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Background: ARNTL2 is a core component of the circadian clock genes and plays regulatory roles in the cell cycle 

and immune infiltration, but its mechanism in lung cancer (LC) remains unclear. 

Objective: To investigate the clinical and therapeutic value of ARNTL2 in LC. 

Methods: The Oncomine and Cancer Cell Line Encyclopedia (CCLE) databases were adopted for assessing the 

ARNTL2 expression, after which the Kaplan-Meier plotter and Gene Expression Profiling Interactive Analysis 2 

(GEPIA2) databases were used to assess the correlation of ARNTL2 with prognosis. The univariate and multi- 

variate Cox regression analyses were utilized to identify independent prognostic factors. Also, we explored how 

ARNTL2 expression is related to immune infiltration, and immunomodulators in non-small lung cancer (NSCLC) 

using the Tumor Immune Estimation Resource (TIMER) database, TISIDB database and Gene Set Enrichment 

Analysis (GSEA). Finally, coexpression of ARNTL2 and PD-L1 in lung adenocarcinoma (LUAD) was verified via 

immunofluorescence staining and COXPRESdb v7 database. 

Results: Our study demonstrated a remarkable upregulated expression of ARNTL2 in multiple cell lines and can- 

cers, including NSCLC. Prognostic analysis displayed a remarkable correlation between high ARNTL2 expression 

and unfavorable overall survival (OS) and first progressive (FP) survival among patients ailing from LUAD, and 

ARNTL2 was an independent predictor of prognosis for LUAD patients. GSEA analysis showed that overexpres- 

sion of ARNTL2 was significantly linked with cell cycle and immunity. Furthermore, we reported a correlation 

of ARNTL2 expression with immunomodulators and lymphocytes. Immunofluorescence staining revealed that 

ARNTL2 and PD-L1 were elevated relative to normal tissue for LUAD, and colocalization of them was observed. 

Conclusion: Elevated ARNTL2 expression in LUAD revealed the prognostic values and its prospective role as a 

target for cell cycle and immune therapy. 
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. Introduction 

Lung cancer (LC), particularly small cell lung cancer (SCLC) and non-

mall cell lung cancer (NSCLC), has become the deadliest among the

ighly prevalent malignancies currently ( Sung et al., 2021 ). NSCLC is a

ajor histological type of LC in China. The higher morbidity is at-

ributable to risk factors such as tobacco smoking and air pollution,

hile lower diagnosis rate at early stage may be linked to the higher

ortality( Feng et al., 2019 ). Although application of chest computed to-

ography (CT) in LC screening has improved the diagnosis, approxi-

ately 16.6% of patients in clinical stage I have lymphatic metastasis

ue to lacking of special symptoms at an early stage ( Chen et al., 2019 ).

urthermore, poor prognosis is linked to lymph node metastasis as an

ndependent risk factor ( Goldstraw et al., 2016 ). LC patients with early
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iagnosis, timely surgical treatment followed by radiotherapy or adju-

ant chemotherapy have better clinical outcomes ( Duma et al., 2019 ).

hus, revealing efficacious biomarkers for timely diagnosis and progno-

is prediction is critical for lowering mortality. 

The tumor microenvironment (TME), primarily comprised of a het-

rogeneous cell population including numerous infiltrating immune

ells and tumor cells, is closely correlated with the prognosis of NSCLC

atients ( Hinshaw and Shevde, 2019 ). Tumor cells take advantage of

mmune checkpoint molecules to restrain immunity and evade immune

urveillance, particularly in cytotoxic T lymphocytes (CTLs) that require

umor-specific antigen activation ( Choi et al., 2020 ). CTLs play a crucial

ole in cell immune, and cytotoxic activity depends on the balance be-

ween inhibition and activation signals via various receptors and lig-

nds ( Ai et al., 2020 ). Programmed cell death-1 (PD-1) is mainly ex-
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ressed on activated T cells and functions as a brake of T-cell activation

hrough binding to the PD-1 ligand programmed cell death ligand-1

PD-L1/CD274) ( Fransen et al., 2018 , Poggio et al., 2019 ). Recent re-

orts show that PD-1/PD-L1 inhibitors exhibit an attractive therapeutic

rospect in multiple solid tumors, including NSCLC ( Xia et al., 2019 ).

ence, identifying novel immune therapy gene targets must be geared

owards exploring how immune molecular phenotype correlates with

umor infiltrating lymphocytes (TILs) in NSCLC. 

