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Abstract

Purpose—Long intergenic non-coding RNAs (lincRNAS) are increasingly recognized as
important regulators for pathogenesis and/or prognosis of breast cancer, including triple-negative
breast cancer (TNBC) subtype. However, few previous studies used RNA-sequencing (RNA-Seq)
technology, and none included an independent replication.

Methods—To systematically evaluate the association between expression of lincRNAs and
TNBC survival, we examined lincRNA expression profiles in TNBC tissues using RNA-Seq data
for 200 TNBC patients from the Shanghai Breast Cancer Survival Study (SBCSS) and Southern
Community Cohort Study (SCCS).

Results—Twenty-five lincRNAs were found to be associated with overall survival (P< 0.05 and
no significant heterogeneity across studies at Q statistic £> 0.1), and 61 lincRNAs were associated
with disease-free survival (DFS). Among these, two lincRNAs (LINC01270 and LINC00449)
were significantly associated with both worse overall survival and DFS and were expressed at
significantly higher levels in tumor tissues compared with adjacent normal breast tissues
(logo[Fold Change] > 0.5 and FDR < 0.05). We further evaluated the potential functions of
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LINCO01270 and LINC00449 using in vitro functional experiments and found that siRNA-
mediated knockdown of LINC01270 and LINCO00449 expression significantly decreased cell
viability, colony formation and cell migration ability in TNBC cells (P < 0.05).

Conclusions—Evidence from observational studies and in vitro experiments indicates that
LINC00449 and LINC01270 may be prognostic biomarkers for TNBC.
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Introduction

Methods

Long non-coding RNAs (IncRNAS) are a large class of non-coding regulatory RNAs with a
length greater than 200 nucleotides (nt). LncRNAs can be classified by their genomic
locations, including independent transcription units (long intergenic non-coding RNAS,
lincRNASs) [1], regions upstream of protein-coding genes (promoter upstream transcripts,
PROMPTS) [2] and enhancers (enhancer RNAS). LincRNAS play important roles in
chromosome remodeling [3], immune responses [4] and cancer progression [5].

As the most common cancer among women worldwide, breast cancer has a generally
favorable outcome; its survival rate has improved substantially over the last three decades,
owing to advances in early detection and improvements in treatment [6]. However, outcomes
for triple-negative breast cancer (TNBC), a subtype of breast cancer lacking expression of
estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor
receptor 2 (HER?2), are still unsatisfactory, with a higher risk of early relapse and mortality
compared to other breast cancer subtypes [7]. Recently, several lincRNAs such as MALAT1
[8], XIST [9] and NEAT1 [10] have been reported as potential biomarkers for breast cancer,
including TNBC progression. Studies have applied RNA-sequencing (RNA-Seq) to evaluate
the expressions or derive expression signatures of lincRNASs in predicting breast cancer
outcomes [11, 12]. However, none of these studies have specifically focused on investigating
the association between lincRNA expression and TNBC survival, and none included an
independent replication.

Presented in this report is a comprehensive evaluation of the association between lincRNA
expressions and TNBC survival using RNA-Seq data from 200 TNBC patients from two
independent studies, the Shanghai Breast Cancer Survival Study (SBCSS) and Southern
Community Cohort Study (SCCS). Furthermore, we carried out in vitro studies (cell
viability, colony formation, cell migration and invasion assays) to investigate whether the
lincRNAs identified from our observational studies can affect cell functions by short
interfering RNA (siRNA)-silenced knockdown in the MDA-MB-231 TNBC cell line.

Study populations

The Shanghai Breast Cancer Survival Study (SBCSS), initiated in 2002, is a longitudinal
study of 5042 breast cancer patients [13]. Patients were identified from a population-based

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ping et al.

