Am J Transl Res 2022;14(11):7705-7725
www.ajtr.org /ISSN:1943-8141/AJTR0144579

Original Article

A new risk model for CSTA, FAM83A, and

MYCT1 predicts poor prognosis and is related to
immune infiltration in lung squamous cell carcinoma

Yu Ding?*, Ting-Ting Bian?*, Qian-Yun Li*", Jin-Rong He?!, Qiang Guo?, Chuang-Yan Wu?, Shan-Shan Chen?

1Key Laboratory for Molecular Diagnosis of Hubei Province, The Central Hospital of Wuhan, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430014, Hubei, China; 2Department of Thoracic Surgery,
Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430022, Hubei,
China; 3The Fourth Affiliated Hospital, Zhejiang University School of Medicine, Yiwu 310030, Zhejiang, China.
“Equal contributors.

Received June 6, 2022; Accepted October 27, 2022; Epub November 15, 2022; Published November 30, 2022

Abstract: Objectives: To create a prognostic model based on differentially expressed genes (DEGs) in early lung
squamous cell carcinoma (LUSC) and characterize the relationship between risk scores and tumor immune infiltra-
tion. Methods: We identified DEGs in normal and tumor tissues that overlapped between LUSC-related data sets
from the Gene Expression Omnibus and the Cancer Genome Atlas and evaluated their roles in the diagnosis and
prognosis of LUSC by Kaplan-Meier survival analysis, receiver operating characteristic (ROC) analysis, meta-anal-
ysis and nomogram analysis. We then constructed a risk model based on Cox regression analysis and the Akaike
information criterion and identified the relationship between LUSC risk scores and immune infiltration. Results:
Sixty-two overlapping DEGs were involved with keratinocyte differentiation, epidermal cell differentiation, neutrophil
migration, granulocyte chemotaxis, granulocyte migration, leukocyte aggregation, and positive regulation of nuclear
factor-kB (NF-kB) activity. Overexpression of family with sequence similarity 83 member A (FAM83A) and MYC tar-
get 1 (MYCT1), kallikrein related peptidase 8 (KLK8), and downregulation of ADP ribosylation factor like GTPase
14 (ARL14), caspase recruitment domain family member 14 (CARD14), cystatin A (CSTA), dickkopf WNT signaling
pathway inhibitor 4 (DKK4), desmoglein 3 (DSG3), and keratin 6B (KRT6B) were associated with a poor prognosis
in LUSC and had significant value for LUSC diagnosis. The expression of CSTA, FAM83A, and MYCT1 and high-risk
scores were independent risk factors for a poor prognosis in LUSC. A risk nomogram revealed that risk scores could
predict the prognosis of LUSC. The risk score was associated with neutrophils, naive B cells, helper follicular T cells,
and activated dendritic cells. Conclusions: The expression levels of CSTA, FAM83A, and MYCT1 are related to the di-
agnosis and prognosis of LUSC and may have potential as therapeutic targets in LUSC. A risk model and nomogram
based on CSTA, FAM83A, and MYCT1 can predict the prognosis of LUSC.

Keywords: Differentially expressed genes, receiver operating characteristic, overall survival, lung squamous cell
carcinoma, risk model

Introduction hilar of the lungs and thus cannot be treated
surgically. Furthermore, chemotherapy is inef-
fective in patients with advanced LUSC, result-
ing in a poor prognosis [5, 6]. Targeted therapy
has achieved good results in patients with lung
adenocarcinoma (LAC). Therefore, it is impor-

tant to develop novel molecular targets in

Lung squamous cell carcinoma (LUSC) is a
common subtype of non-small cell lung carci-
noma, a highly prevalent disease that causes
substantial morbidity and mortality [1-5]. In
recent years, the prognosis of cancer has

improved significantly with advances in treat-
ment methods. Patients with early-stage LUSC
can achieve long-term survival with surgical
treatment; however, most LUSC is diagnosed at
advanced stages with the tumor located in the

patients with LUSC for early diagnosis to
improve their prognosis and quality of life.

Elevated levels of abnormal gene expression,
microRNAs (miRNAs), long noncoding RNAs
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(IncRNAs), and other factors are involved in
the occurrence and development of LUSC [3,
7-11]. For example, IncRNA nicotinamide nucle-
otide transhydrogenase antisense RNA 1 (NNT-
AS1) and forkhead box protein M1 (FOXM1) are
frequently up-regulated, while miR-22 is fre-
quently down-regulated in LUSC tissues and
cells. Furthermore, NNT-AS1 deletion was
found to inhibit LUSC cell migration and inva-
sion, causing apoptosis and inhibiting carcino-
genesis by controlling the miR-22/FOXM1 sig-
naling axis [9]. In another study, LUSC cells
showed reduced expression of IncRNA STAR
Related Lipid Transfer Domain Containing 13
antisense RN (STARD13-AS), and STARD13-AS
overexpression could delay the growth and
invasion of LUSC cells by controlling the miR-
1248/complement C3 (C3A) signaling axis [10].
In contrast, INcRNA RP11-116G8.5 was overex-
pressed in LUSC cells, and its inhibition could
inhibit LUSC cell proliferation, migration, and
invasion while speeding up apoptosis. RP11-
116G8.5 regulates the expression of PHD fin-
ger protein 12 (PHF12) and forkhead box P4
(FOXP4) by acting as a sponge for miR-3150b-
3p and miR-6870-5p. However, overexpression
of PHF12 and FOXP4 in LUSC cells was shown
to reverse the inhibitory effect of RP11-116G8.5
knockdown in cancer cells [11].

Risk models and nomograms are used to
assess cancer prognosis [2, 12-14]. Here, we
screened differentially expressed genes (DEGS)
in normal lung tissues and LUSC that were
present in Mascaux et al. data in the Gene
Expression Omnibus (GEO) [15] and the Cancer
Genome Atlas (TCGA) databases. We then eval-
uated the clinical values of DEGs that are criti-
cal in the progression of LUSC using the Kaplan-
Meier (K-M) survival analysis, the receiver oper-
ating characteristic (ROC) analysis, and the risk
model construction. These investigations pro-
vided novel diagnostic target molecules and
prognostic biomarkers for better management
of patients with LUSC. We also constructed a
risk model to predict the prognosis of LUSC.

Materials and methods
LUSC gene expression and clinical data

We retrieved and downloaded the Series Ma-
trix File (s) in the GSE33479 dataset from the
GEO database, which was generated using
the GPL6480: Agilent-014850 Whole Human
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Genome Microarray 4 x 44K G4112F platform
and includes gene expression data from 27
normal tissues, 14 tissues with squamous
metaplasia, 13 carcinoma in situ tissues and
14 LUSC tissues. In addition, we obtained
Fragments per Kilobase Million (FPKM)-type
gene expression data and clinical data from the
TCGA database. After removing entries with
missing values or incomplete clinical informa-
tion, our study sample included 49 normal tis-
sues, 502 LUSC tissues, and clinical data from
490 patients.

Overlapping DEGs of the GSE33479 data set

We use the limma package to identify genes
that were differentially expressed during pro-
gression from normal lung tissues to squamous
metaplasia tissues, carcinomas in situ, or
LUSC, with a fold change of 1 and an adjusted
P value < 0.05 as the screening criteria. The
DEGs that overlapped the three groups of can-
cer tissues were visualized using a Venn dia-
gram and a heat map.

The biological functions, signaling pathways,
and protein-protein interaction network of the
DEGs

Gene Ontology (GO) and the Kyoto Encyclopedia
of Genes and Genomes (KEGG) are commonly
used to analyze biological functions and signal-
ing mechanisms involving multiple genes [2,
16]. The GO type includes three types of infor-
mation: biological processes, cellular compo-
nents, and molecular functions. We used GO
and KEGG analyses to identify the enriched bio-
logical processes and signaling mechanisms of
overlapping DEGs, with an adjusted P value <
0.05 as the screening criterion. Furthermore,
we constructed a protein-protein interaction
(PPI) network between the overlapping DEGs
and DEGs in the STRING database and visual-
ized it using Cytoscape software (version
3.8.2). The critical DEGs in the PPl network
were visualized using the CytoHubba plug-in.

