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ABSTRACT

Longnon-codingRN/As (IncRNA) play an important role in variousbiologicalprocessef lung adenocarcinom.
(LUAD) such as immune responseregulation, tumor microenvironment remodeling and genomic alteration.
Nevertheless,immune-related IncRNAsand their immune and genomic alterations characteristicsin LUAL
samples still remain unreported. Here, using various public databases statistic and software tools, we
constructed two immunerelated IncRNA clusters with different immune and genomic alterations
characteristics Notably, cluster 1 had a stronger immunosuppressivetumor microenvironment (TME)and a
higher mutation frequency than cluster 2, especiallythe mutant genes, such as Kelchlike ECHassociatet
protein 1 (KEAPYLand Toll-like receptor 4 (TLR4)In cluster 1, both the amplified and deleted portions of copy
number variation (CNV)segmentswere enriched and cyclin dependent kinase inhibitor 2A (CDKN2A was
significantly deleted. GSVAanalysisrevealedthat theseimmune-related IncRNA may be involved in stem cell
and EMT functions. Furthermore, cluster 1 was related to worse prognosisof LUADpatients. Therefore,we
constructed two immune-related and prognostic IncRNAclusters and identified their immune and genomic
alterations characteristicsin LUADsamples which could well divide LUAD patients into different immune
phenotypesand help to understandimmune molecularmechanismsf LUAD.

INTRODUCTION targeted therapiesave improved clinical therapig3].
Recently immunotherpy strategieshave exhibitedan
Lung adenocarcinom@ UAD) is the most prevalent unexpected antitumor effest LUAD [4, 5]. However,
pathological subtype of nonsmall cell lung cancer fewer patients respond to this therapy, and there is no
(NSCLC), which accoustfor approximately 40% of cleaty molecular stratification of the patienfs, 7].
lung cancer worldwide[1, 2]. The average Jyear Thus, deeply understanding of immune molecular
survival rate of patients with LUAD is only 18%, mechanisms and underlying subtypeEsLUAD is of

athough comprehensive treatments such as surgery and great significance for more effective treatment options.
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Long noncoding RNAs (IncRNAs) are noncoding
RNAs without proteirrcoding capacityand are >200
nucleotides (nt) log [8]. LncRNA functions have been

discovered in chromatin interactions, transcriptional
regulation, RNA processing, mMRNA stability or
translation, and signal cascade regulatif®i 14].

Increasing evidence shows that IncRNo&siregulate not
only the innateimmune response but also the more
sophisticated adaptive immune response as well as
immune cell developmenil5i 18]. Moreover,IncRNAs
may be pivotal regulators in remodeling the tumor
microenvironment(TME) [17, 19, 20], which forms
complex and heterogeaus environments consisting of
multiple cells such asinfiltrating immune cells and
stromal cell§21]. For instancenc-EGFR also acts as an
immunesuppressor by promoting regulatory T cells
differentiation in hepatocellular carcinonjia?]. NF-e B
interacting NKILA (an IncRNA) enhances T cell
sensitivity to activatioinduced cell death by
mechanically inhibiting N B s i g[28h Lymphg
node metastasis associated transcript 1 (LNMA&lkp
anewIncRNA, is involved in the regulation of-C motif
chemokine ligand 2CCL2) recruiting macrophages into
the tumor[24]. The involvement of INcRNAs in immune
regulation is complicated, and many key immune
regulatory INcRNAs have not yet been identifieiénce

it is urgent neeetd to identify new immuneelated
INcRNAs andelucidatetheir interactions with immune
systemn TME.

The development and progression of cancer involve
varioustypes of genomic alterations, includisgmatic
mutations, copy number variation (CNV)and other
changes in gene expressi@b]. Somatic mutationsire
considered the initiator of cancer by altering genetic and
epigenetic mechanisms[26]. CNVs can cause
heterogeneity of genomic and molecular phenotypes,
leading to the occurrence and development of complex
diseases including oaer [27, 28. Multidimensional
genomics data provide more extensive insights into the
genomic alterations affeet by IncRNAs through
various effectd29, 30]. For instance he prognostic in
lung adenocarcinoma LncRNAL(PILAR1), a new
prognosticlncRNA, is associatedvith a high mutation
rate of Kelchlike ECHassociated protein (KEAPL)
[31]. LOC101927151, LINC00861 and LEMBAS1
are LncRNAs with transcriptional dysregulation caused
by CNV abnormalityand areprognostic biomarkers in
ovarian cancef28]. Although several IncRNAs have
been shown to be involved genomic alterationghe
relationship between immusrelated IncRNA and
genomic alterations ihUAD still remainunreported

In this study, we firstlygeneratd the ceexpression
networkof the immunerelatedmRNAsand IncRN/A to
obtain 147 immunerelated and prognostic INncCRNAs

Then we onstruced two immunerelated IncRNA
clustes in LUAD samples Further, we analyzed the
characteristics of immune microenvironment and

genomic alterationsncludingsomatic mutationsCNVs

in different immunerelated ItRNA clusters Finally,

we investigaed whether immunerelated ITRNA

clustes couldpredictthe prognosis of thpatients.

