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Epidemiological investigations have shown that patients with Parkinson’s disease (PD)
have a lower probability of developing lung cancer. Subsequent research revealed that PD
and lung cancer share specific genetic alterations. Therefore, the utilisation of PD
biomarkers and therapeutic targets may improve lung adenocarcinoma (LUAD)
diagnosis and treatment. We aimed to identify a gene-based signature from 25
Parkinson family genes for LUAD prognosis and treatment choice. We analysed
Parkinson family gene expression and protein levels in LUAD, utilising multiple
databases. Least absolute shrinkage and selection operator (LASSO) regression was
used to construct a prognostic model based on the TCGA-LUAD cohort. We validated the
model in external GEO cohorts. Immune cell infiltration was compared between risk
groups, and GEO data was used to explore the model’s predictive ability for LUAD
treatment response. Nearly all Parkinson family genes exhibited significant differential
expression between LUAD and normal tissues. LASSO regression confirmed that our
seven Parkinson family gene-based signature had excellent prognostic performance for
LUAD, as validated in three GEO cohorts. The high-risk group was clearly associated with
low tumour immune cell infiltration, suggesting that immunotherapy may not be an optimal
treatment choice. This is the first Parkinson family gene-based model for the prediction of
LUAD prognosis and treatment outcome. The association of these genes with poor
prognosis and low immune infiltration requires further investigation.

Keywords: Parkinson gene family, LUAD, prognosis, tumour mutation burden, neoantigen, immunotherapy

INTRODUCTION

Parkinson’s disease (PD) is the most common neurodegenerative motor disorder. It develops as a
result of the premature death of dopamine-containing neurons in a part of the midbrain called the
substantia nigra. This leads to a loss of dopaminergic neurons within the substantia nigra pars
compacta, depletion of dopamine in the striatum, and the presence of Lewy bodies (Jankovic, 2008).
In contrast to the excessive neuronal cell death observed in PD, cancer develops from unrestricted
cell proliferation and resistance to cell death (Filippou and Outeiro, 2021). Interestingly, with the
development of a more comprehensive understanding of both diseases, an intimate link between PD
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and lung cancer has been gradually revealed. Most
epidemiological studies and meta-analyses have reported a
lower incidence of lung cancer in PD patients compared to
that in the general population (Catala-Lépez et al., 2014; Ong
et al,, 2014; Peretz et al,, 2016), highlighting a significant overlap
between genes upregulated in PD and downregulated in lung
cancer or vice versa (Ibdiez et al., 2014). The intriguing overlap of
genes implicated in these two completely different diseases
suggests that studying these genes may help improve lung
cancer diagnosis, prognosis, and treatment.

Although there is a limited number of studies on Parkinson
family genes in cancer, insightful findings have been reported in
recent years. Mitophagy, a selective form of autophagy, is the
major pathway for the degradation of dysfunctional or
superfluous mitochondria in eukaryotic cells (Georgakopoulos
et al, 2017), playing a central role in mitochondrial quality
control and protection against damaged mitochondria (Tatsuta
and Langer, 2008; Youle and Narendra, 2011). The Parkinson
family genes PARK2 (PRKN) and PARK6 (PINK1) are
considered the main regulators of mitophagy (Yan et al., 2020;
Xie et al, 2021). The dysregulation of PRKN- and PINKI1-
mediated mitophagy has thus been suggested as one of the
possible mechanisms underlying the pathogenesis of PD (Lin
and Beal, 2006). This notion has been preliminarily validated in
mouse models (Lu et al., 2014). Interestingly, mitophagy also has
a significant impact on the occurrence and development of
tumours. A recent study of hepatocellular carcinoma (HCC)
suggested that mitophagy triggered by the accumulation of
PINK1 and PRKN translocation can promote the apoptosis of
HCC cells, suppressing the growth of patient-derived tumour
xenografts (Chen et al., 2019). Further, mitophagy can inhibit the
growth of pancreatic tumours by attenuating mitochondrial iron
accumulation, inflammasome activation, and other processes,
with PINK1 and PRKN depletion confirmed to promote
KRAS-driven pancreatic tumourigenesis in mouse models
(Kang et al, 2019). PARK18 (EIF4G1), an important part of
the EIF4F complex, is required for cap-dependent mRNA
translation (Jaiswal et al., 2018). Inevitably, EIF4G1 is involved
in various cancer-related processes, such as the activation of the
mTOR signalling pathway and hypoxia-inducible factor-1a (HIF-
la)-related processes (Gliick et al., 2018; Lu et al., 2021). Other
family members such as PARK22 (CHCHD2), which plays an
important role in the switch between catabolism and anabolism
(Zacksenhaus et al., 2017), PARK7 (DJ-1), which is involved in
ferroptosis (Cao et al., 2020), ubiquitination-related regulatory
genes PARK15 (FBXO7) and PARKS5 (UCHL1) (Goto et al., 2015;
Teixeira et al., 2016; Liu et al., 2020), as well as PARK10 (USP24),
which is related to cancer-associated acetylation (Wang et al,,
2017). In general, the significance of Parkinson family genes in
cancer remains to be further explored and could be of major
relevance for our understanding of cancer progression.