Identification of DEGs in LUSC tissues

We obtained expression data of the identified
DEGs in 49 normal lungs and 502 LUSC tissues
from TCGA. The expression levels of the DEGs
in unpaired LUSC tissues were investigated
using the Wilcoxon rank sum test, with P < 0.05
as the screening criterion. In addition to the
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Table 1. PCR primers used in the study

Gene Forward primer Reversed primer

CSTA 5’-AATGATACCTGGAGGCTTATCT-3’ 5’ -TTTATTATCACCTGCTCGTACC-3’
FAM83A 5’-CCCATCTCAGTCACTGGCATT-3’ 5’-CCGCCAACATCTCCTTGTTC-3’

MYCT1 5’-GCCAGAAAACTTTTGGGAGGA-3’ 5’-ATCCAGTTCTGTTGAGGCCG-3’

Note: PCR, Polymerase Chain Reaction; CSTA, Cystatin A; FAM83A, Family With Sequence Similarity 83 Member A; MYCT1, MYC

Target 1.

unpaired samples, 49 pairs of matched normal
lung and LUSC tissues were matched. The
expression levels of DEGs in unpaired LUSC
tissues were compared with those of paired
LUSC tissues, with P < 0.05 as the screening
criterion.

K-M survival analysis

We paired and merged the DEG expression
data with the survival data of patients with
LUSC in TCGA. We then performed a K-M sur-
vival analysis to investigate the impact of high
or low DEG expression on the prognosis of
patients with LUSC [2, 16], using P < 0.05 as
the filter criterion.

Determination of the diagnostic value of LUSC
prognostic genes

ROC analysis is typically used to determine the
diagnostic value of gene expression levels in
cancer, with an area under the curve (AUC)
between 0.5 and 1.0 as the evaluation stan-
dard. The higher the AUC, the greater the diag-
nostic value. We used ROC analysis to investi-
gate the importance of expression of ADP ribo-
sylation factor like GTPase 14 (ARL14), cas-
pase recruitment domain family member 14
(CARD14), cystatin A (CSTA), dickkopf WNT sig-
naling pathway inhibitor 4 (DKK4), desmoglein
3 (DSG3), family with sequence similarity 83
member A (FAM83A), kallikrein related pepti-
dase 8 (KLK8), keratin 6B (KRT6B), and MYC
target 1 (MYCT1) in LUSC.

Establishment of a risk model

We used univariate Cox regression to investi-
gate the association between the expression
levels of ARL14, CARD14, CSTA, DKK4, DSG3,
FAM83A, KLK8, KRT6B, and MYCT1 and the
prognosis of LUSC, with P < 0.05 as the elimi-
nation criterion. Furthermore, we employed
multivariate Cox regression and Akaike infor-
mation criterion (AIC) to identify the relation-
ship between the expression levels of CSTA,
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FAM83A, and MYCT1 and the prognosis of
LUSC. We also incorporated risk scoring with
LUSC tissue samples to construct a risk model
for patients with LUSC.

Validation of risk gene expression in LUSC tis-
sues

We collected tumor tissues and normal tissues
from seven patients with LUSC diagnhosed with
pathology that were surgically treated at our
hospital from July to August 2022. Patients
gave their signed informed consent, and the
ethics committee approved of this study at
Wuhan Central Hospital (WHZXKYL2022-192).
We extracted and quantified total RNA from tis-
sue samples and performed reverse transcrip-
tion according to the instructions of the reverse
transcription RNA kit. We then performed
reverse transcription quantitative polymerase
chain reaction (RT-gPCR) and calculated the
relative expression levels of CSTA, FAM83A,
and MYCT1 in the tissue samples. Table 1
shows the primers for CSTA, FAM83A, and
MYCT1.

Construction of a prognostic factor-related no-
mogram

We constructed a nomogram of ARL14,
CARD14, CSTA, DKK4, DSG3, FAM83A, KLKS,
KRT6B, and MYCT1 expression based on the
expression levels in cancer tissues, diagnosis,
and prognostic values of ARL14, CARD14,
CSTA, DKK4, DSG3, FAM83A, KLK8, KRT6B,
and MYCTL1.

The values of risk factors and construction of a
risk score-related nomogram

We identified the relationship between high
and low expression of CSTA, FAM83A, and
MYCT1, categorized according to the median
expression level of each gene and the clinico-
pathological characteristics of patients with
LUSC using the meta-analysis and the K-M sur-
vival analysis functions in the online lung can-
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cer Explorer and the UALCAN database. We
also analyzed univariate Cox regression to
explore the relationship between risk score and
LUSC prognosis. Finally, we constructed a prog-
nostic nomogram related to the clinical stage, T
stage, age, and risk score of patients with
LUSC.

The relationship between the risk score and
LUSC immune infiltration

We used the CIBERSORT algorithm to calculate
the levels of immune cell infiltration in the LUSC
samples in TCGA. We then divided the samples
into high-risk and low-risk groups based on the
scores from our risk model and used the limma
package to analyze the relationship between
high- and low-risk scores and LUSC-infiltrating
immune cells, with P < 0.05 as the screening
criterion.

Statistical analysis

Gene expression levels in LUSC were investi-
gated using the Wilcoxon rank sum test and
limma package. We use ROC analysis to assess
the diagnostic value of gene expression levels,
with AUC between 0.5 and 1.0 as the evalua-
tion standard. The higher the AUC, the more
significant the diagnostic value. We used uni-
variate and multivariate Cox regression analy-
ses to investigate prognostic risk factors in
patients with LUSC. We analyzed the relation-
ship between risk scores and immune cell
infiltration of LUSC by correlation analysis,
with P < 0.05 as the threshold for statistical
significance.

Results

Overlapping DEGs in normal tissues and squa-
mous metaplasia tissues, carcinomas in situ,
and LUSC tissues

There were 150 significant DEGs in tissues with
squamous metaplasia compared to normal tis-
sues (Table 2). Among them, 132 were overex-
pressed in metaplasia tissues, and 18 had
reduced expression in metaplasia tissues com-
pared to normal tissues. There were 1427 sig-
nificant DEGs in carcinoma in situ tissues com-
pared to normal tissues (Table S1), among
which 996 were overexpressed in carcinoma
tissues, and 431 had reduced expression in
carcinoma tissues. There were 3137 significant
DEGs in the LUSC tissues compared with the
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normal tissues (Table S2), of which 1758 were
overexpressed in the LUSC tissues, and 1379
had reduced expression in the LUSC tissues
compared with the normal tissues (Table S2).
The conversion of 70 DEGs from genes that
overlapped among the three groups revealed
62 unique overlapping DEGs (Figure S1 and
Table 3).

The roles and signaling mechanisms of DEG
enrichment and ppi network construction

The functions of the overlapping DEGs from the
GEO database included epidermis develop-
ment, cornification, skin development, keratini-
zation, keratinocyte differentiation, epidermal
cell differentiation, glycoside metabolism, neu-
trophil chemotaxis, and migration, granulocyte
chemotaxis and migration, leukocyte aggrega-
tion and migration involved in an inflammatory
response, positive regulation of nuclear factor-
KB (NF-kB) transcription factor activity, second-
ary metabolic processes, and protein nitrosyl-
ation, among others (Figure S2A-S2C; Table
S3). The overlapping DEGs were associated
with signaling mechanisms for folate biosyn-
thesis, galactose metabolism, fruit and man-
nose metabolism, pentose and glucuronate
interconversions, and glycerolipid metabolism
(Figure S2D). Figure S3A depicts the PPl net-
work between the overlapping DEGs from the
GEO data and the DEGs in the STRING data-
base. The key DEGs in the PPI network included
SPRR1B, KRT16, IVL, CSTA, and S100AS8

(Figure S3B).

