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Abstract: Background: Non-coding RNAs (ncRNAs), like long ncRNAs (IncRNAs) and microRNAs (miRNAs), are con-
firmed to play important roles in the tumorigenesis and deterioration of non-small cell lung cancer (NSCLC). Howev-
er, the underlying expression profiling and prospective signal pathways of miRNAs associated with INcRNA HOXA11
antisense RNA (HOXA11-AS) in NSCLC remain unknown. Methods: HOXA11-AS was knocked down in A549 cell
line and a microarray assay was used to detect the changes of the miRNA profiles. Four miRNA target prediction
algorithms were applied to predict the potential target genes of the differentially expressed miRNAs. Bioinformatics
analysis including Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), protein-protein interac-
tions (PPIs) and network analysis, were performed to investigate the potential functions, pathways and networks
of the target genes. The different expression of HOXA11-AS between normal lung and NSCLC tissues was further
verified by the data in The Cancer Genome Atlas (TCGA). Additionally, the relationship between the expression of
HOXA11-AS and clinical diagnostic value was analyzed by receiver operating characteristic (ROC) curve. Results:
Among all the miRNAs from the microarray, 43 and 18 miRNAs were upregulated and downregulated in NSCLC,
respectively. According to the degree of the fold change, p value and false discovery rate (FDR), the top five upregu-
lated and downregulated miRNAs were selected for further investigation. GO analysis on the target genes revealed
that these de-regulated miRNAs were involved in complex cellular pathways, such as transcription, cell junction
and transcription factor activity. KEGG pathway analysis showed that Wnt signaling pathway might be involved in
regulating these 10 candidate miRNAs. XRN1 (degree = 23) and EP300 (degree = 20) had highest degree and
interactions in the PPI network. Additionally, we found that HOXA11-AS was upregulated in lung adenocarcinoma
and squamous cell carcinoma tissues based on TCGA database. The ROC curve revealed that the area under curve
(AUC) of HOXA11-AS was 0.727 (95% CI 0.663~0.790) for lung adenocarcinoma and 0.933 (95% CI 0.906~0.960)
for squamous cell carcinoma patients. Conclusions: Our results provide significant information on miRNAs related to
HOXA11-AS in NSCLC and we hypothesize that HOXA11-AS might play a key role in NSCLC by regulating the expres-
sion of miRNAs through Wnt signaling pathway, which would be valuable for further investigation into the possible
molecular mechanisms in NSCLC.
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Introduction nosed lung cancers were NSCLC. NSCLC could

be further divided into four subgroups: adeno-

Lung cancer has been one of the most com-
monly diagnosed cancers in the world, which is
responsible for most of cancer death [1-4].
According to the histological type, lung cancer
could be classified into two types: small cell
lung cancer (SCLC) and non-small cell lung can-
cer (NSCLC). About 80%-85% of newly diag-

carcinoma, squamous cell carcinoma, adeno-
squamous carcinoma and large cell carcinoma.
More than 70% of new diagnostic NSCLC cases
are advanced disease and the 5-year survival
rate of patients diagnosed with NSCLC is only
16% [5]. Hence, further research into the pos-
sible molecular mechanisms in NSCLC tumori-
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Long non-coding RNAs (Inc-
RNAs) refer to RNAs without
protein-coding capacity and
the length of IncRNAs could
vary from 200 nucleotides to
100 Kkilobases [6]. Many
IncRNAs have been confirmed
to play a part in transcription-
al regulation, epigenetic gene
regulation or disease develop-
ment [7-10]. More important-
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Figure 1. A flow chart of this study.

Table 1. The sequences of HOXA11-AS siRNAs

ly, IncRNAs can regulate the
transcription of adjacent ge-
nes by combining the poly-
merases and transcription
factors due to their wide dis-
tribution in nucleus [9, 11].
For example, IncRNAs could
regulate the expression of
miRNAs and their bio-function
[6]. Therefore, the aberrant

ID Target Seq

expression of IncRNAs could
0, . .
GC% cause various human diseas-

HOXA11-AS-RNAi(32154-2) CTACCATCCCTGAGCCTTA
HOXA11-AS-RNAi(32155-1) TGACATCCGAGGAGACTTC
HOXA11-AS-RNAi(32156-1) CGTAATCGCCGGTGTAACT

52.63% es and disorders [6].
52.63%
52.63% MiRNAs are small noncoding
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Figure 2. Volcano plot for differentially expressed
miRNAs after HOXA11-AS knock-down in NSCLC
cells. Volcano plot was constructed through fold-
change and p values, enabling visualization of the
relationship between fold change (magnitude of
change) and statistical significance.

genesis and deterioration is of great impor-
tance.
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RNAs with a length of 20
nucleotides. MiRNAs can play
important roles by regulating the expression of
their target transcripts through interacting with
the 3’-untranslated region (3’-UTR) [12-17]. The
current researches have shown that miRNAs
can play significant roles in NSCLC. Lan et al
[18] found that miR-133a could be a tumor-
suppressive miRNA in NSCLC, and the down-
regulation of miR-133a suggested deteriora-
tion in NSCLC patients. Zhang et al [19] revealed
that the downexpression of miRNA-320a could
promote proliferation and invasion of NSCLC
cells by increasing the expression of VDAC1.
Zhu et al [20] found that miR-454 could pro-
mote the progression of NSCLC by directly tar-
geting PTEN. The expression of miRNAs could
also be regulated by IncRNA. Therefore, it is
urgent to carry out a further exploration into
miRNA profiling associated with IncRNA in
NSCLC in order to seek novel therapeutic
strategies.

