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Recent reports have suggested that miR-30a plays a tumor-suppressive role in various cancers. However, miR-
30a has not been completely studied in non-small lung cancer (NSCLC). Thus, the aim of the present study was
to clarify the association between the expression of miR-30a and the clinicopathological features in NSCLC
patients.

Total RNA of miR-30a was extracted from 125 pairs of NSCLC patients (male 75, female 50) and their match-
ing normal tissues. The miR-30a level was detected by using quantitative real-time polymerase chain reaction
(9RT-PCR). Simultaneously, the 272 method was used to calculate the correlation between miR-30a expres-
sion and the clinicopathological parameters and prognosis of NSCLC patients.

MiR-30a expression was significantly down-regulated in NSCLC tissues (4.0696+2.4178) compared to their
non-tumor lung tissues (7.4530+3.0561, P<0.001). Level of miR-30a was negatively correlated to tumor size
(r=—0.197, P=0.028), lymphatic metastasis (r=—0.312, P<0.001), clinical TNM stage (r=—0.299, P=0.001), patho-
logical grading (I/11 vs. lll, r=—0.224, P=0.001), and histological classification (r=—0.299, P=0.001). Survival time
was 3.23+2.18 months in the low miR-30a expression group, remarkably shorter than that of the high expres-
sion group (20.72+11.63 months, P<0.001).

MiR-30a may be regarded as a tumor suppressor in NSCLC, and it could become a prognostic marker and po-
tential therapeutic target for NSCLC.
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Background

Lung cancer, especially non-small cell lung cancer (NSCLC), ac-
counts for the most cancer-associated deaths globally, with the
annual death rate of about 1.4 million [1]. A better apprehen-
sion of the potential molecular mechanism of tumor progres-
sion is crucial for evolving novel therapeutics for NSCLC [2].
Thus, identification of better underlying molecular makers for
NSCLC is essential for more accurate early diagnosis and more
effective therapeutic strategies.

MicroRNAs (miRNAs) are small, non-coding RNAs consisting
of 19-25 nucleotides. MiRNAs can modulate target genes ex-
pression negatively by binding to the 3’-untranslated region
(3’-UTR) [3]. It is widely realized that miRNAs may act as tumor
suppressors or oncogenes in all steps of tumorigenesis [4]. MiR-
30a is situated on chromosome 6q.13 and is produced by an
intronic transcriptional unit [5]. Two mature forms of miR-30a
exist — miR-30a-3p and miR-30a-5p. MiR-30a is deregulated in
several malignant tumors, such as breast cancer [6], hepato-
cellular cancer [7], colon cancer [8], nasopharyngeal carcinoma
[9], prostatic cancer [10], endometrial cancer [11], and cutane-
ous squamous cell carcinoma [12]. Similarly, a few studies re-
ported the down-regulation of miR-30a in lung cancer tissues
or cultured cells [13-18]. Three of the studies investigated the
molecular mechanism of miR-30 [19-21], including epithelial-
mesenchymal transition (EMT). However, no clinically relevant
statistical analysis has been performed in studies of lung cancer.

Hence, in the present study, we examined miR-30a expression
in 125 cases of NSCLC tissues and found that miR-30a was sig-
nificantly down-regulated in NSCLC, and then we explored the
relationship between expression of miR-30a in NSCLC tissues
and the clinicopathological parameters, as well as survival.

Material and Methods

MOLECULAR BIOLOGY

qRT-PCR

RNA extraction and normalization, and quantitative real-
time polymerase chain reaction (qRT-PCR) were performed
as described previously [22,26-28]. MiR-191 and miR-103
were selected as endogenous controls as previously report-
ed [27,29]. The sequences of miRNAs were: miR-30a (TagMan®
MicroRNA Assays, Applied Biosystems Cat. No. 4427975-000416,
Life Technologies Grand Island, NY 14072 USA): 000417,
UGUAAACAUCCUCGACUGGAAG; miR-191 (Applied Biosystems
Cat. No. 4427975-000490): CAACGGAAUCCCAAAAGCAGCU;
miR-103 (Applied Biosystems Cat. No. 4427975-000439):
AGCAGCAUUGUACAGGGCUAUGA. The 10 pl RT reactions were
performed using TagMan® MicroRNA Reverse Transcription
Kit (4366596, Applied Biosystems, Life Technologies Grand
Island, NY 14072 USA). The PCR reactions were performed on
an Applied Biosystems PCR7900. All the experiments were per-
formed in triplicate, including no-pattern controls. Then 274«
method was used to calculate the relevant expression values
of miR-30 in NSCLC and corresponding normal tissues.

