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Expression of miR-92a is associated with the
prognosis in non-small cell lung cancer
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Abstract

With the development of molecular biology technology, the discovery of microRNAs (miBRNAs) has provided new ideas forb
diagnosis, treatment, and prognosis of lung cancer and laid a foundation for the study of this malignancy. To assess the potential
prognostic value of miR-92a as a new biomarker in non-small cell lung cancer (NSCLC) via clinical evaluation, a total of 100
patients with NSCLC admitted to the Respiratory and Intensive Care Department of Suining Central Hospital in Sichuan Province
between August 2007 and April 2020 were retrospectively analyzed. The correlation between miR-92a expression and prognosis
of patients with NSCLC was also evaluated in the present study. The expression level of miR-92a was measured by PT-PCR
and in situ hybridization. Chi-square test was adopted to explore the relationship of miR-92a expression and clinical features.
Kaplan—Meier survival curves were plotted to delineate the overall survival rate of patients with NSCLC. Cox regression analysis
was performed to evaluate the prognostic significance of miR-92a expression in NSCLC. The miR-92a expression in NSCLC
tissue samples was significantly higher than that in normal lung tissues (P < .001) and significantly correlated with the Eastern
Cooperative Oncology Group score, histological type, and distant metastasis (P < .05). Survival curve revealed that patients
with NSCLC and high miR-92a expression had relatively higher mortality than those with low PAK4 expression (P = .001). Cox
regression analysis explained that miR-92a expression was associated with the prognosis of patients with NSCLC (HR = 1.8,
95% Cl: 1.0-3.2, P =.036). In summary, miR-92a was highly expressed in NSCLC tissues and could act as a prognostic factor
for patients with NSCLC. These results illustrate that miR-92a expression plays an important role in the invasion and metastasis

aminotransferase, TNM = tumor node metastasis.

of NSCLC, and miR-92a can be used as a new biomarker to determine the prognosis of this cancer.
Abbreviations: MiRNAs = microRNAs, NSCLC = non-small cell lung cancer, RECK = Kazal motifs, TAT3 = tyrosine
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1. Introduction

The diagnosis and treatment of lung cancer have been updated
and continuously improved. However, the mortality rate of
this disease remains high because of the lack of specific clini-
cal symptoms and signs during the early stages of lung cancer.
Thus, patients are more likely to ignore it, resulting in a missed
optimal treatment period.!!! Some studies have shown that the
S-year survival rate of patients with early stage lung cancer
after surgery is more than 70%, whereas that of patients with
middle-advanced stage lung cancer is only approximately 20%.
Therefore, the 5-year survival rate of patients with lung cancer
is closely associated with early diagnosis and treatment.?3!
With the development of molecular biology technology, the
discovery of microRNAs (miRNAs) has provided new ideas for
the diagnosis, treatment, and prognosis of lung cancer and laid
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a foundation for the study of this malignancy. Clinical studies
have found that compared with normal lung tissue, the expres-
sion levels of miR-21 in lung squamous cell carcinoma tissue,
atypical hyperplasia tissue, and metastatic cancer tissue are
increased by 9.1, 4.5, and 11.8 times, respectively, suggesting
that miR-21 is closely related to lung squamous cell carcinoma.
The occurrence and progression of cancer are closely related.!!
Introducing exogenous miR-21 analogs into lung cancer H2170
cells to upregulate the expression of miR-21 in cells can lead to
significantly higher cell proliferation ability in those with high
miR-21 expression than those with low expression. miR-21 can
promote the proliferation of cancer cells by inhibiting apop-
tosis and exert the function of oncogenes.”! miR-150 is highly
expressed in non-small cell lung cancer (NSCLC) and is closely
related to clinicopathological features, such as tumor node
metastasis (TNM) stage, lymph node metastasis, and distant
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metastasis./’! Kaplan—-Meier analysis showed that the 5-year
overall survival rate of patients in the high expression group of
miR-150 was 40.8%, whereas that in the low expression group
was 69.2%, suggesting that high expression of miR-150 is asso-
ciated with poor prognosis of patients.[”! Recent studies have
found that miR-92a promotes the proliferation, invasion, and
migration of cervical cancer cells by directly targeting phospho-
inositide 3 kinase regulatory subunit 1.8 Downregulated miR-
18a and miR-92a inhibit the growth of NSCLC by targeting
Sprouty 4.°! Current studies have found that miR-92a can be
used as a marker for the diagnosis of colon cancer and is an
important indicator for prognosis.'” However, whether miR-
92a can be used as an important indicator for assessing the
prognosis of NSCLC remains unknown. Therefore, the purpose
of this study was to evaluate whether miR-92a can be used as a
prognostic indicator for NSCLC.

