genes may provide an insight into the pathogenesis, molecular biomarkers, and potential therapeutic targets for
¢SCC patients.
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Introduction manage and the prognosis is poor [5, 6].
Therefore, intensive investigation of the regula-
tory factors involved in ¢SCC progression is

imperative. Meanwhile, more reliable diagnos-

Cutaneous squamous cell carcinoma (cSCC) is
one of the most common non-melanoma skin

malignant tumors derived from epidermal kera-
tinocytes, accounting for about 20% of skin
tumors, with high metastasis and mortality
rates [1, 2]. But due to lack of typical early pre-
sentation, most patients in clinical diagnosis
often have an aggressive c¢SCC that usually
spreads to other tissues and organs when they
were confirmed [3]. Currently, the main treat-
ment options are surgical resection, radiother-
apy and chemotherapy. Most patients have bet-
ter outcomes with surgical resection at an early
stage [4]. However, extensive locally destruc-
tive or metastatic lesions remain difficult to

tic and therapeutic biomarkers should be fur-
ther studied.

Circular RNA, one of endogenous long-stranded
non-coding RNAs, formed by reverse splicing in
a class of covalently closed single-stranded
circular, is widespread in eukaryotic cells [7].
Moreover, it has the characteristics of stability,
richness, conservation, localization, and dis-
ease-specificity [8, 9]. Notably, it has been
revealed that circRNAs play a critically impor-
tant role in the progression of numerous dis-
eases, such as tumors [10, 11], cardiovascular
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diseases [12, 13], metabolic diseases [14] and
digestive system diseases [15, 16]. Moreover,
the investigators have discovered that circ-
RNAs were rich in miRNA binding sites, which
could competitively adsorb miRNAs and influ-
ence their functions [17]. Furthermore, a multi-
tude of researches have shown that aberrant
circRNA expression played an essential role in
cancer through the circRNA-miRNA-mRNA regu-
latory axis and thereby influence the develop-
ment and progression of cancer [18-20]. For
example, Ma et al. revealed that hsa_circ_
0004872 could suppresses gastric cancer pro-
gression by competitively binding miR-224/
Smad4/ADAR1 pathway [21]. Zhang et al.
found that circFGFR1 could sponge miR-381-
3p to promote the progression of non-small cell
lung cancer (NSCLC) and anti-PD-1 resistance
[22]. Nevertheless, the tumor microenviron-
ment is extremely complex, and it is not optimal
to focus on one or more relationships of com-
peting endogenous RNAs (ceRNASs) in a single
isolated way.

Recently, increasing evidences have pointed
that the immune response was involved in the
development of cSCC [23, 24]. More important-
ly, the latest developments suggested that cir-
cRNAs were not only engaged in the innate
immune responses but also exert their role in
tumor immunity [25, 26]. Wei et al. found that
circ_0020710 could facilitate the progression
and immune evasion of melanoma by the
regulation of miR-370-3p/CXCL12 axis [27].
Another study also suggested that circ-CPA4/
let-7 miRNA/PD-L1 axis could modulate imm-
une escape in NSCLC [28]. Li et al. discovered
that circ_0000284 could contribute to the
development of NSCLC by competitively bind-
ing MiR-377 to upregulate PD-L1 expression
[29]. However, previous studies have just con-
centrated on individual circRNAs, there has
been few report regarding the roles of circRNAs
acting as a miRNA sponge to impact the
immune-related genes of cSCC thereby affect-
ing its progression.

Recognizing the essential of the immune
system in malignant cancer, there is an urgency
for credible prognosticators and effectively
therapeutic targets for c¢SCC, we identified
DEcircRNAs, DEmiRNAs, DEmRNAs and estab-
lished the circRNA ceRNA network associated
with ¢SCC. From the ceRNA network, we identi-
fied immune-related genes and established a
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PPl network to identify hub immune-related
genes to provide new insights for improving
clinical diagnosis and potential immunotherapy
targets of ¢cSCC patients.

Materials and methods
Data collection and inclusion criteria

We retrieved the microarray data through the
GEO database (http://www.ncbi.nim.nih.gov/
geo/). The following search terms were used:
‘cSCC’ and ‘circRNA" or ‘miRNA" or ‘mRNA.
Moreover, the inclusion criteria of the charac-
teristics of GEO database: (1) the samples
including cSCC and normal controls; (2) organ-
ism: homo sapiens; (3) experiment type: non-
coding RNA profiling or expression profiling
were detected by microarray; (4) platforms: cir-
cRNA and miRNA were detected by Agilent;
MRNA by Affymetrix Human Genome U133 Plus
2.0 Array; (5) sample source: tissue.

Identification of DEcircRNAs and annotation of
circRNAs

The DEcircRNAs were identified via limma R
package according to the criteria of |log, (fold
change)| (|log, FC[)>2.0 and P-value <0.05
after standardization and log, transformation
of the raw microarray data. Then, we annotated
DEcircRNAs using circBase [30]. Moreover, the
details information of circRNA were download-
ed from circBase. Next, we used the website
tools of Cancer-Specific CircRNA (CSCD) to pre-
dict their basic structural patterns. Finally, cir-
cRNAs’ parental genes were used to GO and
KEGG pathway analysis by FunRich software
(version 3.1.3) and KOBAS, respectively.

Identification of DEmiRNAs and prediction the
target miRNAs of circRNAs

The DEmiRNAs were obtained according to
[log, FC|>2.0 and P-value <0.05. Furthermore,
“miRNA sponge” is widely considered to be a
potential explanation for the work of circRNAs.
In order to investigate the miRNAs sponged to
DEcircRNAs, the circular RNA Interactome
(https://circinteractome.nia.nih.gov/) was used
to predict target miRNAs for DEcircRNAs. The
above target miRNAs were further filtered by
DEmiRNAs based on GE034536, and these
target miRNAs and DEmiRNAs were overlapped
by Venny 2.1.0 to find the intersection.
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Identification of DEmRNAs and prediction of
miRNA-mRNA pairs

The differentially expressed mRNAs (DEmRNASs)
was screened out with the |log, FC|>1.0 and
P-value <0.05. Moreover, the targeting miRNAs
of DEcircRNAs and DEmiRNAs were overlapped
as the ultimate miRNAs to further study.
Subsequently, the miRNA-mRNA interactions
were predicted using miRDB, miRTarBase and
TargetScan. Only target mRNAs identified by
the three databases were selected for intersec-
tion with DEmRNASs to obtain the final function-
al genes (FMRNAS).

