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Purpose: To identify the molecular background of eyelid sebaceous gland carcino-
mas (SCs), we conducted the integrated whole-exome sequencing and transcriptome
sequencing for eyelid SCs in this study.

Methods: The genetic alterations were studied by whole-exome sequencing, and the
messenger RNA expression was studied using Oxford Nanopore Technologies (ONT)
in five paired fresh eyelid SC tissues and adjacent normal tissues. Integrated analy-
sis of exome and transcriptomic information was conducted for filtering candidate
driver genes. Protein–protein interaction (PPI) network of filtered candidate genes was
analyzed by STRING. The protein expression was verified by immunohistochemistry in
29 eyelid SCs and 17 compared normal sebaceous gland tissues.

Results: The average numbers of pathogenic somatic single-nucleotide variants (SNVs)
and indels in eyelid SCs were 75 and 28, respectively. Tumor protein p53 (TP53), zinc
finger protein 750 (ZNF750), filaggrin 2 (FLG2), valosin-containing protein (VCP), and zinc
finger protein 717 (ZNF717) were recurrent mutated genes. A mean of 844 differen-
tially expressed genes (DEGs) were upregulated, and 1401 DEGs were downregulated
in SC samples. The intersection of DEG-based pathways and mutation-based pathways
wasmainly involved inmicrobial infectionand inflammation, immunodeficiency, cancer,
lipid metabolism, and the other pathways. The intersection of DEGs andmutated genes
consisted of 55 genes, of which 15 genes formed a PPI network with 4 clusters. The
PPI cluster composed of scavenger receptor class B member 1 (SCARB1), peroxisome
proliferator–activated receptor γ (PPARG), peroxisome proliferator–activated receptor
γ coactivator 1α (PPARGC1A) was involved in cholesterol metabolism. The expression
of SCARB1 protein was found to be increased, whereas that of PPARG protein was
decreased in eyelid SCs compared to that in the normal sebaceous glands.

Conclusions: Increased SCARB1 and decreased PPARG indicated that dysregulation of
cholesterol metabolismmight be involved in carcinogenesis of eyelid SCs.

Translational Relevance: The malfunction in cholesterol metabolism might advance
our knowledge of the carcinogenesis of eyelid SCs.

Introduction

Sebaceous gland carcinoma (SC) is a rare malig-
nancy with a predilection for eyelid sites but also
occurs in extraocular sites. Although rare in the

Western Hemisphere, the occurrence of eyelid SC is
common in Asian populations, accounting for 33%
of eyelid malignancies in China.1,2 Typical treatment
is surgical excision, and recent studies have detailed
the efficacy of chemotherapy and radiation.3 Eyelid
SC typically exhibits aggressive local behavior with
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recurrence in 18%, metastasis in 8%, and death from
metastasis in 6% of eyelid sebaceous cell carcinoma
cases.3 Despite various treatments, effective systemic
therapies are lacking, largely because the molecular
alterations driving eyelid SC remain poorly under-
stood. To minimize mortality due to eyelid SC, defin-
ing the molecular features of eyelid SC to identify
the pathways of its pathogenesis and candidates for
targeted therapy is critical.

Recently, Tetzlaff et al.4 applied targeted sequenc-
ing in SCs and reported that 52% (14 of 27 cases)
harbored somatic mutations in phosphoinositide 3-
kinases (PI3K) signaling components. Three extraoc-
ular SCs demonstrated a high level of microsatellite
instability with somatic mutations in the mismatch-
repair genes mutL homolog 1 (MLH1) and MSH2.
However, these mutations of the PI3K pathway and
mismatch repair genes are infrequent in Korean eyelid
SC.5 The reason for the above difference might be the
difference in race.