2. Materials and Methods

2.1. Patients and tissue specimens

This study was approved by the Ethics Committee of Suining
Central Hospital in Sichuan Province. All NSCLC tissue samples
were collected on the premise that the patients signed informed
consent forms.

Wax blocks of 100 surgically resected specimens were col-
lected from patients with confirmed NSCLC in the Department
of Respiratory and Critical Care Medicine, Suining Central
Hospital between August 2007 and April 2018. The patient
screening steps are shown in Figure 1. The patients included 78
men and 22 women aged 39-77 years (median, 61 years). Based
on the 2002 version of the Union for International Cancer
Control (UICC) standard, there were 38 stage I cases, 37 stage
II cases, and 25 stage III cases. The samples included 57 cases of
lymph node metastasis, 54 of squamous cell carcinoma, 46 of
adenocarcinoma, 6 of highly differentiated cancer, 57 of mod-
erately differentiated cancer, and 37 of poorly differentiated
cancer. Thirty paracancerous normal lung tissue wax blocks
were used as the control group. The inclusion criteria were as
follows: patients who had not received any form of chemother-
apy, radiotherapy, or targeted drug therapy; tissue specimens
were obtained by puncture biopsy in all cases; paraffin-embed-
ded sections of the specimens were excised during surgery; the
pathological diagnosis was NSCLC; the patient had complete
clinical data; and the acquisition and processing of specimens
complied with the ethical norms and operating procedures of
clinical trials. Patients with a clinical pathological staging of 0
or precancerous lesions were excluded from the study.

2.2. Experimental reagent

Quantitative real-time PCR (qPCR) kits were purchased from
Thermo Fisher Scientific (USA). TRIzol reagents and RNA
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extraction kits were purchased from Beijing Solarbio Science
and Technology Co., Ltd. (Beijing, China). miR-92a and U6
primers were synthesized by Shanghai Shenggong Biological
Engineering Co., Ltd. (Shanghai, China).

2.3. Determination of miR-92a

Total RNA from the cell culture was extracted using the mirVana
miRNA isolationkit,accordingto the manufacturer’sinstructions.
Revert Ace kits (TOYOBO, Osaka, Japan) were used to reverse
transcribe the RNA samples into cDNA using different reverse
transcribed primers. The primer sequences were as follows: U6,
upstream 5-GCTTCGGCAGCACATATACTAAAAT-3, down-
stream  5-CGCTTCACGAATTTGCGTGTCAT-3; miR-92a,
upstream 5-AGCTCTACGACTGTCACTCG-3, downstream
5-GTATGCATTCTATCGTAG-3". The reaction conditions were
as follows: 95°C for 10 minutes, 45 cycles of denaturation at
95°C for 10 seconds, and annealing and extension at 60°C for
60 seconds. The melting curve was determined. After the test
was completed, the Ct value of each sample was automatically
analyzed using a computer system, and 2-2*¢ was used to cal-
culate the relative expression of miRNA. The experiment was
repeated three times.

2.4. In situ hybridization

The tissues were stored overnight at 65°C. The tissue was
dewaxed by adding xylene twice for 10 minutes each.
The tissue was rehydrated and treated with 30% acidic
sodium sulfite at 50°C for 20 to 30 minutes. The nucleic
acid hybridization rinse solution was used to rinse the tis-
sue twice for 5 minutes each time. The samples were enzy-
matically digested and dehydrated. The sample was then
immersed in acetone for 2 minutes, dried, placed on a glass
slide, and covered at 56°C for 3 minutes, after which it was
immersed in a denaturing solution at 73°C for 5 minutes.
The following operations were performed under protection
from light. The sample was subjected to gradient alcohol
dehydration at -20°C, preheated at 45°C to 50°C for 2 to
5 minutes, and hybridized overnight with a probe at 42°C.
The glass slide was washed with formamide and dried, and
DAPI was added to the slide for double staining. The sam-
ples were observed under a fluorescence microscope after
20 to 30 minutes. The positive signal for miR-92a was
determined by blue staining of the cytoplasm and red stain-
ing of the nucleus.