Identification of crucial DEGs in LUSC

ADAM metallopeptidase domain 22 (ADAM22),
ADAM like decysin 1 (ADAMDEC1), aldo-keto
reductase family 1 member B (AKR1B1),
aldo-keto reductase family 1 member B10
(AKR1B10), aldo-keto reductase family 1 mem-
ber C1 (AKR1C1), ARL14, calmodulin like 5
(CALML5), CARD14, CSTA, diaphanous related
formin 3 (DIAPH3), dickkopf WNT signaling
pathway inhibitor 1 (DKK1), dickkopf WNT sig-
naling pathway inhibitor 4 (DKK4), desmocollin
2 (DSC2), desmocollin 3 (DSG3), family with
sequence similarity 25 member A (FAM25A),
FAM83A, FXYD domain containing ion trans-
port regulator 1 (FXYD1), grainyhead like tran-
scription factor 3 (GRHL3), interleukin 1 recep-
tor antagonist (IL1RN), involucrin (/VL), potassi-
um voltage-gated channel subfamily B member
1 (KCNB1), KLKS8, keratin 16 (KRT16), keratin
16 pseudogene 2 (KRT16P2), keratin 16 pseu-

Am J Transl Res 2022;14(11):7705-7725


http://www.ajtr.org/files/ajtr0144579suppltab1.xlsx
http://www.ajtr.org/files/ajtr0144579suppltab2.xlsx
http://www.ajtr.org/files/ajtr0144579suppltab2.xlsx
http://www.ajtr.org/files/ajtr0144579suppltab3.xlsx
http://www.ajtr.org/files/ajtr0144579suppltab3.xlsx

A risk model for lung squamous cell carcinoma

Table 2. Differentially expressed genes in squamous metaplasia tissues

id logFC id logFC Id logFC
A_24_P175519 1.305668979 A_32_P31744 -1.273349042 A_23_P207213 2.375811323
A_23_P73097 1.676109788 A_32_P63113 1.874350357  A_23_P106806 1.479353625
A_23_P60248 1.453737069 A_23_P216052  1.723853713 A_24_P412088 1.253757953
A_23_P48350 1.257334441 A_23_P4335 1.046156459 A_23_P69537 2.34741673
A_24_P220947 1.093857676 A_24 _P673063  1.362193272 A_23_P58266 1.193511551
A_23_P170233 1.959207116 A_23_P41114 2.406915532  A_32_P315178 1.7071763
A_23_P370635 1.00577998 A_32_P149158 -1.016032997 A_23_P81190  85.19582085
A_23_P135257 1.791428294 A_24_P212086  1.444105599 A_23_P155711  1.144977224
A_23_P369343 3.707520566 A_23_P353524  1.957193091 A_32_P198978 1.926114993
A_32_P112452 3.777406989 A_23_P166269  1.001215093 A_23_P24129  2.312543966
A_24_P355006 -1.318793118 A_23_P360329  1.044416316 A_24_P916782 -1.232122428
A_32_P71032 2.691356836 A_23_P4494 1.05280376 A_32_P200238 1.152174573
A_23_P23048 1.672129448 A_23_P111766  5.614856196 A_32_P62963  1.252592288
A_24_P589301 2.552030506 A_23_P115478  1.780520598 A_23_P17134  2.900480239
A_24_P348118 1.254147483 A_24_P7642 1.324696291 A_32_P52153  1.067986958
A_24_P55092 1.104058615 A_23_P310274  3.939282425 A_32_P176790 -1.013091836
A_23_P78248 1.054512256 A_23_P92562 1.276041648  A_24_P306896 1.592324703
A_32_P174121 1.832379447 A_23_P163338 1.562685678 A_32_P158272 1.014369349
A_24_P152845 1.798337561 A_23_P3038 1.215441259  A_32_P141948  1.08559652
A_23_P108062 1.60850786 A_32_P67266 1.828537263 A_23_P92161 1.812216887
A_32_P161855 1.259332336 A_32_P190303 -1.104816576 A_32_P119830 -1.122679204
A_24_P152968 1.199453308 A_23_P153120 1.134293665 A_23_P11644 1.07581238
A_23_P113793 1.583887983 A_32_P168973  1.468658268 A_24_P945059 -1.066996871
A_23_P356494 1.813166276 A_24_P282266  1.558407964 A_23_P74001 1.689310735
A_24_P129341 1.596110416 A_32_P186364 -1.213002845 A_24_P913146 1.853254949
A_23_P208126 1.22910464 A_24_P252155  1.287260405 A_23_P16523  1.088036451
A_23_P258190 1.349123989 A_24_P226755  -1.005791877 A_32_P37867 1.160838789
A_24_P859859 2.760650021 A_23_P136724  1.153515082 A_23_P108216 -1.008609446
A_23_P500010 2.002885752 A_32_P94444 3.755643047 A_23_P8801 2.06619658
A_23_P163336 1.070258728 A_24_P104689  1.442011501 A_32_P34138  3.507513336
A_32_P204676 1.259019153 A_23_P213050 1.224115167 A_23_P76743 1.027252127
A_23_P59877 1.194315142 A_23_P94275 1.571666444  A_23_P128574 -1.064032554
A_24_P238250 1.243422754 A_24_P68908 1.617632117  A_23_P204947 1.072236955
A_23_P18751 2.804584864 A_24_P43810 1.624736366  A_23_P214935 -1.10396774
A_23_P209995 1.430272841 A_32_P51855 1.258839681  A_32_P471485  1.824972945
A_23_P30126 1.982165789 A_24_P918065  1.106835785 A_23_P45751  1.589627155
A_23_P38537 1.133831182 A_23_P151975  1.200385538 A_23_P351148 1.869926295
A_23_P140928 1.06922676 A_23_P124095  2.292832348 A_23_P256425 1.126512375
A_23_P93641 1.593320408 A_32_P71710 2.505112783 A_23_P74723 1.14070976
A_23_P432978 1.190852292 A_24_P153035  1.478314805 A_24_P31627  -1.289108403
A_23_P52067 1.542073304 A_24_P48495 1.050669737 A_23_P55198 -1.113960254
A_32_P141338 1.289107314 A_24_P360674 1.040875417  A_23_P320070 1.03797418
A_23_P434809 6.448052031 A_23_P430718  1.743908998 A_32_P128174 -1.559302387
A_23_P500000 2.56451442 A_24_PA08736  1.007930946  A_23_P358917 2.00037122
A_23_P52410 1.236176037 A_24 P71781 -1.37130085 A_32_P157208 -1.172676541
A_24_P416645 1.825724421 A_23_P66739 2.506683538 A_24_P313895 1.150806867
A_23_P324754 1.247052108 A_23_P76249 1.00272057 A_23_P250385 1.699721426
A_23_P217498 2.365430447 A_23_P119015  1.173560213 A_23_P155660 1.012706161
A_23_P159406 1.742366668 A_24_P245379  1.855535138 A_24_P399490 1.055003049
A_23_P201706 1.768636607 A_23_P123234  1.132425178 A_32_P150891 1.040569253

Note: DEGs, Differentially Expressed Genes; FC, Fold Change.
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Table 3. Differentially expressed genes associated with lung squamous cell carcinoma progression

after gene name conversion

id Gene Id Gene
A_23_P106806 PRSS27 A_23_P73097 RGS20
A_23_P108216 FXYD1 A_23_P74001 S100A12
A_23_P113793 ZBED2 A_23_P76249 KRT6B
A_23_P11644 SPRR2D A_23_P92161 ARL14
A_23_P124095 CALML5 A_23_P93641 AKR1B10
A_23_P128574 ENOX1 A_23_P94275 DKK4
A_23_P136724 LOC344887 A_24_P129341 AKR1B10
A_23_P151975 RHCG A_24_P152968 AKR1C1
A_23_P153120 DSG3 A_24_P220947 AKR1C1
A_23_P155660 PPP2R2C A_24_P226755 TOX
A_23_P155711 NEIL3 A_24_P31627 KCNB1
A_23_P159406 SPRR1B A_24_P355006 ADAM22
A_23_P170233 CSTA A_24_P412088 MCM10
A_23_P18751 TMPRSS11E A_24_P43810 FAM83A
A_23_P201706 S100A2 A_24_P48495 LYPD3
A_23_P209995 ILIRN A_24_P673063 FABP5
A_23_P216052 FAM83A A_24_P68908 LOC344887
A_23_P23048 S100A9 A_24_P7642 FABP5
A_23_P24129 DKK1 A_24_P945059 MYCT1
A_23_P256425 ADAMDEC1 A_32_P112452 LOC100652944
A_23_P258190 AKR1B1 A_32_P119830 PEG3-AS1
A_23_P310274 PRSS2 A_32_P149158 PLCL1
A_23_P320070 CARD14 A_32_P150891 DIAPH3
A_23_P353524 IVL A_32_P157208 LOC572558
A_23_P369343 KLK8 A_32_P168973 KRT16P3
A_23_P38537 KRT16 A_32_P190303 LONRF2
A_23_P434809 S100A8 A_32_P200238 UCA1
A_23_P4494 DSC2 A_32_P204676 FABP5
A_23_P52067 GRHL3 A_32_P34138 FAM25A
A_23_P55198 CNTD1 A_32_P62963 KRT16P2
A_23_P59877 FABP5 A_32_P94444 PRSS2

