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Abstract: Objective: To analyze the expression of Aryl Hydrocarbon Receptor Nuclear Translocator-Like 2 (ARNTL2) 
and miR-204-5p in non-small cell lung cancer (NSCLC) patients and their correlation with clinicopathological char-
acteristics. Methods: Respiratory department cases from April 2020 to April 2022 were selected, and patients were 
divided into an NSCLC group (80 cases) and a non-NSCLC group (60 cases). The expression levels of ARNTL2 and 
miR-204-5p and the survival status were compared between the two groups. The predictive value of ARNTL2 and 
miR-204-5p for mortality in NSCLC patients was analyzed. Results: TCGA data showed ARNTL2 expression was 
significantly higher and hsa-miR-204-5p significantly lower in cancer versus normal tissues (P<0.05). Patients with 
high ARNTL2 or miR-204-5p expression had shorter survival than those with low expression (P<0.05). In NSCLC 
patients, ARNTL2 was elevated and miR-204-5p reduced compared to non-NSCLC (P<0.05). High ARNTL2 or low 
miR-204-5p expression correlated with older age, larger tumor size, higher malignancy, lymph node metastasis, ad-
vanced stage, and smoking history (P<0.05). Over 36 months, survival was lower with high ARNTL2 but higher with 
high miR-204-5p (P<0.05). Pearson analysis showed ARNTL2 positively and miR-204-5p negatively correlated with 
mortality (P<0.05). ROC analysis yielded AUCs, sensitivities, and specificities of 0.914/86.7%/86.2% for ARNTL2, 
0.934/81.7%/96.2% for miR-204-5p, and 0.920/89.8%/97.7% for combined detection. Conclusion: The expres-
sion levels of ARNTL2 and miR-204-5p in NSCLC are closely associated with patient age, tumor differentiation, and 
lymph node metastasis, and they have high predictive value for NSCLC-related mortality.
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Introduction

Non-small cell lung cancer (NSCLC) is a malig-
nant tumor characterized by lower cellular 
activity compared to small cell lung cancer, 
later metastasis, poor survival rates, and a 
high risk of infection [1]. Treatments such as 
programmed death-ligand 1 (PD-L1) inhibitors 
and novel chemotherapeutic agents have been 
shown to effectively improve both the survival 
rate and safety profile in patients with NSCLC 
[2]. However, recent studies have revealed that 
the 5-year survival rate remains as low as 
29.6%, with a marked decline in survival often 
occurring within the first year after treatment 
[3, 4]. These findings highlight the urgent need 
for novel therapeutic targets to enhance clini-
cal outcomes in NSCLC. Aryl hydrocarbon re- 

ceptor nuclear translocator-like 2 (ARNTL2), a 
circadian rhythm gene, has been found to  
promote tumor development through multiple 
mechanisms, including regulating the circadian 
expression of vascular endothelial growth fac-
tor A (VEGFA), influencing cellular activity, re- 
pair functions, and apoptosis pathways [5, 6]. 
According to Kinouchi K et al. [7], circadian 
rhythms govern a wide range of complex phy- 
siological and metabolic functions in the body 
and are closely associated with cancer risk, 
particularly cancer progression and tumor agg- 
ressiveness. However, clinical research on the 
role of ARNTL2 in NSCLC remains limited.

miR-204-5p, as a regulatory factor, can inhibit 
the expression of corresponding protein-coding 
genes and also enter mitochondria to regulate 
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gene expression, thereby influencing the devel-
opment and function of various tissues and 
organ systems [8, 9]. As a regulatory factor, 
miR-204-5p plays a role in cardiovascular dis-
eases by transfecting and inducing cytoskeletal 
changes in megakaryocytes, thereby modulat-
ing platelet reactivity and affecting thrombosis 
and cardiovascular function [10]. In gliomas, it 
mediates urothelial carcinoma-associated 1 
(UCA1), promoting tumor cell proliferation, me- 
tastasis, and epithelial-mesenchymal transi-
tion [11]. Additionally, changes in miR-204-5p 
expression are closely related to the progres-
sion of multiple tumors, including colorectal 
cancer, bladder cancer, breast cancer, and lung 
adenocarcinoma, making it a potential prog-
nostic marker for evaluating treatment efficacy 
[12]. Based on these findings, this study aims 
to analyze the expression of ARNTL2 and miR-
204-5p in NSCLC patients and their associ- 
ation with clinicopathological characteristics. 
The results may provide insights for identifying 
novel therapeutic targets and biological mark-
ers for NSCLC in clinical practice.