A challenge for genomic analysis is to distinguish
driver mutations from the complex heterogeneous
background landscape of “passenger” somatic alter-
ations, which are not causative factors of oncogene-
sis. Various tools and strategies have been developed
to differentiate driver mutations from passenger alter-
ations. The coanalysis of genomic and transcriptomic
data for identification of cancer drivers has helped to
elucidate driver mutations and pathways in individual
cancers.6–8

We hypothesize that genomic alterations with a
significant over- or underexpression of genes are high
likely to represent cancer drivers. As a proof of
concept, we applied this strategy on five paired Chinese
eyelid SCs to identify molecular genetic drivers of
SC and further evaluated candidate scavenger recep-
tor class B member 1 (SCARB1) and peroxisome
proliferator–activated receptor γ (PPARG) in 29 eyelid
SCs and 17 compared normal sebaceous glands.

Methods

Study Design

This was a retrospective, clinicopathologic study
designed to investigate the molecular background of
eyelid SCs. Each tumor was classified according to
the American Joint Committee on Cancer (AJCC)
eighth edition criteria for eyelid carcinoma.9 The
study was conducted in accordance with the Decla-
ration of Helsinki. With approval from the Medical
Ethics Committee of Tianjin Eye Hospital (Number:
2022008), five paired fresh eyelid SCs and adjacent

normal tissues; 29 formalin-fixed, paraffin-embedded
(FFPE) eyelid SCs; and 17 adjacent normal sebaceous
gland tissues were collected. All patients provided
written informed consent to obtain tumor biopsies
and to perform comprehensive molecular profiling
of whole exome, transcriptome, and protein expres-
sion. Fresh tissues were frozen in liquid nitrogen.
FFPE tissue blocks and hematoxylin and eosin–stained
sections of these eyelid SCs were retrieved. Diagnosis
was confirmed by two pathologists.

DNA Extraction andWhole-Exome
Sequencing

Frozen tissues were extracted using the QIAamp
Fast DNA Tissue Kit (Qiagen, Dusseldorf, Germany)
for DNA. Extracted DNA was then quantified using
Nanodrop. DNA sequencing libraries were captured
to exome regions using Agilent SureSelect Human
All Exon V6 (Agilent Technologies, Palo Alto, USA).
DNA libraries were sequenced to a target depth
of ×200 for tumor samples and ×100 for normal
samples on the Illumina (San Diego, CA, USA) HiSeq
platform.

RNA Extraction and Transcriptome
Sequencing

The experimental process was performed accord-
ing to the standard protocol provided by Oxford
Nanopore Technologies (ONT, Oxford, UK), includ-
ing sample quality detection, library construction,
library quality detection, and library sequencing. RNA
was subjected to library preparation using the ONT
Direct RNA Sequencing Kit. Libraries were sequenced
on PromethION. Basecalling was conducted using
Guppy (v3.4.3) (ONT) to convert FAST5 into FASTQ
files. The full-length sequenced transcriptome was used
as a reference for sequence alignment and subsequent
analysis, and minimap2 was used to align the clean
reads with the reference transcriptome to obtain the
corresponding information of the transcript and the
reference transcriptome. Fold change ≥ 2 and false
discovery rate (FDR) < 0.05 were used as screening
criteria for detection of differentially expressed genes
(DEGs). Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways were enriched using ClueGO and
CluePedia.

Somatic Mutation

For sequencing data, FASTQ files were generated
by CASAVA 2.0. The human reference file that was
used is GRCh37/hg19. Duplicates were removed using
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Picard. The base quality scores were recalibrated using
BaseRecalibrator (GATK). Single-nucleotide varia-
tions (SNVs) were identified using MuTect. Somatic
indels of tumor-normal pairs were called using GATK
Somatic Indel Detector. Variant annotations were
obtained using the software toolANNOVAR.Nonsyn-
onymous SNVs, splice site SNVs, stopgain SNVs, and
indels of the coding regions were included for further
analysis.

Mutational Signature

We used SomaticSignatures to compare our
mutational catalog to the previously identified
COSMIC mutational signatures (https://cancer.sanger.
ac.uk/cosmic/signatures_v2).

Copy Number Variants

The copy number variant (CNV) was identified
with Control-FREEC. Frequently mutated CNVswere
analyzed using GISTIC.

