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Abstract: Background/Aim: In recent years, the relationship between miR-200 expression and prognosis in lung
cancer patients has been studied extensively. The miR-200 family plays a vital role in occurrence, development,
metastasis, and drug resistance of lung cancer. Increasing evidence has shown that the miR-200 family is highly
expressed in lung cancer and associated with poor prognosis. However, results have been inconclusive. Therefore,
the aim of this study was to assess the association between miR-200 family expression and the clinicopathological
and prognostic significance in patients with lung cancer via conducting a meta-analysis. Methods: A total of 9 differ-
ent publications were searched from PubMed, Web of Science, Embase, and Cochrane library databases. Summary
hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated using random-effects/fixed-effects models.
Results: A total of nine articles, consisting of 812 patients, were included in this meta-analysis. Pooling all eligible
studies, this study found a shorter overall survival in patients with high expression of the miR-200 family (HR = 2.29,
95% Cl: 1.10-4.73). Furthermore, subgroup analysis, based on area, demonstrated that a significant association
was found between higher expression of the miR-200 family and poor overall survival (HR = 4.70, 95% Cl: 1.59-
13.89) in the European population. However, there was no significant association between high expression of the
miR-200 family and poor PFS (HR = 1.40, 95% Cl: 0.21-9.25). In addition, this study failed to observe a correlation
of increased miR-200 family expression with clinicopathological parameters, including age, sex, histology, tumor
node metastasis (TNM) stage, lymph node metastasis, and tumor differentiation. Conclusion: High expression of
the miR-200 family is significantly associated with poor clinical outcomes, particularly decreasing overall survival
for European populations. Future studies should be performed to confirm the clinical utility of the miR-200 family
in lung cancer.
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Introduction

MicroRNAs (miRs/miRNAs) are characterized
by a class of small 19-22 nucleotides in length,
non-coding, endogenous, single-stranded, and
highly conserved RNAs. They have been ass-
ociated with post-transcriptional gene regula-
tion. They bind to the complementary sequenc-
es of 3’-untranslated regions (3’-UTR) of target
genes, negatively regulating expression of
numerous genes and suppressing translation
to proteins [1]. Consequently, this facilitates
translational silencing or mRNA degradation of
targeted genes. Relative studies had proven
that miRNAs could play either tumor-suppres-

sive or oncogenic roles in a variety of pathwa-
ys according to the cellular context or the tar-
get genes. For example, relative studies [2, 3]
have reported that miRNAs are involved in vari-
ous cancers, such as lung cancer, ovarian can-
cer, breast cancer, colorectal cancer, liver can-
cer, and so forth, suggesting that they play a
critical role in cancer. miR-200, a family of tu-
mor suppressor miRNAs, consists of five me-
mbers, miR-200a, miR-200b, miR-429 compr-
ise cluster 1, which is located on chromosome
1p36, miR-200c¢, and miR-141 comprise cluster
2, which is located on chromosome 12p13 [4].
Many studies [5-7] have shown that the miR-
200 family is involved in the inhibition of epithe-
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lial-to-mesenchymal transition (EMT), repres-
sion of cancer stem cell self-renewal and dif-
ferentiation, modulation of cell division and
apoptosis, and reversal of chemoresistance.

The leading cause of cancer-associated mor-
bidity and mortality, both in men and women
worldwide, is lung cancer, with approximately
222,500 new cases of lung tumors in the
United States [8]. Between 85% of lung canc-
er cases are diagnosed as non-small cell lung
cancer (NSCLC), which has a very low overall
5-year survival rate (about 10%) [9]. The remain-
ing cases are small-cell lung cancer (SCC),
which is more aggressive but occupies just
10-15% [10, 11].

Recent investigations have shown that expres-
sion levels of the miR-200 family are associat-
ed with prognostic and clinical outcomes in
NSCLC and miR-200 family expression has
value as an independent prognosis factor. Ho-
wever, the precise roles of the miR-200 family
in lung cancer remain controversial. In 2010,
Paolo Ceppi et al. [12] found that patients wi-
th lower miR-200c¢ expression levels had poor-
er prognosis. They were linked to a higher pr-
opensity to lymph node metastases, poor gr-
ade of differentiation, and lower survival. Li et
al. [13] holds the view that high a level of miR-
200c expression is associated with longer ov-
erall survival. In contrast, Si et al. [14] demo-
nstrated that overexpression miR-200c¢ is si-
gnificantly associated with poor survival and
positive lymph node metastasis. The current
meta-analysis investigated the roles of the miR-
200 family in lung cancer.

