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To reveal novel IncRNAs and explore how could IncRNA affect the ER/PR positive type breast cancer, 16 dif-
ferent IncRNA transcriptomes (8 breast cancer tissues and 8 normal breast tissues) were successfully sequenced.
In total, 8,954 high quality IncRNAs, including 5,516 IncRNAs reported in the previous studies and 3,438 novel

RAf? gengsl onl " IncRNAs, were annotated. The highest expressed IncRNAs were MALAT1, SCARNA10, RP11-206M11.7 and
](Dl;c(:;l;:; expression long noncoding RNAs NEAT1, and the highest expressing mRNAs were RPL19, SCGB2A2, FTL and TMSB4 X . Of the 615 differentially

expressed IncRNAs, 323 showed up regulated (P < 0.05) expression patterns in breast cancer, and 292 showed
down regulated expression patterns. Of the 8,954 genes, 5,516 genes were upregulated in breast cancer, and
3,438 were downregulated. In total, the targets of 238 IncRNAs were confirmed by two IncRNA target prediction
programs. Within these genes, Ras responsive element binding protein 1, Ras association domain family member
6, Ras association domain family member 8, Ras protein specific guanine nucleotide releasing factor 1and other
10 different Ras associated different expressed genes were predicted as targets of IncRNAs. These different
expressed IncRNAs which could regulate the Ras gene families and ECM pathway may be another mechanism
why the expression pattern of Ras genes changed in breast cancer. All these cancer-related genes (Ras genes)
were annotated as targets of IncRNAs in the breast cancer transcriptome may provide us with a new way to
understand the occurrence and development of breast cancer.

1. Introduction more than 80% [4]. Changes of genome [5] or the expression pattern of

many cancer-related genes that reflect the cellular phenotype and

Breast cancer (BC) is considered as the second (only after lung
cancer) fatal malignant cancer among women [1]. The fatality rate of
breast cancer patients is almost 1 per 10,000 individuals and increases
with the progression of cancer (almost double or triple mortality in the
fifth year compared to the first year after diagnosis. Every year, almost
60,000 breast cancer patients died. In general, breast cancer (at least
hereditary breast cancers) is a disease related to genetic changes [2].
The diagnosis and classification of the breast cancer were based on the
expression pattern of many breast cancer-related genes. The BC could
be classified into different subtypes based on the status of ER, PR and
Her2. The triple negative (ER-, PR- and Her2 -) breast cancer is the
deadliest subtype [3]. Meanwhile, the ER positive type and PR positive
type could be treated effectively by the same endocrine therapy. The 5-
year survival rate of ER positive subtype breast cancer were also higher
than the ER negative subtype, the ER/PR positive subtype was even

physiological function. The expression profile of transcriptome was
discrepant in different kinds of tumor [6,7] or even the different sub-
type of the single cancer [8]. It is necessary to clarify the transcriptome
of all different kinds of subtype cancer. Given the high mortality of
triple negative breast cancer, more attention was paid on this subtype
cancer [9,10].The ER(+)/PR(+) subtype breast cancer were the other
extreme, a kind of subtype with a good prognostic and high survival
rate. The transcriptome of ER positive type and negative type were
significant different instead of the only ER gene itself [11,12].1t is very
hard to elucidate the mechanism of breast cancer which contained
several subtype cancer. A detailed survey of transcriptome of all kinds
of subtype breast cancer is necessary. Long non-coding RNA (LncRNA),
an important part of transcript, may provide a new expound for us to
clarify different clinical features and outcome of the subtype cancers
[13].
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The human genome project indicated that only 2% of the genome
was protein-coding sequence (mRNA) [14,15] and the other part were
non-coding dark sequences. Long noncoding RNAs (IncRNAs), one of
the non-coding sequences, shared the same molecular structure with
mRNA (coding genes, UTR and ORF region) but showed no protein
coding capacity [14,16]. Previous studies suggest that IncRNAs may
play an important role in the regulation of cell development, pro-
liferation, differentiation and apoptosis [17]. LncRNAs had been stu-
died in cancer for a long time and were considered as an important
regulator in development of breast cancer [18]. Given all these features
that are important in cancer, IncRNAs could be involved in the initia-
tion and progression of many diseases in addition to cancer. Due to the
cancer especially the breast cancer was a disease with a significant
different gene profile with other tumor types or even the subtype of
breast cancer [19].To explore the different subtype of breast cancer is
meaningful. LncRNA sequencing of lung cancer and breast cancer pro-
vide 2,812 IncRNAs. Meanwhile, the different IncRNA associated with
different development stage of lung cancer were identified. NKX2-1-
AS1 and DSCAM-AS1, which up-regulated in the lung cancer and
regulated the protein-coding genes which were associated with lung
cancer. Meanwhile, the subtype breast cancer ER(+), ER(-) shared 20
different expressed IncRNAs including LINC00324, PTPRGAS1 (protein
tyrosine phosphatase, receptor type, G, antisense) and SNHG17 (small
nucleolar RNA host gene 17).Except the identified of subtype-related
IncRNAs, function research revealed many IncRNAs which could affect
the function of breast cancer cells (Long noncoding RNA UCA1 mod-
ulates breast cancer cell growth and apoptosis through decreasing
tumor suppressive miR-143)or the treatment effects(Regulation of
apoptosis by long non-coding RNA GASS5 in breast cancer cells: im-
plications for chemotherapy). H19, the first IncRNA identified in cancer
were detected and functioned in many tumor types, such as colon,
kidney, liver as well as breast cancer. The function of H19 in multi-
cancer suggest that IncRNAs may play a key role in the development of
many different cancers. Meanwhile, IncRNAs could regulate the gene
expression profile by regulating genome activity via histone modifica-
tion and DNA methylation and remodeling chromatin at the nucleic
acid or molecular level. Targeting IncRNAs may be an easy way to treat
cancer by elucidating the expression pattern or function of IncRNAs at
the molecular level.