Page 3

tumor registry and recruited to the study approximately 6 months after cancer diagnosis. In-
person interviews collected information on demographics, cancer diagnosis and treatment,
lifestyle factors, quality of life and comorbidities. Patients were followed-up via in-person
surveys at 1.5, 3, 5 and 10 years post-diagnosis to collect data on clinical information,
recurrence, survival status and causes of death. Record linkages with a tumor registry
follow-up database and vital statistics registry were also conducted to supplement
information on survival status. Medical records were obtained to verify cancer diagnosis and
collect information on initial cancer treatment, tumor ER/PR status and breast cancer stage.
HER?2 status was obtained either from the hospital record or measured in the Vanderbilt
Molecular Epidemiology Laboratory [13, 14]. Tumor sections were collected for 4036
patients (85%); of these, 525 (10%) were TNBC samples. RNA-Seq data were generated
from 150 TNBC cases and included in the current study.

The Southern Community Cohort Study (SCCS) recruited 85,806 participants, aged 40-79
years, between 2002 and 2009 from 12 southeastern states in the US [15]. Approximately
two-thirds of participants were African Americans, and 60% were women. Information on
demographics, lifestyle factors, comorbidities and other exposures was collected at baseline
and updated in follow-up surveys. Annual linkages of the cohort with the 12-state cancer
registries covering the SCCS catchment area are performed to identify incident breast cancer
cases and collect information on tumor ER/PR/HER?2 status. Mortality information is
obtained via annual linkage with the National Death Index (NDI) databases. Collection of
medical records and breast tumor tissues began in 2010. Information on breast cancer
histology, pathology, stage and grade, including ER/PR/ HER?2 status, was obtained from
these cancer registries. Sixty-nine TNBC cases, with tissue samples, were included in an
RNA-Seq study.

We excluded from the current study patients with stage 0 or stage IV diseases (SBCSS: M=
0; SCCS: M= 19), resulting in a total of 200 TNBC cases from the SBCSS and SCCS for the
current study.

Gene expression profiling and data processing

SBCSS and SCCS data—Hematoxylin and eosin (H&E) slides were reviewed by a study
pathologist, and tumor tissues were dissected from one to five unstained formalin-fixed
paraffin-embedded (FFPE) tissue sections to ensure that samples contained > 80% tumor
cells for total RNA extraction [16]. Total RNA was extracted and purified using the Qiagen
miRNeasy FFPE Kit. The quantity and quality of RNA samples extracted from tumor tissue
FFPE sections were checked by NanoDrop (E260, E260/E280 ratio, spectrum 220-320 nm)
and by separation on an Agilent BioAnalyzer. The RNase H method was used for rRNA
depletion [16]. IHlumina TruSeq RNA Sample Prep Kit v2 was used to prepare a sequencing
library, and HiSeq 2000 was used for sequencing. Each sample was sequenced paired-end at
a read length of 100 bp. A minimum of 10 M reads was obtained for each sample. All RNA-
Seq data were processed following the mRNA analysis pipeline from The Cancer Genome
Atlas (TCGA) Genomic Data Commons (GDC) [17]. The STAR two-pass method was used
for raw data alignment to the human reference genome (hg38) [18]. GENCODE v22 was
used for coding gene and non-coding RNA annotation in the human genome [19]. Gene
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expression levels were measured using Fragments Per Kilobase of transcript per Million
mapped reads (FPKM).

All gene expression data from the SBCSS and SCCS were log2-transformed after excluding
unexpressed genes from over half the samples (median FPKM = 0). Quantile normalization
was performed for all samples to standardize expression levels to the same scale. Only
lincRNAs annotated in GENCODE v22 were investigated in this study (V= 7656).

Intrinsic molecular breast cancer subtypes (luminal A, luminal B, basal-like, HER2-enriched
and normal-like) were determined following Giovanni’s strategy using the PAMS50 classifier
[20, 21] and implemented using the R package genefu [22]. In order to make our sample
subtype distribution more resemble the online reference, which included all subtypes of
breast cancer [20, 21], we included RNA-Seq data for non-TNBC cases in the SBCSS (V=
160) and SCCS (V= 386) in deriving subtypes using the PAM50 classifier.