Material and methods
Literature search

To search potentially eligible studies, a com-
prehensive literature retrieval was conducted
using PubMed, Embase, Cochrane library da-
tabases, and Web of Science, with a cut-off
date of October 30th, 2018. Keywords in-
cluded “miR-200", “miR-200a”, “miR-200b”,
“miR-200c¢”, “miR-141", “miR-429”, “lung”, “ca-
ncer”, “carcinoma”, and “tumor”. In addition,
this study screened other relevant articles from
the reference lists.

Inclusion and exclusion criteria

Eligible articles had to meet the following cri-
teria: (1) Investigation of the roles of the miR-
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200 family in development of human cancer;
(2) Description of the association of miR-200
family expression with prognosis or clinicopath-
ological features; (3) Patients were divided into
high and low expression groups based on
expression levels of the miR-200 family; (4)
Sufficient data for examining hazard ratios
(HRs) with 95% confidence intervals (Cls) for
overall survival (OS) or progression-free surviv-
al (PFS); and (5) No patients with HIV or acute
disease. Exclusion criteria were as follows: (1)
Duplications of the previous publications; (2)
Studies without valuable data; and (3) Case
reports, reviews, letters, and expert opinions.

Date extraction and quality assessment

Data from all eligible studies were indepen-
dently extracted by two reviews (PX and SYX).
Detailed information was collected from each
study, including first author, publication year,
study country, total number of patients, follow-
up period, tumor stage, types of miRNA, HRs,
and corresponding 95% Cls of OS and PFS.
Moreover, data concerning clinicopathological
parameters were also extracted from studies.
For included studies, only selected multivariate
analyses were selected, due to the increased
precision in interpreting confounding factors.
Any studies representing only Kaplan-Meier
curves, without the data above, were excluded.
If there were disagreements, a consensus was
settled by a third reviewer (BW). The Newcastle-
Ottawa Scale (NOS) [15] was used to measure
the quality of included studies. Assessment
content included selection, exposure, and com-
parability. NOS scores ranged from O to 9. NOS
scores = 6 indicate high quality. The quality of
all studies in this meta-analysis varied from 5
to 9, with a mean value of 7.0.

Statistical analysis

Pooled HRs and 95% Cls for clinical outcome
endpoints (OS and PFS) from each eligible ar-
ticle were calculated to assess the relevance
between miR-200 family expression and pro-
gnostic significance in patients with lung can-
cer. ORs and 95% Cls were calculated to evalu-
ate the strength of association between miR-
200 family expression and clinicopathological
parameters (age, sex, histology, TNM stage, ly-
mph node metastasis, and tumor different-
iation). The current meta-analysis was condu-
cted with Stata SE12.0 software and Rev-
Manb.3. Heterogeneity assumption between
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115 of records identified through
Embase, Pubmed, Web of science
and Cochrane library searching

92 of records after
duplication removed

23 of records
screened

12 of records excluded via
screening tittle and abstract

11 of full-text articles
assessed for eglibility

2 of full-text articles excluded
for no useable data

9 of full-text articles included
in qualitative synthesis

studies was assessed with the Chi-squared-
based Q-test and |2 statistic. P values of more
than 0.10 for the Q test and an I? values small-
er than 50% indicate no significant heteroge-
neity. A fixed-effects model (Mantel-Haenszel
method) was applied for studies with no obv-
ious heterogeneity (Ph>0.05, 12<50%). Other-
wise, a random-effects model (DerSimonian
and Laird method) was chosen (Ph < 0.05, I? >
50%). Potential publication bias was assessed
using both Begg's test and Egger’s test [16].
Otherwise, sensitivity analysis was performed
to determine the stability and effects of a single
study on pooled HRs by deleting one study. P
values less than 0.10 indicate statistical
significance.