RESULTS

Identification of immune-related IncRNAs and

MRNASs

To screen for immuneelated mMRNAs, wefirstly
compared the mRNA dataf TCGA databaseand
ImmPort database and took the intersection to obtain the
immunerelated mMRNA (1679 immureelated mRNA).
Later, we compard the IrcRNAs data of TCGA and
GEO databasewith Ensembl database andok the
intersection. Thus, about 4472 annotation INcRNAs were
obtained.Finally, we sortedncRNAs according to the
number of ceexpressed INcRNAs and immuraated
MRNAs (degree)to obtain immuneelated IncRNAs
(SuppementaryTable 1). The flow chart of this study
was shown in Figure 1.

To screen for immuneelated INcRNAswe calculated
Co-expression analysand generatd the ceexpression
network mapbetween mmunerelated IncRNAsand
MRNAs. The orrelation analyis was determined by
Pe ar s comelagon LncRNAs with correlation
coefficient > 05 and P< 0.05 were used for further
analysis.Cytoscape software version 36vas used to
visualize theresulting networkAs shown in Figure2,
Blue is immunerelated mRIA and red is ceexpressed
INCRNA.

Identification of prognostic value of immune-related
INcCRNAs

In order to find the immunreelated IncRNAs related to
the prognosiswe annotatedthe above IncRNA and
clinic information and performedthe influence ofeach
INcRNA on prognosis Prognostic analysis was
performed on IncRNA by univariate Cox regression
The threshold value was setRat 0.05, andl47immune
related IncRNAs with significant prognostic value were
eventually obtaine(Supplementaryrable?2).

Construction immune-related IncRNA clusters

To separatd .l UAD samples intotumor clusters with
different immune phenotypdsased on immuneelated
INcRNA, we mapped 147 immurrelated IncRNAs to
the expression profile of LUAD samplde perform
consistentclustering using CCP tool. The maximum
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number of clustersvas set to 6(Figure 3A). CCP
analysis revealethe most stable resultshen divided
into two tumor clusters which were namedluster 1
and cluster 2(Figure 3B 3C). Figure3D showved the
expression of immuneelated InNcRNA in two clusters.

Red is high expression and green is low expression.
Yellow represents cluster 1 and blue represents cluster 2

Comparison of composition and immune cells
infiltration of TME in different immune-related
IncRNA clusters

ESTIMATE algorithm was used to calculatenmune
score, stromal scorand tumor purity estimate scole
according tothe gene expression profiles data 500
LUAD samples Then ve analyzed thelispariies of
immune score, stromal score, anchor purity estimate
scorg in different immunerelated IkRNA clusters The
cluster 2 had higher immune scqrand lower tumor
purity than the clustet (Figure 4A,P<0.001; Figure 4C,
P<0.001). Similarly, the cluster2 also had higher
stromal scorg although these differences were not
statistically significan{Figure 4B,P=0.469§.

The CIBERSORT method wasused to estimate the
immune cell composition 0500 LUAD samplesand
guantify the relative levels of different ceilpes in a
mixed cell population All results were normalized
relative proportions by cell typéleat mapshowedthe
relative levelscomparison of different immune cell
typesin LUAD samples(Figure 4D, &ft). Therewere
differences in5 types of immunecells The relative
levels of immune cell typem cluster 1 were higher
than the clusteR, such asMacrophages MOR=0.002),
Macrophages M2 R=0.003), Mast cells activated
(P=0.002), Neutrophils §<0.001), apart fromB cells
memory P=0.004), which was ower in cluster 1
(Figure 4D, right)

Pathways enrichment analysis

We performed GSVA analysis on different genes in
different immunerelated ITRNA clusters to obtain the
changes of related pathwaylsleat map shoed the
change of different samples in clusterand cluster2
(Figure 4E) The color changes from green to red,
indicating an increase in the value of the enriched score.

ImmPort TCGA
database database

GEO
database

Ensembl
database

I |
!

1679 immune-related
mRNAs

4472 annotation

IncRNASs

Co-expression analysis and
correlation analysis <

_| Cox proportional hazard

(R> 0.5 and P<0.05)

Y

regression analyses

147 immune-related and
prognostic IncRNAs

_| Unsupervised clustering
analysis(CCP)

Y

Immune score, stromal |
score and tumor purity

Two immune-related IncRNA clusters >
(cluster 1 and cluster 2)

Genomic alterations
(Somatic mutations and CNVs)

(ESTIMATE analysis)

Immune cells infiltration | _

| Pathways enrichment

(CIBERSORT analysis) |

A 4

(GSVA analysis)

Kaplan-Meier survival
analysis(P<0.05)

Figure 1. The flow chart of this study.
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Yellow representsluster 1 and blue represents cluster
2. Unsupervised clustering of the average gene set score
couldclearly separate the cluster 1 and clugtgsSVA
analysis showed that differential pathwaysrerelated

to stem cell biology and EMT.

