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Purpose: The aim was to explore the correlation between Obstructive sleep apnea (OSA) and Lung adenocarcinoma malignant
prognosis and evaluate the miR-142-3p was used as an OSA severity indicator to predict the prognosis of Lung adenocarcinoma
patients.

Methods: This study comprised of 21 diagnosed lung adenocarcinoma patients with or without OSA. The sleep-related variables and
tumor pathology were recorded. Hypoxia-inducible factor-1a (HIF1a) and ki67 expression were analyzed by immunohistochemistry in
tumor samples. Quantitative real-time polymerase chain reaction (QRT-PCR) was performed to assess the level of miR-142-3p.
Results: Lung adenocarcinoma with OSA showed higher apnea-hypopnea index (AHI), oxygen desaturation index (ODI), and the
lower lowest pulse oxygen saturation (LSpO,) compared to Lung adenocarcinoma without OSA (P<0.05), and patients with severer
OSA have an advanced TNM stage (P=0.004) and metastasis rate (p=0.032). In addition, OSA may down-regulate the miR-142-3p
expression in patients with Lung adenocarcinoma, and the patients with low miR-142-3p expression exhibited severe OSA. MiR-142-
3p levels significantly decreased in the advanced TNM stage (p=0.015), and the expression of miR-142-3p was negatively associated
with AHI (r= —0.505, p=0.020), ODI (r= —0.513, p=0.017).

Conclusion: OSA severity may increase Lung adenocarcinoma malignant prognosis. OSA may down-regulate the expression of miR-
42-3p. The expression of miR-142-3p was inversely correlated with AHI and ODI as a surrogate of OSA severity. Additionally, the
low miR-142-3p expression level was significantly associated with advanced TNM stage in Lung adenocarcinoma patients.
Keywords: obstructive sleep apnea, lung adenocarcinoma, miR-142-3p, HIFla, prognosis

Introduction

OSA is characterized by the collapse of the upper airway during sleep that results in recurrent oxyhemoglobin
desaturation, and systemic inflammation leads to chronic intermittent hypoxia (IH), which can result in a complex series
of pathophysiological changes,' such as the increased risk for hypertension,” coronary heart disease,” stroke,* as well as
cognitive impairment® and even increased cancer incidence and mortality,® especially in lung cancer’* and breast
cancer.”'® As a marker of OSA, IH could be a vital factor in driving tumorigenesis and death." Some clinical sleep
parameters are linked with the mortality of lung cancer patients with OSA. Previous studies have investigated cancer-
related mortality in patients with OSA, and there was a dose-response relationship between OSA severity as measured by
AHI and percentage of time spent with oxygen saturation below 90%(CT90) and cancer mortality.'" Severe OSA is
associated with an increased risk of cancer mortality in III-IV stage lung cancer patients, and AHI was positively related
to hypoxia-inducible factor 1(HIF1a).”

IH is a hallmark manifestation of OSA that could causally modify cancer-related biological processes to promote
cancer malignant progression, mediated mainly by the activated HIFs.'? The vital role of HIFla in tumor malignant
progression and chemoresistance is now well established.'*'* Studies have demonstrated that hypoxia-repressed miR-
142-3p by targets HIF1a, which provides therapeutic possibilities. ' Accumulating evidence also has shown that miR-
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142-3p is downregulated in lung cancer.'®!” Therefore, we suspect that miR-142-3p plays a critical role in OSA-related
[H-induced lung cancer progression.

Most human studies to date have not yet explored the outcome of OSA in specific Lung adenocarcinoma sites. We
analyzed the sleep parameters and characteristics of Lung adenocarcinoma patients with or without OSA to further evaluate
the correlation between OSA and malignant tumor prognosis. Due to the biomarkers of OSA-related intermittent hypoxia not
being fully evaluated, we assessed the correlation between the severity of OSA and the expression of miR-142-3p in Lung
adenocarcinoma patients. In addition, we also analyzed the link between the miR-142-3p expression with cancer prognosis.

Materials and Methods
Study Population

Tumor and adjacent normal tissues from Lung adenocarcinoma patients who underwent surgery from January 2021 to
September 2021 were collected from The Second Affiliated Hospital of Kunming Medical University. Inclusion criteria
were as follows: (1) molecular biology and pathology certified the diagnosis of Lung adenocarcinoma. The tumor stage
was evaluated according to the guidelines of the eighth edition American Joint Committee on Cancer (AJCC).'® (2)
Clinicopathological characteristics were collected after a median follow-up of nine months, the follow-up deadline was
September 20, 2022. Due to the short-term follow-up, endpoint events were defined as recurrence, metastasis, or death
during the follow-up period. (3) Patients were diagnosed with OSA by pre-or postoperative polysomnogram (PSG). With
AHI >5 as a screening criterion for OSA, patients were divided into mild (S<AHI<15), moderate (15<AHI<30), and
severe OSA (AHI>30) according to the standard guideline.'” Sleep parameters including the AHI, ODI, LSpO,, and
CT90 were recorded. The study has been submitted for approval by the Ethics Committee of The Second Affiliated
Hospital of Kunming Medical University (PJ-2021-65) and conducted in accordance with the Declaration of Helsinki.