In this study, we used microarray assay to
detect the changes in the miRNA profiles of the
A549 cells after HOXA1ll antisense RNA
(HOXA11-AS) knock-down. And four miRNA tar-
get prediction algorithms were applied to pre-
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Table 2. The top 5 upregulated and top 5 downregulated miRNAs

after removement of the

o e Fold boae  Numberof rRNA (mRNA—ONLY. Euka-
change target genes ryotic mRNA Isolation Kit,

Upregulated miRNAs Epicentre Biotechnologies,
169152 miR-5690 9.178987 0.001371 835 Madison, USA). Then, each
46258 miR1184  3.00934 0.001639 1192 sample was - transcribed
148349 miR-3938 2.750255 0.001584 362 and amplified into fluores-
cent cRNA by a random

168985 miR-4722-5p 2.89295 0.003582 1696 priming method. The cRNAS
169189 miR-4795-5p 4.946864 0.004853 604 were labeled and hybridized
Downregulated miRNAs through miRCURYTM Array
46732 miR-1264 0.333113 0.00145 873 Power Labeling kit (Cat
42673 miR-337-3p  0.50801 0.002232 458 #208032-A, Exigon) and
11045 miR-302¢-5p 0.498763 0.008787 2195 mMiRCURYTM  Array, Wash
168642 miR-642b-3p 0.354892 0.007978 705 buffer kit (Cat #208021,
148317 miR-3621  0.497741 0.013555 40 Exiqon), respectively. After

dict the potential target genes of the differen-
tially expressed miRNAs. Bioinformatics anal-
ysis including Gene Ontology (GO), Kyoto Ency-
clopedia of Genes and Genomes (KEGG), pro-
tein-protein interactions (PPIs) and network
analysis, were performed to investigate the
potential functions, pathways and networks of
the target genes [21-24]. A flow chart of this
study was shown in Figure 1.

Materials and methods

Transfection with siRNA to knock-down
HOXA11-AS in the NSCLC cell A549

The human NSCLC A549 cell line obtained fr-
om the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China) was
cultivated with 10% heat-inactivated fetal bo-
vine serum (Invitrogen Corp, Grand Island, NY,
USA) in a humidified atmosphere with 5% CO,
at 37°C. Three HOXA11-AS specific siRNAs
were synthesized by GenePharma (Shanghai,
China) and merged into one siRNA pool (Table
1). The NSCLC A549 cell line was transfected
with the HOXA11-AS siRNA for 72 hours. The
Lipofectamine™2000 (invitrogen, 11668-019)
was utilized for the transfection on the manu-
facturer’s instructions.

MiRNA microarray analysis

The sample analysis and miRNA microarray
hybridization were performed by Kangchen Bio-
tech (Shanghai, China). Briefly, RNA Sample
and RNA Sample QC were prepared. Buffer RPE
was supplied as a concentrate. RNA was
extracted and purified from 1 mg of total RNA

2480

the slides were washed, the
arrays were scanned th-
rough the Axon GenePix 4000B microarray
scanner. The GenePix pro V6.0 was used to
read the raw intensity of the image. Median
Normalization Method was applied for quantile
normalization and subsequent data process-
ing. Differentially expressed miRNAs between
the groups of RNAi and the controls were identi-
fied as a fold change >1.5, P<0.05 as the
cut-off.

MIiRNA target prediction

Four miRNA target prediction algorithms were
applied to predict the potential target genes of
the differentially expressed miRNAs. The four
corresponding prediction algorithms were mir-
TarBase (available online: http://mirtarbase.
mbc.nctu.edu.tw/), miRDB (available online:
http://www.mirdb.org/), DIANA-microT (avail-
able online: http://www.microrna.gr/microT)
and TargetScan (available online: http://www.
targetscan.org/). And the comparison and
identification of candidate genes were based
on Venn diagrams (available online: http://bio-
informatics.psb.ugent.be/webtools/Venn/).

GO and pathway analysis

To better understand the underlying roles of
the target genes, GO analysis and KEGG path-
way analysis were applied based on biological
process (BP), cellular component (CC) and
molecular function (MF) as previously described
[25]. The enrichment of the potential target
genes was analyzed after being uploaded to
the datasets of Database for Annotation,
Visualization and Integrated Discovery (DAVID:
available online: http://david.abcc.ncifcrf.gov/).

Int J Clin Exp Pathol 2017;10(3):2478-2495
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Table 3. GO functional annotation for most significantly related targets of miRNAs