Except the subtype-related IncRNAs, many IncRNAs have also been
studied in all breast cancer type. The first was HOX antisense intergenic
RNA (HOTAIR) [20,21], which is expressed at a high level in breast
cancer tissues and targets the HOXC1 and HOXC12 genes via histone
modification. The overlapping IncRNA NKILA acts as a transcription
factor in breast cancer (LncRNA NKILA suppresses TGF-B-induced epi-
thelial-mesenchymal transition by blocking NF-kB signaling in breast
cancer). Studies on IncRNAs may provide us a new direction to confirm
and treat breast cancer. Even before we gained the benefits of next
generation sequencing, many IncRNAs were identified and confirmed
by traditional methods. The use of the Human Genome Project and
transcriptome sequencing may greatly accelerate our discovery of novel
IncRNAs for breast cancer. Meanwhile, a study pointed out that 60% of
IncRNAs showed specificity in only one type of cancer [22]. Therefore,
it is necessary to screen the IncRNAs that are specific to breast cancer
tissues and systematically study the role of IncRNAs in breast cancer. ER
(+) /PR (+) subtype breast cancer is a cancer with a low vulnerability
and high cure rate. However, 2/3 of breast cancer patients were ER(+)
type [11].In view of the important role of ER/PR (+) subtype cancer, in
this study, the transcriptome expression profiles of breast cancer (ER/
PR (+) type)tissues and normal breast tissues were detected to obtain
an overview of the IncRNAs involved in this subtype breast cancer. The
differentially expressed IncRNAs and co-expressed coding genes in
breast cancer (ER(+)/PR (+) type) were filtered out. The functions of
the IncRNAs and co-expressed mRNAs were identified by KEGG
pathway and GO analyses. Our study may provide a foundation for the
clinical research of breast cancer (ER(+)/PR (+) type) based on the
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Table 1
The demography and clinical features.
NO gender age ER PR
1633649 female 35 3+ 3+
1635819 female 53 3+ 3+
1638292 female 51 3+ 3+
1711197 female 34 2+ 3+
1716677 female 53 2+ 2+
1725159 female 43 2+ 3+
1727975 female 46 3+ 3+
1191141 female 41 2+ 2+
Table 2
The details of the transcriptome assemble result.
Sample Raw reads  Clean reads clean bases Error rate  GC content
name (%) (%)
N8 107068208 101990210 15.3G 0.02 46.85
N2 152719916 145827132 21.87G 0.02 48.33
N3 101485610 97143966 14.57G 0.02 46.52
N4 103928234 98823036 14.82G 0.02 49.39
N5 126312546 120994424 18.15G 0.02 47.14
N7 101759050 97279986 14.59G 0.02 49.22
N1 107019882 103659356  15.55G 0.01 46.5
N6 108635026 105881964 15.88G 0.01 48.62
T1 115728976 112545512 16.88G 0.01 45.57
T8 115139232 110940972 16.64G 0.02 47.96
T6 117017282 113259066 16.99G 0.01 45.75
T2 94941988 91618018 13.74G 0.02 46.76
T3 123122094 119295204 17.89G 0.02 46
T4 147626842 142369812 21.36G 0.02 46.03
T5 127911670 124016248 18.6G 0.02 47.4
T7 103481692 98768054 14.82G 0.02 46.58

research of IncRNA.

2. materials and methods
2.1. Ethics

Breast cancer tissue (invasive ductal carcinoma, tumor tissue) and
adjacent normal breast tissue (precancerous tissues, normal tissue)
samples from the same individual with breast cancer were obtained
from 2016 to 2017 from the Department of Pathology, Affiliated
Hospital of Inner Mongolia Medical University, Hohhot, China. All
patients were informed and signed an agreement to be part of this
study. All material and methods in this study were licensed and ap-
proved by the Ethics Committee of Inner Mongolia Medical University.

2.2. Study patients, tissue sample preparation and collection

Histopathological specimens from breast cancer patients were con-
firmed pathologically were selected from the Affiliated Hospital of
Inner Mongolia Medical University (Inner Mongolia, China). All speci-
mens (including BC tissues (tumor tissue) and paired adjacent normal
tissues (normal tissues)) were cut into 3-8 mm? pieces after surgery.
The sampled tissues used for transcriptome sequencing were submerged
in an RNA protectant (RNA later, Sigma, USA) for 12 h at 4 °C, quickly
placed into liquid nitrogen and transferred to —80 °C for RNA isolation.
Meanwhile, the samples from the same patients used for histology
testing were fixed with formalin. The clinical features of the patients
such as the ER and PR status and Her2 status were all confirmed by
histology.

2.3. Isolation of total RNA and construction of sequencing library

Only the ER/PR positive type breast cancer (the criteria was
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Fig. 1. classification of mapped reads from normal tissues(A) and cancer tissues(B).

The different types of IncRNAs based on molecular structure.
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Fig. 2. The number of novel IncRNAs annotated based on different databases.
The overlapped areas represent the same results from both databases.

Table 3
The different IncRNA type of annotated IncRNA and novel IncRNA.

annotated IncRNA novel IncRNA

IncRNA type number number
3prime overlapping ncrna 13 0
antisense 1908 445
lincRNA 2051 2993
Macro IncRNA 1 0
Processed transcript 571 0

Sense intronic 596 0

Sense overlapping 106 0

TEC 270 0

in total 5516 3438

ER > 2+ and PR > 2+ at the same time) patients were selected as the
sampled volunteers. Total RNA obtained from 8 normal breast tissue
and 8 breast cancer (ER/PR positive type) tissue samples were extracted
with TRIzol (Life Technologies, USA). The obtained RNA was analyzed
by agarose gel electrophoresis (1%, 110 V). The amount of RNA used
per sample was no less than 3 pug. The ribosomal RNA was eliminated.
Subsequently, cDNA libraries were produced following the manu-
facturer’s recommendations. The AMPure XP system was employed to
purify the PCR products, and the libraries were analyzed on an Agilent
Bioanalyzer 2100 system. All index-coded samples were clustered on a
cBot Cluster Generation System with the assistant of TruSeq PE Cluster
Kit v3-cBot-HS (Illumina) following a manual. After clustering, the
[llumina HiSeq 4000 platform was employed to sequence all cDNA
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libraries to generate 150 bp paired-end raw reads.
2.4. Quality control, assembly and annotation

All primordial raw data (FASTQ format) generated from the se-
quencing platform were first processed with several homemade Perl
scripts. All dirty or with low useful information raw data (such as the
adapter, ploy-N sequence and low-quality reads) were removed. All
clean reads for 16 different sequencing libraries were aligned to the
reference human genome and gene model annotation databases using
bowtie2 v2.2.8 and HISAT2 v2.0.4 [23], respectively. The aligned reads
from all samples were assembled by StringTie (v1.3.1) [24]. All reads
were assembled into transcripts based on the genome sequence and
gene model annotation files.