Materials and methods

Clinical data

A total of 80 NSCLC specimens collected from 
the Department of Pathology of our hospital 
between April 2020 and April 2022 were desig-
nated as the NSCLC group. Meanwhile, 60 sam-
ples of normal tissue located more than 5 cm 
away from the tumor were designated as the 
non-NSCLC group. This study was designed as 
an observational study. The NSCLC group in- 
cluded 46 male and 34 female patients, aged 
36-74 years, with an average age of (56.78± 
6.29) years. The non-NSCLC group consisted  
of 33 male and 27 female patients, aged 38- 
75 years, with an average age of (57.21± 
6.35) years. There were no statistically signifi-
cant differences in general characteristics be- 
tween the two groups (P>0.05), indicating com- 
parability.

(1) Inclusion criteria: ① Approved by the hospi-
tal’s ethics committee, with informed consent 
obtained from all patients or their families. ② 
Patients aged >18 years, diagnosed with NS- 
CLC through blood biochemistry, bronchosco-
py, and sputum culture examinations [13], with 
available tumor and adjacent normal tissue 
specimens. ③ All cases involved primary tu- 

mors without other malignancies or severe 
underlying diseases. ④ No significant genetic 
defects, family history, or hereditary conditions. 
⑤ ARNTL2 and miR-204-5p gene expression 
microarray data obtained from human samples 
in the database.

(2) Exclusion criteria: ① History of bronchial or 
lung surgery. ② Recurrent NSCLC after treat-
ment or extensive metastasis to bones, mus-
cles, chest wall, etc. ③ Presence of congenital 
immune disorders, hematologic diseases, neu-
rological dysfunction, or drug/alcohol depen-
dency that could significantly affect ARNTL2 
and miR-204-5p expression. ④ Diagnosis of 
gastrointestinal polyposis or incomplete clinical 
data.

Database analysis

Original data on ARNTL2 and miR-204-5p 
expression in NSCLC were obtained from  
the TCGA database (https://portal.gdc.cancer.
gov/) and the GEO Accession Viewer databa- 
se (https://www.ncbi.nlm.nih.gov/). A total of 
1,153 specimens were collected, including  
110 from the normal group and 1,043 from  
the tumor group. Additionally, miRNA data we- 
re downloaded, comprising 1,073 specimens, 
with 90 in the normal group and 983 in the 
tumor group. Version 4.3.1 of the R program-
ming language was used to normalize, log2-
transform, and extract relevant data on AR- 
NTL2 and miR-204-5p expression. Survival an- 
alysis was conducted using the “survival” pack-
age in R, while the “survminer” package was 
utilized to generate survival curves comparing 
NSCLC patients with high and low expression 
levels of ARNTL2 and miR-204-5p. The analysis 
was performed using RStudio Desktop (Po- 
sit|The Open-Source Data Science Company, 
https://posit.co/).

Methods

Source of materials: The Trizol reagent kit  
was purchased from Shanghai Shangbao Bio- 
technology Co., Ltd. (model 11131-100). The 
UV3000 ultraviolet spectrophotometer was 
obtained from Shanghai Jingke Industrial Co., 
Ltd. Real-time quantitative polymerase chain 
reaction (PCR) amplification and primer design 
were performed using the Primer-BLAST so- 
ftware, with primers synthesized by Beijing 
HuanZhong Ruichi Technology Co., Ltd. Kits for 
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miRNA probe-based reverse transcription, PCR 
sequencing, and fluorescence in situ hybridiza-
tion (FISH) were all purchased from Hubei 
Aipute Biotechnology Engineering Co., Ltd.