We have focused on exploring the role of Parkinson family
genes in the occurrence and development of cancer. Our previous
studies showed that PARK6 (PINK1) can promote migration and
proliferation of lung cancer cells by regulating autophagy (Lu
et al., 2020), and PARK?7 (DJ-1) is necessary for the transcription
of HIF-1a and survival of colorectal cancer cells (Lin et al., 2018;
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Zheng et al., 2018). However, there has been no relevant research
on the overall prognostic significance of Parkinson family genes
in cancer. Herein, we provide a preliminary analysis of Parkinson
family genes in the prognosis and treatment of lung
adenocarcinoma (LUAD). The current findings will help us
further understand the role of Parkinson family genes in
cancer, aid in LUAD prognosis and treatment, and indicate
possible directions for future research on this gene family.

MATERIALS AND METHODS

Differential Gene Expression Analysis

We downloaded the normalised gene expression data of cancer
and normal tissues from the Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression Project (GTEx) databases in UCSC
Xena (http://xena.ucsc.edu/). Data was graphically displayed
using the ggplot2 R package. For differences in protein
expression between cancer and normal tissues, we used the
clinical proteomic tumor analysis consortium (CPTAC)
analysis tool of the UALCAN database (http://ualcan.path.uab.
edu/index.html), and no LUAD protein expression data were
found for PARK6 (PINK1), PARK10 (ELAVL4), and PARK16
(SLC41A1). The expression of Parkinson family genes at different
stages of LUAD was explored using the GEPIA2 database (http://
gepia2.cancer-pku.cn/#index).

Survival Analysis

We obtained and downloaded the gene expression and detailed
pathological data of 436 LUAD patients and 425 LUSC patients
(primary solid tumour samples with detailed prognostic
information and a survival time of up to 15vyears were
included) from the SangerBox database (http://www.sangerbox.
com/) to analyse the impact of Parkinson family genes on cancer
prognosis. Data was graphically displayed with the help of the
survival R package. The forest plot was constructed using
GraphPad Prism 8.

Prognostic Model Construction and

Verification

Based on the expression and prognostic value of 25 Parkinson
family genes in 436 LUAD and 425 LUSC patient samples, we
used the survival R package to construct a Least absolute
shrinkage and selection operator (LASSO) regression model.
Risk factor analysis was performed using the Hiplot online
analysis platform  (https://hiplot.com.cn/). A  prognostic
nomogram model for the 436 LUAD patients was constructed
using the rms R package, and the bootstrap method was applied
to assess consistency. To validate the model in external data sets,
we selected three Gene Expression Omnibus (GEO) chips
(GSE37745, GSE31210, and GSE30219) of LUAD patients with
detailed prognostic information. The operating
characteristic (ROC) curve and time-dependent ROC curve of
the working characteristics of subjects were established using R in
order to evaluate the survival prediction accuracy of the seven-
gene signature for the three chips.

receiver
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FIGURE 1 | Expression of Parkinson family genes in LUAD. (A) Differences in mRNA expression of 25 Parkinson family genes in LUAD and normal tissues from
TCGA and GTEx databases (normal = 397, LUAD = 513). (B) Differences in the protein expression levels of 17 Parkinson family genes between LUAD and normal tissues
in the UALCAN database. (C) Expression differences for four Parkinson family genes at different disease stages in the GEPIA2 database.
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Bioinformatics Analysis
Univariate and multivariate analyses were conducted using the