Germline Mutations of Cancer Predisposing
Genes

Germline mutations (SNVs, indels) of normal
tissues were called using HaplotypeCaller of GATK.
The variants in the Single Nucleotide Polymorphism
database (dSNP) or causing synonymous changes
were then removed, while the variants in COSMIC
were reserved. For the remaining variants, LJB26
(SIFT, PolyPhen, LRT, MutationAssessor, GERP++,
PhyloP, SiPhy) was used to identify deleterious
variants. Cancer predisposing genes were pooled
together from five eyelid SCs, and then the integrated
genes were enriched using ClueGO and CluePedia.

Integrative Analysis of Exome and
Transcriptome Data and Protein–Protein
Interaction Networks

The intersectingDEGs from two ormore eyelid SCs
were filtered by Venn analysis (http://bioinformatics.
psb.ugent.be/webtools/Venn/). The intersecting DEGs
and the mutated genes in the union of five eyelid SCs
were enriched by ClueGO and CluePedia (P ≤ 0.05,
default settings for KEGG pathway selection). Then
the intersection between the DEG-based pathways and
the mutation-based pathways was filtered.

The intersecting genes between the DEGs in the
union of five eyelid SCs and the mutated genes in the
union of five eyelid SCs were used to conduct protein–
protein interaction (PPI) networks by STRING (https:
//cn.string-db.org/) (Fig. 1). Genes involved in PPI
networks were more likely to represent cancer drivers.

Immunohistochemistry

FFPE sections of 4 μm thickness were stained
with the following immunohistochemistry (IHC)
stains: SCARB1 (1:200; Abcam, Cambridge, UK),
PPARG (1:300; Abcam, Cambridge, UK), and adipose
differentiation-related protein (ADFP) (1:200; Sigma-
Aldrich, St. Louis, MO, USA). IHC staining was
performed with a Ventana BenchMark GX (Roche
Diagnostics). Antigen retrieval was performed by CC1
antigen retrieval solution (Roche Diagnostics) for
30 minutes. Specimens were incubated with primary
antibody for 32 minutes, followed by visualization
with the ultraView Universal DAB Detection Kit
(Roche Diagnostics) for 12 minutes. Sections were
counterstained with hematoxylin, dehydrated, and
coverslipped. ADFP is the structural component of
lipid droplets, which is required for the formation

Figure 1. The schema showing the steps of our integrated analysis and filtering procedures. Step 1: The whole exome and transcriptome
sequencing were performed for five eyelid SCs. Step 2: The mutated genes or the DEGs were pooled together from five eyelid SCs. Step 3:
The intersecting genes between themutated genes and the DEGs were filtered by Venn analysis. Step 4: The PPI network was built from the
intersecting genes using STRING.

https://cancer.sanger.ac.uk/cosmic/signaturesv2
http://bioinformatics.psb.ugent.be/webtools/Venn/
https://cn.string-db.org/
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and maintenance of lipid storage droplets.10 ADFP
immunostaining is helpful in distinguishing sebaceous
carcinoma from other neoplasms with overlapping
histology.11 Interpretation of SCARB1 staining was
done by semiquantitative scoring as follows: negative
(0) = 0% to 1% of cells positive, weak (1) = 1% to
25% of cells positive, moderate (2) = 26% to 50% of
cells positive, and strong (3) = 51% to 100% of cells
positive.12 Interpretation of PPARG staining was done
by semiquantitative scoring as follows: negative (0),
weak (1), moderate (2), and strong (3).13

Statistical Analysis

Data were analyzed with the SPSS statistical
package 21.0 (IBM Corp., Armonk, NY, USA).
Comparison between variables was performed using
the Mann–Whitney U rank test. All statistical tests
were two-sided, and a P value of 0.05 or less was
considered statistically significant.

Results

Clinical Characteristics of Eyelid SCs

Of eyelid SCs, 82.3% were located on the upper
eyelid. The male to female ratio was 1:2.6. The mean
age at diagnosis was 64.1 years. The median follow-
up time was 57.5 months (range, 6–103 months), and
no patient died of eyelid SC. There were 13 well-
differentiated SCs, 9 moderately differentiated SCs,
and 7 poorly differentiated SCs. The AJCC eighth
edition TNM designations during follow-up were as
follows: T1bN0M0, 10; T1cN0M0, 3; T2bN1M0, 9;
T2cN0M0, 2; T2cN1M0, 1; T3bN0M0, 1; T3cN1M0,
1; T4aN0M0, 1; and T4bN1M1, 1.