Fold
GO ID GO term ) Pvalue Gene symbol (top 30 genes
Enrichment y (top g )
Biological process
G0:0006350 Transcription 1.44395 4.03E-12 NAA15, RORB, REST, RORA, CTNNB1, PRIM1, PGR, EPC1, TAF5L, ZNF776, ZNF772, ABRA, PATZ1, SAP30L, ZNF101,
PHOX2B, ZNF641, ZNF100, C110RF30, YY1, ZHX1, MECP2, MTPAP, ZNF649, ZHX3, MED14, ZNF793, MED13, PPARGC1A,
MED10
G0:0045449 Regulation of transcription 1.348868  3.14E-10 HMGN2, NAA15, RORB, RORA, REST, RAB1A, CTNNB1, PGR, EPC1, TAF5L, APP, ZNF776, ZNF772, ABRA, PATZ1, SAP30L,
CCNA2, ZNF101, ZNF641, PHOX2B, ZNF100, RAN, C110RF30, YY1, ZHX1, MECP2, ZNF649, ZHX3, MED14, MED13
G0:0045941 Positive regulation of tran- 1.79299 1.08E-08 NAA15, RORB, FOX03, RORA, CTNNB1, WNT1, EPC1, APP, ABRA, CCNA2, CIITA, SATB2, MYO6, RAN, MED14, ARID1A,
scription MED13, SIX4, MECOM, PPARGC1A, AHR, MAPK1, EP300, MTF1, HNF4A, TFAP2B, UBA52, ONECUT2, SOX6, MEIS2
G0:0010628 Positive regulation of gene 1.776048 1.25E-08 NAA15, RORB, FOX03, RORA, CTNNB1, WNT1, EPC1, APP, ABRA, CCNA2, CIITA, SATB2, MYO6, RAN, MED14, ARID1A,
expression MED13, SIX4, MECOM, PPARGC1A, AHR, MAPK1, EP300, MTF1, HNF4A, TFAP2B, UBA52, ONECUT2, SOX6, MEIS2
G0:0010557 Positive regulation of macro- 1.719807 1.53E-08 NAA15, RORB, TLR4, RORA, FOX03, CTNNB1, WNT1, EPC1, APP, ABRA, CCNA2, SAMD4A, SPN, CIITA, SATB2, IRS2, MYO6,
molecule biosynthetic process RAN, MED14, ARID1A, MED13, SIX4, MECOM, PPARGC1A, AHR, MAPK1, EP300, MTF1, HNF4A, PDGFRA
Cellular component
G0:0005794 Golgi apparatus 1.570991 3.79E-07 TGOLNZ2, VAPB, AP1G1, B3GALT4, PITPNB, IL17RD, RAB1A, TAPBP, HS2ST1, CUL3, APP, PICALM, UBXN2B, GNG2, PDGFD,
SAR1B, MTUS1, RAB21, RAB27A, NMNAT2, PLD1, MYO6, STK25, BICD2, GLCE, GCC2, ERGIC2, GLUL, ATP2C1, VAMP7
G0:0030054 Cell junction 1.726642  1.66E-06 SYT1, LZTS1, GABRB3, GRIP1, GLRA3, GRIK3, STRN, ARHGAP17, ITSN1, ZNRF1, CXADR, AMOTL2, RHOU, CTNNB1, DNA-
JC15, SNPH, GOPC, GRID2, SV2B, PARD3B, PAK1, SV2A, LRRC7, SAMD4A, ANKS1B, MAGI3, INADL, PSD3, VEZT, CTNNA1
G0:0044451 Nucleoplasm part 1.65233 6.74E-06 ARID4A, NR6A1, NAA15, INTS2, ZNF638, ZEB1, RLIM, GLI3, CBX5, CTNNB1, EPC1, TAF5L, CSNK2A1, GTF2A1, OIP5, LU-
C7L3, TBL1XR1, ANKS1B, SATB2, MYO6, YY1, TP53, CDKS8, GTF2H3, MED14, RB1, MED13, PPP1CC, PPP1CB, PPARGC1A
G0:0019898 Extrinsic to membrane 1.350775 1.88E-05 TGOLN2, RNMT, NAA15, SNRPD1, SYNCRIP, INTS2, ZNF638, CBX5, CTNNB1, KLHL7, PRIM1, EPC1, TAF5L, CSNK2A1, OIP5,
TARDBP, SAP30L, CCNA2, LUC7L3, LRRC7, OXR1, PABPN1, GTPBP4, SATB2, MYO6, DFFA, RAN, YY1, GABPA, HNRNPA2B1
G0:0005654 Nucleoplasm 1463326  2.63E-05 RNMT, NAA15, SNRPD1, SYNCRIP, INTS2, ZNF638, CBX5, CTNNB1, PRIM1, EPC1, TAF5L, CSNK2A1, OIP5, CCNA2, LUC7L3,
PABPN1, SATB2, MYOG6, DFFA, RAN, YY1, HNRNPA2B1, MED14, MED13, PPP1CC, PPP1CB, PPARGC1A, MED10, ELL2,
Suz12
Molecular function
G0:0008270 Zinc ion binding 1.327066  2.69E-08 GDA, DZIP1, RNF217, RORB, ZNF638, REST, MYLIP, RORA, ZNRF1, RNF212, ZNRF3, PRIM1, PGR, APP, ZNF776, ZNF772,
PATZ1, ZNF101, ZNF641, ZNF100, YY1, ZHX1, ZNF649, ZHX3, ZNF793, MECOM, RNF222, ZNF37A, ADAMTS9, NAPEPLD
G0:0046914 Transition metal ion binding 1.273725 1.39E-07 GDA, PDP2, DZIP1, RNF217, RORB, ZNF638, RORA, REST, MYLIP, ZNRF1, RNF212, ZNRF3, PRIM1, PGR, APP, ZNF776,
ZNF772, PATZ1, ZNF101, ZNF641, ZNF100, YY1, ZHX1, ZNF649, ZHX3, NUDT11, ZNF793, MECOM, RNF222, ZNF37A
G0:0003677 DNA binding 1.302523  2.21E-07 XRCC2, HMGN2, LEMD3, RORB, ZNF638, REST, RORA, CTNNB1, PGR, TAF5L, APP, ZNF776, ZNF772, PATZ1, LUC7L3,
ZNF101, PHOX2B, ZNF641, ZNF100, YY1, ZHX1, MECP2, ZHX3, ZNF649, ZNF793, H2AFJ, MECOM, PPARGC1A, ZNF37A,
HNF4A
G0:0030528 Transcription regulator activity 1.37251 1.00E-06 RORB, REST, RORA, CTNNB1, PGR, EPC1, TAF5L, ABRA, PATZ1, PHOX2B, RAN, YY1, ZHX1, MECP2, ZHX3, MED14, MED13,
MECOM, PPARGC1A, MED10, ZNF37A, HNF4A, MTF1, MLLT10, FOXG1, SHOX, VGLL3, ELL, TFCP2L1, ZNF131
G0:0003700 Transcription factor activity 1.425954  1.37E-05 RORB, RORA, FOXO3, CTNNB1, PGR, TAF5L, TARDBP, ZNF445, PHOX2B, SATB1, SATB2, YY1, GABPA, ZHX1, ZHX3, FOXN2,