2.5. Discovery of known and novel IncRNAs

The known IncRNAs were annotated based on the genome annota-
tion result. The transcripts that failed to be annotated were subjected to
coding potential analysis based on four databases: CNCI (Coding-Non-
Coding-Index, with default parameters) (v2), CPC (Coding Potential
Calculator (0.9-r2), the e-value were ‘1e-10’, Pfam-sca (release 27; both
Pfam A and Pfam B, with default parameters of 1e-10) and PhyloCSF
(phylogenetic codon substitution frequency (v20121028), with default
parameters). All transcripts that were successfully calculated by either/
all of the four databases were identified as coding gene (mRNA). Only
those transcripts that showed no coding potential were defined as
candidate or novel IncRNAs. All novel IncRNAs and mRNAs were im-
puted into Phast (v1.3) [25] and phastCons to generate the conserva-
tion scores for all novel IncRNAs and coding genes (mRNA). When all
the annotation progress were finished, the HISAT2 [23] were employed
to map all annotation IncRNAs to the genome map and located all
IncRNAs on different chromosomes with the help of R package.

2.6. Analysis of the differential expression of IncRNAs and genes

The software edgeR was used to calculate the Fragments Per
Kilobase Million (FPKMs) of both IncRNAs and mRNAs for each sample
[26]. The FPKMs for each gene (in the 16 different transcriptome da-
tasets) were calculated by summing the FPKMs of the transcripts in
each gene group. The software contains statistical routines for de-
termining the differential expression of the digital transcript or gene
expression data based on the negative binomial distribution [26].
Transcripts that showed a different expression level between breast
cancer and normal tissues with a P-adjust < 0.05 and fold change > 2
were deemed differentially expressed.

All IncRNA expression data (HTseq-counts data) and the corre-
sponding clinical data (clinical.car.tar.gz) were downloaded from TCGA
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Fig. 3. the location of IncRNA on different chromosomes.

The horizontal coordinate is the length information of chromosomes (in millions of bases), the vertical coordinate is log2(the median density of reads), and green is

the sense strand and red is antisense strand.

dataset (https://tcga-data.nci.nih.gov/tcga/)with the help of GDC
client software. Up to December 2018, 1,109 breast cancer samples and
113 normal samples results could be downloaded from the TCGA da-
tabase. The expression level of IncRNAs downloaded from TCGA

dataset were calculated with edgeR and normalized to Fragments Per
Kilobase of transcript per Million mapped reads (FPKM) values.
LncRNAs that showed different expression pattern with a P-adjust <
0.05 and fold change > 2 were deemed as differentially expressed



Y. Jia, et al. Pathology - Research and Practice 215 (2019) 152405

Table 4

Top 20 aberrantly expressed IncRNAs in tumor tissues.
Gene id Official Symbol Gene type Normal FPKM Tumor FPKM
ENSG00000251562.7 MALAT1 lincRNA 3376.575836 5579.980072
ENSG00000276232.1 SCARNA10 Sense intronic 1222.976543 1541.645969
ENSG00000244468.1 RP11-206M11.7 antisense 51.61778213 118.3694251
ENSG00000245532.5 NEAT1 lincRNA 377.8184568 690.604435
ENSG00000235687.8 LINC00993 lincRNA 72.94275638 127.7821443
ENSG00000234918.1 RP11-20F24.2 lincRNA 64.0717165 122.4735783
ENSG00000229807.9 XIST lincRNA 112.8230591 111.8113195
ENSG00000260032.1 LINC00657 lincRNA 113.5950758 114.7980576
ENSG00000261294.1 RP11-616M22.3 antisense 0.48814725 13.57538138
ENSG00000255026.1 RP11-326C3.2 antisense 15.71662138 44.99087438
ENSG00000281508.1 CDR1-AS antisense 341.9651606 94.10079388
ENSG00000259279.1 CTD-2033D15.1 antisense 17.53868488 31.54011925
ENSG00000254911.3 SCARNA9 antisense 145.2864723 92.12042913
ENSG00000234741.7 GAS5 Processed transcript 73.13883988 65.032235
ENSG00000230937.9 MIR205HG Processed transcript 7.54118075 6.492219375
ENSG00000253361.1 RP11-675F6.3 lincRNA 0.68232525 5.176682625
ENSG00000276107.1 CTD-2033D15.2 Sense intronic 14.01177338 25.49593288
ENSG00000242588.5 RP11-274B21.14 Processed transcript 33.75894988 27.20923025
ENSG00000267519.3 CTD-3252C9.4 lincRNA 13.13186338 12.923282

Table 5

Top 20 aberrantly expressed mRNA in tumor tissues.
Gene id Official Symbol Gene type Normal FPKM Tumor FPKM
ENSG00000108298 RPL19 protein coding 498.999 2211.657
ENSG00000110484 SCGB2A2 protein coding 55.95528 1465.697
ENSG00000087086 FTL protein coding 732.6121 1072.227
ENSG00000205542 TMSB4X protein coding 395.6476 1017.151
ENSG00000108821 COL1A1 protein coding 98.67618 933.3021
ENSG00000034510 TMSB10 protein coding 399.2867 763.938
ENSG00000168542 COL3A1 protein coding 133.7993 676.1755
ENSG00000229117 RPL41 protein coding 779.847 670.8879
ENSG00000156482 RPL30 protein coding 326.5839 603.7048
ENSG00000112306 RPS12 protein coding 253.6478 550.9173
ENSG00000115414 FN1 protein coding 25.01122 538.5614
ENSG00000171345 KRT19 protein coding 194.3933 534.6924
ENSG00000147604 RPL7 protein coding 392.8142 528.301
ENSG00000164692 COL1A2 protein coding 107.0713 513.8003
ENSG00000231500 RPS18 protein coding 329.1737 512.9944
ENSG00000142534 RPS11 protein coding 721.0031 509.5972
ENSG00000177954 RPS27 protein coding 762.428 501.7894
ENSG00000147676 MAL2 protein coding 14.04005 484.7801
ENSG00000096384 HSP90AB1 protein coding 249.9771 482.9676
ENSG00000198918 RPL39 protein_coding 361.3886 460.7996

?
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Fig. 4. The heat map and hierarchical clustering of the differentially expressed IncRNAs (a) and mRNAs (b) between normal and cancer samples.



