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ABSTRACT

Receptorinteracting protein kinases(RIPKs)kare a family of serine/threonine kinaseswhich are supposedto
regulatetumor generationand progression.Rarestudy illustrates the roles and functions of RIPKgamily in lung
adenocarcinoma(LUAD)comprehensively.Our results indicated that the expressionof RIPK2higherin LUALC
patients while RIPK5encodedby geneDSTYK&xpressionwaslower. Only RIPK2had a strong correlation with
pathologicalstagein LUADpatients. KaplartMeier plotter revealedthat LUADpatients with low RIPK2r RIPK
level showed better overall survivd (OS),but worse when LUADpatients with high RIPK5.Further, lower
expressionof RIPK2and higher expressionof RIPK1RIPK4and RIPK5prompted a longer diseasefree surviva
(DFS)Geneticalterations basedon cBioPortalrevealing16%alteration rates of RIPK2aswell asRIPK5We alsc
found that the functions of RIPKsamily were linked to cellular senescenceprotein serine/threonine kinase
activity, apoptosis processet al. TIMERdatabase indicated that the RIPKsfamily members had distinct
relationships with the infiltration of six types of immune cells (macrophagesneutrophils, CD8+T-cells, B-cells
CD4+T-cellsand dendritic cells). Moreover, RIPKZould be observedas an independent prognosticfactor with
Coxproportional hazardmodel analysis.DiseaseMethdatabasesrevealedthat the global methylation levels of
RIPKZ2ncreasedin LUADpatients. Thus,the findings above will enhancethe understandingof RIPKgamily in
LUADpathologyand progression providing novelinsightsinto RIPKscoretherapy for LUADpatients.

INTRODUCTION RIPK1, RIPK2, RIPK3, RIPK4 and RIPK5/DSTYH].
Their functions, regulation, and pathophysiological

Receptoiinteracting protein kinases (RIPKs) are known  roles have largely remained a labyrinth. The proteins of

as a family of serinéreonine kinases, including RIPKs family have garnered significant interest because
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Table 1.The main bioinformatics tools used to analyze the functions of RIPK2 in LUAD.

Database Samples URL

GEPIA Tissues http://gepia.cancepku.cn/
Wanderer Tissues http://maplab.imppc.org/wanderer/
UCLCAN Tissues http://ualcan.path.uab.edu/index.html
PrognoScan Tissues http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html
cBioPortal Tissues https://www.cbioportal.org/
STRING T https://www.stringdb.org/
Cytoscape T https://www.cytoscape.org/
WebGestalt http://www.webgestalt.org/

TIMER Tissues https://cistrome.shinyapps.io/timer
DiseaseMeth Tissues http://bio-bigdata.hrbmu.edu.cn/diseasehiet

of their role in regulating various forms of cell death,
inflammation, and innate immunifg, 3]. Owing to the
exploration of cell death mechanisms in recent years, in
addition to classical apoptosis amecroptosis via
activation of NFaB signaling or ERK/INK signaling
[4], new forms of cell death, such as ferroptosis, have
been shown to be related to the RIPK fami§j.
Furthermore, an increasing number of research teams
have focused on the effect of B4 genes on tumor
progression and tumor immunity via regulation of cell
death and correlated pathwd$s 6.

Lung carcinoma is reported as an aggressive malignancy
in humans, with a high rate of mortality worldwifi§.
Approximately 40% of all nosmall cell lung
carcinomas (NSCLCs) were finally diagnosed as lung
adenocarcinoma (LUAD[8]. Surgery remains the main
treatment option for LUAD, accompanied by various
modalities of chemotherapy, irradiation therapy, targeted
therapy, and even immunotherapyrétent decades [9,
10]. Despite extensive research regarding the underlying
mechanism of development and treatment resistance
among patients with LUAD, the-¥ear survival rate
remains unsatisfactory, and most patients still experience
relapse, metastasiand deatifil 1].

In this study, we examined the roles of the RIPK family
in LUAD based on specific online databases (Table 1)
that estimate the biological significance and potential
functions of RIPK proteins in LUAD.