Results
Study characteristics

Figure 1 shows details of the literature retriev-
al process. A total of 115 articles were initially
retrieved. Trimming unrelated studies, duplic-
ate articles and letters, and screening full-
texts, depending upon the search strategy, 9
eligible articles were ultimately identified. The-
se articles included 812 lung cancer patients.
The 9 included studies were from lItaly, Spain,
France, Korea, and China. Detailed characteris-
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Figure 1. Flowchart showing
the literature search and selec-
tion process.

tics are shown in Table 1. All
cancerous specimens were
preserved before experiments
were carried out.

miR-200 family overexpres-
sion and overall survival

Of the 9 eligible studies [12-
14, 17-22], 8 studies reported
the OS according to miR-200
family expression. A random-
effects model was performed
to estimate pooled HRs and
corresponding 95% Cls. Resu-
Its show that HR in the high
miR-200 family expression gr-
oup versus the low group was
2.29 (95% Cl: 1.10-4.73), indi-
cating high heterogeneity ac-
ross the studies (> = 85.2%,
Ph<0.01) (Figure 2A). After str-
atification by area, HRs for the
high miR-200 family expres-
sion group versus the low group were 1.61
(95% Cl: 0.72-3.62) in Asia and 4.70 (95% ClI:
1.59-13.89) in Europe (Figure 2B). After stratifi-
cation by miR-200 family member types, HRs
for the high miR-200 family expression group
versus the low group were 2.10 (95% CI: 0.86-
5.12) for miR-200c¢, 2.75 (95% CI: 0.71-10.71)
for miR-429, and 2.97 (95% CI: 1.25-7.04) for
miR-141 (Figure 2C). Overall, results indicate a
significant difference in OS between the two
groups. In addition, stratified analysis by region
revealed significant association between high
miR-200 family expression and poor OS in
European populations, compared with Asian
populations. Thus, it was concluded that higher
expression of the miR-200 family was associ-
ated with poor OS, especially for European
populations.

miR-200 family overexpression and progres-
sion-free survival

Only 2 studies, including a total of 188 patients,
provided appropriate data for analysis of PFS. A
random effects model was applied to analyze
pooled HRs with their corresponding 95% Cls
due to severe statistical heterogeneity (I? =
94.1%; Ph<0.01). However, there was no signifi-
cant association between high expression of
the miR-200 family and poor PFS (HR = 1.40,
95% Cl: 0.21-9.25) (Figure 3).
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Author Publication Country mIRNA Total TNM stage Following  Detection Outcome Multivari_ate Type of
year umber year (months) method measure analysis data

Si 2017 China  miR-200c 110 91/19 i/ 72 RT-gPCR OS DFS Yes High vs. Low
Zhao 2015 China  miR-200c 78 21/57 1I/11-IV 40 RT-gPCR 0s Yes High vs. Low
Kim 2014 Korea miR-200c 72 37/35 HI/NHV 125 RT-gPCR 0s Yes High vs. Low
Li 2014 China  miR-200c 150 20/130 li/IvV 40 RT-gPCR 0S PFS Yes High vs. Low
Zhu 2014 China Mir-429 70 36/34 1/1I-V 30 RT-gPCR 0s Yes High vs. Low
Berghmans 2013 Franc  miR-200c 38 NR 60 Biopsy OS PFS Yes High vs. Low
Liu 2012 China  miR-200c 70 36/34 1/1I-IV 30 RT-gPCR 0s Yes High vs. Low
Liu 2012 China Mir-141 70 36/34 1/1I-IV 30 RT-gPCR 0s Yes High vs. Low
Tejero 2014 Spain  miR-200c 155 128/27 I-I/1N 150 RT-gPCR 0s Yes High vs. Low
Tejero 2014 Spain Mir-141 155 128/27 I-I/1N 150 RT-gPCR 0s Yes High vs. Low
Paolo 2010 Italy miR-200c 69 55/14 I/l NR RT-gPCR NR Yes High vs. Low

Abbreviations: TNM, tumor node metastasis; DFS, disease-free survival; PFS, progression-free survival; OS, overall survival; NR, not reported.