Somatic Mutations and Mutational Signature

The average numbers of pathogenic somatic SNVs
and indels in eyelid SCs were 75 and 28, respectively
(Fig. 2A; a full list of all SNVs and indels is provided
in Supplementary Table S1). TP53, ZNF750, FLG2,
VCP, and ZNF717 mutations were recurrent (Supple-
mentary Table S2).

Four samples (4/5) with ZNF750mutations showed
a mutational signature associated with normal aging,
while one sample (1/5) without a ZNF750 mutation
showed an ultraviolet damage signature (Supplemen-
tary Table S3).

CNVs

CNVs that were significantly mutated had gains
of 1q42.13, 2q37.3, 11p15.5, 11q13.2, and 15q26.3
and losses of 6p22.1, 7q35, 8p11.22, 8q12.1, 19p13.3,
19q13.42, 20q11.21, and 22q13.33 (Fig. 3).

Germline Variants in Cancer Predisposing
Genes

In the exome, samples contained a mean of 11
pathogenic germline variants (Supplementary Table
S4). Pathogenic germline variants in protein patched
homolog 1 (PTCH1); protocadherin fat 1 (FAT1);
breast cancer type 1 susceptibility protein (BRCA1);
hepatocyte nuclear factor 1α (HNF1A); kinase insert
domain receptor (KDR); PMS1 homolog 2 (PMS2);
ERCC excision repair 5, endonuclease (ERCC5);
serine/threonine kinase 11 (STK11); and BRCA1-
associated RING domain protein 1 (BARD1) were
recurrent. There were 14 cancer predisposing genes
in the union of five eyelid SCs. The enriched cancer
predisposing genes were BARD1; BRCA1; breast
cancer type 2 susceptibility protein (BRCA2); ERCC

Figure 2. The number of somatic mutations and DEGs in eyelid SCs. (A) The number of somatic mutations, including SNVs and indels.
(B) The number of DEGs, including upregulated and downregulated DEGs.
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Figure 3. CNVs that are significantly mutated in eyelid SCs. Chromosomal regions with gained (red) and lost (blue) CNVs identified in five
eyelid SCs using GISTIC.

Figure 4. Cancer predisposing genes in eyelid SCs were mainly
involved in DNA repair. The larger circle represents the pathway,
and the smaller circle represents the cancer predisposing genes.
Pathway analysis was performed using ClueGO and CluePedia.
BARD1, BRCA1, BRCA2, ERCC2, ERCC5, and PMS2.

excision repair 2, endonuclease (ERCC2); ERCC5; and
PMS2, which were mainly involved in DNA repairs
(Fig. 4).

Gene Expression Signature and Pathway
Enrichment

There were 6053 DEGs in the union of five
eyelid SCs. The average numbers of upregulated
DEGs and downregulated DEGs were 844 and 1401
in each eyelid SC sample, respectively (Fig. 2B,
Supplementary Table S5). Upregulated DEGs were
enriched mainly in the phosphatidylinositol 3-kinase-
AKT serine/threonine kinase 1 (PI3K-Akt) signal-
ing pathway, human papillomavirus (HPV) infec-
tion, and focal adhesion. Downregulated DEGs were
enriched mainly in cytokine–cytokine receptor interac-
tion, PI3K-Akt signaling pathway, and HPV infection.