RESULTS
The expression of the RIPKfamily in LUAD patients

To better understand the RIPK family functions in
LUAD patients, we firstly evaluated the mRNA levels
of RIPK1, RIPK2, RIPK3, RIPK4 and RIPK5 from

databases GEPIA, Wanderer and UCLCAN. When
compared to normal tissues, RIPK preseted

coherentlyupregulated in LUAD tissues among three
databases, while RIPK (DSTYK) was decreased.
Lower expression oRIPK1 were spotted in LUAD
tissue from Wanderer and UCLCAN dataGEPIA
database illustrated downregulatedRIPK3 in tumor
tissue, butno significant change in Wanderer and
UCLCAN database. The level of RIPK4 was found
increased in LUAD samples base on GEPIA and
UCLCAN data, but this trendwas not foundin
Wanderer data (Figure 1AC).

When evaluating thenRNA levels of the RIPK family

in LUAD tissues, RIPK1 and RIPK2 turn out to be the
top two expression gene, while RIPK5 expressed lowest
(Figure 2A). Furtherbased on differenpathological
stagesthe mMRNAs levels of each RIPK members also
analyzed respectively Only RIPK2 expression
positivdly correlated with pathological stage p( =
0.00055) (Figure 2C). No significant correlation
observed in other RIPK family and pathological stages
(p > 0.05 Figure 2B,2Di 2F). The data abovemplied
that RIPK genes could participatein LUAD
progression.

The prognostic value of the RIPK family in LUAD
patients

Furthermore, we analyzed the impact of RIPK family
on the survival of LUAD patients base on the
PrognoScan databases. The overall survival (OS) was
displayed in Figure 3A in which worse prognosis were
found in cases with higher level of RIPK2< 0.00001)
and RIPK3 p = 0.00324), but higher level of RIPK5
suggested a longer survival timg € 0.00168). In
addition, relapse free survival (RFS) data was also
estimated according to the RIPK family level. As
showed in Figure 3B, high level of RIPK2 indicated a
worse RFS {§ < 0.00001), as well as the low level of
RIPK1 (p = 0.00328), RIPK4[ = 0.0203) and RIPK5
(p=0.0068).
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Hgure 1. Differential mMRNA expression analysis of the RIPK family in LUAD and normal tisg\etheexpression profiles
were collected from the GEPIA databasé®. The expression profiles were obtained from the Wanderer databa€esIHe expression
profiles were analysis via tHéALCANlatabases.
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Figure 2.The relative expression levels of the RIRdmily in LUAD patients and their correlation to clinic stag€s) GEPIA
databases were used to evaluate the relative expression levels of the RIPK family in LUAD pBgEnthe(correlation between
expression of RIPKELand tumor clinic stage.
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Genetic alteration and methylation level of the RIPK
family in LUAD patients

Genetic alteration is another pivotal factor resulting in
tumor generation and advanced progression. We herein
analyzed the alteration profiles of RIPKembers by
using the cBioPortal database. RIPK2 and RIPK5
present highest alternation ratio reaching at 16% among

RIPK3 and RIPK4 were 12%, 5% and 4% ratpely
(Figure 4A).

Methylation level was supposed as another
regulation mechanism involving in LUAD. From
DiseaseMeth database related to LUAD cases, we
could confirm a higher methylation level of RIPK2
(p = 0.0434), but lower methylation level of RIPK3
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Figure 3.The correlations of RIPK family expression with OS and RSF in LUAD pati®ritaplaaMeier plotter was used to
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Interaction and functional enrichment analysis of
the RIPK family in LUAD patients

We analyzed:BioPortaldatabase and finallgxtraced
42 most frequently altered genegich mRNA levels
were significantlycorrelatedto the RIPKmembersin
LUAD patients.Several hub genes, including CCND1,
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MYC, MTOR, MAPK1, CDKN1A and CCNB1, were
turned out to participate actively in theo-malignant
behaviors of RIPK family modulation in LUAD cases
(Figure 5).

Next, WéGestalt database was appliecegtimatethe
biological functions of RIPK family based on the strong
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Figure 4 Genetic alteration and methylation level of the RIPK family in LUAD patie(®sGenetic alteration of the RIPK family in
LUAD patients analyzed with cBioPortB). The methylation values of RIPK family members were evaluated using the DiseaseMetiselatab
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Figure 5.nteraction analysis of the RIPK family in LUAD patientse 42 most frequently altered genes identified from cBioPortal

that are linked to the RIPKs family in LUAD patients.
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relevant genes above. As shown in B® pathways,
the top enriched biological process were metabolic
process, response to stimulus, biological regulation and
cell communication (Figure 6A). Cellular component
categories were highly enriched in cytosol, nucleus
proteincontaining  complex, embraneenclosed
lumen, membrane (Figure 6BWhen involving the
molecular function categories, the top five related
function were protein binding, transferase activity and
ion binding (Figure 6C).