Association between miR-200 family overex-
pression and clinicopathological parameters

Results of pooled analysis are presented in
Table 2. Unfortunately, no significant correla-
tion was observed between overexpression of
the miR-200 family and age, sex, histology,
TNM stage, lymph node metastasis, and tumor
differentiation (forest plot not shown). Due to
insufficient data, this study failed to find a rela-
tionship between miR-200 family overexpres-
sion and other clinicopathological parameters.

Sensitivity analysis

To analyze the association between overex-
pression of miR-200 family levels and OS, sen-
sitivity analysis was conducted by removing
each study, in turn, from pooled analysis. The
aim of this process was to assess the influence
of the removed data set on overall HRs. Results
were not significantly affected by the exclusion
of any article, indicating the robustness of pres-
ent results.

Publication bias

To analyze the association between overex-
pression of miR-200 family levels and OS,
Egger's test and Begg’s test were adopted to
test publication bias. Results showed no publi-
cation bias among included studies (Figure 4).

Discussion

The current study evaluated the association
between miR-200 family expression and clini-
cal outcomes of lung cancer. Pooled analysis of
nine studies (with 812 patients) demonstrated
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that higher expression of the miR-200 family
significantly cut down OS. Results of this meta-
analysis show a shorter OS in patients with
higher expression of the miR-200 family (HR =
2.29, 95% Cl: 1.10-4.73). However, no signifi-
cant association was detected between poor
PFS with levels of the miR-200 family (HR =
1.40, 95% CI: 0.21-9.25), implying that expres-
sion of the miR-200 family was a hazardous
factor for clinical outcomes of lung cancer
patients. In addition, this study checked the
link between higher miR-200 levels and patho-
logical features (Table 2). Unfortunately, there
was no significant correlation between the miR-
200 family and age, sex, histology, TNM stage,
lymph node metastasis, and tumor differen-
tiation.

The miR-200 family has been associated with
restriction of EMT and metastasis in cancer cell
lines derived from murine that develop meta-
static lung adenocarcinoma and primary lung
cancers from multiple TCGA dataset having
high EMT scores [23, 24]. EMT involves pro-
found phenotypic changes that contain the loss
of cancer cell's epithelial properties, such as
cell-cell adhesion or cell polarity and the acqui-
sition of a migratory and invasive phenotype
that facilitates metastasis. Specific micro-ribo-
nucleic acids have also been found to regulate
EMT, including the microRNA-200 family [25,
26]. The miR-200 family functions as a key reg-
ulator of EMT in numerous cancers and pro-
motes epithelial phenotypes by directly target-
ing mMRNA of E-cadherin transcriptional repres-
sors ZEB1 and ZEB2 [27, 28]. Overexpression
of micRNA-200c¢ in A549 cells could suppress
EMT by decreasing expression of Cathepsin L
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A
%
Study miRNA HR (95% CI) Weight
1
Si 2017 miR-200c —-b:— 2.10 (1.24, 3.54) 12.28
Zhao 2015 miR-200c —— E 0.35 (0.19, 0.66) 11.93
i
Kim 2014 miR-200¢c —5—0— 3.61 (1.15, 11.29) 9.92
Li 2014 miR-200¢c — E 0.57 (0.36, 0.88) 12.8
!
Zhu 2014 Mir-429 ——5-4-— 2.75 (0.71, 10.71) 8.99
Berghmans 2013 miR-200c E —H 21.10 (4.70, 94.81) 8.41
1
Liu 2012 miR-200c —E—#— 6.02 (1.34, 26.97) 8.42
Liu 2012 Mir-141 i - 4.14 (0.47, 36.60) 6.02
Tejero 2014 miR-200c —5-0-— 2.79(1.09,7.15 10.75
Tejero 2014 Mir-141 —;-0— 2.79 (1.09, 7.5 10.75
Overall (I-squared = 85.2%, p = 0.000) <> 2.29 (1.10, 4.73) 100.00
1
NOTE: Weights are from random effects analysi E
! T