IBM SPSS Statistics 19. The tumour mutation burden (TMB) and
neoantigen (NEO) data of 436 LUAD patients were obtained
from the Cancer Imaging Archive (TCIA) database (https://tcia.
at/home) (Van Allen et al., 2015; Hugo et al., 2016), and both data
were available only for 363 patients. We explored mutations of
the seven genes screened via LASSO regression (TCGA,
PanCancer Atlas) using the cBioportal database (https://www.

cbioportal.org/). Employing the HitPredict database (http://
www.hitpredict.org/) (Patil and Nakamura, 2005; Patil et al,,
2011; Lopez et al., 2015), we searched for interaction partners of
the seven genes. The protein network interaction map was
constructed using Cytoscape_v3.7.1. GO and KEGG pathway
enrichment analysis of the seven genes and Gene Set
Enrichment Analysis (GSEA) analysis of high- and low-risk
LUAD patients were carried out using the OmicShare 6.2.1
online tool.
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Immune Cell Infiltration Analysis
In the TIMER database (http://cistrome.dfciharvard.edu/

TIMER/), we explored the impact of mutations in the seven
genes on the degree of infiltration for six immune cell types within
the tumour microenvironment (TME). Based on the ESTIMATE
database (https://bioinformatics.mdanderson.org/estimate/), we
further analysed the immune scores of 436 LUAD patients in
different risk groups. Next, we used seven analysis methods
(TIMER, CIBERSORT, CIBERSORT-ABS, QUANTISEQ,
MCPCOUNTER, XCELL, and EPIC) to determine the
immune cell infiltration status within the TME of patients in
the TIMER2 database (http://timer.cistrome.org/). In addition,
we explored differences between the high- and low-risk groups in
the steps of the cancer immunity cycle for these patients using the
TIP database (http://biocc.hrbmu.edu.cn/TIP/) (Xu et al., 2018).

Analysis of the Efficacy and Response to

Immunotherapy and Targeted Therapy

Gene expression and detailed pathological data of anti-PD-1-treated
LUAD patients were obtained from the GSE135222 dataset. The
correlation between risk scores and various immunosuppressive
molecules was graphically displayed utilising the online analysis
tool Hiplot. R packages were used to analyse the correlation
between risk score and multiple treatment targets.

RESULTS

Expression of Parkinson Family Genes in
LUAD

In order to explore the expression of Parkinson family genes in
LUAD, we obtained the normalised cancer and normal tissue
gene expression data of LUAD patient samples from the TCGA
and GTEx databases in UCSC Xena. All Parkinson family genes
exhibited significant differential expression, with the exception of
PARK14 (PLA2G6) and PARK20 (SYNJ1) (Figure 1A). Similar
results were obtained for LUSC (Supplementary Figure S1).
Furthermore, using the UALCAN database, we analysed the
protein expression of Parkinson family genes between LUAD
and normal tissue. Seventeen genes exhibited significant
differences in expression at the protein level (Figure 1B).
Finally, we explored the expression of Parkinson family genes
at different TNM stages in the GEPIA2 database and found that
four genes had significant expression differences during the
progression of LUAD (Figure 1C). In summary, all Parkinson
family genes exhibited significant differential expression in
LUAD, suggestive of their involvement in the occurrence and
development of lung cancer.

Prognostic Value of Parkinson Family

Genes in LUAD

Next, we selected 436 LUAD patients from TCGA to investigate
the impact of Parkinson family genes on the prognosis of LUAD.
We found that 12 genes had significant differences based on
LUAD prognosis (Figures 2A,B). Similarly, 11 genes had a

Parkinson Genes in LUAD Prognosis

significant impact on the prognosis of LUSC patients
(Supplementary Figures S2A,B). Moreover, we performed
GSEA analysis to explore the influence of deregulation of
these genes on 50 hallmark gene sets. Results showed
increased expression for these genes associated with poor
prognosis can obviously activate a variety of cancer-related
pathways (WNT, P53 and NOTCH pathway for LUAD; MYC,
G2M checkpoint and Oxidative phosphorylation for LUSC).
Interesting, whether in LUAD or LUSC, the impact of the
increase of protective prognostic genes and risk genes on the
50 hallmark gene sets were obviously different and even opposed
to each other, this finding may provide some help for follow-up
in-depth study (Supplementary Figure S3, S4).