Immunohistochemistry Staining

Lung adenocarcinoma tissues were dehydrated, embedded, sectioned, and baked, and slides were then counterstained
with antigen retrieval; the sections were then blocked with 3% hydrogen peroxide and 5% goat serum (#SL038, Solarbio,
China). Anti-HIF-1a antibody (#36169, 1:500, CST, USA) and anti-Ki67 antibody (#ab92742, 1:600, Abcam, UK) were
incubated overnight at 4°C. Subsequently, the goat anti-rabbit antibody (#S0001, 1:5000, Affinity, USA) was incubated
for 1 h at 37°C, followed by visualization with 3,3-diaminobenzidine. The stained slides were then examined and
photographed using a microscope (BX43F, Olympus, Japan). The immunoreactivity of HIF1a and ki67 was categorized
from negative (no staining), + (weak), ++ (moderate) and +++ (strong), and the percentage of staining was categorized as
negative (< 5%), + (6-25%), ++ (26-50%), +++ (51-75%) and +++ (> 75%). The final score was determined by the
intensity and percentage score, and the scoring was calculated by Image-Pro Plus 7.

Quantitative Real-Time Polymerase Chain Reaction (qQRT-PCR)

MiRNA was isolated from tissues by RNAiso for small RNA (#9753A, Takara, Japan). The Mir-X miRNA First-Strand
Synthesis Kit (#638315, Takara, Japan) was used for reverse transcription of miR-142-3p. According to the instructions
for FastStart™ Universal SYBR® Green (#04913914001, Roche, Germany), amplification and quantification were
performed on an ABI 7300/7500 system (Applied Biosystems). U6 was normalized to the reference genes for miR-
142-3p. Data analysis was assessed to the 2 **“" method. Primers are detailed in Table 1.

Statistical Analysis

Statistical calculations were performed using SPSS 23.0 software and GraphPad Prism 9.0. Between the two groups, the
Mann—Whitney U (non-normal distribution) or Student’s ¢-test (normal distribution) was used for comparing continuous
data, the categorical data were compared using the chi-square test or Fisher exact test. The differences among multiple
groups were identified with the One-way Analysis of Variance (ANOVA). The correlation analysis of parameters was
performed using the Pearson test. P values < 0.05 were considered significant.
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Table | Primers Used for qRT-PCR

Gene Primer Sequence

ué Forward: 5’- CTCGCTTCGGCAGCACA - 3’

Reverse: 5’- AACGCTTCACGAATTTGCGT - 3’

MiR-142-3p 5- GCGCGTGTAGTGTTTCCTACTTTATGG - 3

Results

Sleep Parameters and Clinical Characteristics of Lung Adenocarcinoma Patient

A total of 21 Lung adenocarcinoma patients were included in the study, and the baseline characteristics of patients were
classified into three groups according to OSA severity as measured by AHI, shown in Table 2. Due to the small number
of participants with moderate and severe OSA, moderate-to-severe OSA patients were established as a group. The result
showed that female Lung adenocarcinoma patients have a lower prevalence of OSA. The age, body mass index (BMI),
and CT90 did not significantly differ among the three groups (P>0.05). There were significant differences in three groups
regarding AHI (p= 0.000), ODI (p= 0.000), and LSpO, (p= 0.042). As expected, lung adenocarcinoma patient with severe
OSA have a higher TNM stage (P=0.004) and metastasis rate (p=0.032). MiR-142-3p levels were lower in Group Lung
adenocarcinoma with OSA than that in Lung adenocarcinoma, and the moderate to severe OSA (AHI>15) group was
lower than the mild OSA (5<AHI<I15) (Table 2).

We examined the correlation between sleep parameters and pathological characteristics in Lung adenocarcinoma
patients (Table S1). The patients with advanced tumor stage had more severe OSA as messured by AHI and ODI
(Figure 1). However, no significant correlation was observed between LSpO, and tumor stage.

Immunohistochemical analysis of HIFla and ki67 expression was performed in Lung adenocarcinoma samples
shown in Figure 2. High expression of HIFla and ki67 was observed in Lung adenocarcinoma patients with OSA.
However, there is no dose relationship with OSA severity.