ARNTL2 (Aryl hydrocarbon receptor nuclear translocator-like 2) is

 core component of the circadian clock genes within the PAS (PER,

RNT, SIM) superfamily ( Lebailly et al., 2017 ). The helix-loop-helix,

hich it encodes, is a transcriptional activator and participates in reg-

lated immune infiltration and cell cycle progression ( Gaucher et al.,

018 , Wu et al., 2019 ). Abnormal expression of circadian clock genes

re closely linked to tumor initiation and progression ( Shafi and Knud-

en, 2019 ). At present, ARNTL2 overexpression has been reported in sev-

ral solid tumors, for example, colorectal cancer, lung adenocarcinoma

LUAD) and breast cancer ( Mocellin et al., 2018 , Mazzoccoli et al., 2012 ,

a et al., 2016 ). However, the underlying mechanism of how ARNTL2

ffects the prognosis of patients with tumors needs to be further eluci-

ated urgently from the perspective of the cell cycle, immune infiltra-

ion, and immune molecules. 

Herein, we purposed to identify the clinical value of ARNTL2 and

rovide theoretical insights for timely diagnosis, prognostic prediction,

nd developing immune therapies for NSCLC. 

. Materials and Methods

.1. Oncomine analysis 

The ARNTL2 mRNA expression level in LC was determined via anal-

sis in the Oncomine database ( http://www.oncomine.org ), with cancer

icroarray database for the public, comprisong 715 datasets and 86733

ancer and normal tissue samples ( Rhodes et al., 2007 ). 

.2. Cancer cell line encyclopedia (CCLE) analysis 

The ARNTL2 mRNA level in NSCLC cell line was explored via the

CLE database ( https://portals.broadinstitute.org/ccle ), an online hu-

an cancer cell lines platform, including 1475 cell lines and 84434

enes. 

.3. Kaplan-Meier plotter analysis 

The Kaplan-Meier plotter ( http://kmplot.com ) is adopted to evaluate

he function of 54675 genes and 10188 samples from cancers of ovar-

an, breast, lung, liver, etc ( Gy ő rffy et al., 2013 ). Here, it was utilized in

xploring the prognostic value of ARNTL2 in LC. Overall survival (OS)

nd first progressive (FP) of low and high expression of ARNTL2 in LC,

UAD and lung squamous cell carcinoma (LUSC) were assessed follow-

ng 95% confidence interval (CI), log-rank P -values, and the hazard ratio

HR). Statistical data showing significant differences were considered at

 < 0.05. 

.4. The univariate and multivariate Cox regression analyses 

Transcriptome (n = 551) and clinical data (n = 487) for LUAD pa-

ients were initially downloaded from The Cancer Genome Atlas (TCGA)

atabase ( https://portal.gdc.cancer.gov/ ). Cases with incomplete clin-

copathological information were excluded from the clinical profile

n = 325). Then, merging clinical profile with gene expression profile by

trawberry Perl programming language, a matrix text file was obtained

n = 316). Finally, the univariate and multivariate Cox regression analy-

es were performed by R packages of survival and survminer. 
.5. Gene expression profiling interactive analysis 2 (GEPIA2) analysis 

GEPIA2 ( http://gepia2.cancer-pku.cn/#index ) is an upgrade

EPIA version for RNA expression data analysis of 9,736 tumors

n addition to 8,587 normal samples derived from the GTEx TCGA

rojects ( Tang et al., 2019 ). In our study, it was adopted to explore

he association of cell cycle-related genes with ARNTL2 expression and

rognosis. 

.6. Tumor immune estimation resource (TIMER) analysis 

TIMER ( https://cistrome.shinyapps.io/timer/ ) is an online server

or comprehensively exploring tumor-infiltrating immune cells

 Taiwen et al., 2017 ). Levels of CD4 + T cells, B cells, CD8 + T

ells, macrophage, dendritic cells, and neutrophils are calculated for

0,897 tumors derived from 32 distinct cancers. Firstly, the differential

xpression level of ARNTL2 in particular tumor types was evaluated by

he TIMER database. Secondly, the correlation of ARNTL2 expression

ith the level of TILs subsets in LUAD and LUSC was investigated.

hirdly, the “survival ” module of TIMER was used to explore six tumor

mmune subsets in LUAD and LUSC, which were flexible in terms of

orrecting multiple covariates (age, race, gender, stage, and tumor

urity) in a multivariable Cox proportional hazard model. Lastly,

aplan-Meier curves were drawn to explore how the six types of TILs

re associated with LUAD as well as LUSC prognosis. 