2.5. Clinical follow-up

The 100 enrolled patients were numbered based on their
admission orders and hospital numbers to protect their pri-
vacy to the greatest extent. The patient’s personal phone

A Non-small cell carcinoma tissue

B  Tissues adjacent non-small cell carcinoma

Figure 1. Comparison of the results from in situ hybridization staining between NSCLC tissues (A) and the tissues adjacent to the cancer tissues (B). The
expression of miR-92a in the NSCLC tissues and the tissues adjacent to cancer. The positive signal of miR-92a is shown by the blue staining of the cytoplasm

and red staining of the nucleus. NSCLC = non-small cell lung cancer.
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number, email address, and other contact information were
recorded by the HIS system based on the data registered when
the patient was admitted to the hospital. When the patient
was discharged from the hospital, the patient or the patient’s
family was instructed to follow up at the outpatient clinic of
our hospital at 1, 2, 3, and 6 months after discharge. After
1 to 3 years, the patient visited the hospital for follow-up
every 6 months. After 3 years, the patient visited our hospi-
tal for follow-up every year. During follow-up, the patient’s
current survival status was evaluated, including complications
and secondary conditions if and when recurrence occurred.
Detailed information was also recorded. The patient’s last fol-
low-up was in January 2021. If the enrolled patient died or
was lost to follow-up before October 2020, the overall sur-
vival time or disease-free survival (DFS) time was recorded as
the time of death or loss to follow-up. The lost follow-up data
were deleted during data analysis to control for confounding
factors. In this study, none of the 100 patients with NSCLC
was lost to follow-up.

2.6. Statistical analysis

SPSS19.0 was used to test the normality of the measurement
data in the experiment. When the data conformed to a nor-
mal distribution, an independent-sample #-test was used. The
Mann—Whitney test was performed with a = 0.05 as the test
level. The results are expressed as median (interquartile range).
To determine the diagnostic efficacy of lung cancer tissue miR-
NAs for NSCLC, the receiver operating characteristic (ROC)
curve was used to analyze the samples. The Kaplan-Meier
method was used to evaluate the survival of patients with lung
cancer. Univariate and multivariate Cox proportional haz-
ards models were used to analyze the importance of survival
variables. The independent variables included in multivariate
Cox analysis were statistically significant in univariate Cox
analysis.

www.md-journal.com

3. Results
3.1. Expression of miR-92a in the NSCLC tissues

The results of in situ hybridization staining showed that the
expression of miR-92a in the patient’s NSCLC tissues was sig-
nificantly higher than that in the adjacent tissues (Fig. 1).

3.2. Expression and clinical significance of miR-92a in the
NSCLC tissues

The expression of miR-92a in NSCLC tissues was higher than
that in adjacent lung tissues. The expression was also related
to clinical parameters, such as vascular invasion, TNM staging,
and lymph node metastasis (Table 1).

3.3. Effect of the expression of miR-92a on the prognosis
of patients with NSCLC

The area under the ROC curve (AUC =0.669, P <.001) sug-
gested that high miR-92a expression was correlated with NSCLC
(Fig. 2A). Kaplan—Meier survival analysis was performed to
explore the prognostic value of miR-92a in patients with NSCLC.
The results showed that the overall survival (OS) of patients
with high miR-92a expression was significantly higher than that
of patients with low miR-92a expression (> = 8.364, P =.003;
Fig. 2B). However, there was no statistically significant difference
in DFS between the two groups (y*>=0.831, P =.367; Fig. 2C).
The abnormally high expression of miR-92a may have had an
effect on the prognosis of patients with NSCLC (Fig. 2B and C).

3.4. Effect of the expression of miR-92a on the survival of
patients with NSCLC

Univariate Cox analysis showed that lymph node metastasis
(P <.0001), distant metastasis (P =.0435), tumor differentiation

Relationship between the expression of miR-92a in NSCLC tissues and clinical pathological parameters. The expression of miR-92a
in the NSCLC tissues and tissues adjacent to the cancer tissues of the patients was measured by RT-PCR. The expression of miR-

92a was expressed as mean = standard deviation.