Total RNA extraction: After collection, patho-
logical specimens were immediately placed in 
RNA preservation solution, stored overnight at 
4°C, and then long-term at -20°C. After thaw-
ing, samples were transferred to centrifuge 
tubes and homogenized in Trizol (50-100 mg/
mL). After standing for 5 min, 200 μL chloro-
form substitute was added, shaken until milky, 
and left for another 5 min. Samples were centri-
fuged at 12,000 g for 15 min at 4°C to sepa-
rate the RNA aqueous phase. The upper phase 
(200 μL) was transferred to a new tube, mixed 
with equal volume isopropanol, incubated 10 
min at room temperature, and centrifuged 
again (12,000 g, 10 min, 4°C). The RNA pellet 
was washed with 1 mL 75% ethanol, centri-
fuged (7,500 g, 5 min, 4°C), and air-dried for 
30-60 min. RNA was dissolved in 30 μL RNase-
free water, gently mixed, briefly centrifuged, 
and diluted to 200 ng/μL. RNA concentration 
and purity were assessed by UV spectropho-
tometry. Samples with a D260/D280 ratio of 
1.8-2.0 were deemed qualified and stored at 
-80°C.

Reverse Transcription Quantitative PCR (qRT-
PCR) detection: A total of 1 µg of total RNA  
was used to synthesize cDNA following the 
instructions of the miRNA probe-based reverse 
transcription kit. Then, 2 µL of the synthesized 
cDNA was used for PCR detection, with GAPDH 
serving as the internal control for ARNTL2 and 
U6 as the internal control for miR-204-5p. The 
stability of both reference genes was evaluated 
using NormFinder, with M-values less than 0.5. 
The total reaction volume was 10 µL. The PCR 
conditions for ARNTL2 were as follows: pre-
denaturation at 95°C for 3 minutes, followed by 
40 cycles of 94°C for 30 seconds, 62°C for 40 
seconds, and 70°C for 60 seconds. For miR-
204-5p, the conditions were: pre-denaturation 
at 95°C for 3 minutes, followed by 35 cycles of 
95°C for 12 seconds, 60°C for 60 seconds, 
and 72°C for 80 seconds. The primer sequenc-
es were as follows: ARNTL2 forward 5’-GGGTC- 
T-TTAAGGCCACACCG-3’, reverse 5’-CTTCCTCAT- 
TAACGACACACGA-3’; miR-204-5p forward 5’-AT- 
TCCATCGTGAGACAGCACC-3’, reverse 5’-CCTGA- 
TAAGTACTGATTCGAT-3’; GAPDH forward 5’-TGG- 
AAATCTTGTAATCCGAA-3’, reverse 5’-TTCGGTTA- 

CCGTGGTAGTG-3’; and U6 forward 5’-CCTGTG- 
GAAGGTGGAACC-3’, reverse 5’-AATCCTGGCCTT- 
AGGTACAGCA-3’.

Gene amplification and product sequencing: 
PCR products were amplified using a FISH kit, 
and results were evaluated based on the Ratio 
value, calculated as the total number of red  
signals in 100 nuclei divided by the total num-
ber of green signals in 100 nuclei. Amplification 
was considered present under any of the fol-
lowing three conditions: a Ratio value >2, the 
presence of ≥15 red signals or ≥4 clustered red 
signals in ≥10% of cells, or ≥4 clustered red sig-
nals in ≥40% of cells. Following amplification, 
PCR products were identified by electrophore-
sis, purified using SAP, and then subjected to 
bidirectional sequencing using a sequencing 
kit. The sequencing results were compared wi- 
th the ARNTL2 and miR-204-5p sequences in 
the GenBank database using Alignment soft-
ware. Specificity was confirmed if the sequence 
met three criteria: similarity ≥95%, E-value ≤1e-
5, and a unique match to the target gene. This 
confirmed specificity enables further studies of 
gene or protein expression. The relative expres-
sion level of miRNA was calculated using the 
2^-ΔΔCt method.

Observation indicators

The expression levels of ARNTL2 and miR-204-
5p in normal tissues versus cancer tissues 
were compared using the database. Addition- 
ally, the survival outcomes of patients with dif-
ferent expression levels of ARNTL2 and miR-
204-5p were analyzed. The expression of AR- 
NTL2 and miR-204-5p in the NSCLC group was 
compared with that in the non-NSCLC group. 
Furthermore, the expression levels of ARNTL2 
and miR-204-5p in NSCLC patients with differ-
ent pathological characteristics were compa- 
red. Finally, the 3-year survival rate of patients 
with different expression levels of ARNTL2 and 
miR-204-5p was evaluated.