.7. TISIDB analysis 

TISIDB ( http://cis.hku.hk/TISIDB ) is an online web portal that in-

egrates 988 genes reported to promote or inhibit anti-tumor immu-

ity, high-throughput screening and genomic analyses, multi-omics of

an-cancer data, and molecular patient profiles after immunotherapy

erived from various public resources databases ( Ru et al., 2019 ). We

dopted the TISIDB database to determine how ARNTL2 expression cor-

elates with lymphocytes as well as immunomodulators in LUAD and

USC. 

.8. Kyoto encyclopedia of genes and genomes (KEGG) analysis 

The duplicates in the transcriptome data were averaged to ob-

ain a duplicate-free gene expression dataset. The cls and gct text

les of ARNTL2 were extracted by Strawberry Perl programming

anguage, which were used to perform KEGG enrichment analy-

is via Gene Set Enrichment Analysis (GSEA, https://www.gsea-

sigdb.org/gsea/index.jsp ). 

.9. COXPRESdb v7 analysis 

COXPRESdb v7 ( http://coxpresdb.jp ) is a gene coexpression

atabase for 11 animal species supported by 23 coexpression platforms

 Obayashi et al., 2019 ) and it was used to explore the coexpression re-

ationship between ARNTL2 and CD274. 

.10. Double immunofluorescence (IF) staining 

Formalin-fixed, paraffin-embedded histologic sections of pulmonary

odules biopsy samples, including 5 well differential (WD) adenocar-

inoma tissues, 5 poorly differential (PD) adenocarcinoma tissues and

 normal lung (NL) tissues, were obtained from Hangzhou Hospital of

raditional Chinese Medicine from April 1, 2020 to January 31, 2021.

araffin sections were dewaxed, hydrated and then heated in pH 6.0 cit-

ic acid buffer for antigen repair, which was subjected to incubation with

olyclonal rabbit anti-ARNTL2 (1:100, Abcam, ab221557) and mon-

clonal mouse anti-PD-L1 (1:100, PTG, 66248-1-Ig) antibody at 4°C,

vernight. Afterwards, 0.1% twain-80 were utilized to wash the red

lood cell fragments repeatedly. Lastly, we incubated the sections with

http://www.oncomine.org
https://portals.broadinstitute.org/ccle
http://kmplot.com
https://portal.gdc.cancer.gov/
http://gepia2.cancer-pku.cn/\043index
http://gepia.cancer-pku.cn/
https://cistrome.shinyapps.io/timer/
http://cis.hku.hk/TISIDB
https://www.gsea-msigdb.org/gsea/index.jsp
http://coxpresdb.jp
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Fig. 1. The mRNA expression level of ARNTL2

in various cancer and normal tissues. ARNTL2

expression levels in various cancer and nor- 

mal tissues in (A) Oncomine (fold change = 2, 

P- value = 1E-4, gene rank = top10%) and (B)

TIMER database ( P -value Significant Codes: 0

≤ ∗ ∗ ∗ < 0.001 ≤ ∗ ∗ < 0.01).

Fig. 2. mRNA expression level of ARNTL2 is

ninth highest in NSCLC across multiple cancer

cell lines (shown in red frame).
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Table 1

The univariate Cox regression analysis of the correlation of ARNTL2 expression

with OS among LUAD patients.

Clinicopathological Factors HR HR.95L HR.95H P-Value

Age 1.00 0.98 1.02 > 0.05

Gender 1.09 0.78 1.54 > 0.05

Stage 1.59 1.36 1.86 ∗ ∗ ∗

Tumor (T) 1.62 1.33 1.97 ∗ ∗ ∗

Metastasis (M) 1.90 1.07 3.38 ∗

Node (N) 1.71 1.41 2.08 ∗ ∗ ∗

ARNTL2 1.05 1.03 1.07 ∗ ∗ ∗

∗ P < 0.05; ∗ ∗ P < 0.01; ∗ ∗ ∗ P < 0.001. 
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ITC-labeled donkey anti-mouse (1:1000, PTG, SA00003-8) and TRITC-

abeled goat anti-rabbit (1:1000, PTG, SA00009-2) antibody for 30min.

pecimens were visualized with a laser confocal microscopy (Olympus).