Clinicopathological parameters n Expression of miR-92a Tvalue P
Age (yr)

<60 34 1.78 £ 0.59
>60 66 1.82 +0.74 0.682 >.05
Gender

Male 78 1.89 = 0.71

Female 22 1.81+0.67 0.584 >.05
Organization type

Squamous cell carcinoma 53 219+ 0.84

Adenocarcinoma 47 1.97 + 0.51 0.869 >.05
Clinical staging

Stage | 34 1.09 + 0.32

Stage Il 38 1.39 + 0.44 2.537 >.05

Stage Ill 28 2.69 +0.27 2.736 <.05
Lymph node metastasis

No 42 0.79+£0.26

Yes 58 1.91 044 2.865 <.05
Differentiation

Highly and moderately differentiated 62 1.07 = 0.45

Poorly differentiated 38 213 +0.92 3.278 <.05
Tumor size

>3 cm 54 2.24 +0.53

<3cm 46 1.98 +0.37 1.024 >.05
Organization source

Lung cancer tissues 100 1.84 +0.76

Normal lung tissue adjacent to cancer 30 0.45+0.18 2973 <.05

NSCLC = non-small cell lung cancer, RT-PCR = real-time PCR.
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Figure 2. Changes in miR-92a in the lung tissues of patients with NSCLC and their effect on prognosis. The receiver operator characteristic (ROC) curve and
Kaplan-Meier survival analysis were performed on the patients with NSCLC. (A) ROC curve. (B) Effect of miR-92a on the overall survival rate of patients with
NSCLC. (C) Effect of miR-92a on the disease-free survival rate of patients with NSCLC. NSCLC = non-small cell lung cancer.

(P=.0472), TNM staging (P =.009), and miR-92a expression
(P =.003) were significantly associated with the OS rate of patients
with NSCLC (Table 2). Further study suggested an inherent connec-
tion between miR-92a and poor prognosis of patients with NSCLC.

Statistically significant variables in univariate Cox analysis
were included in multivariate Cox regression analysis, and the
results showed that lymph node metastasis (HR = 4.5, 95%CI:
2.1-7.7, P < .0001) and miR-92a (HR = 1.8, 95% CI: 1.0-3.2,
P =.036) were independent predictors of OS in patients with
NSCLC (Table 3).

4. Discussion

miRNAs are involved in biological processes such as cell divi-
sion, proliferation, differentiation, apoptosis, development,

metastasis, angiogenesis, and immune responses.!'"!?! In the pro-
cess of tumor occurrence and development, miRNA not only
plays an important role in promoting the tumor gene but also
the tumor suppressor gene.!'’ Relevant studies have found a
close relationship between the expression profile of miRNA and
the embryonic origin of tumors, and the expression of miRNA
is usually expressed in a tissue-specific manner.l'¥J) miRNAs are
highly conserved, tissue-specific, time-sequential, and stable;
their changes in organisms occur earlier than the appearance of
protein markers.!'*!

Studies have shown that the abnormal expression of miR-92a
is closely related to the occurrence and development of tumors,
and it plays an important role in the proliferation, apoptosis,
invasion, and migration of various types of tumor cells.!'!*l
Recent studies have shown that the expression of miR-92a is

Correlation between miR-92a and clinical characteristics of patients with non-small cell lung cancer. According to the expression
level of miR-92a in tumor tissues. We divided 100 patients with non-small cell lung cancer into miR-92a high expression group

(n = 50) and miR-92a low expression group (n = 50). The clinicopathological parameters of 100 patients with non-small cell lung
cancer were measured. The clinicopathological parameters was expressed as a percentage.

Expression of miR-92a

Clinicopathological parameters N High expression (n = 50) Low expression (n = 50) x2 P

Age (yr)
<60 34 16 (32%) 18 (36%) 0.000 1.000
>60 66 34 (68%) 32 (64%)

Gender
Male 54 28 (56%) 26 (52%) 0.482 628
Female 46 22 (44%) 24 (48%)

Local invasion
T1/12 49 12 (24%) 37 (74%) 5.182 .039
T3/T4 51 38 (76%) 13 (26%)

Organization type
Squamous cell carcinoma 47 23 (46%) 24 (48%) 0.237 769
Adenocarcinoma 53 27 (54%) 26 (52%)

Tumor size
>3 cm 51 26 (52%) 25 (50%) 0.254 712
<3cm 49 24 (48%) 25 (50%)

Lymph node metastasis
No 51 16 (32%) 35 (70%) 4.892 042
Yes 49 34 (68%) 15 (30%)

Distant metastasis
MO 39 21 (42%) 31 (62%) 2.2815 084
M1 71 29 (58%) 19 (38%)

Clinical staging
Stage I/l 32 13 (26%) 32 (64%) 6.748 028
Stage I/ 68 37 (74%) 18 (36%)
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Univariate and multivariate Cox analyses of the overall survival of patients with NSCLC. Cox analysis was performed on the effect of
single factors, such as age, gender, and tissue type, on the survival rate of the patients with NSCLC. Statistically significant variables,
namely, clinical staging, lymph node metastasis, degree of differentiation, and miR-92a expression, in the univariate Cox analysis

were included in the multivariate Cox regression analysis.