Note: PRSS27, Serine Protease 27; FXYD1, FXYD Domain Containing lon Transport Regulator 1; ZBED2, Zinc Finger BED-Type
Containing 2; SPRR2D, Small Proline Rich Protein 2D; CALML5, Calmodulin Like 5; ENOX1, Ecto-NOX Disulfide-Thiol Exchanger
1; RHCG, Rh Family C Glycoprotein; DSG3, Desmoglein 3; PPP2R2C, Protein Phosphatase 2 Regulatory Subunit Bgamma;
NEIL3, Nei Like DNA Glycosylase 3; SPRR1B, Small Proline Rich Protein 1B; CSTA, Cystatin A; TMPRSS11E, Transmembrane
Serine Protease 11E; S100A2, S100 Calcium Binding Protein A2; ILARN, Interleukin 1 Receptor Antagonist; FAM83A, Family
With Sequence Similarity 83 Member A; S100A9, S100 Calcium Binding Protein A9; DKK1, Dickkopf WNT Signaling Pathway
Inhibitor 1; ADAMDEC1, ADAM Like Decysin 1; AKR1B1, Aldo-Keto Reductase Family 1 Member B; PRSS2, Serine Protease

2; CARD14, Caspase Recruitment Domain Family Member 14; IVL, Involucrin; KLK8, Kallikrein Related Peptidase 8; KRT16,
Keratin 16; S100A8, S100 Calcium Binding Protein A8; DSC2, Desmocollin 2; GRHL3, Grainyhead Like Transcription Factor 3;
CNTD41, Cyclin N-Terminal Domain Containing 1; FABP5, Fatty Acid Binding Protein 5; RGS20; Regulator Of G Protein Signal-

ing 20; S100A12, S100 Calcium Binding Protein A12; KRT6B, Keratin 6B; ARL14, ADP Ribosylation Factor Like Gtpase 14;
AKR1B10, Aldo-Keto Reductase Family 1 Member B10; DKK4, Dickkopf WNT Signaling Pathway Inhibitor 4; AKR1C1, Aldo-Keto
Reductase Family 1 Member C1; TOX, Thymocyte Selection Associated High Mobility Group Box; KCNB1, Potassium Voltage-Gat-
ed Channel Subfamily B Member 1; ADAM22, ADAM Metallopeptidase Domain 22; MCM10, Minichromosome Maintenance 10
Replication Initiation Factor; FAM83A, Family With Sequence Similarity 83 Member A; LYPD3, LY6/PLAUR Domain Containing 3;
MYCT1, MYC Target 1; PLCL1, Phospholipase C Like 1; DIAPH3, Diaphanous Related Formin 3; KRT16P3, Keratin 16 Pseudo-
gene 3; LONRF2, LON Peptidase N-Terminal Domain And Ring Finger 2; UCA1, Urothelial Cancer Associated 1; FAM25A, Family
With Sequence Similarity 25 Member A; KRT16P2, Keratin 16 Pseudogene 2.
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Figure 1. The differentially expressed genes in unpaired lung squamous cell carcinoma tissues of the Cancer Genome Atlas database. A. ADAM22; B. ADAMDEC1Z; C.
AKR1B1; D. AKR1B10; E. AKR1C1; F. ARL14; G. CALML5; H. CARD14; I. CSTA; J. DIAPH3; K. DKK1; L. DKK4; M. DSC2; N. DSG3; 0. FAM25A; P. FAM83A; Q. FXYDZ;
R. GRHL3; S. ILARN; T. IVL; U. KCNB1; V. KLK8; W. KRT6BB; X. KRT16; Y. KRT16P2. Note: LUSC, Lung Squamous Cell Carcinoma; ADAM22, ADAM Metallopeptidase
Domain 22; ADAMDEC1, ADAM Like Decysin 1; AKR1B1, Aldo-Keto Reductase Family 1 Member B; AKR1B10, Aldo-Keto Reductase Family 1 Member B10; AKR1C1,
Aldo-Keto Reductase Family 1 Member C1; ARL14, ADP Ribosylation Factor Like Gtpase 14; CALML5, Calmodulin Like 5; CARD14, Caspase Recruitment Domain
Family Member 14; CSTA, Cystatin A; DIAPH3, Diaphanous Related Formin 3; DKK1, Dickkopf WNT Signaling Pathway Inhibitor 1; DKK4, Dickkopf WNT Signaling
Pathway Inhibitor 4; DSC2, Desmocollin 2; DSC3, Desmocollin 3; FAM25A, Family With Sequence Similarity 25 Member A; FAM83A, Family With Sequence Similarity
83 Member A; FXYD1, FXYD Domain Containing lon Transport Regulator 1; GRHL3, Grainyhead Like Transcription Factor 3; IL1RN, Interleukin 1 Receptor Antago-
nist; IVL, Involucrin; KCNB1, Potassium Voltage-Gated Channel Subfamily B Member 1; KLK8, Kallikrein Related Peptidase 8; KRTEB, Keratin 6B; KRT16, Keratin

16; KRT16P2, Keratin 16 Pseudogene 2; DSG3, Desmoglein 3.
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Figure 2. Differentially expressed genes in paired lung squamous cell carcinoma tissues from the Cancer Genome Atlas database. A. ADAMDEC1; B. AKR1B10;
C. AKR1C1; D. ARL14; E. CALML5; F. CSTA; G. CARD14; H. DIAPH3; I. DKK1; J. DKK4; K. DSC2; L. DSG3; M. FAM25A; N. FAM83A; 0. FXYD1; P. GRHL3; Q. ILARN;
R. IVL; S. KLK8; T. KCNB1; U. KRT6B; V. KRT16; W. LYPD3; X. MCM10; Y. KRT16P3. Note: LUSC, Lung Squamous Cell Carcinoma; ADAMDEC1, ADAM Like Decysin
1; AKR1B10, Aldo-Keto Reductase Family 1 Member B10; AKR1C1, Aldo-Keto Reductase Family 1 Member C1; ARL14, ADP Ribosylation Factor Like Gtpase 14;
CALMLD5, Calmodulin Like 5; CARD14, Caspase Recruitment Domain Family Member 14; CSTA, Cystatin A; DIAPH3, Diaphanous Related Formin 3; DKK1, Dickkopf
WNT Signaling Pathway Inhibitor 1; DKK4, Dickkopf WNT Signaling Pathway Inhibitor 4; DSC2, Desmocollin 2; DSC3, Desmocollin 3; FAM25A, Family With Sequence
Similarity 25 Member A; FAM83A, Family With Sequence Similarity 83 Member A; FXYD1, FXYD Domain Containing lon Transport Regulator 1; GRHL3, Grainyhead
Like Transcription Factor 3; ILARN, Interleukin 1 Receptor Antagonist; IVL, Involucrin; KCNB1, Potassium Voltage-Gated Channel Subfamily B Member 1; KLKS, Kalli-
krein Related Peptidase 8; KRT6B, Keratin 6B; KRT16, Keratin 16; LYPD3, LY6/PLAUR Domain Containing 3; MCM10, Minichromosome Maintenance 10 Replication

Initiation Factor; KRT16P3, Keratin 16 Pseudogene 3; DSG3, Desmoglein 3.
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Figure 3. Kaplan-Meyer survival analysis of patients with lung squamous cell carcinoma stratified by expression
levels of candidate prognostic genes. A. ARL14; B. CARD14; C. CSTA; D. DKK4; E. DSG3; F. FAM83A; G. KLKS; H.
KRT6B; I. MYCT1. Note: ARL14, ADP Ribosylation Factor Like Gtpase 14; CARD14, Caspase Recruitment Domain
Family Member 14; CSTA, Cystatin A; FAM83A, Family With Sequence Similarity 83 Member A; KLK8, Kallikrein
Related Peptidase 8; KRT6B, Keratin 6B; DKK4, Dickkopf WNT Signaling Pathway Inhibitor 4; DSG3, Desmoglein 3;

MYCT1,

dogene 3 (KRT16P3), KRT6B, LON peptidase
N-terminal domain and ring finger 2 (LONRF2),
LY6/PLAUR domain containing 3 (LYPD3), mini-
chromosome maintenance 10 replication initia-
tion factor (MCM10), MYCT1, nei like DNA gly-
cosylase 3 (NEIL3), phospholipase C like 1
(PLCL1), protein phosphatase 2 regulatory sub-
(PPP2R2C), serine protease 2
(PRSS2), serine protease 27 (PRSS27), regula-

unit Bgamma

7715

MYC Target 1.