TCGA data—RNA-Seq data from breast cancer patients in TCGA, publicly available from
the NCI1 GDC data portal [23], were used to perform differential gene expression analysis
between tumor and adjacent normal tissues. HTSeq-Count data were downloaded as gene
expression profiles for TCGA-BRCA patients and prepared for differential gene expression
analysis by the R package TCGAbiolinks [24].

In vitro studies

Breast cancer cell line—The human TNBC cell line, MDA-MB-231, was purchased
from American Type Culture Collection (ATCC) and cultured in Dulbecco’s Modified Eagle
Medium (DMEM, Gibco), supplemented with 100 IU/mL penicillin—-streptomycin (Gibco)
and 10% fetal bovine serum (Gibco) at 37 °C in a humidified atmosphere with 5% CO».

Gene expression levels in MDA-MB-231 cell line—Total RNA was isolated from
MDA-MB-231 cells using the miRNeasy Mini Kit (Qiagen) according to the manufacturer’s
protocol. Complementary DNA (cDNA) was synthesized using the High-Capacity cDNA
Reverse Transcription Kit (Thermo Fisher Scientific). Quantitative real-time PCR (qRT-
PCR) was performed using DNA primers in a CFX384 Touch Real-Time PCR Detection
System (Bio-Rad) with Luna Universal gPCR Master Mix (New England BioLabs). Relative
lincRNA expression was calculated using the AACt method [25] and normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Primer sequences for each lincRNA
and GAPDH are listed in Supplementary Table 1.

Short interfering RNA (siRNA) silencing—Following transfection optimization for
MDA-MB-231 cells, reverse transfections of siRNAs targeting our genes of interest (GOI)
were performed on 5000 cells per well in 100 pL culture media, without antibiotics, in a 96-
well plate (Costar). Two Silencer™ Select Pre-Designed siRNAs targeting LINC00449
(SiRNA ID: n486205, n503412) and LINC01270 (siRNA 1D: n503492, n503493) were
purchased from Thermo Fisher Scientific. Positive control sSiRNA (AllStars Hs Cell Death
Control siRNA, Qiagen) and a Silencer™ Select Negative Control siRNA (NC siRNA,
Thermo Fisher Scientific) were used as controls to confirm transfection efficiencies for each
experiment. RNAIMAX (Life Technologies) transfection reagent was used for SIRNA
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delivery in Opti-MEM reduced serum media (Gibco). Validation of efficient SIRNA
knockdown of gene expression was assessed 48 h post-transfection by qRT-PCR and
normalized to cells transfected with the NC siRNA. Target sequences for each siRNA are
listed in Supplementary Table 2.

Cell viability assay—Cell viability was determined using alamarBlue (Thermo Fisher
Scientific), as previously described [26]. On Day 5, following 96 h of transfection, 10 pL
alamarBlue was added to wells containing siRNA-transfected cells (1:10 dilution), incubated
for 2 to 6 h, and fluorescence (ex570nm/ em585nm) was measured using BioTek Synergy
HT plate reader. Relative cell viability was normalized to the NC siRNA. Results represent
data obtained from three independent experiments.

Colony formation assay—For colony formation assays, MDA-MB-231 cells were
transfected with siRNAs in 96-well plates, as previously described [26]. After 16 h, SiRNA-
transfected cells were reseeded in 6-well plates with a density of 2000 cells per well in 2 mL
antibiotic-free culture media and allowed to proliferate for 11 to 14 days. Colonies
consisting of = 50 cells were fixed with 10% neutral buffered formalin for 30 min, stained
with crystal violet (0.1% w/v in H,O, Sigma-Aldrich), scanned and counted using ImageJ
software (NIH). Colony counts were normalized to the NC siRNA group and expressed as
percent (%) of negative control. Three independent experiments were performed for sSiRNAs
targeting lincRNAs.