I
.0105 1 94.8

B
%

Study miRNA HR (95% Cl) Weight
Asia -
si 2017 miR-200c —— 210 (1.24,354) 1228
Zhao 2015 miR-200¢ —_— ' 0.35(0.19,066)  11.93
Kim 2014 miR-200c — 361(1.15,11.29) 992
Li 2014 miR-200c —_| 057 (0.36,0.88  12.52
Zhu 2014 Mir-429 —— 2.75(0.71,10.71) 8%
Liu 2012 miR-200c S — 6.02(1.34,2697) 8.8
Liu 2012 Mir-141 — 414 (0.47,36.60) 6.02
Subtotal (I-squared = 84.5%, p = 0.000) = e 161(0.72,362)  70.09

Berghmans 2013 miR-200c —_—> 21.10(4.70,94.81) 8.41

1
|
Europe :
1
1
]

Tejero 2014 miR-200c —_—— 2.79(1.09, 7.15) 10.75
1
Tejero 2014 Mir-141 — 2.79 (1.09, 7.15) 10.75
Subtotal (I-squared = 65.7%, p = 0.054) <:<> 4.70 (1.59, 13.89) 29.91
]
Overall (I-squared = 85.2%, p = 0.000) @ 2.29 (1.10,4.73) 100.00

NOTE: Weights are from random effects analysis

I
.0105 1 94.8
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C
%

Study miRNA HR (95% ClI) Weight
I

miR-200c :

Si 2017 miR-200c — 2.10(1.24,3.54) 12.28

Zhao 2015 miR-200c —_— : 0.35(0.19,0.66) 11.93

Kim 2014 miR-200c —_— 3.61(1.15,11.29) 9.92

Li 2014 miR-200c —— : 0.57 (0.36, 0.88 12.52

Berghmans 2013 miR-200¢c ; ———> 21.10(4.70, 94.81) 8.41

Liu 2012 miR-200c —_— 6.02 (1.34, 26.97) 8.42

Tejero 2014 miR-200c st 2.79(1.09,7.15) 10.75

Subtotal (I-squared = 89.0%, p = 0.000) -<> 2.10(0.86,5.12) 74.23
[

Mir-429 :

Zhu 2014 Mir-429 —_ 2.75(0.71,10.71) 8.99

Subtotal (I-squared =.%, p =.) - 2.75(0.71,10.71) 8.99

' ;

Mir-141 .

Liu 2012 Mir-141 — 4.14 (0.47, 36.60) 6.02

Tejero 2014 Mir-141 — 2.79(1.09,7.15) 10.75
[}

Subtotal (I-squared = 0.0%, p = 0.745) < 2,97 (1.25,7.04)  16.77

‘ 1

Overall (lI-squared = 85.2%, p = 0.000) <> 2.29 (1.10,4.73)  100.00
]

NOTE: Weights are from random effects analysis .

T T
.0105 1 94.8

Figure 2. A. Forest plot of HRs for the relationship between miR-200 family overexpression and total OS. B. Forest
plot of HRs for the relationship between miR-200 family overexpression and OS stratified by the area. C. Forest plot
of HRs for the relationship between miR-200 family overexpression and OS stratified by the miRNA types.

%
Study miRNA HR (95% ClI) Weight
Li 2014 miR-200c P — ' 0.55 (0.36, 0.84 51.73
]
Berghmans 2013 miR-200c ' 3.80 (1.68, 8.60) 48.27

Overall (I-squared = 94.1%, p = 0.000) <:>- 1.40 (0.21, 9.25) 100.00

NOTE: Weights are from random effects analysis

T T
108 1 9.25

Figure 3. Forest plot of HRs for the relationship between miR-200 family overexpression and PFS.
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Table 2. Meta-analysis results of the association between miR-200 family overexpression and clinico-

pathological parameters

Number of

P value

Clinicopathological parameter Studies patients OR (95% Cl) (95% Cl) (%) P, Model
Age (>60 vs. <60 years) 5 477 1.118 (0.769-1.626) 0.558 39 0.161  Fixed-effects
Sex (male vs. female) 5 477 1.045 (0.708-1.542) 0.826 40.8 0.149 Fixed-effects
Histology (SCC vs. AD) 5 458 1.075 (0.733-1.577) 0.711 14.3 0.323  Fixed-effects
TNM stage (I-l vs. l1I-IV) 5 477 0.953 (0.608-1.491) 0.831 349 0.189  Fixed-effects
Lymph node metastasis (no vs. yes) 4 327 0.996 (0.427-2.320) 0.992 714  0.015 Random-effects
Tumor differentiation (well/moderate vs. poor) 4 327 1.159 (0.734-1.828) 0.527 42.3 0.158 Fixed-effects