However, not all differentially expressed Parkinson genes (in
Figure 1A) accurately predicted overall survival in LUAD
patients. Therefore, we sought to create a gene signature from
25 Parkinson family genes that had the most pronounced impact on
LUAD prognosis. To this end, we constructed a LASSO regression
model based on the expression and prognosis data of 436 LUAD
patients. We obtained a seven-gene prognostic signature (Figures
2C,D). The complete names of the seven genes and their main
functions are listed in Table 1. Meanwhile, we further analyzed the
correlation between the 7 genes and genes in the non-small cell lung
cancer pathway (map05223) from KEGG database. The results
showed that the 7 genes were related to multiple cancer
progression marker genes respectively, this result suggest these
genes were involved in the development of lung adenocarcinoma
via different mechanisms (Supplementary Figure S5). We also
constructed a LASSO regression model based on the data of LUSC
patients. However, limited by data quality, the results indicated that a
combination of two genes had the best performance (Supplementary
Figures S2C,D). Therefore, we focused on the seven-gene signature
for the prognosis and treatment outcome prediction in LUAD.

Our Seven-Gene Signature can be Used as
an Independent Prognostic Indicator for
LUAD

To better assess the prognostic value of our seven-gene signature in
LUAD, we first conducted risk factor analysis based on the genes. The
occurrence of death was significantly correlated with a higher risk
factor score (Figure 3A). Furthermore, we divided 436 patients into
high- and low-risk groups based on risk factor score and analysed
prognosis in the two groups. The high-risk group exhibited a
significantly poorer prognosis among patients with different TNM
stages (Figure 3B). Univariate and multivariate analyses also indicated
that the signature-based risk factor score was a superior prognostic
indicator compared to TNM staging (Figures 3C,D). Taken together,
the seven-gene signature of Parkinson family genes can be used as an
independent prognostic marker for LUAD.

Validation of the Prognostic Value of Our
Seven-Gene Signature for LUAD

In order to validate and further assess the prognostic value of our
seven-gene signature for LUAD, we constructed a nomogram
based on data from the TCGA database in order to predict patient
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FIGURE 2 | The clinical significance of Parkinson family genes in the prognosis of LUAD and the LASSO regression model. (A) LUAD prognostic forest plot of 25
Parkinson family genes from the TCGA database. (B) 12 Parkinson family genes with significant differences based on the prognosis of 436 LUAD patients. (C,D) LASSO
regression prognostic model for the 436 LUAD patients.

TABLE 1 | LASSO regression result of Parkinson’s disease gene family in TCGA-LUAD dataset.

Gene symbol Full name Function
PARKS3(SFXN5) sideroflexin-5 mitochondrial amino-acid transporter
PARK14(PLA2G6) calcium-independent phospholipase A2 involved in cellular membrane homeostasis, mitochondrial integrity and signal
transduction
PARK16(RAB29) ras-related protein Rab-7L1 Involved in vesicle trafficking
PARK16(SLC41A1)  solute carrier family 41 member 1 a predominant Mg2+ efflux system at the plasma membrane
PARK18(EIF4G1) eukaryotic translation initiation factor 4 gamma 1 component of the protein complex elF4F
PARK21(DNAJC13)  dnad homolog subfamily C member 13 involved in membrane trafficking through early endosomes
PARK22(CHCHD?2)  coiled-coil-helix-coiled-coil-helix domain-containing transcription factor
protein 2

survival probability by weighing age, gender, stage, T, N, M, and  performance. The calibration curves indicated that the
the signature-based risk score (Figure 4A). Further, we applied = nomogram-predicted probability matched the actual 3- and 5-
the bootstrap method to evaluate the nomogram’s predictive  years survival (Figures 4B,C). Subsequently, we selected three
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GEO datasets (GSE37745, GSE31210, and GSE30219) with
detailed prognostic information for external testing (Table 2).
The seven-gene signature risk scores suggested a significantly
better diagnostic performance than TNM staging based on the
ROC curve, also showing excellent prognostic performance at
different survival time points in the time-dependent ROC curve
(Figures 4D-F). Taken together, risk evaluation based on the
seven-gene signature has important clinical significance in the
diagnosis and treatment of LUAD.