The Level of miR-142-3p and Patient Characteristics
The qRT-PCR was performed to analyze the expression of miR-142-3p in 21 sets of Lung adenocarcinoma samples.
Patients were divided into two groups according to the level of miR-142-3p (Median=0.530). No statistical differences

Table 2 Clinical Characteristics of Lung Adenocarcinoma Patients

Characteristics AHI<5 (n=7) 5<AHI<I5 (n=6) AHI=15 (n=8) P value
Sex, female (%) 7 (100.00) 3 (50.00) 2(22.22) 0.011
Age (years) 52.57£9.76 57.83+14.36 66.13+9.88 0.090
BMI (kg/m?) 23.48+2.70 23.64+3.90 26.04+4.77 0.389
AHI (events/h) 1.36+0.73 10.58+2.02 29.96+12.68 0.000
ODI (events/h) 5.83+2.05 12.20+4.14 23.41£10.42 0.000
CT90 (%) 0.73£1.28 7.63£10.04 18.31+£30.72 0.146
LSpO,(%) 82.57+4.35 72.17£9.64 74.38+7.41 0.042
TNM stage 0.004
| 5(71.42) 1(16.67) 1(12.50)

Il 2(28.57) 2(33.33) 0

-1v 0 3(50.00) 7(87.50)

Metastasis 0.032
NO 7 (100) 3(50.00) 3(37.50)

YES 0 (0.00) 3(50.00) 5(62.50)

MiR-142-3p level 0.85+0.66 0.57+0.22 0.21+0.28 0.033

Abbreviations: BMI, body mass index; AHI, apnea—hypopnea index; ODI, oxygen desaturation index; CT90, percentage of time
spent with oxygen saturation below 90%; LSpO,, the lowest pulse oxygen saturation.
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Figure | Correlation between sleep parameters and pathological characteristics. (A-B) Comparison of the OSA severity in the groups of lung adenocarcinoma patients and
TNM stage. (C-D) Comparison of the OSA severity in the groups of lung adenocarcinoma patients, with and without metastases.
Abbreviations: AHI, apnea—hypopnea index; ODI, oxygen desaturation index.

were found in terms of gender, BMI, CT90, LSpO, and metastasis rate between the two groups. While the patients with
low miR-142-3p expression exhibited severe OSA, both AHI (7.35£6.36 VS 23.19+17.13, P= 0.018) and ODI (9.79
+5.72 VS 19.36+11.82, P=0.027) were higher compared to another group. The patients with the low miR-142-3p
expression group exhibited a higher TNM stage (P=0.012) (Table 3).

We further analyzed the correlation of miR-142-3p expression with pathological characteristics and sleep parameters
(Tables S2 and S3). We discovered that the miR-142-3p expression level was significantly lower in the advanced TNM
stage (Figure 3A), and there was a negatively correlated between miR-142-3p expression level with AHI (r= —0.505,
p=0.020) and ODI (r= —0.513, p=0.017) (Figure 3B-C).

Discussion

Several studies are in favor of a link between the increasing severity of OSA and lung cancer incidence and
mortality.®**?! However, the association of the severity of OSA in specific Lung adenocarcinoma have not yet been
fully elucidated. Firstly, lung adenocarcinoma patients were classified into three groups according to OSA severity as
measured by AHI, and there was a significant difference in AHI, ODI, LSpO,, as well as TNM stage and Metastatic
spreading. According to the analysis of the correlation between OSA values and lung cancer staging, AHI and ODI were
significantly increased in advanced tumor stage, and as the severity of OSA worsens, it’s poor prognosis, suggesting the
OSA severity contributes to the tumor malignant prognosis. Similar results were reported by the Wisconsin Sleep Cohort
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Figure 2 Immunohistochemistry pictures of HIFlo (A and B) and ki67(C and D) expression. Scale bars, 25um. Immunohistochemistry scores are shown (¥*P < 0.001,
#60P< 0,001, ns, P>0.05).
Abbreviations: RS, immunoreactive score of Remmele and Stegner; AHI, apnea—hypopnea index.
and Spanish cohort study; OSA severity as measured by AHI is correlated to elevated malignant tumor neoplasms
incidence and malignant mortality in a dose-response relationship.**** A prospective cohort study also found that in lung
cancer patients with stage III and IV, severe OSA was an independent predictor of cancer mortality, and higher AHI had
increased overall cancer mortality.” A cross-sectional study validated that OSA increased the risk of colorectal cancer
onset, and abnormal ODI value was associated to a higher lymph node metastasis.”*