tor of G protein signaling 20 (RGS20), Rh family
C glycoprotein (RHCG), S100 calcium binding
protein A12 (S100A12), S100 calcium binding
protein A2 (S100A2), S100 calcium binding
protein A9 (S100A9), small proline rich protein
1B (SPRR1B), small proline rich protein 2D
(SPRR2D), thymocyte selection associated high
mobility group box (TOX), urothelial cancer
associated 1 (UCA1), and zinc finger BED-type
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Figure 4. Receiver operating characteristic analysis of the diagnostic values of differentially expressed genes in
LUSC. A. ARL14; B. CARD14; C. CSTA; D. DKK4; E. DSG3; F. FAM83A; G. KLK8; H. KRT6B; I. MYCT1. Note: LUSC, Lung
Squamous Cell Carcinoma; ARL14, ADP Ribosylation Factor Like Gtpase 14; CARD14, Caspase Recruitment Domain
Family Member 14; CSTA, Cystatin A; FAM83A, Family With Sequence Similarity 83 Member A; KLKS8, Kallikrein
Related Peptidase 8; KRT6B, Keratin 6B; DKK4, Dickkopf WNT Signaling Pathway Inhibitor 4; DSG3, Desmoglein 3;

MYCT1, MYC Target 1.

containing 2 (ZBED2) showed significant chang-
es in expression between unpaired LUSC tis-
sues and normal lung tissues (Figures 1
and S4). ADAMDEC1, AKR1B1, AKR1B10,
AKR1C1, ARL14, CALML5, CARD14, CSTA,
DIAPH3, DKK1, DKK4, DSC2, DSG3, FAM25A,
FAM83A, FXYD1, GRHL3, IL1RN, IVL, KCNB1,
KLK8, KRT16, KRT16P3, KRT6B, LONRF2,
LYPD3, MCM10, MYCT1, NEIL3, PLCL1,
PPP2R2C, PRSS2, PRSS27, RGS20, RHCG,

7716

S100A12, S100A2, S100A9, SPRR1B, SPR-
R2D, TMPRSS11E, TOX, UCA1, and ZBED2 had
significantly different expression between the
49 LUSC tissues and the 49 paired normal lung
tissues (Figures 2 and S5).

Construction of a prognostic nomogram for
patients with LUSC

FAM83A, KLK8, and MYCT1 overexpression
levels were each correlated with the short over-

Am J Transl Res 2022;14(11):7705-7725



A risk model for lung squamous cell carcinoma

A
P value Hazard ratio

1
1
1
1
1
[

CSTA 0.015 0.915(0.852-0983) o]
1
1
1
1
1

FAMS3A 0010  1.100(1.023-1.182) :;.1
1
1
[
[

MYCTI1 0016 1.336(1.056-1.689) ! p———|

0.0 05 1.0 L5
B

Hazard ratio

T Ty pe

3.5
3

2.5
2
L5
1
FAMS3AN0.5

CSTA

wvers [
F pvalue Hazard ratio
Age 0.042  1.417(1.012-1.983) ——
Gender 0.241 1.256(0.858-1.838) ——
Stage 0.020  1.248(1.035-1.506) -
T stage 0.023 1.268(1.033-1.557) -
M stage 0.299 1.837(0.583-5.784) -_—l
N stage 0.171 1.165(0.936-1.450) -
Riskscore <0.001 2.214(1.531-3.200) ——
0.5 1.0 20 40

Hazard ratio

c
T .
N ® Dead o i
T = e Aive , . H . "Tee e .
E = PR H .
-E ...'.-.. o . Vg o .1-'...
Ld . ot ‘.“_-:, L -.*':.' oled iy .;. e " ’_‘..
= el > PP Y W F O Ly
R E K D O T AL T
@ 0 100 200 300 400 500
Patients (increasing risk score)
D
| & High risk .
2 o | lowRisk H
g
MR
- I
B |
= T T T T
0 100 200 300 400 500
Patients (increasing risk score)
E 1.00 Risk == High risk == Low risk
e
=] 0.75
a2
=
F-]
2
Z 050
=
=
£ 0.25
5’1 p=8.957e-04
0.00
01 2 3 4 5 6 7 8 9 10 1112 13 14 15
Time (years)
G pvalue Hazard ratio
Age 0.016  1.521(1.080-2.143) ——
Gender 0.105  1.375(0.935-2.021) —a—
Stage 0.942 1.017(0.652-1.585) ——
T stage 0.187  1.238(0.902-1.700) ——
M stage 0.590  1.460(0.369-5.783) —————
N stage 0.421 1.177(0.791-1.751) —a—
Riskscore  <0.001  2.299(1.600-3.305) ——
05 10 20 4.0

Hazard ratio

Figure 5. A prognostic-related risk model for LUSC. A. Prognostic risk factors identified by univariate Cox regression
analysis. B. Multivariate Cox regression and AIC screening confirmed the relationship between risk factors and pa-
tient prognosis. C, D. The relationship between overall survival of patients with lung squamous cell carcinoma and
risk factors. E. Patients with high-risk scores in the risk model have a poor prognosis. F, G. Cox regression analysis
identified prognostic factors in lung squamous cell carcinoma. Note: LUSC, Lung Squamous Cell Carcinoma; CSTA,
Cystatin A; FAM83A, Family With Sequence Similarity 83 Member A; MYCT1, MYC Target 1.

Table 4. Univariate Cox regression analysis
revealed prognosis-related genes

Gene HR P

CSTA 0.915229739 0.015172199
FAM83A 1.099601051 0.010161734
MYCT1 1.335569478 0.015580685

Note: HR, Hazard Ratio; CSTA, Cystatin A; FAM83A, Fam-
ily With Sequence Similarity 83 Member A; MYCT1, MYC
Target 1.

all survival (0OS) of patients with LUSC. In
contrast, lower expression levels of ARL14,

7717

CARD14, CSTA, DKK4, DSG3, and KRT6B were
each associated with a short OS in LUSC
patients according to the K-M survival plots
(Figure 3). ROC analysis showed that the
expression levels of FAM83A, MYCT1, ARL14,
CARD14,CSTA, DKK4,DSG3, KLK8, and KRT6B
could be used to diagnose LUSC (Figure 4). The
AUCs of ARL14, CARD14, CSTA, DKK4, DSG3,
FAMB83A, KLK8, KRT6B and MYCT1 expression
in LUSC were 0.717, 0.981, 0.889, 0.847,
0.956, 0.94, 0.836, 0.959, and 0.997, respec-
tively. A nomogram was constructed for DEGs
related to LUSC prognosis and diagnosis to

Am J Transl Res 2022;14(11):7705-7725
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Table 5. Expression of MYCT1, FAM83A, and CSTA was associ-
ated with a poor prognosis in patients with lung squamous cell

carcinoma

progression-free interval end-
point events in patients with
LUSC after the samples were

Gene HR (95% Cl) P Method

Ref grouped according to the median

MYCT1 1.01 (0.89-1.15) 0.84 Meta-analysis
FAM83A 1.14 (1.04-1.25) ** Meta-analysis

CSTA 0.90(0.82-0.99) *  Meta-analysis

MYCT1 NA * K-M survival
FAM83A NA *%%  K-M survival
CSTA NA 0.64 K-M survival

UALCAN database
UALCAN database
UALCAN database

expression level of CSTA (Table

LCE database )
LCE database 6). On the contrary, expression

levels of FAM83A and MYCT1,
LCE database

similarly grouped by their median
values, were associated with
primary therapy outcomes of
patients with LUSC (Tables 7 and

Note: HR, Hazard Ratio; Cl, Confidence Interval; LCE, Lung Cancer Explorer;
K-M, Kaplan-Meier; CSTA, Cystatin A; FAM83A, Family With Sequence Similarity
83 Member A; MYCT1, MYC Target 1; *, P < 0.05; **, P < 0.01; ***, P < 0.001.

assess the prognosis of patients with LUSC
(Figure S6).