Cell migration and invasion assays—Cell migration and invasion assays were
performed in 24-well plates with 8 um pore size chamber inserts (Millipore), as previously
described [27]. The invasion assay used coated Matrigel (Corning, 1:10 dilution) in the
upper chamber, simulating characteristics of the extracellular matrix, and the migration
assay used chamber inserts only. MDA-MB-231 cells were transfected with LINC00449 and
LINCO01270 siRNAs and NC siRNA for 16 h. Then, siRNA-transfected cells were reseeded
into the upper chamber with 100 uL serum-free medium (6 x 104 cells/well). A total of 750
pL medium containing 10% FBS was placed in the lower chamber as a chemoattractant.
After incubation at 37 °C for 48 h, cells adhering to the lower surface membrane of the
upper chamber were fixed in 10% neutral buffered formalin for 30 min, followed by staining
with 0.1% crystal violet (Sigma-Aldrich), and then subjected to microscopic inspection. Five
visual fields of each insert were randomly chosen. Crystal violet was then eluted using 33%
acetic acid and quantified by measuring the absorbance at 590 nm with BioTek Synergy HT
plate reader. Relative migrated and invaded cells were normalized to the NC siRNA group
and expressed as percent (%) of negative control. Results represent data obtained from three
independent experiments.

Data analysis

Cox proportional hazards were used for multivariable modeling adjusting for age at
diagnosis, TNM stage, race and PAM50 subtypes. Data analyses were carried out separately
in the SBCSS and SCCS, and a fixed-effect meta-analysis was performed to summarize the
results from the two studies. We used TCGA data to evaluate differential gene expression
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analysis between tumor and adjacent breast normal tissues with DESeq 2[28]. All statistical
analyses were performed in R 3.6.0.

For in vitro studies, statistical differences between groups were evaluated using GraphPad
Prism 8.0 statistical software. All experiments were performed in triplicate and repeated at
least three times. The results were presented as the mean + SD. One-way analysis of
variance (ANOVA), followed by Dunnett’s multiple comparison test, was used to compare
the differences between siRNA-mediated lincRNA knockdown cells and negative control
cells. Pvalues < 0.05 were considered significant.

A total of 200 patients (SBCSS: 150 and SCCS: 50) with stage I, Il and 111 TNBC were
included in this study. Demographic and clinical characteristics of study participants are
presented in Table 1. Median follow-up periods were 145 months for the SBCSS (range 8-
187 months) and 135 months for the SCCS (range 24-174 months). Basal-like is the major
subtype, accounting for 62% and 84% in SBCSS and SCCS samples, respectively.

We first evaluated each individual lincRNA for its association with overall survival using
multivariate Cox proportional hazards model. Within the 7656 lincRNAs annotated in
GENCODE v22, there were 1727 lincRNAs expressed (median FPKM > 0) in SBCSS data
and 2487 expressed in SCCS data. Of them, 1711 lincRNAs were expressed in both datasets.
After adjusting for age at diagnosis, TNM stage, race (in the SCCS only) and PAM50
subtypes, we found that 220 lincRNAs in the SBCSS and 239 lincRNAs in the SCCS were
associated with overall survival at a significance level of < 0.05. There were 39 lincRNAs
significantly associated with overall survival in both the SBCSS and SCCS, 33 of which
showed consistent directionality of the association in both studies. In the meta-analysis using
the fixed-effect model, we found that 25 lincRNAs showed no significant heterogeneity
across studies (Q statistic 2> 0.1) and were significantly associated with overall survival
(Supplementary Table 3). Using TCGA data, we further found that 3 of the 25 lincRNAs
(LINCO00449, LINCO01270 and LINC01910) were expressed significantly higher in tumor
tissues compared with adjacent normal tissues (logo[Fold Change] > 0.5 and FDR < 0.05;
Table 2) and were associated with lower overall survival.

