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Abstract: Objective: This research aimed at probing into miR-93-5p and miR-18a’s diagnostic and prognostic val-
ues in non-small cell lung cancer (NSCLC) patients. Methods: A total of 107 patients diagnosed with NSCLC in the 
Department of Oncology and Thoracic Surgery of our hospital from January 2015 to June 2016 were regarded as 
the research group (RG), and 42 healthy people were considered as the control group (CG). Serum samples were 
collected and miR-93-5p, miR-18a expression was detected via qPCR. The relationship between miR-93-5p, miR-
18a and clinicopathological characteristics of NSCLC patients was assessed, and the diagnostic value of the two 
miRNAs was analyzed by ROC curve. Results: miR-93-5p and miR-18a were up-regulated in NSCLC. The higher the 
degree of tumor differentiation, the higher the TNM stage and the expression of the two miRNAs were. The high 
expression was tied to tumor differentiation degree, TNM stage, lymph node metastasis and lymph-vascular space 
invasion (LVSI). The survival rate of miR-93-5p and miR-18a high expression patients was worse than that of those 
with low expression. The AUC value of both of the mRNAs in NSCLC diagnosis was high (0.8905). Conclusion: The 
expression of miR-93-5p and miR-18a is associated with NSCLC severity and prognosis, and both can be used as 
potential markers for diagnosis.
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Introduction

Worldwide, lung cancer (LC) is one of the main 
reasons for cancer-related deaths. The morbid-
ity of LC has increased dramatically. It ranks 
first among all kinds of tumors in males, and 
those in females have also increased. Com- 
pared with other tumors like breast cancer (BC) 
or prostate cancer (PC), LC has a higher mortal-
ity [1]. At present, LC is mainly divided into two 
subtypes: small cell lung cancer (SCLC) and 
non-small cell lung cancer (NSCLC). NSCLC is 
the most common LC type, accounting for 85% 
of all LC [2]. It is a multi-factorial malignancy, 
which has many risk factors (smoking history, 
asbestos exposure and malnutrition) that all 
aggravate morbidity [3]. NSCLC patients have 
many treatment options, such as surgery, che-
motherapy or radiotherapy [4]. Because NSCLC 
is often diagnosed late, it has drug resistance 
to cytotoxicity and lacks feasible and reliable 
early biomarkers, and the overall 5-year surviv-

al rate is still very low [5]. Hence, identifying 
new diagnostic biomarkers or therapeutic tar-
gets is vital to control tumor development.

microRNAs (miRNAs) are a kind of endoge- 
nous non-coding RNA involved in many physio-
logical and pathological processes [6]. Becau- 
se miRNA can provide gene diagnosis and 
treatment of LC and other tumors as a new 
potential target, it has been a research hotspot 
recently as a new generation of molecular tar-
geted markers and therapy for tumors. Many 
studies have confirmed that there are marked 
differences in miRNA expression between LC 
and adjacent normal tissues. Twenty-seven dif-
ferent kinds of miRNA expressed in LC tissues 
were down-regulated by 2 fold compared with 
those in adjacent normal tissues [7]. The miR-
205 expression in LC tissues of NSCLC pati- 
ents also increased, and the level in LC tissues 
and serum of NSCLC and SCLC patients is 
increased compared with normal lung tissues 
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and serum [8]. Recent research has shown that 
abnormal expression of miR-150 in NSCLC pro-
motes tumor cell development [9].

miR-93-5p pertains to a miR-106b-25 gene 
cluster and it is a collateral that is homologous 
to the miR-17-92 proto-oncogene cluster [10]. 
However, miR-18a belongs to the miR-17-92 
family [11]. The former is confirmed to have dif-
ferential regulation in many cancers, such as 
liver cancer [12], lung adenocarcinoma [13],  
BC [14], head cancer and neck squamous cell 
carcinoma [15]. Normally, miR-18a expression 
changes in many physiological and patholo- 
gical processes, during cell proliferation, apop-
tosis, epithelial-mesenchymal transition (EMT), 
tumorigenesis, tumor invasion and metastasis, 
etc. [16]. To explore the expression of both  
miRNAs in NSCLC patients and their diag- 
nostic and prognostic values, this research 
detected the expression in serum of patients, 
tracked their survival within 3 years, and dis-
cussed the application of the two miRNAs in 
predicting NSCLC.