SIX4, MECOM, AHR, FOXN3, ZNF37A, EP300, MTF1, HNF4A, ZNF197, MLLT10, FOXG1, TFAP2B, MGA, TFAP2A

Note: GO, Gene Ontology.

2481

Int J Clin Exp Pathol 2017;10(3):2478-2495



Prospective target gene network of key miRNAs influenced by HOXA11-AS

A O: BRYONIC
MORPHOGENESIS
60:0006351~1 GO:0032774~RNA

ONA-DER T ETIC GO:005114gsSTRIATED
| g MUSQLE CELL
DIFFERENTIATION
o O

SMALL PROTEIN
CONJUGATION

GO:000679348MOSPHORUS.

g H10™80:0046]77:PROTEIN
= 'ﬁ‘ o
— OR 5P
— s 600018107-PERIBYL-THRE HORYLATION
/ it PHOSPHORYLATIO

: ‘(’ PATHWAY g

% g 000879 HOSPHATE

" -

o8

0018210-PERIDYCTHREONINEROCESS
MODIFICATION

< “‘ .. 3258E GULATION
b X i “"4
ECEPTOR i TRANSCRIPTION, g
BIOSYNTHETIC ONA-DEPENDENT rRafOFeRES
\ .
oo HATE

PROCESS g
GO \ JLATION
P Us

74
CELLSUBSTRATE
ADHESION METAB

y Ic
TN

g JLATION  GO:000

OF RASBROTEIN GO:0010606-PO (SCRIPTIONA
SIGNAL ReGULMON oF
TRANSOUCTION GENE EXPRESSION
eomsu:zci REGULATION

OF SMAYBTPASE

MEDIATED SIGNAL GO:00508SYNAPSE.
TRANSDUCTION SIGNALING ORGANIZATION

PATHWAY

G0:00198 INSIC
TO ME! NE

GO:003130QaINTRINSIC

G0:00059128ADHERENS0:000
JUNCTION JUNCTION

G0:000801 A-CATENIN
BINDING

2482 Int J Clin Exp Pathol 2017;10(3):2478-2495



Prospective target gene network of key miRNAs Influenced by HOXA11-AS

Figure 3. A function network of Gene Ontology (GO) terms for the target genes of 10 miRNAs in NSCLC. A. Biological process (BP). B. Cellular component (CC). C.
Molecular function (MF).

Table 4. KEGG pathway enrichment analysis of miRNAs

Fold
KEGG ID KEGG term . Pvalue Gene symbol
Enrichment
hsa04310 Wnt signaling pathway ~ 2.711163  1.70E-08 APC2, CAMK2G, PPP2R5C, DAAM1, TCF7L2, PRKX, TCF7L1, CTNNB1, WNT4, PLCB3, CSNK2A1, WNT3, CACYBP, CAMK2D, FRAT1, NFATC4,
NFATC2, FBXW11, NFATC3, CSNK1A1, TBL1XR1, VANGL1, LY6G5B, NLK, CREBBP, TP53, FZD3, FZD4, FZD7, DKK2, EP300, CCND2, GSK3B,
LRP6, PPP2R5E, TBL1X

hsa05213  Endometrial cancer 3.729221  2.09E-06 APC2, PIK3CB, TP53, MLH1, FOXO3, CTNNAL, TCF7L2, TCF7L1, CTNNB1, MAPK1, NRAS, PDPK1, KRAS, CASP9, GSK3B, SOS1, PIK3R1

hsa05215 Prostate cancer 2.905161 3.54E-06 AR, PIK3CB, CREB1, CREBBP, TP53, CREB5, RB1, TCF7L2, TCF7L1, CTNNB1, MAPK1, NRAS, PDPK1, KRAS, EP300, CASP9, GSK3B, S0S1,
PDGFRA, MDM2, TGFA, PDGFD, PIK3R1

hsa05200  Pathways in cancer 1.773654  2.72E-05 MITF, MLH1, FGF13, GLI3, PTEN, CTNNB1, WNT1, WNT3, CASP9, TGFA, AR, PLD1, PIK3CB, RUNX1T1, TP53, RB1, CTNNA1, MECOM, FGF20,
RAD51, MAPK1, CCDC6, CRKL, EP300, NCOA4, PDGFRA, MDM2, MAPKS, TRAF1, APC2, EGLN3, TCF7L2, TCF7L1, TPM3, KRAS, ITGAV, SOS1,
PIK3R1, COL4A4, BMP2, COL4A1, TGFBR1, MET, CREBBP, CBL, FZD3, APPL1, FZD4, FZD7, NRAS, HDAC2, PLCG1, GSK3B, JAK1

Notes: KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 5. The PPl network of DEGs.