Statistical analysis

Basic graphs were created using R version 
4.5.1 and the “ggplot2” package in RStudio. 
The “survminer” and “survival” packages were 
used for detailed settings of time-to-event and 
survival curves, while “boxplot” was used to 
plot gene expression boxplots. Data correction 
and processing for other analyses were per-
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formed using SPSS version 27.0 statistical soft-
ware. Count data were entered as “n (%)”, and 
the chi-square test was used to compare inde-
pendent sample rates or proportions. Ordinal 
data were analyzed using the rank-sum test. 
Quantitative data were presented as “

_
x±s”, 

and group comparisons were performed using 
the independent samples t-test. Paired t-tests 
were used for within-group comparisons, and 
one-way analysis of variance (ANOVA) and the 
F-test were used for comparing multiple groups. 
Pearson correlation analysis was used to ex- 
amine the relationship between ARNTL2, miR-
204-5p, and mortality in NSCLC patients. The 
predictive value of ARNTL2 and miR-204-5p for 
mortality in NSCLC patients was analyzed using 

receiver operating characteristic (ROC) curve 
analysis. A P-value of <0.05 was considered 
statistically significant.

Results

Database analysis results

Database analysis results showed that the 
expression of ARNTL2 in normal tissues was 
significantly lower than that in cancer tissues, 
whereas the expression of hsa-miR-204-5p 
was significantly higher in normal tissues com-
pared to cancer tissues, with both differences 
being statistically significant (P<0.05) (Figures 
1 and 2).

Comparison of different ARNTL2 and miR-204-
5p expression in NSCLC

The survival times of patients with high expres-
sion of ARNTL2 and miR-204-5p were both sig-
nificantly shorter than those with low expres-
sion, with the differences being statistically 
significant (P<0.05) (Figures 3 and 4).

Comparison of ARNTL2 and miR-204-5p ex-
pression between the two groups

The expression of ARNTL2 in the NSCLC group 
was significantly higher than that in the non-
NSCLC group, whereas the expression of miR-
204-5p was significantly lower in the NSCLC 
group compared to the non-NSCLC group, with 

Figure 1. Comparison of ARNTL2 expression be-
tween normal tissue and cancer tissue.

Figure 2. Comparison of miR-204-5p expression be-
tween normal tissue and cancer tissue.

Figure 3. Comparison of survival time in different 
ARNTL2 expression groups.
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both differences being statistically significant 
(P<0.05) (Table 1).

Comparison of ARNTL2 and miR-204-5p 
expression in NSCLC patients with different 
pathological characteristics

The comparison of ARNTL2 and miR-204-5p 
expression between different genders and his-
tological types showed no statistically signi- 
ficant differences (P>0.05). However, ARNTL2 
expression was significantly higher in patients 
aged ≥60 years, with tumor diameter ≥5 cm, 
poorly differentiated tumors, lymph node me- 
tastasis, stage III-IV tumors, and a history of 
smoking, compared to those aged <60 years, 
with tumor diameter <5 cm, moderately/well-
differentiated tumors, no lymph node meta- 
stasis, stage I-II tumors, and no history of  
smoking, with statistically significant differenc-
es (P<0.05). Conversely, miR-204-5p expres-
sion was significantly lower in patients with the 
same high-risk characteristics compared to 

their counterparts, also showing statistically 
significant differences (P<0.05) (Tables 2 and 
3).

Comparison of 3-year survival rates in patients 
with different expressions of ARNTL2 and miR-
204-5p

At follow-up periods of 12 months, 18 months, 
24 months, 30 months, and 36 months, the 
survival rates of patients with high ARNTL2 
expression were significantly lower than those 
with low ARNTL2 expression, whereas the sur-
vival rates of patients with high miR-204-5p 
expression were significantly higher than those 
with low miR-204-5p expression. These differ-
ences were all statistically significant (P<0.05) 
(Table 4).

Correlation analysis of ARNTL2, miR-204-5p, 
and mortality in NSCLC patients

Pearson correlation analysis showed that 
ARNTL2 expression was positively correlated 
with NSCLC patient mortality (P<0.05), while 
miR-204-5p expression was negatively corre-
lated with NSCLC patient mortality (P<0.05) 
(Table 5).

The ROC curve analysis of ARNTL2 and 
miR-204-5p in predicting mortality in NSCLC 
patients

ROC curve analysis showed that the AUC, sen- 
sitivity, and specificity for predicting mortality  
in NSCLC patients were 0.914, 86.70%, and 
86.20% for ARNTL2; 0.934, 81.70%, and 
96.20% for miR-204-5p; and 0.920, 89.80%, 
and 97.70% for the combined diagnosis, res- 
pectively (Figure 5 and Table 6).