F density and Manders coefficient M1 were calculated by ImageJ. 

. Results and Discussion

.1. Assessing ARNTL2 expression in various cancer and normal tissues 

Here, we initially applied the Oncomine database to evaluate the

RNTL2 mRNA expression in multiple cancer tissues and normal tis-

ues. Results indicated that expression of ARNTL2 was high relative to

ormal tissues for cancers of the breast, cervix, pancreas, head and neck,

olorectum, lung, lymphoma and sarcoma ( Fig. 1 A). We further found

hat ARNTL2 was markedly elevated both in LUAD and LUSC than in

ormal lung tissue via the TIMER database ( Fig. 1 B). 

Furthermore, CCLE analysis results concurred with that of Oncomine

nd TIMER, indicating that ARNTL2 was elevated in NSCLC cell lines

 Fig. 2 ). Brandy et al. discovered that ARNTL2 was highly expressed in

UAD cell lines of H1792 and H2009. Moreover, ARNTL2 was neces-

ary for the metastasis and clonal growth of LUAD cells in vivo, and

ould promote the secretion of Smoc2 by combining with the circadian

lock gene of CLOCK to achieve self-sufficiency in metastasis of LUAD

 Brady et al., 2016 ). These results implied that ARNTL2 may be served

s a cancer-promoting gene and is high specificity and sensitivity in dis-

inguishing patients with NSCLC from healthy individuals. 

.2. High ARNTL2 expression predicts poor prognosis in LC patients, 

articularly in the LUAD 

Subsequently, correlations between ARNTL2 expression and OS, FP

n LC patients were evaluated via the Kaplan-Meier plotter database
 Fig. 3 ). The findings displayed that elevated expression of ARNTL2 was

inked with unsatisfactory OS and FP in all LC ( Fig. 3 A, 3 D) and LUAD

atients ( Fig. 3 B, 3 E), but not LUSC ( Fig. 3 C, 3 F). 

Accordingly, we focused on the predictive value of prognosis of

linicopathological factors (Table S1) and ARNTL2 in patients with

UAD. The univariate Cox regression analysis showed that the risk fac-

ors linked with the prognosis of LUAD were stage, T/M/N stage and

RNTL2 ( Table 1 ). Moreover, the HR and 95% CI of T stage and ARNTL2

n the multivariate Cox regression analysis were 1.3 (1.02-1.60, P < 0.05)

nd 1.1 (1.03-1.10, P < 0.001), separately ( Fig. 4 ). These results sug-

ested that ARNTL2 and T stage can be regarded as independent pre-

ictors of prognosis in LUAD patients. 

.3. Correlations between cell cycle-related genes and ARNTL2 expression 

s well as NSCLC patients prognosis 

ARNTL2, a member of circadian clock genes, regulates the cell cy-

le. G1/S and G2/M phases are two key checkpoints and require cyclin-
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Fig. 3. A Kaplan-Meier curve, showing the

comparison of LC patients with low and high

expression of ARNTL2 using (A-C) OS curves

of all LC patients (n = 1925), LUAD patients 

(n = 719) and LUSC patients (n = 524). (D-F) FP 

curves of all LC patients (n = 982), LUAD pa- 

tients (n = 461) and LUSC patients (n = 141). 

Fig. 4. The multivariate Cox regression anal- 

ysis of the correlation of ARNTL2 expression

with OS among LUAD patients. ∗ P < 0.05; ∗ ∗ ∗ 

P < 0.001
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ependent kinases (CDKs) phosphorylate target proteins to drive cell cy-

le progression. CDK inhibitors (CKIs) bind CDKs to inhibit CDKs activity

nd cause cell cycle arrest, including INK4 family (p15, p16, p18, p19)