Functional Enrichment Analysis of the

Seven Signature Genes

We explored the possible mechanisms underlying the functional
association of signature genes with poor prognosis. Utilising the
HitPredict database, we searched for interaction partners of their
protein products, which are displayed in the protein interaction
network diagram (Figure 5A). We then performed GO and
KEGG enrichment analyses for these genes. GO enrichment
analysis indicated the genes’ involvement in diverse
tumourigenesis- and development-associated signalling, such

as metabolism-related pathways, ubiquitination pathways, and
RNA transcription-related  processes  (Figures 5B-D).
Furthermore, KEGG pathway enrichment analysis also
revealed that immune and cell proliferation-related pathways
(RIG-I-like receptor, MAPK, mTOR, and ErBb) were enriched
by these genes (Figure 5E).

Signature Gene Expression Affects the TME
in LUAD

In view of the fact that various immune-related processes were
also observed among functional enrichment results (Figure 5E),
we sought to explore the influence of the seven signature genes on
the TME. Employing the TIMER database, we obtained the effect
of various single gene mutations on the infiltration of six immune
cell types (B cells, CD8+T cells, CD4+T cells, macrophages,
neutrophils, and dendritic cells) into the TME. The results
indicated that mutations of signature genes decreased the
degree of infiltration for almost all six immune cell types
(Figures 6A-G). We also explored the link between risk factor
score and TMB (or NEO) based on TCIA data. A high-risk score

Frontiers in Molecular Biosciences | www.frontiersin.org

September 2021 | Volume 8 | Article 735263


https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles

Lietal Parkinson Genes in LUAD Prognosis
B . : ‘lu
A _37 1/ /{
0 10 20 30 40 50 60 70 80 90 100 s, ] I // T
Points L - L 1 L . M . h L ) 33
up 3 I
age — 3o
down F g o
gender —
M stage2 stage4 84
stage . : . ; : . . T T .
stage1 T2 T4 stage3 O mogrampredcd S
T T L T . calosiigiita e labie gt~ Hopiciadritid
T1 N1 T3 N3
N — !
NO N2 M1 C - i
M ©
MO high H
riskscore T g 5 { /T
low 58
Total Points T - - : . : . H /
. 0 50 100 150 200 250 300 A [
3-year survival : T T T T T T T T ] 3° /
) 0.9 08 07 06 05 04 03 02 01 005 2 /[
5-year survival T T T T T T T T | 33—
0.8 07 06 05 04 03 02 01 005 1
0‘1 U‘Z 0‘3 0‘4 0‘5 U‘E 0‘7
Nomogram Predictied Survival
n=416 d=121 p=13, 100 subjects per group X - resampling optimism added, B=1000
o preb oot
D GSE37745 E GSE31210 F GSE30219
- —'—7"“ h N 1
8 I = 8 8 [ %
€3 F'Irﬁ g g A g g - "—j -
g ’_‘ ia.l 7 g g - AuC
LR g i< 59 J—" e Riskcore : 77,6867
g 2 &1 5
° T T T T T T ° 1 T T T T T ° T T T T T T
100 80 60 40 20 0 100 80 60 20 o 100 80 60 40 20 o
Specificity (%) Specificity (%) Specificity (%)
ROC Dependence Time ROC Dependence Time ROC Dependence Time
1.00 1.00 1.00
0.75 Time ( Year) 0.75 Time ( Year) 0.75 Time ( Year )
£ —2 8 —2 8 -2
2 — 4 2 — 2 —
§050 —_6 'goso N §050 — 6
El — 8 3 — 38 El —_8
E 10 Year = 0.82 [ E 10 Year = 0.82
0.25 F 8 Year = 0.70 = 10, 0.25 =078 — 10 025 - 8 Year = 0.79 — 10
. 6 Year = 0.68 , 6 Year = 0.77 3 6 Year = 0.78
4 Year = 0.67 14 4 Year = 0.77 ‘ 4 Year = 0.75
2 Year = 0.66 e 2 Year = 0.72 2 Year = 0.70
0.00 0.00 0.00
000 025 050 075 100 000 025 050 075 100 000 025 050 075 100
False positive rate False positive rate False positive rate
FIGURE 4 | Validation of the seven-gene prognostic risk model. (A) The prognostic nomogram for the seven-gene risk model based on the TCGA database. (B,C)
Bootstrap analysis for determining the 3-years and 5-years survival rates based on the prognostic model. (D-F) Validation of the prognostic model in external datasets
(GSEB7745, GSE31210, and GSE30219).