Integrative Analysis of Exome and
Transcriptome Data

There were 2545 DEGs in the intersection of two
or more eyelid SCs and 453 mutated genes in the
union of five eyelid SCs. Pathway enrichment was
performed by using the 2545 DEGs and 453 mutated
genes. These genes were associated with 47 represen-
tative pathways (P ≤ 0.05). The intersection between
the DEG-based pathways and the mutation-based



Cholesterol Metabolism Might be Aberrant in Eyelid SCs TVST | February 2023 | Vol. 12 | No. 2 | Article 4 | 6

Figure 5. The intersection of the KEGG pathways between exome and transcriptome in eyelid SCs. (A) Pathways in microbial infection and
inflammation. (B) Pathways in immunodeficiency. (C) Pathways in cancer. (D) Pathways in lipidmetabolism. (E) The other pathways. The circle
represents the enrichedpathway. Red sector shows the percentage ofmutated genes in the exome; blue sector shows the percentage of DEGs
in the transcriptome. KEGG pathway enrichment and integrated analysis were performed by ClueGO and CluePedia.

pathways was mainly involved in microbial infec-
tion and inflammation, immunodeficiency, cancer, lipid
metabolism, and the other pathways (Fig. 5).

There were 453 mutated genes and 6053 DEGs in
the union of five eyelid SCs. The intersection between
the mutated genes and DEGs consisted of 55 genes, of
which 15 genes formed a PPI network. There were four
clusters in the PPI network (Fig. 6, Table 1).

Cluster 1 was involved in innate and adaptive
immune responses, composed of high-affinity
immunoglobulin γ Fc receptor I (FCGR1A); low-
affinity immunoglobulin γ Fc region receptor III-A
(FCGR3A); HLA class I histocompatibility antigen,
B-7α chain (HLA-B); sialic acid–binding Ig-like lectin
9 (SIGLEC9); and WD repeat- and FYVE domain-
containing protein 4 (WDFY4).14–18

Cluster 2 was involved in cellular proliferation and
differentiation, composed of androgen receptor (AR);
probable JmjC domain-containing histone demethyla-
tion protein 2C (JMJD1C); keratin, type I cytoskele-
tal 18 (KRT18); and neurogenic locus notch homolog
protein 1 (NOTCH1).19–22

Figure 6. PPI network of filtered genes by integrated exome
and transcriptome sequencing. Network nodes represent proteins
coded by genes. Edges represent protein–protein associations. The
networkwas clustered to a specified “Markov cluster algorithm infla-
tion parameter” by using STRING. Cluster 1 (red): FCGR1A, FCGR3A,
HLA-B, SIGLEC9, and WDFY4. Cluster 2 (brown): AR, JMJD1C, KRT18,
and NOTCH1. Cluster 3 (yellow): SCARB1, PPARG, and PPARGC1A.
Cluster 4 (green): PLAA, UBD, and VCPIP1.
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Cluster 3 was involved in cholesterol metabolism,
composed of SCARB1, PPARG, and peroxisome
proliferator–activated receptor γ coactivator 1α
(PPARGC1A).23–25

Cluster 4 was involved in protein ubiquitination,
sorting, and degradation, composed of phospholipase
A-2–activating protein (PLAA), ubiquitin D (UBD),
and deubiquitinating protein VCIP135 (VCPIP1).26–28

IHC

ADFP was positive in lipid droplets of the normal
immature sebaceous gland cells and SC cells.

The expression of SCARB1 in eyelid SCswas higher
than that in normal sebaceous glands (P < 0.05). The
expression of PPARG in eyelid SCs was lower than that
in normal sebaceous glands (P< 0.05) (Table 2, Fig. 7).

There were 22 cases in the moderate- to well-
differentiated group (moderate-differentiated type, 9;
well-differentiated type, 13) and 7 cases in the poorly
differentiated group. The expression of SCARB1 in
moderate- to well-differentiated group was higher
than that in poorly differentiated group (P < 0.05).
The difference of PPARG expression between the
moderate- to well-differentiated group and the poorly
differentiated group was not statistically significant (P
> 0.05) (Table 2).

The difference of SCARB1 or PPARG protein
expression between T1 stage and �T2 stage was
not statistically significant (P > 0.05, P > 0.05)
(Table 2). Because there were too few cases of lymph
node and distant metastasis in this group, the relation-
ship between SCARB1, PPARG, and NM stage could
not be determined.