Discussion

The role and significance of ARNTL2

NSCLC accounts for 80-85% of lung cancers, 
with histological type closely linked to tumor 
location [14]. Early treatment mainly involves 
surgery, but postoperative infections, reduced 
lung function, and early recurrence often wors-
en patient quality of life [15]. With the rise of 
targeted therapies, NSCLC molecular mecha-
nisms have become key to inhibiting tumor 
metastasis and invasion. ARNTL2 (bmal2 gene) 
transmits circadian signals to the neuroendo-

Figure 4. Comparison of survival time in different 
miR-204-5p expression groups.

Table 1. Comparison of ARNTL2 and miR-
204-5p expression between the two groups  
(
_
x±s)

Group ARNTL2 miR-204-5p
NSCLC group (n=80) 1.78±0.56 2.17±0.94
Non-nsclc group (n=60) 0.83±0.34 4.57±1.26
t 11.626 12.912
P <0.001 <0.001
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crine and autonomic nervous systems, working 
with other clock genes to regulate peripheral 
tissue rhythms [16, 17]. These clock genes 
help maintain system stability and adjust phy- 
siological activities in response to stimuli [18, 
19]. Abnormal clock gene expression disrupts 
cell growth, hormone secretion, and protein 

synthesis, increasing risks of metabolic, cardio-
vascular, cognitive diseases, and cancer [20]. 
Abnormal ARNTL2 further affects tissue rhy- 
thms via negative feedback. Sun S et al. [21] 
found high ARNTL2 expression linked to poorer 
prognosis, indicating ARNTL2 as a potential 
biomarker and therapeutic target for NSCLC.

Table 2. Comparison of ARNTL2 expression in NSCLC patients with different pathological characteris-
tics (

_
x±s)

Clinical pathological features n ARNTL2 t/F P
Sex male 46 1.81±0.62 0.763 0.448

female 34 1.70±0.66
Age (year) <60 21 1.13±0.52 3.918 <0.001

≥60 59 1.77±0.68
Histological type adenocarcinoma 32 1.67±0.43 0.46 0.631

Squamous carcinoma 28 1.74±0.58
other 20 1.59±0.61

Tumor diameter (cm) <5 47 1.24±0.47 5.094 <0.001
≥5 33 1.85±0.60

Degree of differentiation Poorly differentiation 49 1.97±0.65 5.737 <0.001
Medium/High differentiation 31 1.18±0.51

Lymphatic metastasis yes 28 1.93±0.59 6.023 <0.001
no 52 1.22±0.45

TNM classification I-II 48 1.34±0.56 4.563 <0.001
III-IV 32 1.87±0.42

Smoking history yes 46 1.65±0.57 4.216 <0.001
no 34 1.16±0.41

Table 3. Comparison of miR-204-5p expression in NSCLC patients with different pathological charac-
teristics (

_
x±s)

Clinical pathological features n miR-204-5p t/F P
Sex male 46 2.23±1.02 0.272 0.786

female 34 2.17±0.91
Age (year) <60 21 2.76±1.15 3.605 0.001

≥60 59 1.89±0.87
Histological type adenocarcinoma 32 2.10±0.85 0.23 0.794

Squamous carcinoma 28 1.96±0.93
other 20 2.12±1.05

Tumor diameter (cm) <5 47 2.69±0.97 4.615 <0.001
≥5 33 1.75±0.78

Degree of differentiation Poorly differentiation 49 1.68±0.82 5.391 <0.001
Medium/High differentiation 31 2.84±1.10

Lymphatic metastasis yes 28 1.70±0.86 3.773 <0.001
no 52 2.63±1.14

TNM classification I-II 48 1.59±0.80 5.092 <0.001
III-IV 32 2.65±1.06

Smoking history yes 46 1.71±0.87 3.908 <0.001
no 34 2.55±1.05
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The role and significance of miR-204-5p

miRNAs regulate cell differentiation and gene 
expression by affecting mRNA stability, tran-
scription, translation, and splicing, influencing 
homeobox genes, neuronal polarity, and brain 
and heart cell proliferation [22, 23]. miR-204-
5p is downregulated in colorectal cancer and 
reduces tumor invasion and chemotherapy re- 
sistance [24]. In a rat model of acute pancreati-
tis, miR-204-5p decreased pancreatic cell inju-
ry via tryptophan 5-monooxygenase activation 

protein γ, PI3K, and hippocampal pathways, 
alleviating inflammation [25]. Thus, upregulat-
ing miR-204-5p can reduce cell damage and 
inflammation, slowing disease progression.