was clearly related to a high TMB and high NEO (Figure 6H).
Mutation data from the cBioportal database indicated that
mutations in these seven genes were rare among TCGA-
LUAD patients (Figure 6I).

We further explored the effect of the seven-gene signature on
the TME. Estimation analysis indicated that the immune score of
the high-risk group was significantly lower than that of the low-
risk group for the 436 LUAD patients (Figure 7A). We further
observed the different infiltration levels of 22 immune cell types
between the low- and high-risk groups using CIBERSORT
(Figure 7B). Meanwhile, in order to eliminate possible errors
caused by different analysis methods, we employed another six

methods (Supplementary Figure S6) and summarised the
results, revealing the same trend and significant differences
(Table 3). However, these results revealed an interesting
phenomenon. In the high-risk group, the infiltration of DC
cells, B cells, CD4+ T cells, and CD8+ T cells remained lower,
while M1 pro-inflammatory macrophages were upregulated, and
M2 anti-inflammatory macrophages and Treg cells were

downregulated.
The cancer immunity cycle reflects a complex interaction
network  involving the  chemokine system, other

immunomodulators, and the various immune cell types. Based
on TIP data, we found that high risk was associated with the
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TABLE 2 | GEO dataset for the prognostic value of the 7 genes in LUAD.

Features GSE37745 GSE31210 GSE30219
Platforms GPL570 GPL570 GPL570
Samples

adeno 106 226 85

else 90 20 222
Age

<60 64 105 118

>60 132 136 174
Gender

female 89 130 43

male 107 116 250
Stage

| 130 168 170

1 35 58 59

Il 27 0 55

\% 4 0 8

release of cancer cell antigens (Step 1), reduced priming and
activation (Step 3), recruitment of multiple immune cells (Step 4),
and the infiltration of immune cells into tumours (Step 5)
(Figure 7C). It is worth noting that Thl cells were
significantly downregulated in the high-risk group, while Th2
cells were upregulated, although the difference was not
statistically significant. This partly explains why the various
effector cells of cellular immunity exhibited low infiltration
with an opposite trend of change compared to regulatory cells.
The detailed underlying mechanism remains to be further
explored. Similarly, GSEA analysis showed that signature-
based high risk was associated with a significant inhibition of
tumour immune-related processes (Figure 7D). Exploring the
mechanism underlying the increase in M2 cells and Treg cells in
the high-risk group may help explain the low infiltration of
effector cells.

Utility of the Seven-Gene Signature for the
Prediction of Immunotherapy and Targeted
Therapy Response in LUAD

Finally, we sought to explore the utility of our seven-gene
signature as a predictor of immunotherapy and targeted
therapy response in LUAD. A high-risk score was
significantly negatively correlated with a variety of
immunosuppressive molecules (Figure 8A). Furthermore,
we explored the correlation between risk score and the
efficacy of PD-L1 immunotherapy in LUAD. Data from
GSE135222 indicated that after PD-1 immune checkpoint
inhibitor treatment, the risk score of dying patients was
higher than that of surviving patients, and there was a
negative correlation between the survival time for surviving
patients and the risk score (Figure 8B). Limited by the sample
size, the results were not statistically significant, and we did not
find other available immunotherapy cohorts with detailed
prognostic and gene expression data. Nevertheless, we
believe that these results would be useful for treatment
selection. We analysed the correlation between risk score
and the expression of multiple driver genes for targeted