Y. Jia, et al. Pathology - Research and Practice 215 (2019) 152405

Table 6

The top 10 up-regulated and 10 down-regulated IncRNA in tumor tissues.
Gene id Gene name Normal FPKM Tumor FPKM log2(fold change) P value
ENSG00000254548.1 RP11-429J17.5 0.36169175 3.448151875 —3.252990723 0.018583
ENSG00000225768.1 RP11-12704.3 0.114856875 0.950341375 —3.048608627 0.04399
ENSG00000224271.5 RP11-19119.4 0.369097125 2.851944375 —2.949873438 0.000439
ENSG00000218357.3 LL22NC03-75H12.2 0.315174875 1.997651 —2.664080123 0.029554
XLOC_324131 - 0.163721875 0.94818225 —2.533917292 0.041175
XLOC_163714 - 0.48501325 2.545206875 —2.391686858 0.035804
XLOC_163712 - 0.4734865 2.320140375 —2.292816898 0.044643
ENSG00000228613.1 AC144450.1 1.65078125 7.0327315 —2.090936181 0.023233
ENSG00000261488.1 RP11-757F18.5 2.044084 6.90729 —1.756665312 0.043707
ENSG00000273576.1 RP11-390P24.1 4.421884 14.497324 —1.71305354 0.038067
ENSG00000254531.1 FLJ20021 2.476158625 1.493685 0.729227805 0.025339
ENSG00000255864.5 RP11-444D3.1 4.70513675 2.690764125 0.806220726 0.005876
ENSG00000214548.14 MEG3 2.142266875 1.175998125 0.865252456 0.033565
ENSG00000179818.13 PCBP1-AS1 2.006431375 1.094516625 0.874337945 0.006271
ENSG00000237438.6 CECR7 3.5568945 1.076878 1.723763368 0.048974
ENSG00000267532.3 MIR497HG 7.011348125 1.960515375 1.838458913 0.029331
XLOC_000333 - 136.3695363 36.37002088 1.906699736 0.007857
ENSG00000249669.7 MIR143HG 9.730973125 2.49426625 1.963968612 0.01,798
ENSG00000276649.1 RP5-858L17.1 2.78508725 0.541609625 2.362397242 0.03324
ENSG00000242908.6 AADACL2-AS1 3.568161375 0.549142875 2.699927404 0.029523
ENSG00000241684.5 ADAMTS9-AS2 4.560805 0.2512185 4.182273873 0.038657

IncRNAs. The differentially expressed IncRNAs from TCGA dataset and
our sequencing data were compared.

2.7. Target gene prediction

All IncRNAs were subjectted to analysis of their Cis role or Trans
role. For Cis role IncRNAs that are active on neighboring target genes,
those coding genes located 10k/100k upstream and downstream of one
IncRNA were searched, analyzed for their function and identified as
potential target genes. For Trans role IncRNAs, the regulatory re-
lationship (Transcriptome network analysis) was searched and analyzed
based on the expressed correlation between IncRNAs and coding genes
with Pearson correlation and WGCNA software [27]. Only the coding
genes and IncRNAs that shared a common expression module (Pearson
correlation, R% > 0.95) were identified as the co-expressed IncRNA and
mRNA, the mRNA may be the potential.

2.8. GO and KEGG enrichment analyses

The GOseq R package [28] was employed to conduct the Gene
Ontology (GO) enrichment analysis of differentially expressed IncRNA
target genes. GO terms with corrected P values less than 0.05 were
considered significantly differentially enriched IncRNA targets. To
better understand the functions and impact of the biological system on
the cell, the organism or the ecosystem level (http://www.genome.jp/
kegg/,Kanehisa), KOBAS software was used to test the statistical en-
richment of differential expression genes or IncRNA target genes in
KEGG pathways [29].

2.9. Quantitative real-time PCR

At least three biological replicates were used for qPCR using Powers
Green (Invitrogen). The comparative CT (A4€Ty method was used with
values first normalized to the housekeeping RNA 18S. All primers were
obtained from Integrated DNA Technologies (Coralville, IA, USA).
Primer efficiency between 95 and 105% was determined for each
primer candidate. The clinical experiment was prepared with total RNA
from the 8 pairs of BC tissues and adjacent normal tissues, and first-
strand cDNA was synthesized using a PrimeScript™ RT reagent Kit with
gDNA Eraser (Perfect Real Time). The expression levels of upregulated
genes and downregulated genes selected as novel breast cancer-related
genes were verified by qRT-PCR. The designed primers (listed in the

Supplemental Table primers), PCR system and PCR amplification con-
ditions were the same as those in the validation experiments. The data
were analyzed using ABI 7500HT SDS software 4.1 (Applied
Biosystems, USA). DEG expression levels were analyzed using the
27 44CT analysis method.

3. Results
3.1. Patient demography and clinical features result

All volunteers in this study were the local people from the Hohhot,
Inner Mongolia province, China (Table 1). To study the expression
profile of IncRNAs and its target genes in the ER/PR positive type breast
cancer, the status of ER and PR of all patients should be positive
and > 2+ at the same time. At last, 8 female breast cancer patients
aged from 34 to 53 years were selected as volunteers. The histology
results of breast tissues from these volunteers were at least 2+ for both
ER and PR. Four volunteers were ER/PR 3+ at the same time.