Constructing the circRNA-miRNA-mRNA net-
work

The ceRNA network was constructed with the
final circRNAs, miRNAs, and mRNAs, which
obtained from the above steps. Visualization of
ceRNA network used R software.

GO and KEGG pathway of mRNAs in the net-
work

To assess functional enrichment, FunRich3.1.3
was used to perform GO analysis and KOBAS
was adapted to conduct KEGG pathway analy-
sis of final MRNAs (FmRNASs) in the circRNA-
MiRNA-mRNA network.

Constructing PPI network and identification of
hub genes

The PPI network of the DEmRNAs in ceRNAs
network was established using the STRING
database (http://string-db.org/) with the mini-
mum required interaction score was set to 0.4,
and then visualized using Cytoscape 3.7.1
software. The apps in Cytoscape (CytoHubba
and MCODE) were used to clarify hub genes
and analyze modules, respectively. Then, the
expression of some hub genes was confirmed
by immunohistochemistry in HPA database and
clinical samples.

Immune-related gene set

The lists of immune-related genes were
obtained from the ImmPort (https:/www.
immport.org/shared/home) databases. Then,
the differentially expressed immune-related
genes were obtained by overlapped with
DEmRNAs and the lists of immune-related
genes. Then they were analyzed by GO and

4828

KEGG analyses to explore their functions.
Similarity, the differentially expressed immune-
related genes were also used to conduct a PPI
network and selected the hub genes and vali-
dated by immunohistochemistry in HPA data-
base and clinical samples.

Tissue samples

28 cases of Formalin-fxed, parafn-embedded
¢cSCC tissue and 27 cases of non-cancerous
tissue were collected from the Department of
Pathology, West China Hospital, Sichuan
University from 2018 to 2021. The Ethical
Committee of West China Hospital approved
this study and waived informed consent.

Immunohistochemistry

The paraffin-embedded tissue sections were
used for immunohistochemical staining. Briefly,
the tissue sections were deparaffinized and
then rehydrated. The second step was antigen
retrieval and followed by blocking endogenous
peroxidase activity. Next, the primary anti-
bodies were incubated and the main informa-
tion as follows: anti-ISG15 (1:100 dilution,
Cat no#15981-1-AP, Proteintech), anti-RSAD2
(1:200 dilution, Cat no# 28089-1-AP, Prote-
intech), anti-PI3 (1:200 dilution), anti-OAS3
(1:100 dilution, Cat no#21915-1-AP, Protein-
tech), anti-CXCL10 (1:200 dilution, Cat no#10-
937-1-AP, Proteintech), anti-USP18 (1:1000
dilution, Cat no#GB111923, Servicebio), anti-
IL7R (1:100 dilution, Cat no#DF6362, Affinity).
The semi-quantitative criterion of evaluating
protein levels was based on the intensity of
staining and the proportion of positive cells.
According to the staining intensity, the results
were as follows: O (no stain), 1 (light yellow), 2
(brown) and 3 (tan). Additionally, based on the
proportion of positive cells, there were five
grades: 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-
75%) and 4 (76-100%). The final result was mul-
tiplied the two scores. Finally, if the score was
more than 6, it was considered high, otherwise
the opposite.

Results
Characteristics of eligible GEO database
A total of 13 GEO databases related to key-

words were searched. The flow chart diagram
of the screening process is shown in Figure 1.
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| GEQ database (http://www.ncbi.nlm.nih.gov/geo/)

"cutaneous squamous cell carcinoma” and
"circRNA" or "miRNA" or "mRNA"

o

circRNA: 3 separate
datasets(GSE74758,
GSE139505. GSE136113)

Excluded:
GSE139505(Non-coding
RNA profiling by high
throughput
sequencing)
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GSE130767(different (no controls )
Platforms)

circRNA: GSE74758
miRNA: GSE34536

Figure 1. A flow chart displaying

the screening process in this

mRNA: GSE45164, GSE66359. GSE42677 study.

Three of them are circRNA databases (GSE-
74758, GSE139505, GSE136113), four are
miRNAs (GSE57768, GSE34536, GSE130767,
GSE101192), and six are mRNAs (GSE45164,
GSE66359, GSE42677, GSE45216, GSE1507-
27, GSE66412). According to the inclusion cri-
teria, in the end only GSE74758, GSE34536,
GSE45164, GSE66359, and GSE42677 met
the criteria for inclusion in this study. The
following key information was collected from
each GEO database: organism, platform, contri-
butor(s), experiment type, last update year,
region, sample size, detected RNA, which were
listed in Supplementary Table 1.

Identification of differentially expressed cir-
cRNAs and annotation of circRNAs

A total of 54 DEcircRNAs were identified by
comparing the 3 cSCC and 3 non-lesional skin
tissues in the GSE74758 dataset (Figure 2).
Then, we clarified the detailed information
regarding these DEcircRNAs through the cir-
cBase database, such as the position, best
transcript and gene names (Supplementary
Table 2).

Enrichment analysis of circRNAs’ parental
genes

To explore the functions of DEcircRNAs based
on their parental genes in ¢cSCC patients, GO
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and KEGG analysis were performed. The results
showed that the most significant GO terms for
biological process (BP) were energy pathways,
and metabolism (Figure 3A). For cellular com-
ponent (CC), endoplasmic reticulum mem-
brane, COPIl vesicle coat and gamma-tubulin
ring complex were the most significant terms
(Figure 3B). Furthermore, CoA-ligase activity,
mannosyltransferase activity, and transporter
activity were the most enriched term for molec-
ular function (MF) (Figure 3C). Moreover, the
enriched pathways analysis by KEGG were most
related to mitophagy, renal cell carcinoma,
PPAR signaling pathway, prostate cancer, HIF-1,
and AMPK signaling pathway (Figure 3D).