nd Cip/Kip family (p21, p27, p57). Transition through G1 to S phase is

egulated by the CDK6-cyclinD, CDK2-cyclinE and CDK2-cyclinA com-

lexes, while G2 to M phase is controlled via the CDK1-cyclin B com-

lex ( Gaucher et al., 2018 , Roskoski et al., 2019 ). Therefore, we ini-

ial assessed the correlation between ARNTL2 expression and G1/S as

ell as G2/M phases related genes ( Fig. 5 ). In LUAD, ARNTL2 expres-

ion was moderately positively correlated with cyclin A2/B1/B2/E1,

DK1/2/6 and CDC25A/C while a slight positive correlated with cyclin
1/D1/D2/E2. INK4 and Cip/Kip family members were marginally pos-

tive correlated with ARNTL2 expression, except with p57. Meanwhile,

 slight positive correlation between ARNTL2 expression and cyclin

1/A2/D2/E2, CDK1/2/4/6, p15/21/27, wee1 as well as CDC25A

hile negatively correlated with p57 were observed in LUSC. 

Then, GEPIA2 was adopted to explore how CDKs and the prognosis

f NSCLC patients are related. The Kaplan-meier curves demonstrated

hat patients exhibiting CDK1 and CDK6 expression exhibited poor prog-

osis, but not CDK2 and CDK4 ( Fig. 6 A-D). There was no correlation be-

ween CDK1/2/4/6 expression and prognosis in LUSC ( Fig. 6 E-H). Fur-

hermore, the KEGG enrichment analysis displayed that high expression
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Fig. 5. Correlation analysis of ARNTL2 with

related genes of G1/S and G2/M phases in

GEPIA2.

Fig. 6. Kaplan-Meier curves comparing (A-D)

LUAD and (E-H) LUSC patients with low and

high expression of CDK1/2/4/6.
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f ARNTL2 was closely related to cell cycle and P53 signaling pathway

 Fig. 8 A, 8 F). A study demonstrated that the p53 protein was employed

s a transcriptional activator of p53-regulated genes and participated

n regulation of cell cycle ( Abd El-Hafeez et al., 2018 ). These results

uggested that ARNTL2 may drive cell cycle progression by promoting

DK1 and CDK6 overexpression and accelerate tumor cell proliferation,

hich leads to a poor prognosis of LUAD. 

.4. ARNTL2 expression is related to immune infiltration 

Following recent reports, immunotherapy is regarded as an effective

trategy for tumor treatment that has generated a worldwide upsurge

f immunotherapy ( Steven et al., 2016 ). Tumor cell proliferation and

etastasis are not only influenced by cell cycle, but also regulated by

mmune system ( Wu et al., 2019 , Liu et al., 2018 ). The same histology

ype of NSCLC may show distinct immune infiltration degrees, resulting

n different clinical outcomes ( Chen et al., 2019 ). Hence, assessment of

he correlation between ARNTL2 and immune infiltration degrees may

ncover the underlying mechanism by which ARNTL2 influences the

SCLC prognosis in patients. 

Firstly, we determined the relationship of ARNTL2 expression with

umor purity and immune infiltration via TIMER. A slight inverse cor-

elation was observed between ARNTL2 expression and tumor purity in

USC, which showed a higher negative association with immune infiltra-

ion and tumor purity degrees in LUAD. The ARNTL2 expression demon-

trated a positive correlation with CD8 + T (R = 0.216, P = 1.51e-06),

acrophages (R = 0.171, P = 1.58e-04), neutrophils (R = 0.397, P = 1.03e-

9) and dendritic cells (DC) (R = 0.199, P = 9.79e-06) in LUAD, but had

 negative association with B cells (R = -0.167, P = 2.21e-04) ( Fig. 7 A).

n LUSC, ARNTL2 expression exhibited a positive correlation with

eutrophils (R = 0.092, P = 4.50e-02), but negatively correlated with B

ells (R = -0.208, P = 5.38e-06), CD4 + T (R = -0.207, P = 5.30e-06) and

acrophages (R = -0.126, P = 5.79e-03) ( Fig. 7 B).
Next, Kaplan-meier curves were generated via the TIMER in explor-

ng the association between immune infiltration and cumulative survival

n LUAD and LUSC. B cell ( P = 0.000) and DC ( P = 0.048) infiltration pos-

tively correlated with favorable prognosis in LUAD ( Fig. 7 C), whereas

e did not report any correlation of prognosis with immune cells in-

ltration ( P > 0.05) was observed in LUSC ( Fig. 7 D). Researchers have

emonstrated that the degree of B-cell infiltration in NSCLC is positively

ssociated with favorable outcomes ( Wang et al., 2019 ). Taken together,

he above results displayed the relationship between ARNTL2 and im-

une infiltration in LUAD and LUSC, but only B cells and DC have a

ositive effect on cumulative survival in LUAD. 