Genes with false discovery rate (FDR) <0.05
and P<0.05 were identified to be obviously
enriched in the target genes.

Construction of protein-protein interaction
(PPI) network

The interaction pairs of target genes were in-
vestigated through Search Tool for the Retrieval
of Interacting Genes (STRING; version 9.0,
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http://string-db.org) [26]. STRING was a data-
base of known and predicted PPIs. A combined
score >0.4 was selected to construct the PPI
network.

Additional analysis of the differentially ex-
pressed miRNAs in NSCLC from TCGA

TCGA (http://cancergenome.nih.gov/) is an
overall collection of SNP array, exome sequenc-
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ing, miRNA-seq, RNA-seq and data DNA meth-
ylation, and so on [27]. TCGA could also be
applied to analyze complicated cancer genom-
ics and clinical parameters [28, 29]. In this
study, the original data of RNASeqV2 in lung
adenocarcinoma and squamous cell carcinoma
were extracted from TCGA. Then the expression
level of HOXA11-AS in each case was calculat-
ed according to the distribution of exon reads.
Also, we extracted the co-genes of HOXA11-AS
in TCGA through R Project for Statistical
Computing (https://www.r-project.org/). A FDR
<0.05 was considered for co-expressed
relationship.

Statistical analysis

SPSS 20.0 was used for the statistical analysis.
The t-test was applied for comparing the expres-
sion of HOXAL11-AS in lung adenocarcinoma
and squamous cell carcinoma. And the rela-
tionship between the expression of HOXA11-AS
and clinical diagnostic value was analyzed by
ROC curve. P<0.05 was considered statistically
significant (two-sides).

Results

MIiRNAs profiling associated with IncRNA
HOXA11-AS

The transfection efficiency was approximat-
ely 100%, and the knock-down efficiency of
HOXA11-AS in NSCLC cell lines were over 75%
as detected by real time RT-qPCR (data not
shown). Then a miRNA microarray assay was
performed to detect differential expression
profiles of miRNAs between the groups of
HOXA11-AS RNAi and control in A549 cell lines
in triplicate. Forty-three upregulated and 18
downregulated miRNAs were found differential-
ly expressed. A summary of these differentially
expressed miRNAs was presented in the volca-
no plot (Figure 2). The fold changes (HOXA11-
AS-RNAI vs. HOXA11-AS-control) and P values
were calculated after the expression values
were standardized. The top 10 miRNAs were
selected as most significant differentially
expressed miRNAs (fold change >1.5 or <1 and
P<0.05), among which, five miRNAs were upreg-
ulated and five miRNAs were downregulated
(Table 2).

MiRNA target prediction

In this study, four miRNA target prediction algo-
rithms (mirTarBase, miRDB, DIANA-microT and
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TargetScan) were applied to predict the poten-
tial target genes of the differentially expressed
miRNAs. And Venn diagrams were used to com-
pare and identify the candidate genes. The
genes predicted by more than two algorithms
were selected as the final target candidate
genes. And the number of these target candi-
date genes of each miRNA was shown in Table
2.

GO and pathway analysis

Among all these target genes, 1914 genes
were selected for prediction by more than two
miRNAs, and these genes were used to per-
form GO and pathway analysis (Supplementary
Table 1). The GO analysis identified BP, CC and
MF which the target genes may be involved in.
The GO functional annotation for most signifi-
cantly related targets of miRNAs were shown in
Table 3. And GO analysis showed the most sig-
nificant functional groups, such as transcrip-
tion, cell junction and transcription factor activ-
ity. To better reveal the relevant functions of the
target genes, a function network of BP, CC and
MF was constructed based on the GO analysis
with Cytoscape (Figure 3).

The KEGG analysis showed that the target
genes might be involved in different pathways.
A total of four relevant pathways were available
through the pathway analysis (FDR <0.05,
P<0.05, Table 4). The two mostly relevant path-
ways (Wnt signaling pathway, Pathways in can-
cer) were involved in NSCLC development and
progression as previously reported. As was
shown in Pathways in cancer (Figure 4),
B-catenin activity played an important role in
Wnt signaling pathway. An inappropriate activa-
tion of the Wnt/B-catenin signaling pathway
might lead to the development of human can-
cers, such as lung cancer.

PPI network analysis

The PPl network was constructed by STRING
and a total of 621 PPI pairs with combined
score >0.4 were selected. The map of PPl net-
work was available in Figure 5. And the number
of nodes was 405, accounting for 21.16% of all
target genes. The PPI network had high cluster
properties, and the clustering coefficient was
0.613. XRN1 (degree = 23) and EP300 (degree
= 20) had high degrees and interactions in the
PPl network. Then a sub-network of 173 PPI

Int J Clin Exp Pathol 2017;10(3):2478-2495



Prospective target gene network of key miRNAs Influenced by HOXA11-AS

UBEZRZ

Figure 6. A sub-network of 173 PPI pairs.