Comparison of somatic mutations associated with
immune activation in different immune-related
INcRNA clusters

To identify the disparifies of mutated genem different
immunerelated ITRNA clusters we selectedhe top20

® Immune related mRNA

® Immune related LncRNA

3y
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mutated genes with ¢h highest number froneach
cluster to generate differentmutation spectrum As
shown in FigurebA, significant dispariies could be
found in these mutant genesetweencluster 1 and
cluster 2, such as, KEAP1 (21% vs 12%) and TLR4
(13% vs 7%). Figure 5B shaved the mutation
characteristics of the genes in clusferThe results
showedthevariant classificationvarianttype, and SNV
classin clusterl (Figure 5B, above) and variants per
sample, variant classification summary, and top ten
mutated genesF{gure 5B, below). Figure 5C shoved
similar results for cluste®, but with some differences
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Figure2. The coexpression network mapbetween mmunerelated mMRNAsand IncRNA in LUADBIue represergimmune
related mMRNA and red represamo-expressedncRNAINcRNAlong norrcoding RNALUAD lung adenocarcinoma

6660 -dA ga2Y

by T ™ !

DLbD



The numberof eachSNV classin clusterl were more
than cluster 2. The top 10 mutant genes in cluster
were TTN(49%), MUC16(41%), CSMD3(39%), RYR2
(38%), LRP1B(32%), TP53(48%), USH2A(33%),
ZFHX4(32%), SPTA1(27%), and KRAS(28%)Vhile
the top 10 mutant genes in clusiwere TTN(38%),
MUC16(35%), RYR2(32%), CSMD3(34%), LRP1B
(32%), TP53(46%), USH2A(28%), ZFHX4(27%),
FLG(28%), and KRAS(26%).The top 10 mutation

genes and mutation frequencies of cluster 1 and cluster

2 were not significantly different, except for TTN
(different frequencies), SPTAl1 and FLG (different
genes)
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Comparison of CNVs profile in different immune -
related IncRNA clusters

We analyzedCNVs data of 4971.UAD samplesand
extracted the copy number spectrum of INCRM¥s.
shown in FiguredD, the dispariies of CNV segments
betweercluster 1 and cluster\&ereidentified, andooth
the amplified and deleted portiongere enriched n
clusterl. In addition, ve used a GISTIC algorithm to
identify frequently changing areas JAD genome.
Many areas were found with significant copy
amplification and deletion of IncRNAgFigure 5E
Figure 5F)
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Cluster 1

Cluster 2

e

Figure3. Unsupervised clustering dfUADusing immunerelated INcCRNA expression daté) Consensus CDF plot and consensus
index for k =2 to 6 are represented.axis represents consensus index, Y axis represent§BYBEmulative distribution function graph of
the consistency matrix at K = Phe blue and white heatmap displays sample conser(§i€elta area score mapX-axis represents the
number of clusters and-&xis represents the relative increase in cluster stabifily Heat map representthe expressin of immunerelated
IncRNA in clustefl and cluster 2. Red represemst high expression and green represembw expression.CDF:Cumulative Distribution

Function
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Identification of prognostic valueof immune-related survival curves showed thaluster 1 has shorter overall

IncRNA clustersin the training and validation group survival(OS)thancluster 2Figure 6A,P=0.005)

To investigatethe prognosticof immunerelated ItRNA Two independent validation datasets G$EL0 and
clustes, the ditasetfrom TCGA, including $0 LUAD GSE50081 were applied to verify the reliability of the
sampleswas used as a trainingroup. Al patients of immunerelated ITRNA clusters impact on the
training groupwere classifiednto cluster 1 and clust& prognosis of thepatients KaplanMeier survival curves
according to immuneelated IncRNAs KaplanMeier based on the immunelated ITRNA cluster wereboth

Figure 4. Comparison of compositiorand immune cells infiltrdion of the tumor immune microenvironmentin LUAD
samplesand GSVA pathways analysisith differential enrichmert. (Ai Q Comparison of compositionf TME immune score,
stromal score, andumor purity) betweencluster1 andcluster2. (D, left) Heat map represents the relative levalsmparison of different
immune cell typesThe darker the blue, the higher the expressi@D, right) Comparison of immune cells infiltratigiMacrophages MO,
Macrophages M2, Mast cells activated, Neutrophils, B o&isiory). E) Heat map represents the the changes of related pathways in cluster

1 and cluste®. The color changes from green to red, indicating an increase in the value of the enriched score. Yellow representsmduster 1 a
blue represents cluster. Z ME tumor microenvironment GSVAGene Set Variation Analysis
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