Constructing a prognostic risk model of LUSC

We used univariate Cox regression to examine
the relationship between the expression levels
of ARL14, CARD14, CSTA, DKK4, DSG3,
FAM83A, KLK8, KRT6B, and MYCT1 and the
prognosis of patients with LUSC. We found that
CSTA, FAM83A, and MYCT1 each had a signifi-
cant prognostic value (Figure 5A). Furthermore,
multivariate Cox regression and AIC screening
revealed that the expression levels of CSTA,
FAM83A, and MYCT1 independently influenc-
ed the prognosis of LUSC (Figure 5B and Table
4). Using the expression levels of these th-
ree genes, we constructed a risk score as
follows: risk score = (CSTA x -0.099643117) +
(FAM83A x 0.117245801) + (MYCT1 x
0.246912866). Figure 5C-E shows the relation-
ship between risk scores and OS in patients
with LUSC, confirming that patients with high-
risk scores had poor prognoses.

Prognostic risk model nomogram

PCR confirmed that the expression of CSTA was
reduced in 71.43% (5/7) of patients with LUSC
from our hospital (Figure S7A), while the expres-
sion of FAM83A and MYCT1 increased in 100%
and 71.43% (5/7) of the patients, respectively
(Figure S7B and S7C). Meta-analysis and K-M
survival analysis using Lung Cancer Explorer
and UALCAN databases showed that high
expression of MYCT1 and FAM83A and low
expression of CSTA were associated with poor
prognosis in patients with LUSC (Table 5). CSTA
expression in TCGA LUSC tissues was related to
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8). Furthermore, there were sig-
nificant differences in the expres-
sion levels of CSTA, FAMS83A,
and MYCT1 in the risk model
score grouping (Figure S8), indicating that the
risk model based on the expression of CSTA,
FAM83A, and MYCT1 could predict disease
progression and prognosis in patients with
LUSC.

The univariate Cox regression analysis revealed
that age, clinical stage, T stage, and risk score
all impacted the prognosis of LUSC (Figure 5F).
Multivariate Cox regression further revealed
that age and risk score were independent prog-
nostic factors in LUSC (Figure 5G). We used
age, clinical stage, T stage, and risk score to
create a prognostic model nomogram (Figure
6), which showed that the clinical stage is the
most important prognostic factor, followed by
the risk score and T stage.

The risk score is related to the infiltrating of
immune cells in LUSC

Immune cell infiltration is an essential factor in
cancer progression. Therefore, we calculated
the levels of immune cell infiltration in TCGA
LUSC tissues using the CIBERSORT algorithm.
We divided the LUSC tissues into high- and low-
risk groups using the risk scores and the medi-
an value of the risk score among all samples.
We observed that the risk score was significant-
ly correlated with the levels of LUSC immune
infiltration consisting of naive B cells, helper fol-
licular T cells, neutrophils, and activated den-
dritic cells (Figure 7).

Discussion
Patients with LUSC experience high morbidity

and mortality [3] and have a worse prognosis
than patients with LAC. Therefore, it is impera-
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Table 6. Clinicopathological characteristics of patients with high
and low CSTA expression in LUSC

Low expression High expression

Characteristic of CSTA of CSTA P

T stage 0.120
T1 60 (12%) 54 (10.8%)
T2 135 (26.9%) 159 (31.7%)
T3 43 (8.6%) 28 (5.6%)
T4 13 (2.6%) 10 (2%)

N stage 0.679
NO 161 (32.5%) 159 (32.1%)
N1 65 (13.1%) 66 (13.3%)
N2 20 (4%) 20 (4%)
N3 1 (0.2%) 4 (0.8%)

M stage 0.723
MO 208 (49.6%) 204 (48.7%)
M1 3(0.7%) 4 (1%)

Pathologic stage 0.625
Stage | 119 (23.9%) 126 (25.3%)
Stage Il 78 (15.7%) 84 (16.9%)
Stage lll 47 (9.4%) 37 (7.4%)
Stage IV 3 (0.6%) 4 (0.8%)

Primary therapy outcome 0.494
PD 19 (5.3%) 12 (3.3%)
SD 7 (1.9%) 10 (2.8%)
PR 2 (0.6%) 3(0.8%)
CR 151 (41.8%) 157 (43.5%)

Gender 0.155
Female 73 (14.5%) 58 (11.6%)
Male 178 (35.5%) 193 (38.4%)

Race 0.890
Asian 4 (1%) 5 (1.3%)
Black or African American 14 (3.6%) 16 (4.1%)
White 176 (45.2%) 174 (44.7%)

Age 0.482
<65 91 (18.5%) 100 (20.3%)
> 65 155 (31.4%) 147 (29.8%)

Smoker 0.824
No 10 (2%) 8 (1.6%)
Yes 236 (48.2%) 236 (48.2%)

OS event 0.241
Alive 136 (27.1%) 150 (29.9%)
Dead 115 (22.9%) 101 (20.1%)

DSS event 0.276
Alive 177 (39.3%) 184 (40.9%)
Dead 50 (11.1%) 39 (8.7%)

PFI event 0.040
Alive 166 (33.1%) 188 (37.5%)
Dead 85 (16.9%) 63 (12.5%)

Note: CSTA, Cystatin A; CR, Complete Response; PR, Partial Response; SD,
Stable Disease; PD, Progressive Disease; OS, Overall Survival; DSS, Disease-
Specific Survival; PFI, Progression-Free Interval; LUSC, Lung Squamous Cell

Carcinoma.
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tive to find new treatment targets
and methods to improve the
prognosis of patients with LUSC.
Many studies have reported the
role of changes in gene expres-
sion during LUSC development,
and modulation of gene expres-
sion is expected to improve the
prognosis of LUSC patients [9,
17, 18]. For example, fat mass
and obesity-associated protein
(FTO) influences the prognosis of
patients with LUSC and are the
main factors causing abnormal
mA modification in LUSC. FTO
knockdown can effectively pro-
mote apoptosis and inhibit the
proliferation of L78 and NCI-
H520 cells, while overexpre-
ssion of FTO encourages the
malignant phenotype of CHLH-1
cells. Furthermore, FTO can en-
hance myeloid zinc finger 1
(MZF1) expression by reducing
the levels of mA and the stability
of MZF1 mRNA transcripts, thus
exerting oncogenic functional-
ities [17]. As another example,
INcRNA NNT-AS1 deletion inhib-
its LUSC cell migration and in-
vasion and induces apoptosis.
Overexpression of miR-22 impe-
des LUSC progression by target-
ing FOXM expression. NNT-AS1
directly regulates FOXM1 expres-
sion by binding to miR-22 in LUSC
cells, thus affecting the growth
and migration of LUSC cells [9].

The TCGA and GEO databas-
es contain expression data for
many cancer genes, mMiRNAs,
IncRNAs, and other RNAs, and
are used in many cancer studies
[2, 19, 20]. For example, Takeda
et al. used transcriptome data
from the TCGA and GEO databas-
es to show that high expression
of insulin like growth factor 2
receptor (IGF2R), a tumor sup-
pressor gene, is related to a poor
prognosis in cervical cancer. Fur-
ther research using various cel-
lular models showed that inter-
ference with IGF2R expression in
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Table 7. Clinicopathological characteristics of patients with high
and low FAM83A expression in LUSC

Low expression High expression

Characteristic of FAMS3A  of FAM83A P

T stage 0.262
T1 60 (12%) 54 (10.8%)
T2 150 (29.9%) 144 (28.7%)
T3 28 (5.6%) 43 (8.6%)
T4 13 (2.6%) 10 (2%)

N stage 0.762
NO 161 (32.5%) 159 (32.1%)
N1 70 (14.1%) 61 (12.3%)
N2 18 (3.6%) 22 (4.4%)
N3 2 (0.4%) 3(0.6%)

M stage 0.720
MO 210 (50.1%) 202 (48.2%)
M1 3(0.7%) 4 (1%)

Pathologic stage 0.736
Stage | 120 (24.1%) 125 (25.1%)
Stage Il 87 (17.5%) 75 (15.1%)
Stage Il 40 (8%) 44 (8.8%)
Stage IV 3 (0.6%) 4 (0.8%)

Primary therapy outcome 0.034
PD 12 (3.3%) 19 (5.3%)
SD 5 (1.4%) 12 (3.3%)
PR 1 (0.3%) 4 (1.1%)
CR 168 (46.5%) 140 (38.8%)

Gender 1.000
Female 65 (12.9%) 66 (13.1%)
Male 186 (37.1%) 185 (36.9%)

Race 0.757
Asian 4 (1%) 5 (1.3%)
Black or African American 13 (3.3%) 17 (4.4%)
White 177 (45.5%) 173 (44.5%)