Afterwards, the associations between ARNTL2 expression and spe-

ific immune cell markers in LUAD and LUSC was explored by TIMER

Table S2). In LUAD, ARNTL2 expression exhibited a negative correla-

ion with few specific markers of B and DC, while positively correlated

ith most markers of T cell exhaustion, tumor-associated macrophage,

1/2 macrophage, monocyte, neutrophil, natural killer cells, CD8 + T

nd Th1 after adjustment in purity. Meanwhile, ARNTL2 expression

as negatively associated with most immune cell markers after adjust-

ng for purity in LUSC. Notably, markers of Tregs (IL2RA, Cor = 0.422,

 < 0.0001; CCR8, Cor = 0.230, P < 0.0001; FOXP3, Cor = 0.170, P < 0.001)

nd T cell exhaustion (PD-1, Cor = 0.250, P < 0.0001; CTLA-4, Cor = 0.231,

 < 0.0001; LAG3, Cor = 0.264, P < 0.0001; TIM-3, Cor = 0.340, P < 0.0001;

ZMB, Cor = 0.451, P < 0.0001) revealed a positive linear correla-

ion with ARNTL2 expressions in LUAD. Tregs and immunosuppres-

ive molecules are the key to trigger T cell exhaustion in TME

 Sasidharan Nair and Elkord, 2018 , , Tang et al., 2019 , Rotte, 2019 ,

atar et al., 2019 ). From these observations, we hypothesize that

RNTL2 may activate Tregs and inhibit T cell activation. 

Besides, the KEGG analysis manifested that higher expression of

RNTL2 was significantly linked with immune system, including pri-

ary immunodeficiency, B/T cell receptor signaling pathway, natural

iller cell mediated cytotoxicity and Toll like/NOD like signaling path-
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Fig. 7. Correlation of immune infiltration with

(A-B) ARNTL2 expression level and (C-D) cu- 

mulative survival in LUAD and LUSC.

Fig. 8. The KEGG enrichment analysis of the

high expression group of ARNTL2 by GSEA.

NES, normalized enrichment score.
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ay ( Fig. 8 B-H). Some studies demonstrated that the Toll and NOD

ike receptors were involved in regulating innate immune response

 Bauer et al., 2017 , Shen et al., 2021 ). The foregoing results may give

nsights into the varying prognosis of ARNTL2 in LUAD. 

.5. Regulation of lymphocytes and immune molecules by ARNTL2 

The relationship between ARNTL2 expression and TILs and im-

unomodulators was explored by the TISIDB database ( Fig. 9 ). Fig. 9 A

isplays the correlation of ARNTL2 expression with TILs in multiple

ancers. The top two lymphocytes, including activated CD4 T cell (Act

D4, rho = 0.542, P < 2.2e-16) and type 2 T helper cell (Th2, rho = 0.418,

 < 2.2e-16), were positive correlated with ARNTL2 in LUAD ( Fig. 9 b 1-

 ). Central memory CD8 T cell (Tcm CD8, rho = 0.237, P = 8.61e-08) and

D56 bright natural killer cell (CD56 bright , rho = 0.161, P = 3.06e-04) were

he greatest positive correlation with ARNTL2 in LUSC. ( Fig. 9 b 3-4 ). 

Immunomodulators include immunostimulators, major histocompat-

bility complexes (MHC) molecules, and immunoinhibitors. In Fig. 9 C,

e described the correlation of ARNTL2 expression with immunoin-

ibitors. CD274 (rho = 0.416, P < 2.2e-16) and PDCD1LG2 (rho = 0.44,

 < 2.2e-16) or CD274 (rho = 0.297, P = 1.48e-11) and TGFB1 (rho = 0.213,

 = 1.65e-06) are the top two immunoinhibitors positive correlated with

RNTL2 in LUAD and LUSC, respectively ( Fig. 9 D). Fig. 9 E depicts

he relationship between ARNTL2 expression and immunostimulators.
L2RA (rho = 0.41, P < 2.2e-16) and KLRC1 (rho = 0.405, P < 2.2e-16) or

D276 (rho = 0.25, P = 1.57e-08) and TNFRSF18 (rho = 0.134, P = 2.68e-

3) are the top two immunostimulators positive linked with ARNTL2 in

UAD and LUSC, separately ( Fig. 9 F). Fig. 9 G indicates the association

etween ARNTL2 expression and MHC. TAP1/2 (rho = 0.475, P < 2.2e-16)

r TAP1 (rho = 0.125, P = 5.16e-03) and TAP2 (rho = 0.116, P = 9.44e-03)

re the top two MHC positive associated with ARNTL2 in LUAD and

USC, severally ( Fig. 9 H).