Parkinson Genes in LUAD Prognosis

therapy in TCGA patients, observing a clear correlation
(Figure 8C). Furthermore, based on the Genomics of Drug
Sensitivity in Cancer (GDSC) database, we predicted the
impact of 7 genes on the half-inhibitory concentration
(IC50) of some common chemotherapeutics (platinum,
paclitaxel, etc) and targeted agents for non-small cell lung
cancer (NSCLC). Interestingly, the result showed high
expression of SLC41A1, RAB29 and PLA2G6 may be
positively correlated with resistance of various common
chemotherapeutics, whereas high level of CHCHD2,
EIF4G1, DNAJC13 and SFXN5 may be involved in
resistance of target therapy for drive gene (Supplementary
Figure S7). However, we did not find available targeted
therapy datasets for validation. In general, our findings
indicated that targeted therapy may be more appropriate
than immunotherapy for high-risk patients as a precision
medicine approach for LUAD.

DISCUSSION

Lung cancer remains the major contributor to the cancer disease
burden worldwide, ranking first in cancer-associated mortality.
The biggest reason for this is that lung cancer patients have
already entered the middle or late stages of disease upon
diagnosis. Advanced disease has a strong tendency for
metastasis and relapse. Although progress has been made in
diagnosis and treatment strategies over the past decades,
patient prognosis remains very poor, with a 5-years survival
rate of only about 20% (Siegel et al., 2021). As LUAD is the
major histologic subtype of lung cancer, it is necessary to explore
more effective and sensitive biomarkers for its prognosis and
treatment.

Instead of basing LUAD prognosis on a single gene, we
screened 25 Parkinson family genes and established a seven-

gene prognostic signature (PARK3 [SFXN5], PARK14
[PLA2G6], PARK16 [RAB29], PARKI16 [SLC41A1],
PARK18 [EIF4Gl], PARK21 [DNAJC13], PARK22

[CHCHD2]) for LUAD. Whether in the TCGA-LUAD
cohort or the three GEO cohorts for external verification,
the seven-gene signature exhibited excellent performance
for LUAD prognosis. Although previous studies have shown
that the signature genes were related to a variety of cancers
(liver cancer, breast cancer, oral cancer, and others), there have
been few studies on the mechanism through which they
participate in cancer progression (Li et al., 2017; Khowal
et al,, 2018; Uddin et al., 2018; Yao et al., 2019). Migration,
proliferation, energy metabolism, and autophagy are all
considered regulatory targets, but the underlying
mechanism remains to be further elucidated (Hosgood
et al., 2008; Wei et al., 2015; Jaiswal et al., 2018; Ma et al.,,
2020; Wang et al., 2021). In addition, HIF-1a, a key regulator
of the tumour hypoxic response, may be implicated in the
signature genes’ association with poor prognosis. Studies have
shown that in non-small cell lung cancer (NSCLC), CHCHD2
and HIF-1a co-localise in both the cytoplasm and the nucleus,
with CHCHD?2 overexpression significantly promoting that
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of HIF-1a (Yin et al., 2020). EIF4G1 was also confirmed as
involved in HIF-1a overexpression in NSCLC (Gliick et al,,
2018). Furthermore, studies have suggested that EIF4G1 can
also promote NSCLC progression by regulating the
expression and phosphorylation of mTOR (Ser 2448) (Lu

et al,, 2021). In general, the current understanding of the
signature genes’ functions in cancer is relatively limited,
necessitating further investigation.

As the seven genes belong to the Parkinson family,
understanding how they contribute to PD may be conducive
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for future studies in cancer. Unfortunately, the research on
SEXN5, SCL41A1, EIF4G1, and DNAJC13 in PD is limited
(Deng et al., 2015; Wang et al., 2015; Puschmann, 2017), and
their specific mechanisms in PD pathogenesis remain unclear.
Nevertheless, some studies have provided valuable insights.
PLA2G6 is believed to induce PD mainly by disturbing lipid
metabolism in neurons. When lipid metabolism is
dysregulated, the transient interaction between a-synuclein