Nodes:
Network nodes represent proteins Node Size Node Color
splice isoforms or post-transiational &  small nodes: colored nodes:
modifications are collapsed, i.e. each node ' protein of unknown 30 structure query proteins and first shell of interactors
i i i
an a‘ thepro,:z:s produced by a single, @ fate G @ WS nok
QFNSIECCH T Ene KOs \_/ some 3D structure is known or predicted \ZL/ second shell of interactors
Edges:
Edges represent protein-protein associations Edge Confidence
associations are meant to be specific and meaningful, i.e. proteins jointly contribute to & e e low (0.150) H high (0.700)
shared function; this does not necessarily mean they are physically binding each other. ® O medium (0.400) O—0 highest (0.900)

2487 Int J Clin Exp Pathol 2017;10(3):2478-2495



Prospective target gene network of key miRNAs influenced by HOXA11-AS

A

B

240 1 o
o o
1331 P<0.0001 g8 3991 P<0.0001 8
¢ o
0o
(7)) °88 )] o
< o < 404 oo
L] o -
T 15 T
- 00 §
3 o0 5
I 0000 %
‘s o
10+ < c )
8 —opo— s
§ ¢ g Opjo
- o Op oo
% Ség % Dgz DSBEDD
0
w59 0208 w 690000
Normal lung Lung adenocarcinoma Normal lung Squamous cell carcinoma
(n=59) (n=255) (n=51) (n=255)
C ROC curve of HOXA11-AS in lung adenocarcinoma )  ROC curve of HOXA11-AS in squamous cell carcinoma
1.0+ 1.0
P<0.0001 el
0.3 0.8+
E..S" g“"
2 z
£ "
2 c
s ®
H (7]
9 o4 0.4
0.2 0.2
0.0 T T T T 0.0 T T T T T
0 0.2 04 [ X3 0s 1.0 0.0 0.2 0.4 L1 s 1.0
Specificity Specificity

Figure 7. Differential expression and ROC curve of HOXA11-AS in lung adenocarcinoma and squamous cell carci-
noma based on The Cancer Genome Atlas (TCGA) database. A. Differential expression of HOXA11-AS in lung adeno-
carcinoma. B. Differential expression of HOXA11-AS in squamous cell carcinoma. C. ROC curve of HOXA11-AS in
lung adenocarcinoma. D. ROC curve of HOXA11-AS in squamous cell carcinoma.

pairs was selected for further analyses, whose
connectivity degrees were more than 10 as
presented in Figure 6.

Supplementary information from the Cancer
Genome Atlas (TCGA) database

In order to reveal the relationship between
HOXA11-AS and NSCLC, we performed a clini-
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cal study with the original data in TCGA. We
found that HOXA11-AS was upregulated in
both lung adenocarcinoma (7.645+1.641 vs.
0.330+0.075) and squamous cell carcinoma
(22.090+3.348 vs. 0.353+0.072) compared to
non-cancerous lung tissues (both P<0.0001,
Figure 7A, 7B). And the ROC curve revealed
that the area under curve (AUC) of HOXA11-AS
was 0.727 (95% Cl 0.663~0.790) for lung ad-
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Figure 8. HOXA11-AS-co-genes network in lung adenocarcinoma by bioinformatics analysis. Three hundred and
ninety-seven co-genes were extracted in lung adenocarcinoma. And the relationships between HOXA11-AS and
these co-genes were easily observed from this network analysis.

enocarcinoma patients and 0.933 (95% CI
0.906~0.960) for squamous cell carcinoma
patients (both P<0.0001), which could gain
high diagnostic value of HOXA11-AS level in
lung cancer (Figure 7C, 7D).

Also, the co-genes of HOXA11-AS in TCGA were
extracted through R Project for Statistical
Computing. And 397 co-genes were extracted
in lung adenocarcinoma and 899 co-genes
were extracted in squamous cell carcinoma.
Additionally, gene networks of HOXA11-AS and
its co-genes, miRNAs and their target genes
were constructed in the present study (Figures
8-10). And the relationships between HOXA11-
AS and its co-genes, miRNAs and their target
genes were easily observed from this network
analysis.

Discussion

LncRNAs constitute the majority of the non-
coding RNAs. And IncRNAs are novel key ele-
ments in regulating different cellular process-
es, such as transcription, activity of protein
[30]. Also, IncRNAs have been reported to be
associated with tumorigenesis and progression
of NSCLCs. To date, several IncRNAs have been
reported to play a vital part in NSCLC, such
as IncRNA TATDN1, RGMB-AS1 and MALAT1,
which may relate to cell proliferation, invasion
and metastasis of NSCLC [31-33]. And growing
evidence has shown that IncRNAs may play sig-
nificant roles by regulating miRNAs expression
in lung cancer. For example, IncRNA CCAT1
could downregulate miR-218 levels via BMI1 to
promote cell cycle transition in cigarette smoke
extract-induced lung carcinogenesis [34].
LncRNA UCA1 could perform oncogenic func-
tions in NSCLC by targeting miR-193a-3p [35].
HOXA11-AS is a member of the homeobox
(HOX) family of genes. Until now, only two stud-
ies have reported the relationship between
HOXA11-AS and cancer. Richards et al [36] con-
ducted various functional experiments and
analyzed genome-wide data and then found
that HOXA11-AS could inhibit the oncogenic
phenotype of epithelial ovarian cancer. Wang et
al [37] used a high-throughput microarray and
gene set enrichment analysis to demonstrate
that HOXA11-AS was a cell cycle-associated
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IncRNA and might be a biomarker for identify-
ing glioma progression. However, the particular
pathogenesis of HOXA11-AS in NSCLC is still
vague. Previously, we detected the expression
of HOXA11-AS in four NSCLC cell lines (A549,
H460, 1299 and PC9) and A549 cell lines
gained the highest HOXA11-AS expression level
(data not shown). Thus, we designed this study
on A549 cells to explore miRNAs expression
profile changes after HOXA11-AS knock-down,
and clarify the possible molecular mechanisms
of HOXA11-AS in NSCLC.