Age 0.059
<65 106 (21.5%) 85 (17.2%)
> 65 140 (28.4%) 162 (32.9%)

Smoker 0.810
No 8 (1.6%) 10 (2%)
Yes 237 (48.4%) 235 (48%)

OS event 0.528
Alive 147 (29.3%) 139 (27.7%)
Dead 104 (20.7%) 112 (22.3%)

DSS event 1.000
Alive 180 (40%) 181 (40.2%)
Dead 45 (10%) 44 (9.8%)

PFl event 0.769
Alive 179 (35.7%) 175 (34.9%)
Dead 72 (14.3%) 76 (15.1%)

Note: FAM83A, Family With Sequence Similarity 83 Member A; CR, Complete
Response; PR, Partial Response; SD, Stable Disease; PD, Progressive Disease;
0S, Overall Survival; DSS, Disease-Specific Survival; PFl, Progression-Free Inter-
val; LUSC, Lung Squamous Cell Carcinoma.

cervical cancer cells could in-
duce apoptosis, reduce viability,
and increase susceptibility to
the anticancer drug cisplatin.
IGF2R can also exert carcinogen-
ic effects by transporting M6P-
labeled cargo [20]. The transi-
tion from normal tissue to carci-
noma in situ, or LUSC, takes
time. Therefore, the GEO data-
base can discover critical DEGs
in LUSC progression, providing
novel targets for LUSC diagnosis
and treatment. In our study,
DEGs that were overlapped with
squamous metaplasia, carcino-
ma in situ, and LUSC were in-
volved the development of the
epidermis, cornification, epider-
mal cell differentiation, glycoside
metabolic process, neutrophil
chemotaxis, and migration, gran-
ulocyte chemotaxis and migra-
tion, leukocyte aggregation, mi-
gration involved in the inflamma-
tory response, positive regula-
tion of Nf-kB transcription fac-
tor activity, secondary metabolic
processes, protein nitrosylation,
and other roles. The appearance
and development of LUSC may
be induced by chronic stimula-
tion and injury to columnar epi-
thelial cells of the bronchial
mucosa, loss of cilia, and squa-
mous metaplasia basal cells.
The overlapping DEGs are en-
riched with biological functions
related to these possible causes
of LUSC.

We found that the expression
of FAM83A, MYCT1, ARL14,
CARD14, CSTA, DKK4, DSG3,
KLK8, and KRT6B were associ-
ated with LUSC prognosis and
had diagnostic potential. Various
studies have confirmed associa-
tions between ARL14, CARD14,
DKK4, DSG3, KLK8, FAM83A,
MYCT1, and CSTA expression le-
vels and cancer progression [21-
34]. For example, ARL14 expres-
sion levels are associated with a
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Table 8. Clinicopathological characteristics of patients with high
and low MYCT1 expression in LUSC

Low expression High expression

Characteristic of MYCTL. of MYCT1.

T stage 0.958
T1 55 (11%) 59 (11.8%)
T2 147 (29.3%) 147 (29.3%)
T3 37 (7.4%) 34 (6.8%)
T4 12 (2.4%) 11 (2.2%)

N stage 0.468
NO 157 (31.7%) 163 (32.9%)
N1 69 (13.9%) 62 (12.5%)
N2 22 (4.4%) 18 (3.6%)
N3 1 (0.2%) 4 (0.8%)

M stage 1
MO 205 (48.9%) 207 (49.4%)
M1 3(0.7%) 4 (1%)

Pathologic stage 0.481
Stage | 116 (23.3%) 129 (25.9%)
Stage Il 89 (17.9%) 73 (14.7%)
Stage Il 42 (8.4%) 42 (8.4%)
Stage IV 3 (0.6%) 4 (0.8%)

Primary therapy outcome 0.036
PD 17 (4.7%) 14 (3.9%)
SD 5 (1.4%) 12 (3.3%)
PR 5 (1.4%) 0 (0%)
CR 166 (46%) 142 (39.3%)

Gender 0.067
Female 56 (11.2%) 75 (14.9%)
Male 195 (38.8%) 176 (35.1%)

Race 0.395
Asian 3(0.8%) 6 (1.5%)
Black or African American 13 (3.3%) 17 (4.4%)
White 180 (46.3%) 170 (43.7%)

Age 0.508
<65 99 (20.1%) 92 (18.7%)
> 65 146 (29.6%) 156 (31.6%)

Smoker 0.223
No 6 (1.2%) 12 (2.4%)
Yes 240 (49%) 232 (47.3%)

0S event 0.321
Alive 149 (29.7%) 137 (27.3%)
Dead 102 (20.3%) 114 (22.7%)

DSS event 0.605
Alive 188 (41.8%) 173 (38.4%)
Dead 43 (9.6%) 46 (10.2%)

PFI event 0.922
Alive 178 (35.5%) 176 (35.1%)
Dead 73 (14.5%) 75 (14.9%)

Note: MYCT1, MYC Target 1; CR, Complete Response; PR, Partial Response; SD,
Stable Disease; PD, Progressive Disease; OS, Overall Survival; DSS, Disease-
Specific Survival; PFl, Progression-Free Interval; LUSC, Lung Squamous Cell

Carcinoma.
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prognosis in patients with LAC.
ARL14 silencing inhibits LAC cell
proliferation, cell cycle progres-
sion, migration, and invasion
ability. It also reduces radiation
damage to cancer cells but does
not affect normal lung cell prolif-
eration. Interference with ARL14
expression can effectively block
the extracellular signal-regulat-
ed kinase (ERK)/p38 signaling
pathway [21]. The expression of
CARD14 was higher in breast
cancer samples than in normal
breast tissues, and its inhibition
can delay cell proliferation and
migration, leading to cell cycle
arrest in the G/S phase and
promoting apoptosis [23]. DKK4
is related to cancer progression
and negatively regulates the
Wnt/B-catenin signaling path-
way. The expression of DKK4
in A549/DTX cells increased
compared to that in A549 cells.
DKK4 overexpression increases
the resistance of A549 cells to
docetaxel, whereas interferen-
ce with DKK4 expression can
inhibit growth and reduce colony
formation and invasion proper-
ties of A549/DTX cells. Further-
more, because it is associated
with caspase-3 activation and
BCL-2 down-regulation, DKK4
suppression enhances docetax-
el's apoptosis-promoting ability
[26]. These findings suggest that
the prognostic and diagnostic
genes identified in our study play
an important role in LUSC and
may be able to predict the prog-
nosis of patients with LUSC.

The expression of FAM83A in
cervical cancer tissues is signifi-
cantly increased compared to
that in normal cervical tissues.
This expression of FAM83A is
related to the differentiation,
stage of TNM, lymph node me-
tastasis, and prognosis of cervi-
cal cancer. Interference with
FAM83A expression can inhibit
the proliferation, colony forma-
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tion, and invasion of cervical cancer cells. In
lung cancer, overexpression of FAM83A pro-
motes the epithelial-mesenchymal transition
(EMT) and Wnt signaling pathways [30] and is
associated with poor patient survival. In-
terference with FAM83A expression can inhibit
the proliferation, migration, and invasion of
H1355 and A549 lung cancer cells and pro-
motes the inactivation of the epidermal grow-
th factor receptor/mitogen-activated protein
kinase (MAPK)/choline kinase alpha signaling
pathway [29]. MYCT1 inhibits the adhesion
and migration of laryngeal cancer cells by regu-
lating the expression of the COL6 target [31].
Down-regulation of CSTA is associated with
high tumor grade, lymph node metastasis, and
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short OS in patients with oral squamous cell
carcinoma (OSCC). CTSA overexpression can
also inhibit OSCC cell migration and invasion
in vitro [33]. CSTA is down-regulated in lung
cancer cells compared to normal lung epithelial
cells, and its high expression is correlated with
low tumor grade. Stable CSTA transfection
reduces cathepsin B activity; inhibits colony
formation, migration, and invasion; and en-
hances gemcitabine-induced apoptosis. CSTA
overexpression also reduces ERK, p38, and
AKT activities and inhibits the ERK/MAPK path-
way to block EMT [34]. Two of the genes that
contribute to our risk score, FAM83A, and
CSTA, have been reported in previous studies
of lung cancer and LAC. However, MYCT1 has
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not been reported in the literature in lung
cancer. Our results using TCGA and GEO data,
as well as patient samples collected in our hos-
pital, together with previous findings in the lit-
erature, indicate that FAM83A, CSTA, and
MYCT1 are of significant biological importance
in LUSC.

