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ABSTRACT

KEY WORDS

Objective: The efficacy of immunotherapy for lung cancer is closely related to immune
cell infiltration. Arachidonic acid 5-lipoxygenase (ALOXS5) can activate inflammatory
responses and trigger various cell death patterns; however, the relevance of ALOXS to
immune cell infiltration in lung cancer is unclear. The expression of ALOXS in non-small
cell lung cancer (NSCLC) is analyzed using an online database to explore the correlation
between ALOXS and immune cell infiltration in NSCLC and its relationship with
prognosis.

Methods: Differences in ALOXS expression in NSCLC and normal lung tissues were
analyzed by online databases such as TIMER, GEPIA and HPA; the UALCAN database
was used to reveal the relationship between ALOXS5 and clinical features; Kaplan-Meier
database was applied to explore the prognostic value of ALOXS; GeneMANIA and String
Website was used to explore genes and proteins associated with ALOX5 expression,
respectively; the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGGQG) analysis were used to analyze ALOXS differential genes which were picked up
through the TCGA database; GSEA software was applied to predict the signal pathways
that ALOX5 may be involved in; and the TIMER database was used to analyze the effect of
ALOXS expression on the level of immune cell infiltration.

Results: Compared with the normal lung tissues, the ALOX5 expression was low in
NSCLC tissues (P<0.05), and which affected the prognosis of lung cancer patients. The
expression level of ALOX5 was related to clinical features such as sex, age, metastasis, and
pathological staging in NSCLC patients (all P<0.05). The gene interaction network analysis
found that the genes interacting with ALOX5 mainly included the genes related to lipid
oxidation and pro-inflammatory mediators such as coactosin like protein 1 (COTLI),
leukotriene C4 synthase (LTC4S), and prostaglandin endoperoxide synthase 2 (PTGS?2),
and the protein-protein interaction analysis results were consistent. GO and KEGG analysis
found that ALOX5 was involved in the biological process of activation of immune cell
function and was involved in immune response function pathways. The GSEA analysis
showed that 4ALOX5 may activate immune responses and mediate immune-related
prognosis by affecting the cytokine-cytokine receptor interactions, natural killer-mediated
cytotoxicity, and T cell receptor signaling pathways. The ALOX5 mRNA expressions in
lung adenocarcinoma and lung squamous cell carcinoma were positively correlated with
the tumor infiltration immune cells (B cells, CD8" T cells, CD4" T cells, etc.) (all P<0.05),
and the ALOX5 mRNA expression was positively correlated with the expression of classic
T cell immune checkpoint inhibitor genes (P<0.001).

Conclusion: The ALOX5 gene expression in NSCLC is significantly downregulated, and
which can affect NSCLC prognosis and immune cell infiltration levels. ALOX5 gene may

be a potential biomarker of NSCLC prognosis associated with immune cell infiltration.

arachidonic acid 5-lipoxygenase; non-small cell lung cancer; prognostic biomarkers;

immune cell infiltration level
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Figure 1 Expression of ALOXS5 in lung cancer

A: Expression of ALOX5 in different types of cancers is investigated in the TIMER database; B: Compared to the normal tissues,
ALOXS5 expression is reduced in the lung cancer tissues in the GEPIA database; C: Expression of ALOX5 in lung cancer is
investigated in the UALCAN database; D: Expression analysis of 4LOX5 is analyzed in the lung cancer tissues and the normal
tissues adjacent to the cancer in TCGA database; E: TCGA database and statistical analysis of ALOX5 expression in 58 pairs of
LUAD tissues and paraneoplastic normal tissues and 50 pairs of LUSC tissues and parancoplastic normal tissues. *P<0.05, **P<

0.01, ***P<0.001. ALOXS: Arachidonic acid 5-lipoxygenase g

ene; TPM: Transcripts per million; LUAD: Lung adenocarcinoma;

LUSC: Lung squamous carcinoma; TCGA: The Cancer Genome Atlas; num(T): Number of tumor tissues; num(N): Number of

normal tissues.
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Figure 2 Survival curves to evaluate the prognostic value of ALOXS5

A: Survival curves of OS, PFS, and PPS for LUAD and LUSC by Kaplan-Meier plotter; B: Survival curves for DSS, OS, and RFS in
the PrognoScan database; C: Correlation between ALOXS expression and the clinicopathological parameters in the LUAD and
LUSC patients by forest plots. ALOX5: Arachidonic acid 5-lipoxygenase gene; LUSC: Lung squamous carcinoma; LUAD: Lung
adenocarcinoma; OS: Overall survival, PFS: Progression-free survival, PPS: Post progression survival; RFS: Recurrence free

survival; DSS: Disease-specific survival.
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Figure 3 Genes and proteins interacted with ALOXS5 gene