In this study, a microarray assay was used to
detect changes in the miRNA profiles of A549
cells. Among all the differentially expressed
miRNAs, the top five upregulated (miR-5690,
miR-1184, miR-3938, miR-4722-5p, miR-4795-
5p) and downregulated miRNAs (miR-1264,
miR-337-3p, miR-302¢-5p, miR-642b-3p, and
miR-3621) were selected for further investiga-
tion. GO analysis of the target genes revealed
that these de-regulated miRNAs were mainly
related to transcription, cell junction and tran-
scription factor activity. After analyzing the orig-
inal data from TCGA database, we found that
HOXA11-AS was upregulated in both lung ade-
nocarcinoma and squamous cell carcinoma.
Also, the ROC curve revealed that the HOXA11-
AS level might have important value in diagno-
sis of lung cancer. Then the possible pathways
of HOXA11-AS in lung cancer were investigated.
According to the results of KEGG pathway anal-
ysis, Wnt signaling pathway might be involved
in regulating these 10 candidate miRNAs. Up to
now, many reports have demonstrated that
Wnt signaling pathway was related to NSCLC
cell growth, invasion and metastasis [38-40].
Jiang et al [38] found that the overexpression of
miR-376¢ could suppresses cell growth and
invasion of NSCLC by regulating LRH-1-medi-
ated Wnt signaling pathway. Su et al [39] dem-
onstrated that CD44 could promote metastatic
activity in CD133+ CD44+ lung cancer stem
cell-like cells through Wnt/B-catenin pathway.
Tong et al [40] found that ART, DHA, and ARTS
could inhibit lung-tumor progression by sup-
pressing Wnt/B-catenin pathway. However, the
effect and mechanism of HOXA11-AS remains
unclear in NSCLC. According to the aforemen-
tioned results, we hypothesized that miRNAs
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Figure 9. HOXA11-AS-co-genes network in squamous cell carcinoma by bioinformatics analysis. Eight hundred and
ninety-nineco-genes were extracted in lung adenocarcinoma. And the relationships between HOXA11-AS and these

co-genes were easily observed from this network analysis.

regulated by IncRNA HOXA11-AS might play
important roles in NSCLC tumorigenesis and
deterioration via Wnt signaling pathway. But
further exploration is still needed to clarify the
possible molecular mechanisms of HOXA11-AS
in NSCLC tumorigenesis and deterioration. To
verify this hypothesis, we plan to perform a
series of experiments, including real time
RT-gPCR, in situ hybridization, dual luciferase
reporter assay, RNA binding protein immuno-
precipitation (RIP), RNA pull-down, chromatin
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immunoprecipitation (ChIP), western blot, inva-
sion and metastasis assays, chicken embryo-
chorioallantoic membrane and nude mouse
models. The clinical significance, the effect and
molecular mechanism of HOXA11-AS on the
biological function of NSCLC cells will be inves-
tigated from perspectives of molecule, cell, tis-
sue and animal. Focusing on the new insight
of HOXA11-AS/miRNAs/genes axis, this study
aims to provide a novel target for clinical pre-
vention and therapeutic strategy of NSCLC.
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Conclusion

In summary, HOXA11-AS might play an impor-
tant role via influencing several key miRNAs in
different biological processes of NSCLC by tar-
geting their specific target genes. Original data
from TCGA further verified the oncogenic role of
HOXA11-AS in both lung adenocarcinoma and
squamous cell carcinoma. These results could
be valuable for further researches on the rela-
tionship between HOXA11-AS and the possible
molecular mechanisms in NSCLC tumorigene-
sis and deterioration.
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Supplementary Table 1. Potential target genes of 10 miRNAs in NSCLC