Variable

Univariate Cox analysis HR (95% CI)

Pvalue Multivariate Cox analysis HR (95% CI) Pvalue

Age (yn)
<60 1.3(0.74-2.6)
>60

Gender
Male 1.4 (0.87-2.48)
Female

Smoking history
Yes 0.97 (0.59-1.68)
No

Organization type
Squamous cell carcinoma
Adenocarcinoma

Clinical staging
I 2.2(1.2-2.91)
v

Lymph node metastasis
No 4.5 (2.4-8.5)
Yes

Distant metastasis
No 2.2 (1.0-4.6)
Yes

Differentiation
Highly and moderately differentiated
Poorly differentiated

Tumor size
>3 cm
<3cm

Expression of miR—92a
High expression
Low expression

1.1(0.72-1.83)

2.5 (1.5-4.8)

1.7 (0.87-2.39)

2.4 (1.2-4.3)

682 - -

213 - -

.758 - -

327 - -

.009 0.96 (0.53-2.7) .869

<.001

4.0 (2.1-7.7)

<.001

0435 1.3 (0.61-2.5) 792

0472 1.6 (0.87-2.7) 316

219 - -

.003 1.8(1.0-3.2) .036

NSCLC = non-small cell lung cancer.

upregulated in colon cancer, gastric cancer, and other tumors,
which is related to tumor progression and angiogenesis.!'*!8!
Zhou et al" reported that the expression of miR-92a is upreg-
ulated in cervical cancer, and it can promote cancer cell prolif-
eration and invasion by targeting F-box with 7 tandem WD40.
Zhang et al®” reported that miR-92a induces colorectal cancer
epithelial cell-mesenchymal transition to regulate cell prolifer-
ation, migration, and invasion by inhibiting phosphatase and
tensin homolog expression. Ren et al?!l showed that the upreg-
ulation of the expression of miR-92a in NSCLC can promote
cancer cell proliferation, migration, and invasion; reduce cell
apoptosis; and enhance chemotherapy resistance. The expres-
sion of miR-92a is inhibited, which showed the opposite effect.
They confirmed that phosphatase and tensin homolog is a direct
target of miR-92a. Studies have shown that the upregulated
expression of miR-92a in colorectal cancer can promote tumor
angiogenesis.!!”!

Studies have shown that the abnormal expression of miR-
NAs is related to the occurrence and development of tumors,
and its expression profile has obvious prognostic significance.
In addition, miR-92a can inhibit the occurrence and develop-
ment of hepatocellular carcinoma, gastric cancer, colorectal
cancer, and other cancers.!?’! The characteristics of miRNAs
as promoting genes for lung cancer tumors have been primar-
ily studied in miR-17-92 clusters. These clusters also play an
important role in the promotion of other tumors.!'2%2¢ miR-
92a, a member of the miR-17-92 family, affects the migration
of lung cancer cells via the TAT3—miR-92a—RECK axis."”!
Some studies have also shown that high expression of miR-
92a in serum is closely related to lymph node metastasis.”?®!
Studies on NSCLC have shown that high miR-92a expression