However, different studies have suggested that 
in the treatment of melanoma, upregulation of 
miR-204-5p expression may increase resis-
tance to therapeutic drugs, while silencing its 
expression can inhibit cell growth [26]. Liu H et 
al. [27] also showed that after isoflurane induc-
tion, miR-204-5p expression in the hippocam-
pal tissue of rats exposed to isoflurane signi- 
ficantly increased, and the levels of inflamma-
tory factors also rose. Moreover, compared to 
the control group, the rats experienced more 
severe neurological dysfunction, while down-
regulating miR-204-5p expression could effec-
tively alleviate isoflurane-induced cognitive im- 
pairment. At the same time, miR-204-5p is not 
only closely related to tumorigenesis but also 
interacts with the host genes of the mir-99a-let-
7c cluster, reducing the sensitivity of glioblas-
toma to temozolomide treatment [28]. These 
findings suggest that miR-204-5p’s function 
and expression significantly differ between tu- 
mor tissues and normal tissues or in different 
diseases. Therefore, in clinical practice, miR-
204-5p targeted therapy should be applied 
rationally according to the patient’s specific 
condition.

The expression of ARNTL2 and miR-204-5p in 
NSCLC

This study found that in NSCLC, ARNTL2 expres-
sion is upregulated while miR-204-5p expres-
sion is downregulated. Clock genes show rhyth-
mic expression in bronchial epithelial cells, 
lung segmental epithelial cells, alveolar walls, 

Table 4. Comparison of 3-year survival rates in patients with different expressions of ARNTL2 and 
miR-204-5p [cases (n%)]

Follow-up time High expression  
of ARNTL2 (n=51)

Low expression  
of ARNTL2 (n=29)

High expression of 
miR-204-5p (n=39)

Low expression of 
miR-204-5p (n=41)

6 month Follow-up 48 (94.12) 29 (100.00) 39 (100.00) 38 (92.69)
12 month Follow-up 41 (80.39) 29 (100.00)# 39 (100.00) 31 (75.61)*

18 month Follow-up 32 (62.75) 28 (96.55)# 37 (94.87) 24 (58.54)*

24 month Follow-up 25 (49.02) 25 (86.21)# 32 (82.05) 19 (46.34)*

30 month Follow-up 22 (43.14) 23 (79.31)# 29 (74.36) 16 (39.02)*

36 month Follow-up 22 (43.14) 22 (75.86)# 28 (71.79) 16 (39.02)*

Note: Comparison of high expression and low expression of ARNTL2, #P<0.05; Comparison of high expression and low expres-
sion of miR-204-5p, *P<0.05.

Table 5. Correlation Analysis of ARNTL2, miR-
204-5p, and Mortality in NSCLC Patients
Variable r P
ARNTL2 0.431 <0.001
miR-204-5p -0.426 <0.001

Figure 5. ROC curve analysis of ARNTL2 and miR-
204-5p for predicting mortality in NSCLC patients.
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and capillary walls. Upregulation of ARNTL2 
reduces vasodilators and increases inflamma-
tory factors, prostaglandins, and thromboxane 
release, worsening lung tissue and vascular 
endothelial inflammation while enhancing tu- 
mor cell infiltration and activity [29, 30]. Addi- 
tionally, elevated ARNTL2 disrupts circadian 
rhythms in myocardial, neural, and liver/kidney 
cells, impairing normal blood flow homeostasis 
and further damaging non-diseased lung tis-
sue, potentially leading to pneumonia and bron-
chitis [31]. High miR-204-5p expression lowers 
chemokines like IL-1β, IL-6, and TNF-α, alleviat-
ing neurogenic and tumor-related pain and in- 
flammation [32]. Conversely, low miR-204-5p 
levels accelerate NSCLC progression and wors-
en symptoms such as hemoptysis, low-grade 
fever, and irritative cough caused by capillary 
damage and tumor bronchial obstruction [33].

