


IH. Targeting NF-kappa B in infantile hemangioma-
derived stem cells reduced VEGF-A expression [24]. The
chemokine CXCL-14 has been reported to be involved in
the occurrence and development of infantile hemangioma
[25]. Our RNA-seq data found that TGF-beta, NF-kappa B
signalling and chemokine signalling were involved in the
pathogenesis of IH. The results are consistent with those
of previous studies, which suggested that the RNA-seq
data are reliable.

By carefully comparing our data with other’s, IGF2,
FOXF1 and EGFL7 were reported to be up-regulated
in IH, FOXC1 and EGFR were down-regulated in IH
[12]. In this study, we found that IGF2 mRNA-binding
proteins (IGF2BPs) including IGF2BP1, IGF2BP2 and
IGF2BP3 were all downregualted in IH. Although recent
publication reported that results obtained by RNA-seq
and microarrays were highly reproducible [26], some
discrepancy may be existed in the differentially expressed
RNAs. Therefore, further demonstrating the function of

particular RNA in IH development is urgently needed. In
addition, larger samples are needed to perform receiver
operating characteristic (ROC) curve analysis to prove that
some of the IH RNAs are promising biomarkers.

Taken together, understanding the functional
interactions among IncRNAs, miRNAs and mRNAs could
lead to new explanations for IH disease pathogenesis
[7]. Further elucidating the underlying mechanisms of
the functions of miRNAs, IncRNAs and mRNAs in IH
would be helpful in revealing the biological aetiology and
potentially provide useful information for IH evaluation
and treatment.

MATERIALS AND METHODS

Ethics statement

This study was approved by the Medical Ethics
Committee of the Obstetrics and Gynaecology Hospital

Figure 5: The ceRNA network of the differentially expressed miRNA-mediated IncRNAs and mRNAs interactions.
Red color represents the mRNA name, green color displays the IncRNA name, and orange color illustrates the miRNA name. Taken
TCONS 00126150 | CD24 and TCONS 00126153 | CD24 as an example, the TCONS  number before | means the ID number of each

transcript, one gene has many transcripts.
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affiliated with Nanjing Medical University (No. [2015]
91). Children with IH underwent surgery at out hospital.
The IH samples and matched normal skin controls were
collected from patients who underwent surgery and whose
parents provided written consent.

Tissue samples

Proliferating capillary infantile hemangioma (IH)
and matched normal skin tissues were obtained from 12
different patients who were admitted to the Obstetrics and
Gynaecology Hospital affiliated with Nanjing Medical
University for IH removal. Patient information is listed in
Table 4. A diagnosis of proliferative infantile hemangioma
was confirmed by routine pathological examination. The
collected skin samples were immediately frozen in liquid
nitrogen for total RNA preparation.

Total RNA isolation

Total RNA was extracted from biopsy samples
using the Qiagen RNeasy mini kit (Qiagen, Valencia, CA).
After ribosomal RNA depletion, RNA-seq libraries were
prepared using ScriptSeq complete kits from Epicenter
(Madison, WI). RNA purity was assessed using the
Nano Photometer® spectrophotometer (IMPLEN, CA,
USA), and RNA concentration was measured using the
Qubit® RNA Assay Kit in Qubit® 2.0 Flurometer (Life
Technologies, CA, USA). RNA integrity was assessed
using the RNA Nano 6000 Assay Kit from the Bioanalyser
2100 system (Agilent Technologies, CA, USA).

Library preparation, quality examination and
sequencing for mRNAs and IncRNAs

The sequencing libraries were prepared following
manufacturer recommendations from the VAHTS™
Total RNA-seq (H/M/R) Library Prep Kit for [llumina®.
The details of library construction were patented by the
company (Vazyme, China). After cluster generation,
the libraries were sequenced on an Illumina Hiseq X10
platform, and 150-bp paired-end reads were generated.

Raw reads in fastq format were first processed using
in-house perl scripts. Clean reads were obtained by removing
reads with adapters, reads in which unknown bases were
more than 5% and low quality reads (if the percentage of
low quality bases was greater than 50% in a given read, we
defined the low quality base to be the base whose sequencing
quality was no more than 10). At the same time, Q20, Q30,
and GC contents were calculated for the clean reads. All
downstream analyses were based on the clean reads.