Statistical analysis

SPSS 20.0 was used in all statistical analysis. Student’s t-test
was performed to analyze the significance of differential expres-
sion between 2 groups. One-way analysis of variance (ANOVA)
was used to separate data into 3 groups based on pathological
grade. Spearman correlation analysis was utilized to study the re-
lationship between miR-30a expression and clinical parameters.
Receiver operating characteristic (ROC) curves were drawn to ex-
amine the effectiveness of miR-30a in distinguishing NSCLC from
their non-tumor lung tissues and to predict disease progression.
Survival curves were drawn using Kaplan-Meier and log-rank test.
P<0.05 was considered as a statistically significant difference.

Results

Tissue samples

This study enrolled 125 formalin-fixed, paraffin-embedded
(FFPE) NSCLC tissues and their paired non-tumor tissues
(male=75, female=50), obtained from the First Affiliated
Hospital of Guangxi Medical University (Nanning, Guangxi,
China) after pneumonectomy performed between January 2012
and February 2014. The mean age was 61.10 years, range 23-90
years. None of the patients received any cancer-related treat-
ment before the operation. Fifty-seven patients had complete
follow-up information. Written informed consent was obtained
from the participants. The diagnosis was confirmed by 2 in-
dependent pathologists. The clinicopathological information,
collected from medical records, is listed in Table 1. EGFR data
were obtained as previously reported [22-27].

MiR-30a was significantly down-regulated in NSCLC
tissues

MiR-30a was significantly down-regulated in NSCLC tissues
(4.0696+2.4178) compared with their paired adjacent non-can-
cerous tissues (7.4530+3.0561, P<0.001, Figure 1A, Table 1). In
addition, an ROC curve was drawn to show the diagnostic role
of miR-30a. The area under the curve (AUC) of miR-30a was
0.818 (95% Cl: 0.766-0.870, P<0.001, Figure 1B).

Correlation of miR-30a expression and clinical parameters
in NSCLC

Down-regulation of miR-30a was correlated with a series of
clinicopathological parameters, including patient age, tumor
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Table 1. Relationship between the expression of miR-30a and clinicopathological parameters in NSCLC.

miR-30a relevant expression(2-2%9)

Clinicopathological features

LS5 T AR

NSCLC 125 4.0696+2.4178

<60 57 3.4649+1.9437 -2.692 0.008
e ] (e arS) I NSNSt

>60 68 4.5765+2.6626

Male 75 3.7280+1.9226 -1.957 0.053
(=T o =T SRS EEREEEERRR

Female 50 4.5820+2.9605

No 38 3.6553+2.6169 0.009 0.993
SMOKING ool

Yes 30 3.6500+2.2325

<3 60 4.6417+2.7824 2.562 0.012
Tmer g2 (@) @ @000 oo Eeess

>3 65 3.5415+1.8972

No 56 4.8946+2.6320 3.599 <0.001
Lymphatic Metastasis — oooroerr ool ool

Yes 69 3.4000+2.0103

No 90 3.9622+2.5287 -0.795 0.428
VasCUlar iNVASION o oo ooIooolooooiooooiooooooooooiooooooo

Yes 35 4.3457+2.1150

Il 54 4.9074+2.6750 3.396 0.001
Clinical TNM Stage oo oo

-1V 71 3.4324+1.9961

| 17 4.2529+2.9140 *F=1.497 0.228
Pathological grade Il 78 4.2846+2.2760

1] 30 3.4067+2.4410

Adenocarcinoma 101 4.4109+2.5160 *F=5.662 0.004
Histological classification Squamous carcinoma 23 2.6565+1.1739

Large cell carcinoma 1 2.1000

No 39 3.3231+1.8688 0.177 0.860
EGFR amplification ool ool

Yes 18 3.2278+1.9235

low 40 3.3625+1.7624 0.427 0.671
EGFR protein @Xpression  oooooooooo oo

high 17 3.1294+2.1496

Wild type 44 3.1068+1.8520 -1.395 0.169
EGFR mutation o

Mutation** 13 3.9231+1.8606

* One-way analysis of variance (ANOVA) test was performed; ** EGFR mutation included short in-frame deletions in exon 19 and point
mutations that result in a substitution of arginine for leucine at codon 858 (L858R) in exon 21.

size, lymph node status, clinical TNM stage, and tumor histo-
logical grade. The older patients (4.5765+2.6626) had high-
er levels of miR-30a than the younger ones (3.4649+1.9437,
P=0.008). Compared with the group with smaller tumors (<3 cm,
4.6417+2.7824), miR-30a in the group of large tumors was
markedly decreased (>3 cm, 3.5415+1.8972, P=0.012). MiR-30a
level in patients with lymph node metastasis (3.4000+2.0103)
was down-regulated in comparison with those without lym-
phatic metastasis (4.8946+2.6320, P<0.001). In comparison
to early stages (I & Il, 4.9074+2.6750), the relevant level of

miR-30a in advanced stages was markedly decreased (lIl and
IV, 3.4324+1.9961, P=0.001) (Figure 2).