The immune microenvironment is closely relat-
ed to cancer progression, and immunotherapy
is an effective approach that promises to
improve cancer outcomes. The immune micro-
environment can influence the efficacy of
immunotherapy [35]. We analyzed the relation-
ship between our risk score and the LUSC
immune microenvironment and found that the
risk score was significantly correlated with the
levels of LUSC immune infiltration consisting of
naive B cells, helper follicular T cells, neutro-
phils, and activated dendritic cells. However,
the relationship between our risk model and
the immune microenvironment must be further
confirmed using basic research.

Our study based on PCR results and data from
the TCGA and GEO databases had a large sam-
ple size and it is therefore expected to be highly
reliable and provides novel molecular targets
for diagnosing LUSC and determining LUSC
prognosis. A nomogram is also required to
determine the prognoses of patients, and more
research is needed to confirm our findings. The
roles of immune cell infiltration in LUSC pro-
gression and metastasis are worth exploring.
Therefore, we explore the functions and signal-
ing mechanisms of CSTA, FAM83A, and MYCT1
in the infiltration of certain immune cells based
on the relationship between risk scores and
immune cells identified in LUSC tissues. More
LUSC tissue samples and clinical data will need
to be collected to verify the clinical values of
ARL14, CARD14, DKK4, DSG3, KLK8, FAM83A,
MYCT1, and CSTA in LUSC. Additionally, a LUSC
cell model must be constructed, and the impact
of CSTA, FAM83A, and MYCT1 on the growth
and migration of LUSC cells must be validated
through future proliferation, apoptosis, and
migration experiments. However, our results
show that CSTA, FAM83A, and MYCT1 are
abnormally expressed in LUSC tissues and sig-
nificantly related to LUSC diagnosis and prog-
nosis, suggesting that they may have potential
as molecular targets for the treatment of LUSC.
Furthermore, our risk model and the nomogram
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based on CSTA, FAM83A, and MYCT1 expres-
sion can potentially evaluate the prognosis of
patients with LUSC.
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Figure S1. The overlapping genes in the progression of LUSC using a VEEN diagram. A. All overlapping DEGs; B. Over-
lapping overexpressed genes; C. Overlapping down-regulated genes. Note: LUSC, Lung Squamous Cell Carcinoma.
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Figure S2. The roles and signaling mechanisms of DEG enrichment. A. BP; B. MF; C. CC; D. KEGG. Note: DEGs, Differ-
entially Expressed Genes; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, Biological Processes; CC, Cellular
Components; MF, Molecular Functions.
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Figure S3. The PPI network of the DEGs. A. PPI network; B. Hub genes of the PPI network. Note: PPI, Protein-Protein
Interaction, DEGs, Differentially Expressed Genes.
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Figure S4. The DEGs in unpaired LUSC tissues from the TCGA database. A. KRT16P3; B. LONRF2; C. LYPD3; D.
MCM10; E. MYCTZ1; F. NEIL3; G. PLCL1; H. PPP2R2C; I. PRSS2; J. PRSS27; K. RGS20; L. RHCG; M. S100A2; N.
S100A9; 0. S100A12; P. SPRR1B; Q. SPRR2D; R. TMPRSS11E; S. TOX; T. UCAZ1; U. ZBED2. Note: Degs, Differentially
Expressed Genes; LUSC, Lung Squamous Cell Carcinoma; TCGA, The Cancer Genome Atlas; KRT16P3, Keratin 16
Pseudogene 3; LONRF2, LON Peptidase N-Terminal Domain and Ring Finger 2; LYPD3, LY6/PLAUR Domain Con-
taining 3; MCM10, Minichromosome Maintenance 10 Replication Initiation Factor; MYCT41, MYC Target 1; NEIL3,
Nei Like DNA Glycosylase 3; PLCL1, Phospholipase C Like 1; PPP2R2C, Protein Phosphatase 2 Regulatory Subunit
Bgamma; PRSS2, Serine Protease 2; PRSS27, Serine Protease 27; RGS20; Regulator Of G Protein Signaling 20;
RHCG, Rh Family C Glycoprotein; S100A2, S100 Calcium Binding Protein A2; S100A9, S100 Calcium Binding Protein
A9; S100A12, S100 Calcium Binding Protein A12; SPRR1B, Small Proline Rich Protein 1B; SPRR2D, Small Proline
Rich Protein 2D; TMPRSS11E, Transmembrane Serine Protease 11E; TOX, Thymocyte Selection Associated High
Mobility Group Box; UCA1, Urothelial Cancer Associated 1; ZBED2, Zinc Finger BED-Type Containing 2.



A risk model for lung squamous cell carcinoma

A - B C D E F
-+
) v
Eu £ g £ £ 5@
gl . 2 = 2 S
S F Zn & &1 2
aei = 2 £ 5 s
= = = oy e A ]
PR 5 el 5 g’ &
S = - = Qe o
[ The = o ~ 0 e
z w) o I'.w.‘— | i 2
S g = — F4 A :: o
= S = =t = =
Normal LUSC Normal LUSC Normal LUSC
G, H J. K ) L
y—t i -]
Ee e =7 g = s-
- @ = L= S g
£ Z g g N =
= 5 = 5} =
E S i g Send g2y
5e o % i B <
o x = © S 2w
S - o S - =
= g & E [T Sef
no [ & = 7
= - = = : . =- . : <
Normal LUSC Normal LUSC Normal LUSC Normal LUSC Normal LUSC Normal LUSC
M N 0] P Q R
. o o4
et =" b == £ all
= 2 ] = z =
= = 2o ';‘" Gioe éc- 2
51 b by < i 0]
= oo =3 3 ] B @
E' » E.ﬂ &“" 7] = =
[SE-T U = I o =T g"N-
[-+] ™ o Qw E b ]
— — [ A —_—
27 g 2 2 Ze %
= g™ = Ee ] 4 =Xy
& = ~ B & =
W 7] ~ W -
=1 = = e - = =1 - =
Normal LUSC Normal LUSC Normal LUSC Normal LUSC ) Normal LUSC Normal LUSC

Figure S5. DEGs in paired LUSC tissues of the TCGA database. A. LONRF2; B. MYCTZ; C. NEIL3; D. PLCL1; E. PPP2R2C; F. PRSS2; G. S100A2; H. PRSS27; I. RGS20;
J. RHCG; K. UCAZL; L. S100A9; M. SPRR1B; N. S100A12; O. ZBED2; P. SPRR2D; Q. TMPRSS11E; R. TOX. Note: Degs, Differentially Expressed Genes; LUSC, Lung
Squamous Cell Carcinoma; TCGA, The Cancer Genome Atlas; LONRF2, LON Peptidase N-Terminal Domain and Ring Finger 2; MYCT1, MYC Target 1; NEIL3, Nei Like
DNA Glycosylase 3; PLCL1, Phospholipase C Like 1; PPP2R2C, Protein Phosphatase 2 Regulatory Subunit Bgamma; PRSS2, Serine Protease 2; PRSS27, Serine
Protease 27; RGS20; Regulator Of G Protein Signaling 20; RHCG, Rh Family C Glycoprotein; S100A2, S100 Calcium Binding Protein A2; S100A9, S100 Calcium
Binding Protein A9; S100A12, S100 Calcium Binding Protein A12; SPRR1B, Small Proline Rich Protein 1B; SPRR2D, Small Proline Rich Protein 2D; TMPRSS11E,
Transmembrane Serine Protease 11E; TOX, Thymocyte Selection Associated High Mobility Group Box; UCA1, Urothelial Cancer Associated 1; ZBED2, Zinc Finger

BED-Type Containing 2.
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Figure S6. Construction of a nomogram for the prognosis and diagnosis-related DEGs in LUSC. Note: Degs, Dif-
ferentially Expressed Genes; LUSC, Lung Squamous Cell Carcinoma; ARL14, ADP Ribosylation Factor Like Gtpase
14; CARD14, Caspase Recruitment Domain Family Member 14; CSTA, Cystatin A; FAM83A, Family With Sequence
Similarity 83 Member A; KLKS8, Kallikrein Related Peptidase 8; KRTEB, Keratin 6B; DKK4, Dickkopf WNT Signaling
Pathway Inhibitor 4; DSG3, Desmoglein 3; MYCT1, MYC Target 1.
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