Predicted the targets miRNAs of circRNAs

To further elucidate the functions of circRNAs,
the top 6 up and 6 down-regulated circRNAs
were identified as candidate circRNAs to fur-
ther study according to the |logFC| value,
including hsa_circ_0068631, hsa_circ_0070-
933, hsa_circ_0067772, hsa_circ_0003528,
hsa_circ_0070934, hsa_circ_0001955, hsa_
circ_0022392, hsa_circ_0022383, hsa_circ_
0005085, hsa_circ_0046449, hsa_circ_007-
2279, and hsa_circ_0000375. Their basic
structural patterns were shown in Supple-
mentary Figure 1 based on the data from CSCD.
Next, the above most 12 significantly changed

Am J Cancer Res 2021;11(10):4826-4843
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circRNAs were used to predict downstream
miRNAs and we identified 215 circRNAs-miR-
NAs pairs in Table 1.

Differential expression of miRNAs in ¢SCC pa-
tients

Based on the GSE34536 database, we ob-
tained 21 DEmIiRNAs, including 11 upregulated
and 10 down-regulated (Figure 4A, 4B). Then,
intersection of miRNAs predicted by 12 top cir-
cRNAs and DEmiRNAs. Finally, two miRNAs of
hsa-miR-136 and hsa-miR-766 were obtained
as candidate miRNAs (Figure 4C).

Differential expression of mRNASs in patients
with ¢SCC and the targets of miRNAs

After comparing the 10 tumor tissues and 3
normal tissues in the GSE45164 database, we
filtered and obtained 974 DEmMRNAs, which
were made up of 502 up-regulated and 472
down-regulated genes (Figure 4D). Meanwhile,
1252 DEmRNAs were selected in the GSEG6-
359 dataset, including 656 up and 596 down-
regulated genes (Figure 4E). Moreover, 2888
DEmMRNAs were identified in the same way from
the GSE42677 dataset, and it included 1432
up-regulated and 1456 down-regulated genes
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hsa_circ_0053932
hsa_circ_0007976

hsa_circ_0001402
hsa_circ_0004365
hsa_circ_0006470
hsa_circ_0001549
hsa_circ_0063331
hsa_circ_0001525
hsa_circ_0015449
hsa_circ_0005571
hsa_cire_0076251
hsa_circ_0046464
hsa_circ_0072386
hsa_circ_0072279

hsa_circ_0008274

hsa_circ_0007146
hsa_circ_0035381
hsa_circ_0032704
hsa_circ_0003528
hsa_circ_0001410
hsa_circ_0002456
hsa_circ_0031027
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hsa_circ_0070933

hsa_cicc_0067772
hsa_circ_0068631

Volcano

logFC

-log10(P.Value)

Figure 2. The expression profiles of cir-
cRNAs. (A) The heatmap of DEcircRNAs,
(B) The volcano plots of DEcircRNAs.

(Figure 4F). The number of common genes in
both three GEO database was 66 genes (Figure
4G). There were 129 target genes of predicted
miRNAs through miRDB, miRTarBase, and
TargetScan databases (Figure 4H). Finally, 36
common genes (FMRNAs) were obtained by
interact 129 target genes of predicted miRNAs
and 66 genes among three GEO databases
(Figure 4I).

The circRNA-microRNA-mRNA interaction net-
work

Increasing evidence has suggested that cir-
cRNAs may play a role in regulating the func-
tions of target mMRNAs as miRNA sponges. In
order to further make sense the potential
roles of the DEcircRNAs in ¢SCC, the circRNA-
microRNA-mRNA interaction network was con-
structed. Among the top 12 DEcircRNAs, the
predicted miRNAs of six circRNAs were not
found in the DEmiRNAs, so only 6 circRNAs, 2
miRNAs and 36 target mRNAs were used to
construct the network (Figure 5A). We found
that hsa-miR-136 was predicted to be common
downstream of hsa_circ_0070933, hsa_circ_
0022392 and hsa_circ_0070934, which indi-
cated that there might be some functional con-
nection between them. These RNA interactions
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Table 1. The target miRNAs of DEcircRNAs
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CircRNA

Position

Target microRNA
number

Target microRNA

hsa_circ_0068631
hsa_circ_0070933
hsa_circ_0067772

hsa_circ_0003528

hsa_circ_0070934

hsa_circ_0001955

hsa_circ_0022392
hsa_circ_0022383

hsa_circ_0005085

hsa_circ_0046449

hsa_circ_0072279
hsa_circ_0000375

chr3:195802029-195803993
chr4:128995614-128996148
chr3:155547476-155560408

chr5:134032815-134044578

chr4:128995614-129012667

chr15:64495280-64508912

chr11:61630443-61631258
chr11:61605249-61615756

chr2:9419445-9437574

chr17:80714040-80758872

chr5:37352838-37358253
chr12:6657590-6657991

8
7
26

26

33

32

17

11

32

hsa-miR-1303, hsa-miR-139-5p, hsa-miR-515-5p, hsa-miR-599, hsa-miR-615-3p, hsa-miR-640, hsa-miR-659, hsa-miR-758
hsa-miR-1290, hsa-miR-1304, hsa-miR-136, hsa-miR-1825, hsa-miR-431, hsa-miR-515-5p, hsa-miR-526b

hsa-miR-1183, hsa-miR-1225-5p, hsa-miR-1238, hsa-miR-1256, hsa-miR-1276, hsa-miR-1283, hsa-miR-1286, hsa-miR-1289,
hsa-miR-1294, hsa-miR-409-3p, hsa-miR-421, hsa-miR-488, hsa-miR-492, hsa-miR-494, hsa-miR-512-5p, hsa-miR-518a-5p, hsa-
miR-527, hsa-miR-548¢-3p, hsa-miR-567, hsa-miR-581, hsa-miR-623, hsa-miR-646, hsa-miR-649, hsa-miR-651, hsa-miR-1827,
hsa-miR-892a