In addition, we investigated the association between individual lincRNA and breast cancer
disease-free survival (DFS) in the SBCSS using the same method and analysis filtration
criteria as for overall survival (DFS information was unavailable in the SCCS). After
adjusting for age at diagnosis, TNM stage, race and PAM50 subtypes, we identified that 226
lincRNAs were significantly associated with DFS at a significance level of £<0.05. Of
these 226 lincRNAs, 61 were significantly higher expressed in tumor tissues compared with
adjacent normal tissues within TCGA data (logy[Fold Change] > 0.5 and FDR < 0.05;
Supplementary Table 4) and were associated with lower DFS. From the above analyses, we
selected two lincRNAs, LINC00449 and LINCO01270, that were significantly associated with
both worse overall survival and DFS in TNBC patients, as well as having significantly
higher expression in tumor tissues than adjacent normal breast tissue for further functional
evaluation.
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In vitro functional assays using TNBC cell line MDA-MB-231

To evaluate the potential functions of LINC00449 and LINC01270, we quantitatively
explored LINCO00449 and LINC01270 expression in TNBC cell line by using total RNA
isolated from MDA-MB-231 cells. As shown in Figure S1A, LINC00449 and LINC01270
expression were detected by gRT-PCR analysis in MDA-MB-231 cells, as mean ACt values
for LINC00449 and LINC01270 were 12.7 and 10.7 normalized to GAPDH. We further
conducted functional assays via knockdown experiments in MDA-MB-231 cells. We used
two siRNAs for each lincRNA silencer. Knockdown efficiencies of all SiRNAs were
validated by gRT-PCR (Figure S1B).

Cell viability and colony formation were then investigated. We used alamarBlue to
investigate cell viability and quantified the relative cell viability after knocking down
lincRNAs compared with NC siRNA (Fig. 1A). Results showed that, compared with the
negative control cells, knocking down LINC01270 and LINC00449 expression significantly
decreased MDA-MB-231 cell viability, as mean cell viabilities were 86.9% (siLINC00449-
02), 74.2% (SiLINC01270-01) and 44.0% (siLINC01270-02) compared with 100% for the
NC siRNA (Fig. 1A). However, siLINC00449-01 for silencing LINC00449 expression did
not show any effect.

We further investigated the effects of silencing these lincRNAs on colony forming ability to
evaluate the longer-term effects of lincRNA silencing on cell proliferation. Results indicated
that knocking down of LINC01270 and LINC00449 showed significant inhibition on colony
formation ability in MDA-MB-231 cells compared with negative control cells (Fig. 1B),
with the mean colony formation efficiencies being 85.1% (siLINC00449-01), 56.8%
(SiLINC00449-02), 42.9% (siLINC01270-01) and 13.5% (siLINC01270-02) (Fig. 1B).

The effects of LINC00449 and LINC01270 on cell migration and invasion were further
evaluated in MDA-MB-231 cells. Results indicated that silencing LINC01270 and
LINC00449 resulted in decreased cell migration ability in MDA-MB-231 cells compared
with negative control cells, with the mean ratio of the migrated cell number being 49.3%
(SiLINC00449-02) and 45.0% (siLINC01270-02). Furthermore, knocking down of
LINC00449 (siLINC00449-02) decreased cell invasion by about 51% relative to the
negative control in MDA-MB-231 cells. We did not observe a significant effect of
LINCO01270 on cell invasion in MDA-MB-231 cells (Fig. 2).

Discussion

LincRNAs have been increasingly recognized as important regulators of pathogenesis and/or
prognosis for a wide range of cancers, although few studies have included a validation study.
In the current study, we first evaluated the association between lincRNA expression in tumor
tissues and breast cancer survival among 200 TNBC patients from two independent studies,
the SBCSS and SCCS. We identified two lincRNAs (LINC01270 and LINC00449) that were
significantly associated with worse overall survival and DFS in TNBC patients from the
SBCSS and SCCS and were expressed significantly higher in tumor tissues than adjacent
normal breast tissues in TCGA cases. We carried out in vitro functional experiments and
showed that sSiRNA-mediated knockdown of LINC01270 and LINC00449 significantly

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ping et al.