Begg's funnel plot with pseudo 95% confidence limits

loghr

5
s.e. of: loghr

Figure 4. Publication bias results for OS.

(CTSL), a cysteine protease belonging to the
papain-like family of cysteine proteinases. This
protease plays important roles in tumor occur-
rence, development, metastasis, and chemo-
therapy resistance [29, 30]. CTSL has been
recognized as a novel EMT regulator through its
effects on expression of EMT-associated tran-
scription factors, ZEB1, ZEB2, Snail, and Slug in
human lung cancer cells [31]. In selecting
another human lung cancer cell line, H1299
cells with wild-type KRAS, similar results were
obtained, showing that micRNA-200c decrea-
sed CTSL expression [7]. In addition, one study
noted that micRNA-200c could regulate pac-
litaxel resistance by inhibiting EMT. EMT was
also reportedly associated with resistance to
EGFR-TKIs in NSCLC patients. Li etc. [13] sh-
owed that miR-200c overexpression was asso-
ciated with epithelial phenotypes and sensitivi-
ty to gefitinib in EGFR wild-type NSCLC cell
lines. Upregulated miR-200c¢ could regain sen-
sitivity to gefitinib in the EGFR wild-type cell li-
nes and miR-200c could regulate EMT through
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PIBK/AKT and MEK/ERK pa-

thways. They found that high

levels of miR-200c expressi-

on were involved with longer

OS and longer PFS, compar-

ed with the low miR-200c

expression subgroup. Howev-

er, Tejero et al. [19] found th-

at high miR-200c and miR-

141 expression was correlat-

ed with shorter OS in early-

stage NSCLC adenocarcino-

ma. Apart from these, serum

levels of miR-429 have been

1 linked to poor overall survival

of NSCLC patients. Both uni-

variate and multivariate analy-

ses have shown that serum

miR-429 levels are an inde-

pendent prognostic predictor for NSCLC [20].

Due to inconsistencies in those studies, the

current meta-analysis shows that higher ex-

pression of miR-200 family is significantly asso-

ciated with shorter OS of NSCLC patients.

Results indicate that lung cancer cells could

express more of the miR-200 family, which pro-
motes tumor development and metastasis.

However, there were certain limitations to the
current meta-analysis. First, pooled HRs were
determined based on 11 studies with a small
sample size of 812 patients. Second, there
were a few minor heterogeneities in present
meta-analysis results. It was found that the
source of the heterogeneity originated from the
area and subtype of the miR-200 family in
meta-regression. In addition, the origin of het-
erogeneity was also probably due to differenc-
es in sample sizes and baseline patient charac-
teristics (e.g age, cancer type, tumor stage, and
treatment type). Stratified analysis by ethnicity
and country supported the strong correlation of
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miR-200 family and poor OS in Asian popula-
tions, with acceptable heterogeneity. Third,
more than one study showed that higher
expression of the miR-200 family was closely
associated with TNM stage, positive lymph
node metastasis, tumor differentiation, and so
forth. However, this study failed to detect a rela-
tionship between overexpression of the miR-
200 family and clinicopathological parameters.
The reason may be insufficient research includ-
ed. Fourth, many studies did not meet the inclu-
sion criterion and were excluded, including
some contradictory results. This may have
caused a deviation of the results of this meta-
analysis. Fifth, this meta-analysis did not evalu-
ate the prognostic values of a combination of
the miR-200 family and other miRNA markers
for lung cancer. Due to limited data, further
stratified analysis was unavailable. Therefore,
larger, multi-centered, and higher-quality stud-
ies, with a unified criterion for determining miR-
200 family expression, are necessary to vali-
date present results.
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