Spearman correlation analysis demonstrated significant nega-
tive correlations between the low expression of miR-30a and a
series of parameters, such as tumor size (r=—0.197, P=0.028),
lymphatic metastasis (r=—0.312, P<0.001), clinical TNM stage
(r=—0.299, P=0.001), pathological grading (I/1l vs. lll, r=—0.224,
P=0.001), and histological classification (r=—0.299, P=0.001).
Nevertheless, the relative expression of miR-30a had no cor-
relation with other characteristics.
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Figure 1. (A) Expression of miR-30a in peritumoral tissues and non-small cell lung cancer tissues. Quantitative real-time RT-PCR
(RT-gPCR) was performed to detect the expression of miR-30a. The difference in relevant miR-30a expression between non-
small cell lung cancer tissues and paired non-tumor tissues. *** P<0.001. (B) ROC curve of miR-30a expression to distinguish
non-small cell lung cancer from peritumoral tissues liver. The area under the curve (AUC) of miR-30a was 0.818 (95% Cl:

0.766-0.870, P<0.001).
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Figure 2. The relationship between miR-30a and clinical
features. Age: 1. >60; 2. <60. Tumor size: 1. <3 cm;
2. >3 cm. Lymph node metastasis (LNM): 1. No; 2. Yes.
Clinical TNM stage (TNM): 1. I-lI; 2. llI-IV. * P<0.05;
** P<0.01; *** P<0.001.

ROC analyses of clinical data

ROC curves were utilized to ascertain the predictive value of
miR-30a expression in NSCLC patients for disease progres-
sion. The AUC of tumor size was 0.614 (95% Cl: 0.514-0.713,
P=0.029). The AUC of lymphatic metastasis was 0.681 (95%
Cl: 0.584-0.778, P=0.001). The ROC curve showed an AUC of
0.674 (95% Cl: 0.578-0.771, P=0.001) to predict clinical TNM
stage (Figure 3).

Role of miR-30a level in NSCLC survival

Fifty-seven patients obtained complete follow-up, including
21 cases with down-regulated miR-30a level and 36 with up-
regulated miR-30a. Compared to the survival in the high-level
group (20.72+11.63 months), the low-level group had a signifi-
cantly poorer prognosis (3.23+2.18 months, P<0.001, Figure 4).

Targets prediction of miR-30a

We then searched in on-line databases for the predictive po-
tential target genes of miR-30a, including MIRBD, TARGETSCAN,
PICTAR, MICRORNA.ORG, TARGETMINER, and RNA22-HAS. Two
qualified target genes, CELSR3 and TNRC6A, were found in at
least 4 databases.

Discussion

Lung cancer, especially NSCLC, is the most common cause of
cancer death in the world, and its incidence is steadily increas-
ing [1]. NSCLC always spreads to further sites through hema-
tologic or lymphatic means like adrenal glands and most lung
cancer patients with adrenal glands are incurable [35]. The
poor prognosis of lung cancer is principally due to diagnosis
made at advanced clinical stages. Thus, recognition of more
early biomarkers is urgently required [30]. Although several
studies have suggested miR-30a as a suppressor gene for in-
hibiting the development of lung cancer [13-18], no corre-
lation between miR-30a and clinicopathological parameters
has been shown.
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Figure 3. ROC curve of miR-30a expression of clinicopathological features. (A). ROC curve of tumor size. The area under curve (AUC)

was 0.614 (95% Cl: 0.514-0.713, P=0.029). (B). ROC curve of lymph node metastasis. The AUC was 0.681 (95%
Cl: 0.584-0.778, P=0.001). (C). ROC curve of TNM. The AUC was 0.674 (95% Cl: 0.578-0.771, P=0.001).
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Figure 4. The Kaplan-Meier curve of survival between high-
expression and low-expression group of miR-30a
(P<0.001).