hsa-miR-1236, hsa-miR-1248, hsa-miR-1252, hsa-miR-1253, hsa-miR-1279, hsa-miR-1287, hsa-miR-1288, hsa-miR-192, hsa-
miR-215, hsa-miR-217, hsa-miR-223, hsa-miR-224, hsa-miR-324-5p, hsa-miR-330-3p, hsa-miR-370, hsa-miR-421, hsa-miR-488,
hsa-miR-495, hsa-miR-548, hsa-miR-574-5p, hsa-miR-587, hsa-miR-606, hsa-miR-668, hsa-miR-890, hsa-miR-891b, hsa-miR-
892b

hsa-miR-1208, hsa-miR-1229, hsa-miR-1234,hsa-miR-1236,hsa-miR-1238, hsa-miR-1247, hsa-miR-1263, hsa-miR-1290, hsa-
miR-1304, hsa-miR-1305, hsa-miR-136, hsa-miR-1825, hsa-miR-197, hsa-miR-203, hsa-miR-383, hsa-miR-431, hsa-miR-487a,
hsa-miR-502-5p, hsa-miR-515-5p, hsa-miR-520g, hsa-miR-520h, hsa-miR-526b, hsa-miR-556-3p, hsa-miR-558, hsa-miR-578,
hsa-miR-598, hsa-miR-600, hsa-miR-626, hsa-miR-636, hsa-miR-647, hsa-miR-668, hsa-miR-889, hsa-miR-942

hsa-miR-1229, hsa-miR-1243, hsa-miR-1252, hsa-miR-1256, hsa-miR-1287, hsa-miR-1296, hsa-miR-1299, hsa-miR-1305, hsa-
miR-145, hsa-miR-149, hsa-miR-188-3p, hsa-miR-326, hsa-miR-330-5p, hsa-miR-338-3p, hsa-miR-496, hsa-miR-502-5p, hsa-miR-
516a-5p, hsa-miR-520g, hsa-miR-520h, hsa-miR-532-3p, hsa-miR-568, hsa-miR-583, hsa-miR-599, hsa-miR-607, hsa-miR-630,
hsa-miR-644, hsa-miR-646, hsa-miR-659, hsa-miR-766, hsa-miR-767-5p, hsa-miR-769-5p, hsa-miR-873

hsa-miR-1288, hsa-miR-1299, hsa-miR-136, hsa-miR-548b-3p, hsa-miR-657, hsa-miR-665, hsa-miR-766, hsa-miR-873
hsa-miR-1206, hsa-miR-1245, hsa-miR-1258, hsa-miR-1287, hsa-miR-1324, hsa-miR-197, hsa-miR-495, hsa-miR-498, hsa-miR-
524-3p, hsa-miR-525-3p, hsa-miR-624, hsa-miR-629, hsa-miR-635, hsa-miR-665, hsa-miR-766, hsa-miR-7, hsa-miR-876-3p
hsa-miR-186, hsa-miR-515-5p, hsa-miR-521, hsa-miR-548b-3p, hsa-miR-579, hsa-miR-589, hsa-miR-609, hsa-miR-626, hsa-
miR-661, hsa-miR-766, hsa-miR-873

hsa-miR-1182, hsa-miR-1184, hsa-miR-1205, hsa-miR-1277, hsa-miR-1247, hsa-miR-1299, hsa-miR-186, hsa-miR-361-3p,
hsa-miR-433, hsa-miR-450b-3p, hsa-miR-769-3p, hsa-miR-512b-5p, hsa-miR-517a, hsa-miR-517¢c, hsa-miR-548c-3p, hsa-miR-
548p, hsa-miR-587, hsa-miR-1270, hsa-miR-620, hsa-miR-624, hsa-miR-636, hsa-miR-639, hsa-miR-646, hsa-miR-654-3p, hsa-
miR-665, hsa-miR-668, hsa-miR-758, hsa-miR-873, hsa-miR-885-3p, hsa-miR-885-5p, hsa-miR-891b, hsa-miR-940
hsa-miR-139-5p, hsa-miR-488, hsa-miR-518a-5p, hsa-miR-527, hsa-miR-654-3p, hsa-miR-665, hsa-miR-934

hsa-miR-1182, hsa-miR-1184, hsa-miR-1205, hsa-miR-296-5p, hsa-miR-330-3p, hsa-miR-487a, hsa-miR-490-5p, hsa-miR-622
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Figure 4. The expression profiles of miRNAs and mRNAs. (A) the heatmap of DEmiRNAs, (B) The volcano plots of
DEmiRNAs, (C) intersection of miRNAs predicted by 12 top circRNAs and DEmiRNAs, (D) DEmRNAs in GSE45164,
(E) DEmRNASs in GSE66359, (F) DEmRNAs in GSE42677, (G) Common DEmRNAs in both three GEO database, (H)
target genes of predicted miRNAs by miRDB, miRTarBase, and TargetScan databases, (I) common genes were ob-
tained by interact 129 target genes of predicted miRNAs and 66 genes among three GEO databases.

may provide new insight into the mechanism
underlying cSCC.

Enrichment analysis of the genes in the net-
work

The 36 genes in the network were used to eval-
uate the biological roles of the circRNAs. The
top 10 GO terms of each group are shown in
Figure 5B-D. In the BP category, the main
enriched categories were immune response,
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spindle assembly and cell growth and/or main-
tenance (Figure 5B). In CC, extracellular, mem-
brane raft, and plasma membrane were the
main enriched terms (Figure 5C). In MF, the
mostly enriched terms were cell adhesion mol-
ecule activity, protease inhibitor activity, ATP
binding, and deaminase activity (Figure 5D).
Furthermore, the most enriched KEGG path-
ways were epstein-barr virus infection, human
papillomavirus infection, hepatitis C, influenza
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Figure 5. ceRNA network and GO and KEGG pathway analysis of the genes in ceRNA network. (A) ceRNA network,
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A, chemokine signaling pathway, RIG-I-like cancer. The Figure 5E showed the most

receptor signaling pathway, and microRNAs in enriched cancer-related pathways.
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Figure 6. PPl analysis. A. PPl network of 36 genes was constructed in STRING database. B. Module 1 of the PPI
network. C. Module 2 of the PPI network. D. Top 10 hub genes selected by the CytoHubba.