The reference genome and gene model annotation
files were downloaded directly from the genome website.
The reference genome index was built using Bowtie
(v2.1.0) [27], and the paired-end clean reads were aligned
to the reference genome using TopHat (v2.1.1) [28].

Transcriptome assembly, IncRNA prediction and
target gene prediction

The mapped reads from each sample were
assembled using Cufflinks (v2.2.1) [29] with a reference-
based approach. Cufflinks uses a probabilistic model to
simultaneously assemble and quantify the expression
levels of a minimal set of isoforms, which provides a
maximum likelihood explanation of the expression data in
a given locus. Then, Cuffmerge was used to merge these
sample assemblies into a master transcriptome, which
was compared to known transcripts via Cuffcompare. The
IncRNAs were predicted by several strict steps based on
RNA structural characteristics and non-coding properties.
The steps were as follows: 1) transcripts, not in any class
code of “ j, i, 0, u, x 7, were filtered out; 2) transcripts
shorter than 200 bp were filtered out; 3) transcripts
aligned to sequences in the NONCODE database [30]
by blastn were identified as known IncRNAs; 4) the
retained transcripts (known IncRNAs were not included)
were used to predict protein coding potential by Coding
Potential Calculator (CPC) [31] and TransDecoder (http://
transdecoder.github.io/), transcripts with coding potential
were removed, and those without coding potential were
identified as novel IncRNAs. The known IncRNAs
and novel IncRNAs were together used for subsequent
analyses.

LncRNAs can negatively or positively affect
expression of the downstream gene via an upstream
noncoding promoter. Genes within 10 kb upstream or
downstream of IncRNAs were abstracted by bedtools
(http://bedtools.readthedocs.io/en/latest/) as IncRNA
target genes. However, antisense IncRNAs can
regulate overlapping sense transcripts. Transcripts
that overlapped with LncRNAs on the opposite strand
were also identified as IncRNA target genes, and the
interactions between IncRNAs and transcripts were
revealed by RNAplex [32].

Quantification of gene expression levels and
differential expression analysis

Cuffdiff (v2.2.1) [33] was used to calculate FPKMs
for both IncRNAs and coding genes in each group.
Gene FPKMs were computed by summing the FPKMs
of the transcripts in each gene group. FPKM stands for
“fragments per kilobase of exon per million fragments
mapped” and is calculated based on the length of the
fragments and the reads count mapped to each fragment.

Cuffdiff (v2.2.1) provides statistical routines for
determining differential expression in digital transcripts
or gene expression datasets using a model based on a
negative binomial distribution. Transcripts or genes with
corrected p values less than 0.05 and absolute values of
log2 (fold change) <1 were classified as significantly
differentially expressed.
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Table 5: Details of primer pairs used in analysis of mRNAs and IncRNAs expression by qRT-PCR

Gene name Forward primer (5'-3') Reverse primer (5'-3")
IF144L ACAGAGCCAAATGATTCCCTATG TCGATAAACGACACACCAGTTG
ISG15 CGCAGATCACCCAGAAGATCG TTCGTCGCATTTGTCCACCA
PIP GTCAGTACGTCCAAATGACGAA CTGTTGGTGTAAAAGTCCCAGT
TCONS_00088818 GCCTTGTGGTGTCTCCTCAG TAGACCAGGCGTCATAGCAGAA
TCONS 00112159 GAAACAGCCACGGAGGGAAC GATTTCTGCAATGCCGTGCC
TCONS_00125870 CCTAGAACCAGGGGCCACAA TTTGCTGGGCACTCTGTAGC

Small RNA sequencing and bioinformatics
analysis

Total RNA was separated by 15% agarose gels
to extract the small RNA (18-30 nt). After ethanol
precipitation and centrifugal enrichment of small RNA
samples, the library was prepared according to the
methods and processes described in the Small RNA
Sample Preparation Kit (Illumina, RS-200-0048). Insert
size was assessed using the Agilent Bioanalyser 2100
system (Agilent Technologies, CA, USA), and after the
insert size was consistent with expectations, qualified
insert size was accurately quantitated using a Tagman
fluorescence probe from the AB Step One Plus Real-Time
PCR system (Library valid concentration > 2 nM). The
qualified libraries were sequenced using an Illumina Hiseq
2500 platform, and 50-bp single-end reads were generated.