Discussion

In this study, we filtered candidate driver genes by
integrating whole-exome and transcriptome sequenc-
ing data of eyelid SCs. We found that several genes that
both mutated and expressed differentially in eyelid SCs
were involved in cholesterol metabolism. Our prelim-
inary study indicated that genes, messenger RNAs
(mRNAs), and proteins of SCARB1 and PPARGwere
altered in eyelid SCs.

The integrating exome and transcriptome data
indicated the altered pathways in microbial infec-
tion and inflammation, immunodeficiency, cancer, lipid
metabolism, and the others.

Microbial infection, especially viral infection, is
contradictory in SCs. Hayashi et al.29 first identi-
fied HPV in SCs (62%, 9/13) by DNA in situ
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Figure 7. The protein expression of SCARB1 and PPARG in eyelid SCs (IHC, 400×). Bar: 50 μm. (A, C, E) Normal sebaceous gland tissues.
(B, D, F) Eyelid SCs. (A) ADFP was positive in lipid droplets of the immature sebaceous gland cells. (B) ADFP was positive in lipid droplets of
eyelid SCs. (C) SCARB1 was positive in the immature sebaceous gland cells. (D) SCARB1 increased in eyelid SCs. (E) PPARGwas positive in the
normal sebaceous gland cells. (F) PPARG decreased in eyelid SCs.

hybridization (ISH). However, a subsequent study
failed to identify HPV in SCs (0/24) by mRNA ISH.30
Epstein–Barr virus and Merkel cell polyomavirus were
also reported in a part of SCs.31,32 Recently, immuno-
suppression has been identified as a strong risk factor
for SCs. Among individuals with AIDS and transplant

recipients, highly elevated risk (8-fold, 25-fold) for SCs
was found.33,34 We also found the enriched pathways
in cancer, cell cycle, cellular senescence, cell adhesion
molecules, phospholipase D signaling pathway, and
Rap1 signaling pathway, which contribute to carcino-
genesis.35,36
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Interestingly, pathways in lipid metabolism were
enriched in eyelid SCs in our study. Hirano and
colleagues37 performed a RNA-sequencing analysis for
four eyelid SCs, and the most biological functions
that were significantly enriched in the differentially
expressed microRNAs and mRNAs were related to
lipid metabolism, cell survival, and proliferation. The
expression of lipid synthesis and processing proteins
adipophilin, ABHD5, andPGRMC1also indicated the
importance of lipid metabolism in SCs.11,38 Our study
and other studies indicated that lipidmetabolismmight
be involved in eyelid SCs.

Cancer has often been coupled with modifica-
tions in lipid metabolism, in particular, in cholesterol
metabolism.39 Alterations in cholesterol metabolism
have been identified in several cancers.40 In our study,
SCARB1 and PPARG were mutated and dysregulated
in eyelid SCs.

SCARB1 is the receptor for different ligands
such as phospholipids, cholesterol ester, lipoproteins,
phosphatidylserine, and apoptotic cells.23,41,42 It plays
an important role in the regulation of selective
uptake of cholesteryl ether and the cholesterol efflux
between plasma membrane and high-density lipopro-
tein (HDL).43 SCARB1 is an 82-kDa glycoprotein
with two transmembrane domains separated by a
large extracellular loop.44 The Cys384 residue of the
SCARB1 extracellular loop contributes to the uptake
of cholesteryl ester from HDL.45 The C-terminal
domain of SCARB1 interacts with PDZ domain
containing 1, which can activate PI3K pathways to
promote proliferation and migration.46

We preliminarily confirmed that SCARB1 protein
was overexpressed in eyelid SCs, and the moderate-
to well-differentiated SCs expressed more SCARB1
protein, which might reflect more cholesterol accumu-
lation in highly differentiated eyelid SCs. However,
SCARB1 expression was not associated with the
Gleason grade of prostate cancer.47 An elevated
SCARB1 expression level has been demonstrated in
diverse cancer cell lines and patient tumor samples
and correlates with worse patient survival.48 Upregu-
lation of SCARB1 is required for steroidogenic and
nonsteroidogenic cholesterol metabolism in prostate
cancer, implicating SCARB1 as a potentially action-
able target in prostate cancer.49 Disrupting SCARB1
function by genetic or chemical inhibitorsmay decrease
clear cell renal cell carcinoma cell malignancy.50 The
main mechanisms of action proposed for these thera-
peutic interventions are the reduced availability of
cholesterol and the decreased activation of the PI3K-
AKT pathway.50 Whether SCARB1 might be a poten-
tial molecular pharmacologic target for eyelid SCs
needs further investigation.