Identification of hub genes in the PPl network 36 target genes (Figure 6A). MCODE in

Cytoscape was applied to identify hub module.
According to STRING database, we established Two modules were identified, Module 1 consist-
a PPI network to show the interactions of the ed of 7 genes and 19 edges (Figure 6B), while
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Figure 7. Validation of hub genes by immunohistochemistry in HPA data-

bases. The scale bars represent 200 ym.

module 2 consisted of 6 genes and 15 edges
(Figure 6C). According to cytoHubba plugin’s
MCC ranking, the top 10 hub genes were
USP18, OAS3, I1SG15, RSAD2, PI3, CXCL10,
BST2, SPRR3, DSC2 and DSG3, which was
shown in Figure 6D. Immunohistochemical
assays from the HPA database was implement-
ed to conforme the expression of proteins
encoded by these hub genes, the result was
presented in Figure 7. However, PI3 and CXCL-
10 protein expression was not found in HPA
database. In order to better reveal the reality of
our results, we have collected 28 cases of
cSCC tissue and 27 cases of non-cancerous
tissue from our hospital to validate the top hub
gens and the genes that were not found in
HPA database (PI3 and CXCL10), the results
showed the expression level of USP18 was
expressed higher (17/28, 60.7%) than that in
controls (9/27, 33.3%). OAS3 was elevated in
tumor tissue (19/28, 67.9%) compared with
non-cancerous tissue (10/27, 37.0%). Similarly,
ISG15 was expressed higher in ¢SCC (18/28,
64.3%) than controls (10/27, 37.0%). CXCL10
was also up-regulated in tumor tissue (13/28,
46.4%) compared with controls (5/27, 18.5%).
Conversely, RASD2 was expressed higher in
non-cancerous tissue (12/27, 44.4%) than
tumor tissues (5/28, 17.9%). PI3 was expressed
lower in tumor (9/28, 32.1%) than controls
(15/27, 55.6%). The above results were pre-
sented in Figure 8.
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BST2

Identification of immune-
related genes and enrichment
analysis

DSC2

10 immune-related differen-
tially expressed genes were
obtained by overlapped with
selected DEmMRNAs in the
ceRNA network (FmMRNAs) and
the lists of immune-related
genes (Figure 9A and Supple-
mentary Table 3). Next, the
PPI network was constructed
based on immune-related dif-
ferentially expressed genes
and shown in Figure 9B.
According to cytoHubba plu-
gin’'s MCC ranking, the top hub
genes were CXCL10, BST2,
ISG15, RSAD2, LYN, SHC1,
P13, IL7R, which was shown in
Figure 9C. CXCL10, BST2,
ISG15, RSAD2 and PI3 have
been verified above. The expression level of
SHC1 and LYN was validated by immunohisto-
chemical assays from the HPA database, the
result showed that they were expressed higher
in tumor than in controls (Figure 7). However,
IL7R protein expression was not found in HPA
database, our own clinical samples were col-
lected to validate it, the result found that IL7R
was expressed higher in tumor (15/28, 53.6%)
than in controls (7/27, 25.9%) and presented in
Figure 8. The GO enrichment analysis of differ-
ent expressed immune-related genes was car-
ried out to further clarify the biological func-
tions. The genes closely related to the BP terms
were immune response and cell communica-
tion (Figure 9D). Moreover, extracellular, plas-
ma membrane part, and sin3 complex were
enriched in CC (Figure 9E). Additionally, protein-
tyrosine kinase activity, cytokine activity and
chemokine activity were mostly enriched in MF
terms (Figure 9F). Furthermore, KEGG pathway
enrichment analysis was significant enriched in
RIG-I-like receptor, chemokine signaling path-
way, microRNAs in cancer and chronic myeloid
leukemia (Figure 9G).

Discussion

circRNAs are a cluster of long-stranded non-
coding RNAs with a highly stable and conserved
structure [31]. Acting as microRNA (miRNA)
sponge, it can inhibit miRNA function and regu-
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Figure 8. The clinical samples
were performed to confirm the pro-
tein expression of USP18, OAS3,
ISG15, CXCL10, IL7R, PI3, and
RSAD2 by immunohistochemistry.
The scale bars represent 50 um.

USP18

late its downstream target
genes expression in a variety
of cancers [10, 32]. In addition,
a bunch of studies have sug-
gested that circRNAs could be
found commonly expressed in
tumor tissues and engaged in
the regulation of cancer-related
pathways [33, 34]. While there
has been just a small number
of studies so far exploring the
specific role of circRNAs in
c¢SCC [35, 36]. In this study,
we identified 54 differentially
expressed circRNAs in ¢SCC
and found that their parental
genes were most enriched in
mitophagy, PPAR, HIF-1, and
AMPK signaling pathway. Zhou
et al. found that HOXA9 could
inhibit the HIF-la-mediated gly-
colytic pathway by interacting
with CRIP2 to suppress the
development of ¢cSCC [37]. An
et al. reveled that HIF-1a over-
expression might play an cru-
cial role in the occurrence of
¢SCC [38]. The above results
suggested that the parental
genes of DEcircRNAs might
exert a significant role c¢cSCC
progression. However, there
are little studies about c¢SCC
and PPAR, AMPK signaling
pathway. It is deserved further
studied.

GHETRS

o2k

Sh!

ISG15

IL7R

The hsa_circ_0070934 was
up-regulated in ¢cSCC of 54 dif-
ferentially expressed circRNAs.
Zhang et al. found that the
circ_0070934 expression was
higher in various ¢SCC cell
lines than in normal human
keratinocyte cell lines [39].
This result was similar to a pre-
vious study, which has reveal-
ed that circ_0070934 was

RASD2
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Figure 9. Identification of differentially expressed immune-related genes, constructed PPl network and GO enrich-
ment analysis and KEGG pathway analysis. (A) Identification of differentially expressed immune-related genes, (B)
PPI network of 10 genes was constructed in STRING database, (C) top 8 hub genes selected by the CytoHubba, (D)
GO terms of BP category, (E) CC category, and (F) MF category, and (G) the significant enriched KEGG pathways.