.6. IF staining validation of ARNTL2 and PD-L1 colocalization in LUAD 

In LUAD, green fluorescence (FITC) represented PD-L1 and mainly

ocalized on cell membrane, while red fluorescence (TRITC) showed

RNTL2 and expressed in the cell membrane and cytoplasm. Yellow flu-

rescence indicated the colocalization relationship between PD-L1 and

RNTL2 ( Fig. 10 A-I). The results displayed that ARNTL2 and PD-L1 in

UAD were significantly enhanced relative to NL tissue, and the expres-

ion of ARNTL2 in PD group was stronger than WD group ( Fig. 10 J-K,

 < 0.01). Moreover, high colocalization relationship between ARNTL2

nd PD-L1 was observed in each group (M1 PD = 0.941, M1 WD = 0.957,

1 NL = 0.962) ( Fig. 10 L). In addition, COXPRESdb v7 database was used

o verify the coexpression correlation between ARNTL2 and PD-L1. The

esults indicated that PD-L1 ranked ninth among the top 50 genes co-

xpressed with ARNTL2, and the coexpression supportability of CD274
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Fig. 9. Spearman’s relationship of ARNTL2

with immunomodulators (TISIDB) and lympho- 

cytes. Association of the abundance of (A) TILs,

(C) immunoinhibitors, (E) immunostimulators,

(G) MHC molecules with ARNTL2 expression.

Top 2 (B) TILs, (D) immunoinhibitors, (F)

immunostimulators and (H) MHC molecules

showing the greatest correlation with ARNTL2

expression in LUAD or LUSC, respectively. Cells

labelled in red and blue depict positive and

negative correlations, separately. The intensity

of color and the correlation strength are di- 

rectly proportional.

Fig. 10. (A-C) ARNTL2 and (D-F) PD-L1 im- 

munofluorescence density and (G-I) colocaliza- 

tion in LUAD. Comparison of the mean values

of (J) ARNTL2, (K) PD-L1 and (L) Manders co- 

efficient M1 among different groups. compare

with PD Group, ∗ P < 0.01; compare with WD 

Group, △P < 0.01. PD Group, poorly differenti- 

ation group (n = 5); WD Group, well differen- 

tiation group (n = 5); NL Group, normal lung 

group (n = 5); AU, Arbitrary Units; white scale 

bar = 100μm. 
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nd ARNTL2 was strong (Table S3). Obviously, the results of our study

re consistent with the analysis of the COXPRESdb v7. PD-L1 and PD-L2

re recognized to suppress T-lymphocyte function as it binds to its PD-1

eceptor ( Ohaegbulam et al., 2015 ). PD-1/PD-L1 inhibitors have become

he standard second-line management strategy for advanced NSCLC due

o their remarkable efficacy in some patients ( Topalian et al., 2020 ).

hus, the correlation between ARNTL2 and PD-L1 provides a new tar-

et for the study of immune escape in TME, and may be a candidate

herapy target for LUAD. 

. Conclusion

In this study, the multiple databases and clinical samples verification

esults uncovered that ARNTL2 was an oncogenic gene and could be

erved as an independent predictor of prognosis in patients with LUAD.

eanwhile, it was found that ARNTL2 was closely related to the un-

erlying mechanisms of cell cycle and immune infiltration, such as cell

ycle, B/T cell receptor signaling pathway, natural killer cell mediated

ytotoxicity and Toll like/NOD like signaling pathway. Furthermore, the

olocalization of ARNTL2 and PD-L1 was observed and verified. Taken

ogether, ARNTL2 may be a vital regulator of cell cycle progression and

mmune infiltration and a promising gene for predicting the prognosis

s well as developing targeted drugs of LUAD. 
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