Data and methods

Research subjects

From January 2015 to June 2016, 107 NSCLC 
patients diagnosed in the Department of 
Oncology and Thoracic Surgery of Affiliated 
Tumor Hospital of Nantong University were 
selected and disease was confirmed by clini- 
cal manifestation, laboratory examination and 
pathology/cytology; including 59 males and 48 
females. They were (60.3±12.7) years old on 
average. Among them, 45 cases were poorly 
differentiated, 32 were moderately differenti-
ated, and 30 were highly differentiated. As to 
TNM stage, there were 33 cases in stage I, 49 
in stage II, and 25 in stage III. In addition, 42 
healthy patients in the same time period were 
enrolled into control group, including 24 males 
and 18 females. They were (61.5±11.8) years 
old on average. There was no marked differ-
ence in age, gender and other general data 

form. Patients were followed up for 3 years by 
telephone contact or door-to-door visit, and 
their physical condition and life and death  
after treatment were recorded. The survival 
time was calculated on a monthly basis. Se- 
rum samples were voluntarily provided by all 
patients to analyze the miR-93-5p and miR- 
18a mRNA expression. 

qPCR

All patients and healthy people had blood 
drawn on an empty stomach in the morning. 
Then, it was put in a 10 mL sterile blood collec-
tion vessel, let stand for 30 min at room tem-
perature. Afterwards, it was centrifuged for 10 
min at 4500 r/min. The serum was separated, 
and miR-93-5p and miR-18a mRNA’s concen-
tration and purity were determined. Total RNA 
was assessed by TRIzol reagent (Invitrogen, 
USA) under aseptic and RNase-free conditions 
according to the instructions. Whether the total 
RNA was degraded was identified by agarose 
gel electrophoresis, and the concentration and 
purity were detected by Nano Drop (Thermo 
Scientific). The primers for miR-93-5p and miR-
18a were designed and synthesized by Shang- 
hai Sangon Biotechnology Co., Ltd. (Table 1). 
PrimeScript miRNA cDNA synthesis kit (Takara, 
Japan) reversed cDNA, and ABI 7500 fluores-
cence quantitative PCR instrument (Applie Bio- 
systems, USA) was used for qPCR amplifica-
tion. PCR parameters were as follows: pre-
denaturation at 95°C for 5 min, denaturation  
at 95°C for 15 s, annealing at 65°C for 15 s, 
extension at 72°C for 32 s, amplification for 40 
cycles. U6 was regarded as the internal refer-
ence, and 2-Ct method was used for standard- 
ization. 

Statistical analysis

The above index data were input into SPSS 
21.0 for statistical analysis and GraphPad 
Prism 8.0 for illustrations. The measurement 

Table 1. Primer sequence
Upstream primer 5’-3’ Downstream primer 5’-3’

miR-93-5p ACACTCCAGCTGGGTCCT
GTACTGACGTGCCC

CTCAACTGGTGTCGTGGA

miR-18a GGTAAGGTGCATCTAGTG GACTGTTCCTCTCTTCCTC
U6 GCTTCGGCAGCACATATACTAAAAT CGCTTCACGAATTTGCGTGTCAT

between both groups, which 
were comparable. All pati- 
ents and healthy people 
were informed of this study. 
This research was approved 
by the Hospital Ethics Com- 
mittees, and all subjects 
signed the informed consent 
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data were expressed by Mean ± SD, and the 
data comparison methods between groups 
were independent-samples T test, Log rank  
test and one-way analysis of variance, and post 
hoc pairwise comparison adopted LSD-t test. 
The counting data were expressed by n and 
compared via χ2 test. Serum miR-93-5p and 
miR-18a’s diagnostic value in NSCLC patients 
was evaluated by receiver operating character-
istic (ROC) curve. The survival situation was 
analyzed by Kaplan-Meier algorithm.

Results

miR-93-5p, miR-18a expression in NSCLC 
patients 

In this paper, 107 NSCLC patients and 42 
healthy people were selected, and the miR-93-
5p and miR-18a expression in serum was test-
ed via qPCR. The expression of miR-93-5p and 
miR-18a in NSCLC patients was remarkably 
higher than that of normal persons. Further- 
more, the expression of the two was compar- 
ed in patients with different differentiation 

degrees and TNM stages; the higher the differ-
entiation degree, the higher the expression 
was. In TNM stage, levels of both miRNAs in 
stages I, II, III patients increased gradually, and 
the differences were statistically significant (P 
< 0.001) (Figure 1).