3.2. The results of sequencing and assembly of transcriptome data

In total, 16 different sequencing libraries (8 for breast cancer tissues
and 8 for normal breast tissue) were constructed and sequenced suc-
cessfully. The transcriptome results were named T1 to T8 for cancer
tissues and N1 to N8 for normal tissues. To avoid the interference of
genetic background and obtain the expression pattern of IncRNAs as
well as its co-expressed gene during the development of breast cancer
(genes in the ER/PR positive type breast cancer ER/PR(+)BC), ER(+)
/PR(+) BC and normal breast tissues were collected from the same
individual breast cancer patient (for example, T1 and N1 were obtained
from the same patient volunteer with ER/PR + type breast cancer).
After sequencing, a total of 1,853,898,248 paired-end raw reads with
an error rate less than 0.02% were generated (Table 2). After removing
the low-quality reads, redundant raw reads, adaptor sequence and joint
base-containing sequences, 1,784,412,960 (96.25% of raw reads) clean
reads were kept and used for transcriptome annotation and analysis a
summary table for assembly was deposited in Table 2. The low error
rate and high proportion of clean data suggest that the sequencing re-
sults were acceptable. To obtain an optimized reference transcriptome
database and to better understand the transcriptomic IncRNA profile of
ER/PR + type BC, all reads from the 16 different transcriptomes were
mapped to the human genome data.
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Fig. 5. The scatter plot of IncRNA (a) and mRNA (b) expression variation between the normal and cancer samples.
The red dot were up-regulated gene or IncRNA, the green dot were down-regulated gene or IncRNA and blue dot were genes or IncRNA without any change.

3.3. Identification of IncRNA and coding genes

For each sample (tumor tissues and normal tissues), the
1,784,412,960 sequence reads, and reference genome sequence were
aligned using TopHat software. In total, 161,401 different transcripts
were obtained and annotated. All transcripts were divided into 8 dif-
ferent types (Fig. 1 A and B). The results showed that approximately
80% of the transcripts were protein coding sequence(mRNA), and the
IncRNAs comprised only approximately 3.4-6.7% of the transcripts.
Meanwhile, the number of lincRNAs in the breast cancer tissues
(Fig. 1B) is almost twice that in the normal breast tissues (Fig. 1A). In
total, more than 3% of the protein coding transcripts in the breast
tumor tissues were replaced by IncRNAs (Fig. 1A and B). Based on the
referenced genome database and gene model file, most transcripts
(146,252 transcripts) were annotated as coding genes or mRNAs, 5,516
transcripts were annotated as IncRNAs (Supplemental Table 1), and
9,632 were annotated as TUCP (transcripts of uncertain coding poten-
tial). Further analysis suggests that the 146,252 coding gene sequences
belonged to 19,278 different genes (Supplemental Table 2).

During the identification progress of novel IncRNAs, transcripts
from all samples failed to be annotated was performed another anno-
tation progress that was referenced as the CPC, PFAM, phyloCSF and
CNCI databases (Fig. 2). The numbers of transcripts that were anno-
tated in the four databases were 9,032 (CPC), 4,876 (PFAM), 11,000
(phyloCSF) and 11,638 (CNCI). To ensure that the annotated transcripts
were not false positive results (potential coding proteins), any tran-
scripts successfully annotated by one database were filtered. Finally,
only these transcripts confirmed as noncoding genes by all four protein
databases were identified as novel IncRNAs. The number of novel
IncRNAs from both breast cancer and normal tissue transcriptomes was
3,438 (Fig. 2, Supplemental Table 3). In total, 8,954 IncRNAs, including
5,516 IncRNA reported in the previous studies and 3,438 novel IncRNA
confirmed by coding potential analysis, were annotated in this study.
All these IncRNAs could be divided into 8 different IncRNA subtypes. Of
the 3,438 novel IncRNAs, 2,993 IncRNAs were IncRNAs, and 445 were
antisense IncRNAs (Table 3). The annotated 5,516 known IncRNAs
belonged to 8 subtypes, including 2,051 IncRNAs, 1,980 antisense
IncRNAs and only 1 macro IncRNA (Table 3). All 8,954 IncRNA covered



Y. Jia, et al. Pathology - Research and Practice 215 (2019) 152405
Table 7
The top 10 up-regulated and 10 down-regulated mRNA in tumor tissues.
Gene id Gene name Normal FPKM Tumor FPKM log2(foldchange) P value
ENSG00000128918 ALDH1A2 1.928955 0.003254 9.211445 0.028752
ENSG00000094963 FMO2 3.509232 0.024225 7.178515 0.020483
ENSG00000077782 FGFR1 8.759106 0.097027 6.496254 0.036156
ENSG00000088992 TESC 1.516981 0.018053 6.39283 0.025533
ENSG00000165795 NDRG2 34.37104 0.601665 5.83609 0.041117
ENSG00000094755 GABRP 6.618527 0.153148 5.433512 0.040795
ENSG00000100146 SOX10 19.16088 0.587788 5.026725 0.046444
ENSG00000133392 MYH11 29.38619 1.125787 4.706133 0.03944
ENSG00000094755 GABRP 19.53561 0.756732 4.690181 0.029591
ENSG00000163017 ACTG2 5.912065 0.277506 4.413069 0.032957
ENSG00000050438 SLC4A8 0.263188 3.119803 —3.56729 0.020867
ENSG00000135272 MDFIC 0.295957 3.632073 —3.61733 0.002212
ENSG00000002834 LASP1 1.120908 15.13504 —3.75515 0.004802
ENSG00000170571 EMB 0.331906 5.386099 —4.0204 0.035283
ENSG00000007541 PIGQ 0.070927 1.301169 —4.19733 0.028961
ENSG00000080503 SMARCA2 0.095967 1.908851 —4.31403 0.028778
ENSG00000170442 KRT86 0.056961 1.303841 —4.51666 0.034335
ENSG00000100883 SRP54 0.14119 6.054887 —5.42239 0.011586
ENSG00000160221 C21lorf33 0.009694 1.438299 —7.21313 0.034695
ENSG00000102158 MAGT1 0.003593 3.285402 —9.83677 0.021676
Table 8
The important Ras family gene and its associated IncRNAs in breast cancer.
IncRNA Gene ID Gene Symbol Gene Description Pearson correlation P value
ENSG00000225092.2 RREB1 ras responsive element binding protein 1 0.96 2.06E-09
ENSG00000231133.6 RASSF6 Ras association domain family member 6 0.95 1.75E-08
ENSG00000258520.1 RASSF8 Ras association domain family member 8 0.97 4.67E-10
XLOC-031380 RHOT1 ras homolog family member T1 0.95 1.79E-08
XLOC-124864 RAP1B RAP1B, member of RAS oncogene family 0.95 8.53E-09
XLOC-262804 RASGEF1B RasGEF domain family member 1B 0.95 1.67E-08
XLOC-358359 RASGRF1 Ras protein specific guanine nucleotide releasing factor 1 0.95 1.81E-08
ENSG00000254548.1 ARHGAP39 Rho GTPase activating protein 39 0.950378571 1.74E-08
ENSG00000262370.5 KALRN kalirin, RhoGEF kinase 0.950973204 1.6E-08
ENSG00000236008.1 RAB11FIP1 RAB11 family interacting protein 1 0.95000194 1.83E-08
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Fig. 6. GO terms which enriched the different expressed IncRNA.
BP is short for biological; CC is short for cellular; MF is short for molecular function.