Page 8

decreased cell viability, colony formation and cell migration ability in TNBC MDA-MB-231
cells. Furthermore, knocking down of LINC00449 significantly inhibited cell invasion in
MDA-MB-231 cells. Overall, evidence from both observational studies and in vitro results
suggest that high expression of LINC00449 and LINC01270 may be biomarkers for worse
prognosis for TNBC.

No previous studies have investigated the roles of LINC00449 and LINC01270 on TNBC
prognosis, although one study reported that LINC01270 was a risk biomarker for lung
adenocarcinoma in TCGA samples [29]. LINC01270 is located between CEBPB and
PTPNL, both of which have critical roles in breast cancer progression [30, 31]. LINC00449
is located in the intergenic region of gene 7M9SF2, a member of the transmembrane 9
superfamily, which may play a role in small molecule transport or act as an ion channel [32].
A previous study identified TM9SF2 as a candidate for a cell surface marker common to
breast cancer [33]. We performed additional differential gene expression analysis between
tumor and adjacent normal tissues using TCGA data for all the cancer types, and found these
two lincRNAs were overexpressed in cancer tissues than their adjacent normal tissue data in
many cancer types (Supplementary Table 5). These results suggest a possible common
biological role of these lincRNAs in carcinogenesis across multiple cancers. Further studies
are warranted to investigate the biological mechanisms underlying the associations of
LINC00449 and LINC01270 with TNBC progression.

We used two siRNAs to knockdown gene expression levels in in vitro assays. Results for
LINCO01270 were consistent between the two siRNAs. For LINC00449, the siLINC00449—
01 only had moderate inhibitory effects on colony formation but did not have any effect on
other cell functional assays, although this siRNA knocked down LINC00449 expression by
~ 60%. It is possible that the effect of siLINC00449-01 may be more pronounced in long-
term incubation, and there may be reverse effects by this sSiRNA treatment. It is also possible
that siLINC00449-01 may have unintended “off-target” effects that may silence other genes
which affect cell functions [34, 35]. Further studies using the stable silencing method are
warranted. In addition, studies are needed to use stable knockdown technology and
orthotopic xenograft models to confirm the functions and regulatory mechanisms of
LINC01270 and LINC00449 in TNBC.

Several lincRNAs, including MALAT1 [8], XIST [9] and NEAT1 [10], have been previously
reported to be associated with TNBC prognosis. However, none of these lincRNAs were
significantly associated with overall survival or DFS in our study. Differences in patient
population, sample size, type of tumor sample, sequencing method and chance finding could
have, individually or jointly, contributed to the discrepancies.

The major strength of our study is its utilizing samples and data from two independent
epidemiological studies as well as TCGA, plus its inclusion of in vitro functional studies for
validation. The ethnic differences between participants of the SBCSS and SCCS allowed a
cross-population validation of lincRNAs that are associated with TNBC prognosis,
minimizing chance findings or biases. On the other hand, the ethnic differences between the
two studies, and the small sample size of each study, prohibited us from identifying race-
specific TNBC prognosis-associated lincRNAs. Our study also has other limitations. First,
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RNA-Seq data from the SBCSS and SCCS were generated from FFPE samples rather than
fresh frozen tissues. Thus, gene expressions of some lincRNAs, particularly those with low
expression levels, may have not been reliably measured, which may have led to false-
negative results. Second, as mentioned above, the sample size of our studies was small,
particularly for the SCCS, which comprised the statistical power of our study. Last, only
overall survival data were available in the SCCS, so we could not perform the analysis with
DFS.