Several potential mechanisms implicated a relationship between OSA and lung cancer incidence and mortality. In
particular, OSA-related IH exacerbates lung cancer proliferation, stem cell-like properties, epithelial-mesenchymal
transition, and invasion.”>%® It also has been elucidated the IH enhanced proliferative and migratory properties and

Table 3 Comparison of the Baseline Characteristics Between Groups with High and Low
Expression of miR-142-3p

Characteristics MiR-142-3p High MiR-142-3p Low P value
Sex, female (%) 7(63.6%) 5(50%) 0.670
Age (years) 51.284£9.99 68.00£7.63 0.000
BMI (kg/m?) 23.64+3.54 25.45+4.32 0.307
AHI (events/h) 7.35+6.36 23.19%17.13 0.018
ODI (events/h) 9.79+5.72 19.36+11.82 0.027
CT90 (%) 2.30+3.15 17.21£27.95 0.067
LSpO, (%) 78.73+6.34 74.00+9.70 0.198
TNM 0.012
| 6(54.55%) 1(10%)

1l 3(27.27%) 1(10%)

-iv 2(18.18%) 8(80%)

Metastasis 0.080
NO 9(81.8%) 4(40%)

YES 2(18.2%) 6(60%)

Abbreviations: BMI, body mass index; AHI, apnea—hypopnea index; ODI, oxygen desaturation index; CT90,
percentage of time spent with oxygen saturation below 90%; LSpO,, the lowest pulse oxygen saturation.
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Figure 3 Relationship of miR-142-3p levels with pathological characteristics and sleep parameters. A There was a significant difference in miR-142-3p levels between TNM
stage subgroups; B-C The level of miR-142-3p was inversely correlated with AHI and ODI (r, the Pearson correlation coefficient).

invasiveness of tumors in a mouse model of sleep apnea.”**° In response to hypoxia, cancer cells set off downstream
genes by activating the HIF family, particularly HIF 1o, which plays a crucial role in accelerating cancer progression.'*
Our findings confirmed that HIF1a was highly expressed in Lung adenocarcinoma patients with OSA but had no dose
relationship with the AHI, which is inconsistent with reports that the expression of HIFla was associated with the
severity of OSA in lung cancer.”’ Due to the patients included in the cohort had more severe OSA (AHI >30, n=11, 59.
+20.8) comparing us (AHI >30, n=4, 38.9+11.6). The more severe the hypoxia, the higher the expression of HIF1a. We
first found that Ki67 was highly expressed in lung adenocarcinoma with OSA compared with lung adenocarcinoma. This
suggested that IH promotes tumor proliferation.

Emerging evidence suggests that hypoxia-repressed miR-142-3p targets HIF1o.'>*® The function of miR-142-3p in
inhibiting lung cancer progression, metastasis, invasion, and enhancing cell apoptosis has been validated.'®'” However,
no studies about the role of miR-142-3p in lung cancer with OSA that investigated the suppressive effects on intermittent
hypoxia. Our study first demonstrated the downregulation of miR-142-3p in Lung adenocarcinoma patients with OSA
compared to patients without OSA, and the patients with low miR-142-3p expression exhibited severe OSA. Second, the
expression of miR-142-3p significantly decreased in the advanced TNM stage. Additionally, miR-142-3p expression was
negatively correlated with AHI and ODI. Previous studies also have found that low miR-142-3p expression level was
significantly associated with advanced FIGO stage, lymph node metastasis, and depth of cervical invasion and was also
related to the advanced stage metastatic melanoma.***> Based on these previous studies and our data, we proposed that
miR-142-3p could be used as an OSA severity indicator to predict the prognosis of lung cancer patients, suggesting that
miR-142-3p may be a novel therapeutic hypoxia target.

One of the limitations of this study is the short-term follow-up, and further long-term follow-up is needed to assess
the cancer-related mortality to provide more conclusive evidence. Another limitation is that the sample size is too small,
especially the sample of lung adenocarcinoma patients with moderate (15<AHI<30) and severe (AHI>30) OSA, we will
conduct further research to confirm our hypothesis.
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Conclusion

In this study, we demonstrated the correlation between OSA severity and malignant prognosis in lung adenocarcinoma
patients. In addition, OSA may down-regulated the miR-142-3p expression in patients with Lung adenocarcinoma, and
the expression of miR-142-3p was inversely correlated with AHI and ODI as a surrogate of OSA severity. Furthermore,
low miR-142-3p expression level was significantly associated with the advanced TNM stage. The findings bring us to the
attention that miR-142-3p may be an OSA severity indicator to predict the prognosis of lung cancer patients, implying
that miR-142-3p is a potential hypoxia therapeutic target.
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