PPARG is a nuclear receptor that binds peroxi-
some proliferators such as hypolipidemic drugs and
fatty acids.51 It controls the peroxisomal β-oxidation
pathway of fatty acids, playing a key regulator of
adipocyte differentiation and glucose homeosta-
sis.52 PPARG also appears to be a strong regula-
tor of cholesterol homeostasis. PPARG activators
induce expression of the gene encoding ATP-binding
cassette-transporter A1 (ABCA1), which is involved
in apolipoprotein AI–mediated cholesterol efflux
from macrophages.24 Luteinizing hormone/chorionic
gonadotropin on the primate preovulatory follicle
might reduce the expression of PPARG, resulting
in reduced nuclear receptor subfamily 1 group H
member 3, with the consequence shifting the balance
from cholesterol efflux via ABCA1 and ABCG1 to
cholesterol uptake via SCARB1.53

In our study, PPARG protein was down-expressed
in eyelid SCs. The role of PPARG in tumorigenesis
is controversial. A large body of evidence suggests
that PPARG functions as a tumor suppressor, as
activation of the PPARG/RXRa signaling pathway in
different types of cancers leads to the inhibition of
cell growth, decreased tumor invasion, and reduced
production of proinflammatory cytokines.54 PPARG
regulates multiple aspects of skin physiology, includ-
ing sebocyte differentiation.55–57 PPARG-null mouse-
preserving PPARG expression in the placenta exhibits
total lipoatrophy and complete absence of sebaceous
glands.56 PPARG is present in normal and hyper-
plastic sebaceous glands, whereas its expression levels
are decreased in human sebaceous gland adenoma
and human SC cells, reflecting a maturation-linked
expression pattern.57 We also found decreased PPARG
expression in eyelid SCs but failed to confirm that
PPARGwas associated with the degree of tumor differ-
entiation, which may be related to the insufficient
number of sample cases in our study.

PPI networks in our study indicated the potential
interactions of PPARG–SCARB1, PPARGC1A–
PPARG, and NOTCH1–PPARG in eyelid SCs.
Other studies have shown that SCARB1 transcrip-
tion was regulated by PPARG, while PPARGC1A
and NOTCH1 were upstream regulatory factors of
PPARG. Activation of PPARGpromotes transcription
of SCARB1 inmonocytes, differentiatedmacrophages,
and atherosclerotic lesions of apoE-null mice.58
PPARGC1A is a transcriptional coactivator for
steroid receptors and nuclear receptors. It greatly
increases the transcriptional activity of PPARG, which
is involved in glucose and fatty acid metabolism.25
The crosstalk between NOTCH1 and PPARG has
also been reported. In 3T3-L1 cells, a preadipocyte
cell line, NOTCH1 upregulates PPARG.59 NOTCH1
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intracellular domain-overexpressing Tohoku Hospital
Pediatrics 1 cells exhibited increased CD36 levels via
activation of PPARG, resulting in enhanced intracel-
lular lipid accumulation.60

A limitation of this study is that the number of
samples for the integrated analysis of whole-exome
and transcriptome sequencing was small, although the
filtered genes were subsequently verified in additional
FFPE samples. We will continue to collect more eyelid
SCs for research in the future. In addition, further
in vitro and in vivo studies are required to elucidate
the mechanism of SCARB1 and PPARG involved in
cholesterol metabolism in eyelid SC carcinogenesis.

Data Availability

RNA sequence data have been deposited in NCBI’s
Gene Expression Omnibus (GEO) and are accessible
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records. For information on GEO linking and citing,
please refer to https://www.ncbi.nlm.nih.gov/geo/info/
linking.html.
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