Therefore, the expression of ARNTL2 in the 
non-NSCLC group was significantly lower than 
that in the NSCLC group, while the expression 
of miR-204-5p was significantly higher in the 
non-NSCLC group compared to the NSCLC gr- 
oup. In esophageal squamous cell carcinoma, 
miR-204-5p also shows reduced expression, 
and animal model evaluations suggest that 
miR-204-5p can inhibit tumor cell proliferation 
and induce apoptosis by regulating nestin lev-
els [34]. This could potentially be used as a 
complementary strategy for chemotherapy, to 
reduce tumor cell viability, enhance the body’s 
tolerance, and reduce chemotherapy-related 
toxic side effects and drug dosages. However, it 
is important to note that miR-204-5p can be 
regulated by various signaling pathways. For 
example, TFA p2a can transcribe and inhibit 
miR-204-5p in cervical cancer, lncRNA TUG1 
and COX2 can downregulate miR-204-5p ex- 
pression in focal cerebral ischemia-reperfusion 
injury, and CXCL12 and CXCR4 can act as func-
tional targets of miR-204-5p, delaying lymphat-
ic metastasis in gastric cancer [35, 36]. How  
to precisely and quickly utilize miRNA formula-
tions (such as miR-204-5p) to control the occur-
rence and development of NSCLC, and whether 

it can be combined with ARNTL2-targeted ther-
apy, are questions that still need to be con- 
firmed.

The relationship between ARNTL2, miR-204-
5p, and different pathological features in 
NSCLC patients

NSCLC primarily affects individuals over 50, 
with risk increasing with age, family history, 
genetics, lung diseases, or smoking [37]. In 
NSCLC patients aged ≥60, ARNTL2 expression 
is higher and miR-204-5p lower than in younger 
patients, highlighting age’s impact. Most cases 
are diagnosed late, with poor postoperative 
survival due to limited lung function and com-
plications like infections [38]. Tumors ≥5 cm 
predict worse prognosis, suggesting preoper- 
ative pathology comparing ARNTL2 and miR-
204-5p in tumor and adjacent tissues can gui- 
de precise resection to preserve healthy lung 
and aid recovery [39]. Poorly differentiated tu- 
mors are more aggressive, stem cell-like, less 
sensitive to therapy, and require close follow-up 
to prevent recurrence or metastasis [40].

ARNTL2 and miR-204-5p expression levels dif-
fer significantly across tumor differentiation, 
indicating their role in predicting NSCLC malig-
nancy and staging. Lymphatic metastasis, a 
main pathway for tumor spread and recurren- 
ce, can quickly form multiple lesions [41]. Sig- 
nificant changes in ARNTL2 and miR-204-5p 
warrant vigilance for metastasis and boosting 
patient immunity to reduce inflammation. Smo- 
king over one year raises lung and liver cancer 
risks [42], with smokers showing higher inflam-
mation markers than non-smokers [43]. In  
this study, 36 of 65 patients died over 3 years 
(55% survival). High ARNTL2 expression link- 
ed to lower survival; high miR-204-5p to hig- 
her survival. A phase III NSCLC study reported 
32.1% 5-year survival after cetuximab treat-
ment [44]. Deng H et al. found 71% of minimally 
invasive surgery patients had lymph node me- 
tastasis [45]. Controlling ARNTL2 and increas-
ing miR-204-5p are crucial for better progno- 
sis.

Table 6. ROC curve analysis of ARNTL2 and miR-204-5p for predicting mortality in NSCLC patients
Variable AUC 95% IC Sensitivity (%) Specificity (%) significance
ARNTL2 0.914 0.843-0.916 86.70 86.20 <0.001
miR-204-5p 0.934 0.891-0.977 81.70 96.20 <0.001
Combined diagnosis 0.920 0.885-0.955 89.80 97.70 <0.001



The expression of ARNTL2 and miR-204-5p in NSCLC patients

356	 Am J Clin Exp Immunol 2025;14(6):348-358

Summary

ARNTL2 is highly expressed and miR-204-5p is 
lowly expressed in NSCLC; their levels closely 
relate to patient age, tumor differentiation, and 
lymphatic metastasis. Both show strong predic-
tive value for NSCLC patient survival and mor-
tality and can be flexibly applied in clinical diag-
nosis. This study’s limitation lies in the lack of 
detailed analysis of database data and an in- 
complete understanding of ARNTL2 and miR-
204-5p mechanisms. Future research should 
integrate clinical practice to further explore 
their clinical mechanisms and pathological fea- 
tures.
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