In addition 10 KEGG pathways was stronglgsociated

to the biological functions of RIPK family in the
generatiorand progressionf LUAD, including cellular
senescence, protein serine/threonine kinase activity,
response to organonitrogen compound, negative
regulation of apoptotic process, response to organic
cyclic compound, response to drug, cellular response to
oxygencontaining compound, response to nitrogen
compound, response to oxygeontaining compound
and apoptotic procegBigure 6D).
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Immune cell infiltration of the RIPK family

Recent study illustrated that the roles of immune cells
should be seriously considered in the LAUD
progression, as well as their impacts on treatment
efficiencies and prognosis. Hence, we identified the
connection between RIPKamily members and six
distinct immune subsets which infiltrated tumor via
TIMER database analysis. Intriguingly, RIPK1 was
positively linked to the infiltrated B cell (Cor = 0.137,

= 2.50e03), CD8+ T cell (Cor = 0.129 = 4.43e03),
CD4+ T cell (Cor =0.295, p=3.444.1), macrophage
(Cor = 0.166, p=2.4564), neutrophil (Cor = 0.28p =
3.45e10), dendritic cell (Cor = 0.26p = 5.84e09)
(Figure 7A). RIPK2level was positivelyrelatedto the
infiltrated CD8+ T cell (Cor = 0.263p = 3.58e09),
neutropil (Cor = 0.322,p = 3.90e13), dendritic cell
(Cor = 0.187,p = 3.27e05) (Figure 7B). Further,
positive correlation was spotted between RIPK3 and B
cell (Cor = 0.262p = 5.14e09), CD4+ T cell(Cor =
0.438, p = 4.09e24), macrophage (Cor = 0.247,
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Figure 6.Functional enrichment analysis of the RIPK family in LUAD patievits WebGestalt database(AcC Bar plot of GO
enrichment in cellular components, biological processes, and molecular funci@rehé¢ bar plot of KEGG enrichment.
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p = 3.75e08), neutrophil (Cor = 0.25% = 2.37e08),
dendritic cell (Cor = 0.33% = 1.50e14) (Figure 7C).
For RIPK4, we found its mRNA level positively related
to infiltrated B cell (Cor = 0.153) = 7.40e04), CD4+

T cell (Ca = 0.265,p = 3.189e09), dendritic cell (Cor
= 0.113,p = 1.21e02) (Figure 7D). Finally, expression
of RIPK5(DSTYK) showed its positive relationship to
B cell (Cor = 0.13p = 4.14e03), CD4+ T cell (Cor =
0.227,p = 4.74e07), macrophage (Cor 0.121,p =
7.84e03), neutrophil (Cor = 0.095p = 3.78e02),
dendritic cell (Cor = 0.112¢ = 1.37e02) (Figure 7E).

The relationship betweerRIPK family and the
infiltration of immune cellsvere analyzedTable2). 12
confounding factors (macrophages, neutrophils,
dendritic cellsB cells, CD8+ T cells, CD4+ T celEnd
five RIPK family members) were put intde Cox
proportional hazard mod&gether for further analyzed
From Table 2, we found that B cells (HR0.012,p =

0.001), CD4+ Tcells (HR= 29.495,p = 0.0170) and
RIPK2 (HR= 1.458,p = 0.001)could be considered as
independenprognosidactors related to LAUD

DISCUSSION

RIPKs share homologous kinase domains but differ in
other functional units, such as identicalloBps, an
ionic pair of catalytic Lys and Glu residues in the center
of C helix, and an HXD motif in the catalytic lo¢p, 4,

12]. Thus, the core kinase domain and these various
elements endow these proteins with multiple functional
connections and distinct clinicptoperties in cancer, as
supported by the data presented in our study related to
LUAD.

RIPK1 were proved as a core protein in a wide range
of aberrant physiological processes likeeure
degeneration autoimmune, inflammatoryactivation

Figure 7.The relationship between immune cell infiltration and the expression of the RIPK fanTihe TMERdatabase was
used to analyze the effect ob RIPK 1B) RIPK 2 RIPK 3) RIPK 4H RIPK 5 on the abundance of immuedi<in LUAD patients.
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