is related to NSCLC chemotherapy sensitivity and poor prog-
nosis.?!! Among the known miRNAs, miR-92a is one of the
most attractive, and different institutions have shown that
miR-92a has potential prognostic significance in patients with
cancer.”® However, the results of different studies have been
inconsistent. In this work, the overall risk of miR-92a in tumor
prognosis was evaluated through clinical studies, thereby
laying the foundation for subsequent studies and prognostic
assessments of NSCLC. In our clinical studies, a comparison
of the relative expression level of miR-92a in lung cancer tis-
sues and normal tissues adjacent to the cancer tissues showed
that the relative expression level of miR-92a in the lung cancer
tissues was 1.84 = 0.76, whereas the relative expression level
in the adjacent normal tissues was 0.45 = 0.18. The relative
expression level of miR-92a in the lung cancer tissues was
significantly higher than that in the adjacent normal tissues,
and the difference was statistically significant (P < .05). The
relative expression of miR-92a in the lung cancer tissues of
patients with NSCLC was not related to their clinicopatho-
logical type (P > .05). In this study, the expression of miR-92a
in patients with positive lymph nodes, poor tumor differen-
tiation, and late clinical staging significantly increased. This
result indicated that the invasion and metastatic potential of
lung cancer were closely related to the high expression of miR-
92a. Analysis of the ROC curve showed that the AUC of miR-
92a was 0.613, sensitivity was 50%, and specificity was 68 %
(P =.083). Kaplan—Meier analysis showed that the median
survival time of patients with NSCLC in the high miR-92a
expression group was 15 months, whereas that in the low miR-
92a expression group was 24 months. The difference between
the two groups was statistically significant (P < .05).
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Studies have shown that miR-92a and lymph node metastasis
are independent risk factors for OS in patients with NSCLC.
In this study, univariate Cox analysis of patients with NSCLC
showed that lymph node metastasis (P <.0001), distant metas-
tasis (P =.0435), tumor differentiation (P =.0472), TNM
staging (P = .009), and miR-92a expression (P = .003) were sig-
nificantly associated with the OS rate of patients with NSCLC.
Statistically significant variables in univariate Cox regression
analysis were included in multivariate Cox regression analysis.
The results showed that lymph node metastasis (HR = 4.5,95%
CL: 2.1-7.7, P<.0001) and miR-92a expression (HR = 1.8,
95% CI: 1.0-3.2, P = .036) were independent predictors of OS
in patients with NSCLC.

In summary, high expression of miR-92a is closely related to
the poor prognosis of patients with NSCLC. Therefore, miR-92a
could be used as a biomarker to assess the prognosis of these
patients. In future studies, large sample sizes and high-quality
studies are needed for further confirmation.

Author contributions

Y-FH, ML, H-BX, and RH contributed to data acquisition and

analysis. Y-FH and M-WL contributed to data interpretation.

H-BX and RH made contributions to the conception and design
of the study and drafted the manuscript.

H-BX and RH made contributions to the design of the study
and drafted the manuscript.

Y-FH, M-WL, and H-BX prepared Figures 1-3. Y-FH, M-WL,
H-BX, and RH confirmed the authenticity of all raw data.

All the authors have read and approved the final manuscript.

Conceptualization: Yu-Fang Huang, Ming-Wei Liu, Rong He.

Data curation: Ming-Wei Liu, Han-Biao Xia.

Formal analysis: Ming-Wei Liu.

Funding acquisition: Han-Biao Xia, Rong He.

Investigation: Ming-Wei Liu, Han-Biao Xia.

Methodology: Ming-Wei Liu.

Project administration: Yu-Fang Huang.

Resources: Han-Biao Xia.

Software: Yu-Fang Huang, Han-Biao Xia, Rong He.

Validation: Yu-Fang Huang, Han-Biao Xia, Rong He.

Visualization: Han-Biao Xia, Rong He.

Writing — original draft: Ming-Wei Liu.

Writing — review & editing: Rong He.

References

[1] Nooreldeen R, Bach H. Current and future development in lung cancer
diagnosis. Int ] Mol Sci. 2021;22:8661.

[2] Jonna S, Subramaniam DS. Molecular diagnostics and targeted ther-

apies in non-small cell lung cancer (NSCLC): an update. Discov Med.

2019;27:167-70.

Ruppert AM, Amrioui F, Fallet V. Risk factors and prevention of lung

cancer. Rev Prat. 2020;70:852-6.

[4] Zheng W, Zhao ], Tao Y, et al. MicroRNA-21: a promising biomarker
for the prognosis and diagnosis of non-small cell lung cancer. Oncol
Lett. 2018;16:2777-82.

[5] Guo Q, Zhang H, Zhang L, et al. MicroRNA-21 regulates non-small
cell lung cancer cell proliferation by affecting cell apoptosis via COX-
19. Int J Clin Exp Med. 2015;8:8835-41.

[3

Medicine

[6] Dai FQ, Li CR, Fan XQ, et al. miR-150-5p inhibits non-small-cell lung
cancer metastasis and recurrence by targeting HMGA2 and B-Catenin
signaling. Mol Ther Nucleic Acids. 2019;16:675-85.