MF

The horizontal coordinate is the different classification, the vertical coordinate is the number of genes, and green is the sense strand and red is antisense strand.

the entire genome sequences. As for the location of IncRNA in different
chromosomes (Fig. 3), IncRNAs could be mapped on all chromosomes
except the front end of chrl3, chr 14, chrl5 and the second half of chr
Y.

3.4. Expression profile of IncRNAs and coding genes in the breast
transcriptome

All 1,222 different breast tissues samples from TCGA database

generated 60,483 transcripts. Of these transcripts, 6,603 were anno-
tated as IncRNAs. All annotated 5,516 known IncRNAs in our tran-
scriptome result could be found in the IncRNAs from TCGA database. As
for the novel IncRNAs, only 917 IncRNAs were the same with the TCGA
IncRNAs.

The expression levels of IncRNAs and coding genes in breast cancer
tissues relative to those in adjacent normal breast tissues were calcu-
lated by the FPKM method. The mean FPKM of IncRNAs in cancer and
normal tissues is 3.8 and 2.7, respectively. The relative expression level
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Fig. 7. KEGG pathway which enriched the different expressed IncRNA.

of IncRNA in tumor tissues is higher than that in normal tissues. The top
20 highest expressing IncRNAs included MALAT1, SCARNA10, RP11-
206M11.7 and NEAT1 (Table 4), followed by LINC00993 and RP11-
20F24.2. Of the top 20 highest IncRNAs in cancer tissues, 11 IncRNAs
showed a higher expression level than that in normal tissues. Only two
IncRNAs (CDR1-AS and SCARNA9) were expressed at higher levels in
normal tissues. In particular, RP11-616M22.3 and RP11-675F6.3 were
both the IncRNA type, and almost no expression was detected in normal
tissues. The mean FPKM of mRNAs in both cancer and normal tissues is
approximately 2.16. The top 20 highest expressing mRNAs included
RPL19, SCGB2A2, FTL and TMSB4X (Table 5), followed by COL1A1 and
TMSB10. Almost all the top 20 genes were upregulated in tumor tissues,
except RPS27 (1.5-fold higher in normal tissue than in tumor tissue)
and RPL41 (the same expression level in both tumor and normal tis-
sues).

Of 6,603 IncRNAs from TCGA database, 2,688 IncRNAs were dif-
ferent expressed IncRNAs (1743 up-regulated and 945 down-regulated
with a fold change > 2, P < 0.05). In total, 615 IncRNAs in our data
showed different expression pattern (P < 0.05) in breast cancer com-
pared to normal tissues (Supplemental Table 4). Of these differentially
expressed IncRNAs, 323 were upregulated ((Fig. 4 A). The expression
levels of the top 10 upregulated and 10 downregulated IncRNAs are
listed in Table 6. All these IncRNAs were significantly changed
(P < 0.05) in breast cancer compared with normal tissue. The highest
fold-change (downregulated IncRNA) was ADAMTS9-AS2, which was
16 fold-change less than that in normal tissues, followed by AADACL2-
AS1, RP5-858L17.1, and MIR143HG. The highest fold-change (upre-
gulated IncRNA) was observed with RP11-429J17.5, RP11-12704.3
and RP11-19119.4, which all had a fold-change of more than 8. Con-
sidering all differentially expressed IncRNAs in all tested samples, only
74 IncRNAs (24 upregulated and 50 downregulated IncRNAs) showed

the same expression pattern in all 8 transcriptome pairs (Fig. 5A). In
total, 54different expressed IncRNAs including 22 IncRNA down-regu-
lated and 32 up-regulated could compared to the TCGA data.

As for coding genes or mRNAs, 8,956 genes were differentially ex-
pressed. Of all 8,956 genes, 5,517 genes were upregulated in breast
cancer, and 3,439 were downregulated. Meanwhile, the most differ-
entially expressed mRNAs (upregulated in normal tissues) were
ALDH1A2, FMO2, TESC, NDRG2 and FGFR1 (Table 7), and the mRNAs
with the highest fold-change (downregulated mRNA) were MAGTI1,
C21 and SRP54, with fold-changes ranging from 64 to 256. Considering
all differentially expressed mRNAs in all the tested samples, only 1,820
mRNAs (936 upregulated and 884 downregulated) showed the same
expression pattern in all 8 transcriptome pairs (Figs. 4B and 5 B and
Supplemental Table 5).

3.5. IncRNA target prediction in breast cancer

Cis IncRNAs are IncRNAs that are active on neighboring target
genes. All coding genes located on the 10k/100k regions upstream and
downstream of the IncRNA were searched. In total, of the 8,955 high
quality IncRNAs, the target genes of 5,543 IncRNAs were predicted.
Furthermore, 189,697 coding genes could be target genes for these
IncRNAs. Moreover, our data showed that one IncRNA may correlate
with 1679 mRNAs and that one mRNA may correlate with 1418
IncRNAs. Transcriptome (IncRNA and mRNA co-expression) network
analysis was used to assess the target genes of IncRNAs (trans role
IncRNASs) in breast cancer. In total, 3,217 IncRNAs were co-expressed
with 10,500 coding genes (R? > 0.95). Considering all cis type and
trans type IncRNAs, 2,079 IncRNAs could be annotated as both cis and
trans. Of these, 238 IncRNAs shared the same target by the two dif-
ferent IncRNA target prediction results (Supplemental Table 6 and
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Fig. 8. The relative expression of up-regulated IncRNA in normal tissues and tumor tissues via qRT-PCR. The x-axis represents the samples, and the y-axis represents

the relative gene expression levels.
*represent the P < 0.05 and ***represent the P < 0.01.