Among the studies, 3 covered related molecular mechanisms,
validated via in vitro experiments. Kumarswamy et al. [20] found
that miR-30a was down-regulated in NSCLC tissues (N=64),
and Snail, which was known as a transcriptional repressor of
E-cadherin, was a target of miR-30a. EMT represses E-cadherin
level and can enhance cell motility, so decontrol EMT is an es-
sential component of tumor metastasis [31]. Kumarswamy
et al. [20] reported that miR-30a inhibited EMT in NSCLC cell
lines through targeting Snail. In contrast, Kumarswamy et
al. [20] proved in vitro that over-expression of miR-30a in-
hibited migration, invasion, and distant metastasis by using
5 cell lines (A549, Calu-1, Calu-3, H1299, and H1395). The re-
sults supported the function of miR-30a as a tumor-suppres-
sor in NSCLC. Nevertheless, no correlation analysis was per-
formed between miR-30a expression and patient features in
this report. Liu et al. [21] recognized a competing endogenous
RNA regulation network among miR-30a, AEG-1, Snail, and

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Vimentin in the EMT progress and metastasis of NSCLC cells
(A549 cells). In the network, AEG-1, Snail, and Vimentin could
affect each other via competition for their shared common
miRNA-miR-30a. In other words, they were all target genes of
miR-30a. Further, Liu discovered that the level of miR-30a was
decreased, and the levels of AEG-1, Snail, and Vimentin were
increased; then, AEG-1 could bind to the miR-30a, resulting
in less free miR-30a available. The repression effects of miR-
30a on the Snail and Vimentin level were weakened, thus in-
ducing EMT and cell metastasis, consistent with the report
of Kumarswamy et al. [20]. The results of functional assays
showed that over-expression of miR-30a restrained migration
and invasion in A549 cells. Notably, except cell cultures, the ex-
pression of miR-30a was not assessed in lung cancer tissues
in this study. Jiang et al. [19] verified the decline of miR-30a
in 22 paired NSCLC patients by using TagMan real-time PCR,
and reported that B-cell lymphoma/leukemia 11A (BCL11A), a
known proto-oncogene, was negatively regulated by miR-30a.
It was found that forceful high BCL11A expression was asso-
ciated with no lymphatic metastasis, early clinical TNM stage,
and longer survival time of patients with NSCLC, but the mech-
anism is still unknown.

In the current study, we analyzed the level of miR-30a in 125
NSCLC patients and demonstrated that miR-30a was remarkably
lower, in accordance with previous studies [19-21]. The pres-
ent study included more tissue cases (N=125) compared with
the study of Kumarswamy et al. (N=64) and Jiang et al. (N=22).
Notably, our data show that miR-30a was repressed in NSCLC
tissues with large tumor size compared to those with smaller
ones (P=0.012). As NSCLC developed and metastasized, miR-
30a was found to be down-regulated (P<0.001), in accordance
with the results reported by Kumarswamy et al. [20] and Liu
et al. [21] that miR-30a suppressed metastasis and invasion in
NSCLC. Similarly, miR-30a was expressed more weakly in ad-
vanced TMN stage (P=0.001). In addition, there was statistical
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significance in histological classification (P=0.004). There were
also negative correlations between miR-30a and the afore-
mentioned clinical characteristics, as detected by Spearman
test. Furthermore, low miR-30a level predicted shorter overall
survival. We are the first to analyze the statistical differences
between miR-30a and clinical parameters, including survival
time of patients. In contrast to the reports of Kumarswamy
et al. [20] and Liu et al. [21], we found that over-expression of
miR-30a directly targeted AEG-1, Snail, and Vimentin, atten-
uated the EMT progress, and then inhibited proliferation, in-
vasion, and metastasis. Thus, the miR-30a low-expression, to
some extent, accelerated the deterioration in NSCLC.

On account of the unknown mechanism of miR-30a, we then
attempted to predict the potential target genes of miR-30a.
We detected 2 eligible genes after searching in 6 bioinfor-
matics databases: MIRBD, TARGETSCAN, PICTAR, MICRORNA.
ORG, TARGETMINER, and RNA22-HSA. TNRC6A,. The proteins,
encoded by TNRC6A (also called GW1/GW182) assemble to
miRNA targets via direct interactions with certain proteins
and facilitate target silencing [32]. Then, CELSR3, a member
of the cadherin superfamily with a role in cell contact-mediat-
ed communication, was detected to be over-regulated in pan-
creatic satellite cells (PSC) in pancreatic ductal adenocarcino-
ma (PDAC) [33]. It is unclear whether the activated PSC plays
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Conclusions

Our study suggests the correlation between the expression of
miR-30a and clinicopathological characteristics in NSCLC tissues.
We have more NSCLC tissue samples (n=125) than any previ-
ous study in the literature. Together with previous reports, our
study shows that miR-30a may act as a suppressive miRNA in
tumorigenesis and progression of lung cancer In conclusion, our
study suggests that miR-30a may be a new efficient biomark-
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and it could also be a potential therapeutic target for NSCLC.
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