First, the tags were mapped to the reference genome
by SOAP [34] to analyse their distributions within the
genome and were aligned to the miRBase database [35]
using blast. The tags were identified as known miRNAs
when they satisfied the following criteria: 1) there were
no mismatches when aligned to the miRNA precursors in
the miRBase database; 2) based on the first criteria, the
tags were aligned to the mature miRNAs in the miRBase
database with at least 16-nt overlap while allowing
offsets. The miRNA target genes were predicted using
two software programs (targetscan and miRanda) as we
previously described [36], and the intersection of target
genes (the intersections were the same target genes of the
same miRNAs) were the final target genes.

The miRNA expression levels were measured by
“Transcripts Per Kilobase Million” (TPM).

TPM =10°C/ L

where C is the read count of a miRNA and L is the
total count of clean reads in sample.

Differentially expressed miRNAs were evaluated
using the following statistical tests:

1) Statistical algorithm developed by Audic and
Claverie (1997) [37]

o1 02

N] :| N (x+y+1)
X!yl 1+—2

1

where N is the total clean reads from sample 1, N,
is the total clean reads from sample 2, x is the number of
reads from sample 1 mapped to miRNA A and y is the
number of reads from sample 2 mapped to miRNA A.

Gene Ontology (GO) and KEGG enrichment
analysis

GO enrichment analysis of differentially expressed
genes or target genes of differentially expressed
IncRNAs was implemented using a perl module
(GO::TermFinder) [38]. GO terms with corrected p
values less than 0.05 were considered to be significantly
enriched among the differentially expressed genes or
the target genes of differentially expressed IncRNAs.
R functions (phyper and qvalue) were used to test for
statistical enrichment of the differentially expressed
genes or target genes of the differentially expressed
IncRNAs among the KEGG pathways. KEGG pathways
with corrected p values less than 0.05 were considered
to be significantly enriched among the differentially
expressed genes or the target genes of the differentially
expressed IncRNAs.

Validation of RNA-seq data

To confirm the RNA-seq data, the expression
profiles of randomly selected mRNAs and IncRNAs
were tested in another 9 IH patients using quantitative
real-time polymerase chain reactions (qRT-PCR) with
the SYBR green method on an Applied Biosystems
ViiA™ 7 Dx (Life Technologies, USA). Patient
information is listed in Table 4. The sequences of the
specific PCR primer sets used for qRT-PCR are listed in
Table 5. The RNA expression levels were normalized to
the internal control gene, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), using the 2229 method as
we previously described [39]. Three selected miRNAs
were further examined by Bulge-Loop™ qRT-PCR
according to the manufacturer’s protocol (RIBOBIO,
Guangzhou, China) with the SYBR green method on an
Applied Biosystems ViiATM 7 Dx (Life Technologies,
USA). The miRNA expression levels were normalized
to u6 (RIBOBIO, Guangzhou, China), using the 224
method.
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CeRNA network analysis

The miRanda and TargetScan assessments were
used to identify ceRNAs (competing endogenous RNAs,
including protein-coding messenger RNAs, long non-
coding RNAs and circular RNAs), containing microRNA
response elements (MREs). Then, ceRNAs with common
miRNAs were selected to predict the global interactions
between miRNAs and ceRNAs. Additionally, the ceRNAs
with common miRNAs that were up- or down-regulated by
miRNAs were abstracted based on differential expression
to predict the co-regulated interactions of miRNAs and
ceRNAs. The co-regulated ceRNA network was generated
by Cytoscape (V. 3.4.0) [40].

Statistical analysis

Data were analysed using the SPSS 20.0 software
package (SPSS, Chicago, IL, USA) with an independent-
samples 7T test performed between the two groups. All
values are represented as the mean + standard deviation
(SD) from at least three independent experiments.
Statistical significance was defined as P < 0.05.
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