Table 8). Within these genes, domain family 2-member D, Ras re-
sponsive element binding protein 1, Ras association domain family
member 6, Ras association domain family member 8, Ras protein spe-
cific guanine nucleotide releasing factor 1, Wilms tumor 1, fibroblast
growth factor 1 and estrogen related receptor gamma were predicted as
targets of IncRNAs (Table 8). These IncRNAs and their target genes may
be important molecules that are associated with the development of
breast cancer. In total, 10 different Ras family genes and its associated
IncRNAs in breast cancer were annotated in breast cancer. All these Ras
family genes or Ras association genes RREB1, RASSF6, RASSFS,
RHOT1, RAP1B, RASGEF1B, RASGRF1 (Table 8) were different ex-
pressed genes and the Pearson correlation with its associated IncRNAs
were higher than 0.95. On the other hand, the location of these genes
and IncRNA are nearby which were not more than 100 K.These genes
and IncRNAs may be important biomarkers in breast cancer.

3.6. GO analysis and KEGG enrichment analysis

To predict the potential functions of the IncRNAs and their target
genes, the GO terms of the target genes for all differentially expressed
IncRNAs were enriched and are shown in Fig. 6. The GO enriched
analysis indicated that the most enriched GO terms targeted by the
mRNAs coexpressed with IncRNAs were molecular function and

10

binding, which belongs to the molecular function term, followed by
intracellular function. Furthermore, the KEGG pathway enrichment
analysis suggested that the mRNAs co-expressed with IncRNAs were
involved in alph A-L inolenic acid metabolism (Rich factor 0.2) and
linoleic acid metabolism (Rich factor 0.17). The 20 enriched KEGG
pathways are listed in Fig. 7. The cell adhesion molecules (CAMs),
complement and coagulation cascades and insulin secretion were
identified in the KEGG pathway analysis as containing the highest en-
richment of DELs (differentially expressed IncRNAs).

3.7. Clinical experiment with gRT-PCR

To determine the clinical effects of all selected genes, including
high-level and low-level IncRNAs and their target genes, all primers
were designed based on the IncRNAs and coding mRNA sequences re-
ported in the NCBI database (Supplemental Table primers). We
screened the 5 highest expressing and 5 lowest expressing IncRNAs to
detect the expression patterns of these IncRNAs in breast cancer tissues
and adjacent tissues from 16 different clinical individuals by qRT-PCR.
The results showed that the upregulated IncRNAs NEAT1, MALATI,
CST6, RP11-1911.9.4, and LNC-001830 (Fig. 8) as well as the down-
regulated IncRNAs ADAMTS9-AS2, MIR497HG, CECR7, AADACL2-AS1,
and RP5-858L17.1 (Fig. 9) showed the same result in different patients,
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which verified the RNA-Seq results. Meanwhile, the expression pattern
of three important coding mRNAs (HSP90AB1, TMSB10, and COL1A2)
(Fig. 10) were also verified by qRT-PCR.

4. Discussion

Different type or subtype of cancers are diseases caused by genetic
changes. The expression patterns on transcriptome level for mRNA and
non-coding RNA are a molecular basis for development of tumors, the
different profile represent the biological and histological diversity of
tumor type or subtype [12,30]. For these reasons, the study of different
kinds of subtype cancers was meaningful to better understand the de-
velopment of breast cancer. LncRNAs are a set of RNAs that do not code
proteins but could regulate the expression profile of target genes at the
molecular level [31]. Analysis of the expression pattern of IncRNAs and
co-expressed mRNAs may provide us with new insights to explain the
mechanism of the occurrence and progression of cancer. In previous
studies, IncRNAs in many subtype breast cancers, such as ER (+), ER
(-), Her2 (-) and triple negative (ER-, PR- and Her2 -) breast cancer were
sequenced. The whole specific IncRNA transcriptome expression profile
which could reflect the progression stages of different subtype breast
cancer. The transcriptome profile of double positive ER/PR (+) type
breast cancer was still undercover. In this study, the ER (2+)/PR (2+)
type breast cancer were sampled and sequenced to identify its specific
IncRNAs expression profile may provide us a new sight to understand
the reason for the high survival rate. The confirmation of a breast
cancer diagnosis is complex because the expression pattern or profile of
breast cancer changes with age, developmental stages and breast cancer
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subtype [32,33]. To avoid differences between individuals, breast
cancer tissues and normal tissues in this study were collected from the
same individual. We focused on the genetic information and removed
the influence of environment, food and other factors.

Due to the important role of non-coding RNAs in cancer, many
studies have focused on the discovery of non-coding RNA as well as the
correlation between the ncRNAs and coding-RNA which were involved
in cancer [34]. The discovery of differentially expressed miRNAs [35]
and novel IncRNAs [36] and functional analysis of IncRNAs [37] were
performed successfully. Meanwhile, as a useful experimental method,
high-throughput sequencing provides us with an easy way to under-
cover vast amounts of IncRNA data at a lower cost. Transcriptome se-
quencing has been successfully employed to reveal IncRNAs in many
types of cancers, such as renal cells [38], colon cancer cells [39], gastric
cancer [40], lung cancer [41] and breast cancer [42]. In the present
study, 5,516 IncRNAs reported in the previous studies and 3,439 novel
IncRNAs were obtained. When compared with the IncRNA annotated
from TCGA database, all known IncRNAs were found in the TCGA da-
tabase. Meanwhile, almost 2500 novel IncRNAs were faild to mapped to
the TCGA database. The number of IncRNAs identified in double posi-
tive ER/PR (+) type breast cancer is greater than that in the lung
transcriptome [41] and the breast cancer transcriptome [42], which
may be because of the improvement of the reference genome database
and the development of software. The assembly result reveals that
breast cancer tissues express more IncRNAs than normal tissues, the
extra IncRNAs may be important regulator in breast cancer tissues.
Meanwhile, many novel IncRNAs may be false positive, these IncRNAs
may be part of untransltion region of mRNA [43].
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In the present study, MALAT1 and NEAT1 were annotated as treatment of Tamoxifen. [46].NEAT1 is another important IncRNA that
IncRNAs with the highest expression level in breast cancer. MALAT1 targets FRMD8 during progesterone production [47,48], suppresses
(targets the SCVL1 gene) has been found to function in the post-tran- MHC class II ag and involved in the formation of paraspeckle [49,50]
scriptional stage and in lung cancer [44,45]. MALAT1 showed different COL1A1 is a IncRNA that binds to the estrogen receptor gene and
expression pattern in the ER + type breast cancer before and after the functions in the development of breast cancer [51]. NEAT1 and
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COL1A1 related to progesterone and estrogen respectively, the tissues
were sampled from double positive ER/PR (+) type breast cancer pa-
tients. The higher expression level of NEAT1 and COL1A1 suggest that
the level of progesterone receptor and estrogen receptor were up-
regulated. These IncRNAs NEAT1 and mRNA COL1Al may be new
break out for the treatment of ER/PR (+) type breast cancer.