Dinh TK, Fendler W, Chatubifiska-Fendler J, et al. Circulating miR-29a

and miR-150 correlate with delivered dose during thoracic radiation

therapy for non-small cell lung cancer. Radiat Oncol. 2016;11:61.

[8] Wang Y, Chen A, Zheng C, et al. miR-92a promotes cervical cancer cell

proliferation, invasion, and migration by directly targeting PIK3R1. ]

Clin Lab Anal. 2021;35:¢23893.

Zhang X, Wang X, Chai B, et al. Downregulated miR-18a and miR-92a

synergistically suppress non-small cell lung cancer via targeting Sprouty

4. Bioengineered. 2022;13:11281-95.

[10] Wu X, Cui X, Yue C. Expression of miR-92a in colon cancer tissues
and its correlation with clinicopathologic features and prognosis. Am ]
Transl Res. 2021;13:9627-32.

[11] Miller S, Janke F, Dietz S. Circulating MicroRNAs as potential bio-
markers for lung cancer. Recent Results Cancer Res. 2020;215:299-318.

[12] Dutta RK, Chinnapaiyan S, Unwalla H. Aberrant MicroRNAomics
in pulmonary complications: implications in lung health and diseases.
Mol Ther Nucleic Acids. 2019;18:413-31.

[13] Yin S, Yang M, Li X, et al. Peripheral blood circulating
microRNA-4636/-143 for the prognosis of cervical cancer. J Cell
Biochem. 2020;121:596-608.

[14] Mori MA, Ludwig RG, Garcia-Martin R. Extracellular miRNAs:
from biomarkers to mediators of physiology and disease. Cell Metab.
2019;30:656-73.

[15] Chen X, Rosbash M. MicroRNA-92a is a circadian modulator of neu-
ronal excitability in drosophila. Nat Commun. 2017;8:14707.

[16] Lv XB, Zhang X, Deng L, et al. MiR-92a mediates AZD6244 induced
apoptosis and G1-phase arrest of lymphoma cells by targeting bim. Cell
Biol Int. 2014;38:435-43.

[17] Cun ], Yang Q. Bioinformatics-based interaction analysis of miR-
92a-3p and key genes in tamoxifen-resistant breast cancer cells. Biomed
Pharmacother. 2018;107:117-28.

[18] Soeda N, linuma H, Suzuki Y, et al. Plasma exosome-encapsulated
microRNA-21 and microRNA-92a are promising biomarkers for the
prediction of peritoneal recurrence in patients with gastric cancer.
Oncol Lett. 2019:4467-80XXX.

[19] Zhou C, Shen L, Mao L. miR-92a is upregulated in cervical cancer and
promotes cell proliferation and invasion by targeting FBXW?7. Biochem
Biophys Res Commun. 2015;458:63-9.

[20] Zhang G, Zhou H, Xiao H. MicroRNA-92a functions as an oncogene
in colorectal cancer by targeting PTEN. Dig Dis Sci. 2014;59:98-107.

[21] Ren P, Gong F, Zhang Y. MicroRNA-92a promotes growth, metastasis,
and chemoresistance in non-small cell lung cancer cells by targeting
PTEN. Tumour Biol. 2016;37:3215-25.

[22] Cristobal I, Torrejon B, Madoz-Gurpide ], et al. Deregulation of miR-
92a in locally advanced rectal cancer. Genes Chromosomes Cancer.
2016;55:612.

[23] Jiang M, Li X, Quan X. MiR-92a family: a novel diagnostic biomarker
and potential therapeutic target in human cancers. Front Mol Biosci.
2019;6:98.

[24] Benoni H, Eloranta S, Ekbom A. Survival among solid organ transplant
recipients diagnosed with cancer compared to nontransplanted cancer
patients — a nationwide study. Int J Cancer. 2020;146:682-91.

[25] Zhang X, Li Y, Qi P. Biology of MiR-17-92 cluster and its progress in
lung cancer. Int ] Med Sci. 2018;15:1443-8.

[26] Papageorgiou SG, Diamantopoulos MA, Kontos CK, et al. MicroRNA-
92a-3p overexpression in peripheral blood mononuclear cells is an
independent predictor of prolonged overall survival of patients with
chronic lymphocytic leukemia. Leuk Lymphoma. 2019;60:658-67.

[27] Fu E Jiang W, Zhou L. Circulating exosomal miR-17-5p and miR-
92a-3p predict pathologic stage and grade of colorectal cancer. Transl
Oncol. 2018;11:221-32.

[7

[9