Conclusions

In this comprehensive study, we found that lincRNAs (LINC01270 and LINC00449) were
associated with prognosis for TNBC in observational studies and cellular functions related to
cancer progression in in vitro functional analyses. These results suggest that LINC00449 and
LINC01270 may serve as prognostic biomarkers for TNBC patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Effect on cell viability and colony formation efficiency by silencing lincRNA expressions in

MDA-MB-231 cells. A Cell viability. MDA-MB-231 cells were transfected with indicated
SiRNAs for 96 h. Cell viability was determined using alamarBlue reagent. Percent relative
viability was calculated as (mean lincRNA siRNA value/ mean NC siRNA value) x 100.
Data were presented as mean + SD from three independent experiments. B Colony
formation efficiency. MDA-MB-231 cells were transfected with indicated siRNAs, and then
reseeded after 16 h for colony formation (CF) assay. After 11-14 days, colonies were fixed
with 10% neutral buffered formalin, stained with crystal violet, scanned and counted by
ImageJ software. Colony formation efficiency (CFE) was normalized to NC siRNA group
and expressed as percent (%) of control. All the experiments were repeated three times
independently and presented as mean £ SD. Pvalues were determined by one-way ANOVA
followed by Dunnett’s multiple comparisons test: *Pvalue < 0.05, **Pvalue < 0.01. NC:
negative control siRNA,; PC: cell death positive control SIRNA
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Fig. 2.

Ef%ect on cell migration and invasion ability in MDA-MB-231 cells by silencing lincRNA
expressions. MDA-MB-231 cells were transfected with indicated siRNAs and negative
control (NC) siRNA, respectively, and then reseeded after 16 h in upper chamber for the
transwell assay. After 48 h, the cells adhering to the lower surface of the membrane on the
upper chamber were fixed with 10% neutral buffered formalin, stained with crystal violet,
and then subjected to microscopic inspection. Five visual fields of each insert were
randomly chosen. Then crystal violet was eluted using 33% acetic acid and quantified by
measuring the absorbance at 590 nm. Relative migrated and invaded cells were normalized
to the NC siRNA group and expressed as percent (%) of control. All the experiments were
repeated three times independently and presented as mean + SD. Pvalues were determined
by one-way ANOVA followed by Dunnett’s multiple comparisons test: *Pvalue < 0.05. NC:
negative control SiRNA
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Table 1

Clinicopathological characteristics of triple-negative breast cancer patients of the SBCSS and SCCS
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SBCSS SCCS TCGA
No 150 50 110
Age (mean (SD)) 54.9 (12.1) 58.3(8.8) 54.8(12.1)
Race
Asian 150 (100.0) 0 8(7.3)
African American 0 37 (74.0) 31 (28.2)
European American 0 13(26.0) 71 (64.5)
Stage
Stage|  27(18.0)  10(20.0) 19 (17.3)
Stage Il 90(60.0)  28(56.0) 72 (65.5)
Stage Il 33(22.0) 12(24.0) 19(17.3)
PAM50
Luminal A 13(8.7) 1(2.0) 1(0.9)
Luminal B 9(6.0) 0(0.0) 2(1.8)
Basal-like ~ 93(62.0) 42 (84.0) 96 (87.3)
HER2-Enriched 22 (14.7) 4(8.0) 8(7.3)
Normal-like 13(8.7) 3(6.0) 3(27)
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Table 2

Results of overall survival, disease-free survival and gene differential expression analyses for LINC00449,
LINC01270 and LINC01910
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Meta Analysis

Diff Exp (Tumor Vs

Gene SBCSS (0S) SCCS (0S) (09) SBCSS (DFS) Normal)
ENSEMBL ID
Symbol HR P HR P Q P HR P log2(FC FDR
Value Value Stat Value Value 0g2(FC)

1.55 2.65 1.63

ENSG00000203441  LINC00449 (1.2- 0.004 (1.3- 0.008 0.181  <0.001 (1.2-  0.002 0.52 <0.001
2.1) 5.4) 2.2)
1.55 2.41 1.59

ENSG00000203999  LINCO01270 1- 0.041 (1.2- 0.017 0.305 0.003 (1.1- 0.026 0.75 <0.001
2.4) 5) 2.4)
1.48 2.36 1.37

ENSG00000266278  LINC01910 1- 0.031 1- 0.038  0.303 0.005 (0.97- 0.074 1.04 <0.001
2.1) 5.3) 1.9)
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