Relationship between miR-93-5p, miR-18a 
expression and patients’ pathological charac-
teristics

To clarify the clinical value of the miRNAs in 
NSCLC diagnosis and prognosis, this paper  
statistically analyzed the relationship between 
the two miRNAs and NSCLC patients’ clinico-
pathological features. In the light of miR-93- 
5p relative expression, the patients with a 
median above (2.29) were in the high expres-
sion group, and the rest were in the low ex- 
pression group. Similarly, the median relative 
expression of miR-18a (1.88) was classified.  
It showed that both miRNA’s high expression 
was related to tumor differentiation degree, 
TNM stage, lymph node metastasis and lymph-
vascular space invasion (LVSI) (Table 2).

Figure 1. Expression of miR-93-5p and miR-18a in NSCLC patients. A: miR-93-5p is up-regulated in NSCLC patients; 
B: miR-93-5p expression in different differentiation degrees; C: miR-93-5p expression in patients with different TNM 
stages; D: miR-18a was up-regulated in NSCLC patients; E: miR-18a expression in different differentiation degrees; 
F: miR-18a expression in patients with different TNM stages; *** means P < 0.001.
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Prognosis analysis of miR-93-5p and miR-18a 
on the prognosis of NSCLC patients

The 3-year follow-up showed that the 3-year 
survival rate of high miR-93-5p expression 
patients was clearly lower than that of those 
with low expression (log-rank: P=0.0442), and 
the rate of high miR-18a expression patients 

was also lower (log-rank: P=0.0282) (Figure  
2).

miR-93-5p and miR-18a’s diagnostic value in 
NSCLC

In order to confirm whether miR-93-5p or miR-
18a can be used as markers for NSCLC diag- 

Table 2. Relationship between miR-93-5p, miR-18a expression and pathological features of patients

n
miR-93-5p

X2 P
miR-18a

X2 P
High Low High Low

Gender 0.0022 0.9623 0.1905 0.6625
    Male 59 31 28 27 32
    Female 48 25 23 24 24
Age 0.0149 0.9029 0.0764 0.7822
    < 60 43 23 20 22 21
    ≥ 60 64 35 29 31 33
Maximal tumor diameter 0.0879 0.7668 0.5467 0.4597
    < 5 cm 63 39 24 34 29
    ≥ 5 cm 34 20 14 21 13
Differentiation degree 6.5062 0.0387 7.5802 0.0226
    Poorly differentiated 45 18 27 16 29
    Moderately differentiated 32 17 15 18 14
    Highly differentiated 30 21 9 20 10
TNM stage 6.5342 0.0381 6.3112 0.0426
    I 33 15 18 14 19
    II 49 33 16 32 17
    III 25 19 6 18 7
Lymph node metastasis 5.2581 0.0218 5.4521 0.0195
    Yes 21 17 4 15 6
    No 86 40 46 37 49
Lymph-vascular space invasion 5.1251 0.0236 5.3681 0.0205
    Yes 59 41 18 39 20
    No 48 23 25 21 27

Figure 2. Prognosis analysis of miR-93-5p and miR-18a on prognosis of NSCLC patients. A: 4-year survival analysis 
of patients with high and low expression of miR-93-5p; B: 4-year survival analysis of patients with high and low 
expression of miR-18a.
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nosis, the ROC curves of the two were con-
structed. A total of 107 NSCLC patients were 
diagnosed by miR-93-5p, miR-18a and miR- 
93-5p+miR-18a. miR-93-5p’s AUC value in 
diagnosing NSCLC was 0.7962, the value of 
miR-18a was 0.8144, and that of miR-93-
5p+miR-18a was 0.8905. The above results 
indicate that miR-93a+miR-18a has the best 
diagnostic value (Figure 3; Table 3).

Discussion

Similar to tumor cells, the expression profile of 
miRNA in blood will also undergo characteris- 
tic changes, and these specific miRNA expres-
sion profiles can constitute the “fingerprint” of 
diseases and become a new noninvasive diag-
nostic marker, which is helpful for disease pre-
diction, diagnosis and prognosis [17]. In tumor 
diseases, many miRNAs can be used as bio-
markers because of their unique expression. 
For example, miR-155 can be used as a poten-
tial biomarker for detecting LC [18]; tumor sup-
pressor gene miR-33a-5p/miR-128-3p in who- 
le blood can be used as a predictor of early LC 
[19].