expressed higher in the ¢cSCC samples com-
pared to the corresponding control samples
[35]. An et al. also found that circ_0070934
was overexpressed in ¢SCC tissue and cell
lines [36]. The above results suggested that
circ_0070934 might serve as an early diagnos-
tic biomarker of c¢SCC. Moreover, hsa_circ_
0001955, hsa_circ_0070933, hsa_circ_006-
7772, and hsa_circ_0003528 were found up-
regulated in ¢SCC. while hsa_circ_0022392,
hsa_circ_0022383, hsa_circ_0005085, hsa_
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circ_0046449, hsa_circ_0072279, and hsa_
circ_0000375 were most down-regulated,
which was consistent with our source data
research [35]. Moreover, zhang et al. found that
hsa_circ_0001955 was expressed higher in
hepatocellular carcinoma [40]. Ding et al. con-
firmed that hsa_circ_0001955 expression was
largely increased in HCC cells and tissues than
in corresponding normal controls [41]. Ding et
al. identified that hsa_circ_0001955 was sig-
nificantly up-regulated in colorectal cancer
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[42]. However, there was no relevant research
in ¢SCC about it. Moreover, the other top
differently expressed circRNAs in ¢cSCC were
little known about their expression and func-
tion. Further researches shall be implemented
to elucidate the underlying mechanisms
concerned.

MiRNAs belong to small RNAs and are 20
nucleotides in length. Its main function is to
regulate the expression of mRNAs, and thereby
regulating cell proliferation, apoptosis, and
migration, and thus promoting tumor develop-
ment [43, 44]. Moreover, some researchers
have found that circRNAs could competitively
bind to miRNAs and regulate tumor progression
[15, 45]. Hao et al. reported that circ_0007534
could promote pancreatic ductal carcinoma
progression through binding miR-892b and
miR-625 [46]. Niu et al. showed that hsa_
circ_0001829 could facilitate gastric cancer
development via the miR-155-5p/SMAD2 axis
[47]. To elucidate the complex mechanism of
circRNAs, we predicted their target miRNAs
and identified DEmiRNAs in ¢SCC patients. We
obtained 21 differentially expressed miRNAs,
including 11 up-regulated (hsa-miR-135b,
hsa-miR-31, hsa-miR-130b, hsa-miR-21*, hsa-
miR-766, hsa-miR-31*, hsa-miR-424, hsa-miR-
18a, miR-H16, hsa-miR-455-5p, hsa-miR-7)
and 10 down-regulated miRNAs (hsa-miR-30a%,
hsa-miR-30a, hsa-miR-101, hsa-miR-497, hsa-
miR-378, hsa-miR-214, hsa-miR-4324, hsa-
miR-127-3p, hsa-miR-136, hsa-miR-1). Rock et
al. observed that miR-21-5p and miR-31-5p
expression were increased in invasive c¢SCC
compared to normal tissue [48]. Olasz et al.
discovered that miR-135b expression was
upregulated in three cSCC cell lines [49]. Wang
et al. demonstrated that microRNA-31 was
highly expressed in ¢cSCC and could regulate
tumor biological processes [50]. Ma et al. indi-
cated that miR-214 expression was low in both
cSCC tissues and cells, and patients with
higher miR-214 expression had a better prog-
nosis [51]. Yamane et al. found that miR-214
was down-regulated in ¢cSCC [52]. Shao et al.
revealed that miR-30a-5p expression was
reduced in SCL-1 and A431 cells [53]. Wei et al.
also suggested that miR-497 was expressed
lower in cSCC tissues and cells, and could pro-
mote the progression of ¢SCC [54]. The above
results were consistent with our study. Then in
order to further investigate circRNA-miRNA
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interactions. We intersected the miRNAs pre-
dicted by circRNAs and DEmiRNAs, and hsa-
miR-136 and hsa-miR-766 were identified as
the candidate miRNAs. Hsa-miR-136 was sig-
nificantly down-regulated, and hsa-miR-766
was up-regulated in ¢SCC, which is consistent
with our source data research [55]. Moreover,
another study implied that miR-766 was upreg-
ulated in cSCC tissues and cells [56]. Sand et
al. discovered that hsa-miR-766 was up-regu-
lated in ¢SCC [55], which is consistent with our
research.

A large amount of studies demonstrated that
circRNAs could act as miRNA sponges and reg-
ulate miRNA-mediated gene expression, hence
leading to the progression and development of
tumors [57]. Chen et al. found that circ-ERBIN
could contribute to the growth and metastasis
of colorectal cancer by regulating miR-125a-5p
and miR-138-5p [58]. Ma et al. discovered that
hsa_circ_0004872 could inhibit gastric cancer
progression by regulating miR-224/Smad4/
ADAR [21]. To further evaluate the roles of
DEcircRNAs in ¢SCC, the circRNA-microRNA-
MRNA network was constructed. We found that
the circRNA ceRNAs may provide new insight
into the mechanism underlying cSCC. Gao et al.
found that silencing circRNA_001937 might
inhibit proliferation and induce apoptosis in
¢SCC by blocking sponging of the miRNA-
597-3p/FOSL2 pathway [59]. Chen et al.
revealed that circPVT1 might an important tar-
get for the treatment of ¢SCC [60]. Zhang et al.
showed that hsa_circ_0070934 could regulate
HOXB7 expression in ¢SCC by competitively
sponging miR-1236-3p [39]. An et al. have
found that circ_0070934 could promote the
growth and invasion of cSCC cells by sponging
miR-1238 and miR-1247-5p [36]. These stud-
ies indicated that the circRNA-related ceRNA
network played an important role in the pro-
gression of cSCC. However, there is currently
little research on it and our research has laid a
good foundation for follow-up research.