A: Construction of the gene-gene interaction network of ALOX5 by GeneMANIA; B: PPI network of ALOX5 generated by STRING;
C: Heatmap showing the correlation of ALOX5 with FRGs in LUAD; D: Heatmap showing the correlation of ALOX5 with FRGs in
LUSC. *P<0.05, **P<0.01; ***P<0.001. ALOX5: Arachidonic acid 5-lipoxygenase gene; LUSC: Lung squamous carcinoma;
LUAD: Lung adenocarcinoma; TCGA: The Cancer Genome Atlas; PPI: Protein-protein interaction; FRGs: Ferroptosis-related genes.
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A: Heat map of the top 30 genes positively associated with ALOX5 in LUAD; B: Heat map of the top 30 genes positively associated
with ALOX5 in LUSC; C: Top 15 BP class enrichment in LUAD; D: Top 15 BP class enrichment in LUSC; E: Top 15 KEGG-
enriched pathways in LUAD; F: Top 15 KEGG enrichment pathways in LUSC. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of
Genes and Genomes; ALOX5: Arachidonic acid 5-lipoxygenase gene; LUSC: Lung squamous carcinoma; LUAD: Lung

adenocarcinoma; BP: Biological process.
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Figure 5 GSEA analysis showing gene enrichment pathway of ALOX5 in lung adenocarcinoma and lung squamous

carcinoma

A-F: Enriched plot in LUAD; G-L: Enriched plot in LUSC. ALOX5: Arachidonic acid 5-lipoxygenase gene; LUSC: Lung squamous
carcinoma; LUAD: Lung adenocarcinoma; GSEA: Gene set enrichment analysis.
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Table 1 Correlation analysis of 4ALOXS5 with immune cell gene markers

LUAD LUSC
Description Gene markers None Purity None Purity

cor P cor P cor P cor P

B cell CDI19 0.23 ok 0.09 0.054 0.48 ok 0.34 HHE

CD794 0.20 ok 0.06 0.172 0.49 ok 0.34 HHE

T cell (general) CD3D 0.40 ok 0.26 Hokk 0.59 ok 0.49 HHE

CD3E 0.45 ok 0.33 ko 0.67 ok 0.58 ok

CD2 0.48 kokx 0.37 Hkx 0.65 ok 0.56 HxE

CDS8' T cell CD8A4 0.31 ko 0.19 Hrx 0.56 ko 0.48 ok

CDSB 0.24 ok 0.14 wx 0.45 ok 0.42 ok

Monocyte CD86 0.67 ok 0.62 ok 0.73 ok 0.66 HoHE

CSFIR 0.75 ok 0.71 ok 0.79 ok 0.73 HEE

TAM ccL2 0.40 ok 0.32 ok 0.51 ok 0.44 HHE

CD68 0.69 kK 0.65 Hokk 0.62 ok 0.54 HHE

IL10 0.46 kokk 0.36 Hokx 0.54 ok 0.47 HxE

M1 macrophage IRF5 0.60 oAk 0.55 oAk 0.27 oAk 0.27 HAK
PTGS2 -0.10 * -0.10 * 0.12 ** 0.05 0.278

M2 macrophage CD163 0.62 ok 0.56 ok 0.71 ok 0.65 ok

VSIG4 0.70 ok 0.67 ok 0.68 ok 0.61 HoHE

Neutrophils CEACAMS 0.39 ok 0.39 ok 0.16 ok 0.14 o

ITGAM 0.80 ok 0.77 ok 0.75 ok 0.69 HHE

CCR7 0.47 ok 0.36 ok 0.64 ok 0.56 HHE

Natural killer cell KIR2DL1 0.08 0.054 0.03 0.556 0.26 ok 0.21 ok

KIR2DL3 0.14 ** 0.06 0.176 0.31 kokk 0.27 HxE

KIR3DLI 0.10 ** 0.03 0.572 0.40 kkx 0.36 *xE

KIR3DL2 0.16 ko 0.08 0.063 0.34 ok 0.28 HxE

KIR2DS4 0.13 HoE 0.06 0.159 0.27 ok 0.23 HoHE

Dendritic cell HLA-DPBI 0.68 ok 0.63 ok 0.80 ok 0.74 HHE

HLA-DRA 0.66 ok 0.61 ok 0.75 ok 0.69 HHE

HLA-DPA1 0.66 ok 0.61 kK 0.79 ok 0.73 HHE

CDiC 0.56 ok 0.51 ko 0.58 ok 0.45 HxE

ITGAX 0.70 kokx 0.66 kkx 0.77 ok 0.70 HxE

*P<0.05, **P<0.01, ***P<0.001. cor: Correlation coefficient; LUSC: Lung squamous carcinoma; LUAD: Lung adenocarcinoma;

TAM: Tumor-associated macrophage; None: Unadjusted tumor purity; Purity: Adjustment of tumor purity.
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Figure 6 Correlation of ALOXS5 expression with the levels of immune cell infiltration

A: ALOXS is significantly correlated with tumor purity, and positively correlated with different immune cell infiltration in TIMER
database; B: Lollipop plot shows the correlation between ALOX5 expression and immune cell infiltration in lung cancer using
ssGSEA analysis; C and D: Scatter plot shows ALOX5 expression correlating with PD-1, PD-L1 and CTLA-4 in LUAD (C) and
LUSC (D) in the TCGA database. ALOX5: Arachidonic acid 5-lipoxygenase gene; LUSC: Lung squamous carcinoma; LUAD: Lung
adenocarcinoma; GSEA: Gene set enrichment analysis; TCGA: The Cancer Genome Atlas; TPM: Transcripts per million; PD-1:
Programmed death-1; PD-L1: Programmed cell death-ligand 1; CTLA-4: Cytotoxic T lymphocyte antigen 4.
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