In this paper, the miR-93-5p and miR-18a lev-
els in serum of NSCLC patients were measur- 
ed by qPCR, and the relationship between the 
levels and NSCLC patients’ clinicopathological 
features was analyzed. The results revealed 
that both were up-regulated in NSCLC. The 
higher the degree of tumor differentiation, the 

93-5p pertains to a miR-106b-25 gene cluster, 
and its chromosomes are located at 7q22, 
which can promote G1/S phase transition of 
tumor cell’s cell cycle and proliferation and 
inhibit apoptosis [20]. miR-93-5p can also 
inhibit PTEN and RB1 through 3’-UTR which 
directly binds PTEN and RB1 mRNA. PTEN is a 
crucial tumor suppressor gene, which can act 
as a regulator of PKB/AKT/IKK signal transduc-
tion in the translation process. RB1 is a key 
tumor suppressor gene, which functions in cell 
cycle regulation. Both participate in many bio-
logical processes, thus activating NSCLC pro- 
liferation and metastasis [21]. Clinically, the 
miR-18a expression is relevant to many patho-
logical features, and miR-18a up-regulation is 
negatively related to NSCLC efficacy; this may 
because it reduces the sensitivity of cells to 
radiation through activating the serine/threo-
nine-protein kinase 4 (STK4) pathway [22]. At 
the same time, it was also discovered that miR-
18a over-expression accelerated proliferation, 
migration and autophagy, and decreased apop-
tosis by inhibiting the expression of interferon 
regulatory factor 2 (IRF2) in LC [23]. In view of 
miR-93-5p and miR-18a’s molecular mecha-
nism in LC and their influence on NSCLC prog-
nosis, this paper holds that the high expres- 
sion of the two miRNAs in NSCLC may be the 
result of stress response in the human body to 
NSCLC injury, so the severity of NSCLC in pa- 
tients can be analyzed and their living condi-
tions can be predicted based on their levels. 

Table 3. Diagnostic value of miR-93-5p and miR-18a for 
NSCLC

AUC S.E 95% CI P
miR-93-5p 0.7926 0.035 0.7231-0.8621 < 0.0001
miR-18a 0.8144 0.034 0.7475-0.8813 < 0.0001
miR-93-5p+miR-18a 0.8905 0.028 0.8357-0.9454 < 0.0001

Figure 3. miR-93-5p and miR-18a for NSCLC diagnosis. A: Diagnostic value of miR-93-5p for NSCLC; B: Diagnostic 
value of miR-18a for NSCLC; C: Diagnostic value of miR-93-5p+miR-18a in NSCLC.

higher the TNM stage and the ex- 
pression of the two. The high expres-
sion was tied to pathological featur- 
es. The survival rate of high expres-
sion patients was lower than that of 
those with low expression, and the 
levels were relevant to NSCLC. Re- 
cent research has shown that miR-
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miR-93-5p, miR-18a and miR-93-5p+miR-18a’s 
ROC curves in NSCLC diagnosis were analyzed. 
It revealed that their AUC value in NSCLC diag-
nosis was the highest (0.8905), which indicat-
ed that the combined diagnosis of the two had 
better potential value in NSCLC. Ulivi Paola et 
al. [24] and Xu et al. [25] confirmed that both 
could be used as biomarkers for NSCLC diagno-
sis. According to the results of previous studies 
and this research, miR-93-5p+miR-18a have 
potential value in NSCLC diagnosis. There are 
also some shortcomings to this study. First of 
all, the sample size is small, and increasing the 
size can make the data conclusion more con-
vincing. Secondly, the expression of miR-93-5p 
and miR-18a in patients’ serum can be further 
studied. For instance, research on mechanisms 
may be helpful, so follow-up trials will further 
explore the mechanism of miR-93-5p and miR-
18a in patients. 

To sum up, this paper studied miR-93-5p, miR-
18a expression in NSCLC, and discussed their 
influence on prognosis. Both are highly ex- 
pressed in serum of NSCLC patients, which is 
related to NSCLC pathological features. The 
3-year prognosis of miR-93-5p and miR-18a 
over-expression group is poor. miR-93-5p+miR-
18a has better diagnostic value. Thus, both 
can be used as potential NSCLC markers for 
diagnosis and prognosis analysis.
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