and the synaptic vesicle membrane composed of
phospholipids and other lipids was affected, resulting in
a-synuclein aggregation and the resultant pathological
a-synuclein conversion (Mori et al, 2020). At the same
time, oxidative stress and inflammation caused by an
imbalance of lipid metabolism also contribute to the
occurrence and development of PD (Alecu and Bennett,
2019). In addition, RAB29 is believed to cause PD via
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TABLE 3 | The correlation between the risk score and immune cell infiltration level.
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TIMER CIBERSORT.ABS QUANTISEQ MCPCOUNTER XCELL EPIC
B_cell -0.29"* Naive: —0.06, Memory: —0.23"**, -0.25"** —0.24*** Naive: —0.12%, Memory: —0.22***, -0.23**
Plasma: —0.14** Plasma: —0.14**
CD4+T_cell -0.27* Naive: —0.0018, Resting_memory: 0.052 Null Naive: —0.25"*, Non_regulatory: —0.14**, -0.075
—0.27**, Activatied_memory: 0.11* Central_memory: —0.27***,
Effector_memory: -0.21***
CD8+T_cell —0.041 -0.070 -0.057 -0.064 Naive: 0.0055, Centra memory: —0.16***, -0.15**
Effector memory: —0.052
Macrophage -0.14*  MO0: 0.077, M1: 0.027*, M2: -0.17*** M1: 0.080, 0.064 M1: 0.020%, M2: —0.26™** -0.15**
M2: -0.31***
Dendritic_cell -0.12* Resting: —0.18***, Activated: —0.036 0.12* -0.26*** Activated: -0.18"**, Plasmacytoid: —0.051 Null
Tregs_cell Null -0.15** —0.22%** Null -0.037 Null
Mast_cell Null Resting: 0.14** Null Null 017 Null
Activated: —-0.31***
Eosinophil Null -0.069 Null Null -0.29"** Null
Endothelial_cell Null Null Null -0.20"** -0.16* -0.18"**
*, % and *** represent p < 0.05, p < 0.01, p < 0.001, respectively.
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FIGURE 8 | Predictive value of the seven-gene signature for LUAD immunotherapy and targeted therapy outcomes. (A) Heat map of the correlation between risk
score and the expression of multiple immunosuppressive regulatory molecules. (B) The correlation between the risk score and the efficacy of PD-1 immunotherapy
based on the treatment data of GSE135222. (C) Correlation between risk score and treatment outcome of LUAD patients.
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lysosomal dysfunction, while CHCHD2 may cause PD by
impairing mitochondrial function (Zhou et al., 2019; Mazza
et al., 2021). These processes are also of major relevance in
tumours, providing an avenue for their further investigation
in cancer.

Finally, we analysed the predictive merit of our seven-gene
signature for LUAD treatment outcome. We observed that a
high risk based on the signature may be related to low
immune cell infiltration in LUAD, which was not
underpinned by the polarisation of M2 macrophages and
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Treg cell infiltration. We further found that PD-1
immunotherapy may not be optimal for high-risk patients,
as a high risk was related to low immune scores, suggesting
targeted therapy as a more suitable option. Recent research
has shown that tumour-associated macrophages (TAMs) are
critical mediators of the PD-1/PD-L1 axis, and the high
infiltration of M2 macrophages is significantly correlated
with high PD-L1 expression within the TME (Zhu et al,,
2020). Furthermore, SPP1 can promote the polarisation of
M2 macrophages, and knockdown of SPP1 significantly
suppressed PD-L1 expression on LUAD cells (Zhang et al.,
2017). Other specific immunoregulatory mechanisms of
signature  genes  required  further  investigation.
Nevertheless, we consider the current findings to be of
considerable value for the treatment of high-risk LUAD
patients.

In summary, our study is the first to explore the role of
Parkinson family genes in the prognosis and treatment of
LUAD. Our research showed that the combination of seven
Parkinson family genes may help predict LUAD prognosis as
well as the treatment outcome for high-risk patients. Our study
provides novel insight into the significance of Parkinson family
genes in LUAD. We hope that the current findings will be of
value for the clinical diagnosis and treatment of LUAD, and,
more importantly, will further the exploration of Parkinson
family genes in cancer. However, our results need more
support and validation from clinical and animal models,
continue to explore the unknown function and specific
mechanisms of Parkinson family genes in tumors is a
potential direction.
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