GO and KEGG enrichment analyses were exe-
cuted for the 36 genes in the network to study
the biological functions of the circRNAs. Then
we found the most enriched KEGG pathways
were chemokine, RIG-I-like receptor signaling
pathway, and microRNAs in cancer. Mittal et al.
discovered that the CCR2/MCP-1 chemokine
pathway played an important role in lung ade-
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nocarcinoma [61]. Zhu et al. found that chemo-
kine signaling pathways were involved in
immune infiltration and the tumor microenvi-
ronment of sarcoma [62]. Next, the upregulat-
ed-hub genes of USP18, 0AS3, ISG15, CXCL10
were identified in cSCC compared with normal
tissues and P13, RSAD2 were downregulated. In
addition, the GO analysis showed that gens
were most enriched in immune response in bio-
logical process. The previous study also showed
the immune system played a significant role in
¢SCC progression [23, 63]. Then, 10 immune-
related differentially expressed genes were
obtained by overlapped with 36 differently
expression genes in the ceRNA network and
the lists of immune-related genes. The PPI net-
work was constructed and the top hub genes
were selected. CXCL10, ISG15 and IL7R were
found to be upregulated in ¢SCC. PI3 and
RSAD2 were downregulated. Moreover, Liu et
al. also found that CXCL10 and ISG15 was a
hub genes and might be potential targets for
the diagnosis and therapy of patients with
¢SCC [64]. Toriseva et al. found that CXCL10
was associated with tumor progression in cSCC
[65], which was consistent with our study.

In order to validate the above results and
explore the biological functional implication of
hub differentially expressed immune-related
genes, the GO analysis found that they were
mostly associated with immune response in
the biological process and the most significant
KEGG pathways were chemokine signaling
pathway, microRNAs in cancer, and RIG-I-like
receptor signaling pathway, which were consis-
tent with the above results. These results sug-
gest that circRNAs might compete binding to
miRNAs to regulate the expression of immune-
related genes to promote tumor progression.
Liu et al. concluded that circRNAs could com-
petitively bind PKR so that interfere the cellular
immune signaling pathways [26]. Ng WL et al.
revealed that macrophages could be activated
under certain conditions and could produce cir-
cRNAs which could influence the immune func-
tionality of macrophages [66]. Furthermore,
circ-ANRIL might be involved in the apoptosis of
macrophages and inhibit the proliferation of
them [67]. It is clear that circRNAs could play a
role in the activation and function of immune
cells and influence tumor progression. Our
study provides a good basis for further research
on the immunomodulatory effects of circRNA
on ¢SCC and related regulatory mechanisms.
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Conclusion

Ourstudyidentified the DEcircRNAs, DEmiRNAs,
DEmMRNAs in ¢SCC and established the ceRNA
network. Then, the immune-related genes were
identified based on mMRNAs in the ceRNA net-
work and hub immune-related genes were vali-
dated by immunochemistry, which might act as
potential diagnostic biomarkers, therapeutic
targets, as well as new immune checkpoints for
patients with cSCC.
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Supplementary Table 1. Basic information of the 5 microarray datasets from GEO

. ' Experiment Update . . RNA
Data source Organism Platform Contributor(s) p P Region Sample size
type year type
GSE74758 Homo GPL19978 Agilent-069978 Sand M Non-coding 2016 Germany c¢SCC (n=3)and circRNA
sapiens Arraystar Human CircRNA RNA profiling non-lesional skin
microarray V1 by array (n=3)
GSE34536 Homo GPL15019 Agilent-031181 Sand M Non-coding 2013 Germany cSCC (n=7)and miRNA
sapiens Unrestricted_Human_miRNA_ RNA profiling adjacent healthy
V16.0_Microarray 030840 by array skin (n=7)
(miRBase release 14.0 miRNA
ID version)
GSE45164 Homo GPL571 [HG-U133A_2] Brooks Y Expression 2018 Italy ¢SCC (n=10) and mRNA
sapiens Affymetrix Human Genome profiling by normal human
U133A 2.0 Array array epidermis controls
(n=3)
GSE66359 Homo GPL570 [HG-U133_Plus_2] Farshchian M Expression 2019 Finland ¢SCC (n=8) and mRNA
sapiens Affymetrix Human Genome profiling by normal human
U133 Plus 2.0 Array array epidermal keratino-
cytes (n=5)
GSE42677 Homo GPL571 [HG-U133A_2] Mitsui H Expression 2019 USA ¢SCC (n=10) and mRNA
sapiens Affymetrix Human Genome profiling by normal skin epider-
U133A 2.0 Array array mal cells (n=10)
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Supplementary Table 2. The differentially expressed circRNAs