Unlike the protein-coding mRNAs, IncRNAs have very complex
functions that are difficult to assess [16]. To date, most of the IncRNAs
have been annotated by bioinformation analysis and have not yet been
confirmed by experimental methods. The reference database of IncRNA
function is very limited. For these reasons, the functional research of
IncRNAs must be performed along with the study of their target genes,
which means that target gene prediction for IncRNAs is very important
and urgent. For Cis IncRNAs that are active on neighboring target
genes, colocalization is the first and most important parameter to as-
sess. In this study, combined with all the Cis and trans results, only 238
IncRNAs shared the same target based on the two different IncRNA
target prediction results. Within these genes, three complement genes,
C3, C6 and C-type lecti from the complement pathway were annotated.
Several studies have noted that the complement system may affect the
form of the tumor. Persistent complement activation in breast cancer
and C3 were present only in carcinoma samples and showed pathoge-
netic effects in breast cancer [52,53]. Wilms' tumor 1 is another im-
portant cancer-related gene, and downregulation of WT1 protein could
inhibit the proliferation of breast cancer [54,55]. Estrogen-related re-
ceptor gamma is a therapeutic target in cancer [56] and can promote
mesenchymal-to-epithelial transition and suppress the growth of breast
tumors [57], the discovery of the IncRNA for estrogen-related receptor
gamma which may be a new regulation factor. Our samples were ER/PR
(+) type breast cancer, this novel IncRNA may be a new therapeutic
target.

Co-expression analysis reveals that Ras responsive element binding
protein 1, Ras association domain family member 6 and other 10 Ras
gene family were found a co-expressed with 10 different IncRNAs. Ras
gene family played important role in the cell growth and differentia-
tion, cellular transformation [58], integrin-mediated cell adhesion
[59,60] and processes including tumor angiogenesis. In prostate cancer
cells, Ras responsive element binding protein-1 (RREB-1) could down-
regulate the expression level of hZIP1 [61,62]. Many researches reveal
that there are relations between the occurrence and progression of
cancer and Ras gene family. Ras genes (HRAS, NRAS and KRAS) are
human oncogenes and found to be mutated in many kinds of human
cancers. More and more evidence suggested that Ras functioned as
tumor-induce role. A study on breast cancer suggest that the R-Ras 38 V
could affect the cell migration, cell invasion and stimulate the estrogen-
independent proliferation of breast cancer cells [63]. Meanwhile, the
Ras has been implicated in breast tumor inducing [64]. Many me-
chanisms could affect the oncogenic of Ras gene family. These different
expressed IncRNAs target on Ras genes could be a new method which
performed the regulation role in the development of ER/PR (+) type
breast tumor. In the KEGG annotation result, the ECM-receptor inter-
action pathways (ECM) and cell adhesion molecules (CAMs) enriched
the genes which regulated by different expressed IncRNAs. Ras could
upregulate the integrins which could active by extracellular matrices
(ECM) [65,66]. These different expressed IncRNAs which could reg-
ulate the Ras gene family and ECM pathway may be another me-
chanism why the expression pattern of Ras genes changed in breast
cancer. All these cancer-related genes (Ras genes) were annotated as
targets of IncRNAs in the breast cancer transcriptome and may provide
us with a new way to understand the occurrence and development of
breast cancer.

5. Conclusion

In this study, 16 different transcriptomes (8 ER/PR (+) type breast
cancer tissues and 8 normal breast tissues) were successfully sequenced.

Pathology - Research and Practice 215 (2019) 152405

In total, 8,954 high quality IncRNAs, including 5,516 IncRNAs reported
in the previous study and 3,438 novel IncRNAs confirmed by coding
potential analysis, were annotated. The highest expressing IncRNAs
were MALAT1, SCARNA10, RP11-206M11.7 and NEAT1, and the
highest expressing mRNAs were RPL19, SCGB2A2, FTL and TMSB4 X .
Of these 615 differentially expressed IncRNAs, 323 showed upregulated
(P < 0.05) expression patterns in breast cancer, and 292 showed
downregulated expression patterns. Of all 8,954 coding genes, 5,516
genes were up-regulated and 3,438 were down-regulated in breast
cancer. In total, the targets of 238 IncRNAs were confirmed by two
IncRNA target prediction tools. Among these genes, Ras responsive
element binding protein 1, Ras association domain family member 6,
Ras association domain family member 8, Ras protein specific guanine
nucleotide releasing factor 1, and other 10 Ras association genes were
predicted as the targets of IncRNAs. Ras gene family played important
role in the cell growth and differentiation, cellular transformation, in-
tegrin-mediated cell adhesion and processes including tumor angio-
genesis. The Ras has been implicated in breast tumor suppression.
These new IncRNAs which could regulate the RAS genes could be a new
mechanism to explain the important role of Ras genes in breast cancer.
All these IncRNAs targeting on cancer-related genes (Ras genes) in the
breast cancer transcriptome may provide us a new way to understand
the occurrence and development of breast cancer.
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