CCND2 NDUFB5 HMGN2 GTPBP10 HNF4A RASSF8 OSGEPL1 PPP1R12B ELL2
RTKN2 NXPH1 UNC80 PAFAH1B2 DGCR6 IDE PSTPIP2 RDH11 BCAT1
ATP1B2 ATAD1 AP1AR TRAF1 PPP1R16B SBNO1 DHFRL1 PKN2 THAPG
SOCS7 G6PC2 COBLL1 HJURP RADIL ACSL4 PPP1R2 CNIH3 LHX9
WSB1 B4GALT4 ARHGAP28 AAED1 DAP C100rf32 QTRTD1 FBX032 ANKRD6
IBAS7 ATPOA KSR2 IRGQ C2orf50 PHLPP2 CHD5 KIAA1919 NR4A3
CRKL CSMD1 ABCD3 NDUFS5 ERN1 CRLS1 JAK1 THTPA oTuB2
RAB8B MMP24 C5orf24 EXOSC6 NF2 NUPG62CL FAM208A Clorf210 AMOTL2
C170rf85 CACNA1C ALCAM UBXN2A POM121 REST CASP2 DLEU7 HELZ
BICD2 SH3TC2 BAG4 RNF169 TRIM25 FEM1B GTF2H3 DIP2A TMEM132D
GOLGA1 ARIH2 ZNF704 ADIPOQ HEYL VAPB GATM RAD23B C20rf88
PLAGL2 GOLGA3 CARDS8 AC023632.1 URM1 ADH7 PDHA1 MAOA DTNA
WWTR1 EVC2 FOXN2 ANKRD34C CENPM HIGD1A RNF38 MED14 TBC1D12
TCF4 DGKG FBX021 C70orf55-LUC7L2 ZNRF1 FAM86C1 PAK1 RPRD1B TCF12
UBN2 TNPO1 KLF7 CHSY1 TMEM239  SLC10A2 GIMAP1 ASAH1 EDIL3
LANCL3 NDFIP1 BEND4 TNKS VPS33A RAN SORT1 FKTN COL4A4
SDC2 KCND3 DNAJC27 LRP10 LAX1 CREB5 ZNF605 SLAMF6 GOLGA4
PANK3 PAIP2B KLHL28 PITPNB C10o0rf67 ANGPT2 SLC35F1 ELK4 NAV2
TENM1 GXYLT1 GPAM KLHL2 EMP2 DNM3 NRGN METTL6 OPCML
EML6 PHF12 MECOM PPP1ROA NOP9 BCL2L11 NUAK2 AFAP1 TMEM167B
FAM168B ALKBH5 MKX TCF7L1 VASH1 NFIB TC2N ZFP36L1 BCOR
SLC35E2B TNFAIPL INTU SMAD7 HPS4 IRF5 SETD2 NABP1 EDDM3A
FKBP5 SNX1 DDX6 TMEM41B DGKD TGOLN2 CYLC2 GNB1 LARP4B
DDIT4L KIF21B DDX3X EPG5 IQSEC2 TMEM231 BPTF RSF1 CISH
CCDC38 UBE2G1 TEX15 ZNF557 ANKRD52 NPY2R SLC7A5 AC107021.1 SNX16
DDI2 SPTBN4 PCDH18 A4GNT ASAP2 FAMOC ZNF69 LPPR5 CBLL1
RIMS2 TXLNA VGLL3 CD53 RASSF4 PDSS2 CELSR1 FBXL4 GRIP1
TOR1AIP2 HIF1AN QKI 0SBP TMEM170A GPA33 SMOC1 AMER2 GPATCH8
NRXN3 PRDM15 GMFB DTWD2 ZNF442 VDAC2 VAMP3 ADD3 ELF1
HIPK1 POLR1A AHR DDX17 SIK2 FRMD4B CLvS1 ENPP4 SP4
KIAA2022 CDKN2D CD200R1 Cl4o0rf142 SPATC1 WHSC1 MLEC ZNF230 HNRNPH1
RAP2B TPP1 CGGBP1 RBMS1 MEGF6 CD177 FAM155B CCDC39 NRN1
CLCC1 TMEM260 SMEK1 ATAD2B MDGA1 UQCRQ MSANTD2 CHD6 FAM8A1
SPAST FBXL18 MEIS2 ARHGEF12 TMEM178B C20orf112 FAM49B NCEH1 ZNF624
PURB GNAO1 ABHD2 CANX CGNL1 PTCD2 GSTCD TSHZ2 AGL
VPS13D CTNND1 SMCHD1 ELMOD1 PHC1 MCF2L C170rf105 PEX13 EIF3J
ARSB MFSD4 SLC5A3 TOX FLCN VPS26B PLXNA4 ZCCHC3 PDHX
STX7 GAS7 VKORC1L1 SYNE2 ICMT C6orf89 EXD1 PDIK1L ZNF730
PAK1IP1 TNS3 GABRB3 KIAA1107 CSMD2 CTNNAL CHP1 SERINC5 ZDHHC21
CCNY ABR FAM169A ITGB3 NCKAP1L TTL ZNF445 ANKRD29 RBM41
UBE2D3 NOS1 SRSF1 ETNK1 PDE7A D2HGDH CHMP5 MLLT10 NXPE3
ZNF451 WNK3 CYLD GPR61 CALN1 ATG12 DOCK8 PHF13 NDUFA5
LIN28B NFATC2 EIF4AE3 RAB33B PTPRN SLC30A3 ATP11A FOX03 ZDHHC2
LNPEP VANGL1 NRARP FAM73A TMED10 LBH TRPV2 NAALAD2 SFPQ
ARL5B TMEM2 MET L2HGDH PTPLB ZNF592 C2CD2 FAM214A PELO
THAP2 AR MMP16 TTC13 ENTPD1 GPC6 ZNF12 DCLK3 N4BP2
RSBN1 AGO2 PDE5SA TMEM248 CASP9 LANCL2 SPN RABGEF1 OXCT1
RNF152 SLC30A7 ANKS1B SEPHS1 NPY4R ANKRD17 MARK1 IMPACT CHL1
PLEKHA8 RALGAPB CCPG1 WDR26 ADAM11 FEM1C MTPAP SLC7A11 SENP6
TAOK1 ACSBG1 FLVCR1 TSPAN3 GIGYF1 YAE1D1 TBC1D13 GLCE ABI3BP
TARDBP PLEKHG4B ONECUT2 SLC4AT APC2 NUDCD3 KIF1C GFPT1 RIMKLB
IKZF2 ATP8A2 COX15 BMPR2 MLXIP AGPAT5 Muc21 MAPK1 STYX
YWHAZ FNBP1 SF3A3 HAPLN1 ANKS1A DPYSL2 ZHX3 RAB3GAP2 ELMOD2
EIF1AX HEG1 OPA3 KLHL9 FBXL12 PHOX2B HS28T1 GLB1 TYW3
Sv2B EXPH5 NBPF16 PDGFD KCND1 AGO4 HP1BP3 RCBTB1 NUS1
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