circBase ID logFC P Value regulation source position best transcript gene names
hsa_circ_0068631 2.984716944 0.008509 up circBase  chr3:195802029-195803993 NM_003234 TFRC
hsa_circ_0070933 2.933784833 0.000342 up circBase  chr4:128995614-128996148 NM_018078 LARP1B
hsa_circ_0067772 2.601642222 0.00443 up circBase  chr3:155547476-155560408 NM_004733 SLC33A1
hsa_circ_0003528 2.59531925 0.004158 up circBase  chr5:134032815-134044578 NM_021982 SEC24A
hsa_circ_0070934 2.589680778 0.00126 up circBase  chr4:128995614-129012667 NM_018078 LARP1B
hsa_circ_0001955 2.564198778 0.001089 up circBase  chr15:64495280-64508912 NM_022048 CSNK1G1
hsa_circ_0000851 2.550416 0.025832 up circBase  chrl8:52926327-52926446 NM_001243234 TCF4
hsa_circ_0009065 2.532981278 0.001553 up circBase  chr16:14738130-14738466 NM_016561 BFAR
hsa_circ_0032704 2.528467167 0.003264 up circBase  chr14:76173360-76187046 NM_015072 TTLLS
hsa_circ_0035381 2.497717056 0.001805 up circBase  chr15:55621921-55634000 NM_004855 PIGB
hsa_circ_0088494  2.444748778 0.005248 up circBase chr9:127083737-127089724 NM_001145001 NEK6
hsa_circ_0074817  2.427390778 0.003119 up circBase chr5:158204420-158223486 NM_024007 EBF1
hsa_circ_0053932 2.363159389 0.002089 up circBase chr2:33525517-33525640 NM_206943 LTBP1
hsa_circ_0001402 2.320825889 3.73E-05 up circBase chr4:38091552-38104778 NM_015173 TBC1D1
hsa_circ_0079375 2.315624778 0.001288 up circBase chr7:6618131-6624891 NM_018106 ZDHHC4
hsa_circ_0086563 2.303683694 0.012498 up circBase chr9:20907148-20926416 NM_017794 KIAA1797
hsa_circ_0002069 2.248800056 0.000931 up circBase  chr17:46189392-46190763 NM_152244 SNX11
hsa_circ_0004136 2.211108778 0.003149 up circBase chr6:73713630-73751785 NM_001160133 KCNQ5
hsa_circ_0079480  2.20990025 0.013876 up circBase chr7:16298014-16317851 NM_001101426 ISPD
hsa_circ_0007146 2.198776 0.002319 up circBase chr16:5077135-5078186 NM_016256 NAGPA
hsa_circ_0078155 2.178423306 0.004903 up circBase  chr6:147527106-147655358 NM_001127715 STXBP5
hsa_circ_0000228 2.161570722 0.003073 up circBase  chr10:31661946-31676195 NM_030751 ZEB1
hsa_circ_0000844  2.1496425  0.027974 up circBase  chr18:42269709-42269921 NM_001130110 SETBP1
hsa_circ_0007976 2.1242365 0.000584 up circBase chr14:62188226-62188541 NM_001530 HIF1A
hsa_circ_0034972 2.086038778 0.03649 up circBase  chr15:43692241-43694048 NM_014444 TUBGCP4
hsa_circ_0004365 2.072752056 0.000439 up circBase chr7:80418621-80440017 NM_006379 SEMA3C
hsa_circ_0008274 2.061942667 0.003318 up circBase  chr13:96485180-96489456 NM_020121 UGGT2
hsa_circ_0004795 2.012424444 0.023797 up circBase  chr22:38948670-38964294 NM_007068 DMC1
hsa_circ_0022392 -5.562538167 7.57E-08 down circBase  chr11:61630443-61631258 NM_004265 FADS2
hsa_circ_0022383 -5.410590778 3.68E-07 down circBase  ¢chr11:61605249-61615756 NM_004265 FADS2
hsa_circ_0005085 -4.348301556 2.05E-05 down circBase chr2:9419445-9437574 NM_003887 ASAP2
hsa_circ_0046449 -3.714428278 0.00126 down circBase  chr17:80714040-80758872 NM_005993 TBCD
hsa_circ_0072279 -3.601349444 0.000606 down circBase chr5:37352838-37358253 NM_153485 NUP155
hsa_circ_0000375 -3.501067111 0.000994 down circBase chr12:6657590-6657991 NM_080730 IFFO1
hsa_circ_0075410 -3.401683889 0.000805 down circBase chr6:304627-311962 NM_020185 DUSP22
hsa_circ_0046464 -2.640867  0.002184 down circBase  chr17:80721840-80758872 NM_005993 TBCD
hsa_circ_0001525 -2.53182 0.002661 down circBase  chr5:131761180-131761386 NR_045116 C5o0rf56
hsa_circ_0002456 -2.497622889 0.000759 down circBase chr10:128923737-128926028 NM_001380 DOCK1
hsa_circ_0072389 -2.383522389 0.001839 down circBase chr5:43294157-43299077 NM_001098272 HMGCS1
hsa_circ_0006470 -2.356841778 0.005208 down circBase chr1:12061457-12062160 NM_014874 MFN2
hsa_circ_0007928 -2.347996556 9.70E-05 down circBase chrd:52729602-52752804 NM_001040402 DCUN1D4
hsa_circ_0072386 -2.265338389 0.006446 down circBase chr5:43292575-43299077 NM_001098272 HMGCS1
hsa_circ_0001410 -2.216346056 2.01E-05 down circBase chr4:52729602-52744020 NM_015115 DCUN1D4
hsa_circ_0000977 -2.213772389 0.004045 down circBase chr2:10784445-10808849 NM_024894 NOL10
hsa_circ_0063331 -2.188443167 0.002135 down circBase  chr22:38894089-38897285 NM_001098504 DDX17
hsa_circ_0000026 -2.141387278 0.002812 down circBase chr1:21377358-21437876 NM_001198803 EIFAG3
hsa_circ_0002404 -2.129998278 0.007976 down circBase  chr17:35603741-35609962 NM_198839 ACACA
hsa_circ_0002733 -2.115744722 0.001967 down circBase chr1:16046228-16047883 NM_015164 PLEKHM2
hsa_circ_0001549 -2.094346222 0.001003 down circBase  chr5:159664587-159664757 NM_001040442 FABP6
hsa_circ_0076251 -2.090398667 0.000211 down circBase chr6:38050167-38084515 NM_021943 ZFAND3
hsa_circ_0031027 -2.065290056 0.016144 down circBase chr13:114164552-114193822 NM_017905 TMCO3
hsa_circ_0015449 -2.032155889 6.92E-05 down circBase  chr1:179311248-179312770 NM_003101 SOAT1
hsa_circ_0089252 -2.029348389 6.30E-05 down circBase  chr9:134514021-134526336 NM_198679 RAPGEF1
hsa_circ_0005571 -2.026883556 0.001749 down circBase  chr19:18285849-18286507 NM_006332 IFI30
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B MRE (microRNA response element)
M RBP (RNA binding protein)
ORF {open reading frame)
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ry Figure 1. Structural graphs of the top 12 circRNAs. A. Top 6 up-regulated circRNAs; B. Top 6 down-

regulated circRNAs. Red spots represent miRNA response elements, blue spots represent RNA binding protein, and
green curves represent the open reading frame.

Supplementary Table 3. 10 immune-related differentially expressed genes

Gene symbol Description Chromosome  Map location
PI3 peptidase inhibitor 3, skin-derived 20 20q13.12
CXCL10 chemokine (C-X-C motif) ligand 10 4 4921
ISG15 ISG15 ubiquitin-like modifier 1 1p36.33
BST2 bone marrow stromal cell antigen 2 19 19p13.1
IL7R interleukin 7 receptor 5 5p13
HDAC1 histone deacetylase 1 1 1p34
RSAD2 radical S-adenosyl methionine domain containing 2 2 2p25.2
LYN LYN proto-oncogene, Src family tyrosine kinase 8 8q13
TNC tenascin C 9 9q33
SHC1 SHC (Src homology 2 domain containing) transforming protein 1 1 1921
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