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Erjie Xia*, Yanyan Shen*, Adheesh Bhandari, Xiaofen Zhou, Yinghao Wang, Fan Yang, Ouchen Wang

Department of Thyroid and Breast Surgery, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, 
Zhejiang, People’s Republic of China. *Equal contributors.

Received June 3, 2018; Accepted June 21, 2018; Epub July 1, 2018; Published July 15, 2018

Abstract: Background: Long non-coding RNAs (LncRNAs) have been reported as key regulators of tumor progression 
in recent decades. However, the potential molecular mechanisms of breast cancer are still unclear. With the devel-
opment of sequencing technology, we discovered that LINC00673 is upregulated in tumor tissues. But the main 
role of LINC00673 in breast cancer has yet to be confirmed. Materials and methods: 35 pairs of breast tumors and 
normal tissues were selected to real-time quantitative polymerase chain reaction (RT-qPCR) to validate LINC00673 
is overexpressed in tumor tissues. We conducted proliferation, colony formation, migration, invasion assays, and 
EMT-related phenotype to determine the specific role of LINC00673 in breast cancer cell lines (MDA-MB-231, 
BT-549, and MCF-7) transfected with small interfering RNA. Gene expression profiling was conducted to found 
LINC00673-associated gene transcriptional changes. Results: We discovered that LINC00673 is significantly up-
regulated in breast cancer tissues compared to paired adjacent non-tumor tissues by RT-qPCR and highly expressed 
LINC00673 is positively correlated with lymph node metastasis and clinical stage in the validated cohort. Knocking 
down LINC00673 inhibited cell proliferation and metastasis, whereas upregulated LINC00673 had the opposite 
effect. Gene expression profiling results indicated that LINC00673 could influence NCR3LG1(B7-H6) expression 
in transcriptional level. Western Blot showed us that LINC00673 could regulate epithelial-mesenchymal transition 
(EMT) and B7-H6 in protein level. Then we demonstrated that knocking down B7-H6 could decrease breast cancer 
cell proliferation and metastasis. Conclusion: In this study, we identified the role of LINC00673 in inducing prolifera-
tion and metastasis of breast cancer cell lines and it might act as an underlying therapeutic target for breast cancer. 
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Introduction

For women, breast cancer is one of the most 
malignancies with an unceasing prevalence of 
morbidity over the past few years [1, 2]. Pre- 
vious studies estimated that the number of 
new breast cancers in 2018 was 268,670, with 
an estimated 41,400 deaths [3]. With the de- 
velopment of medical knowledge, current treat-
ments including surgery, endocrine, or targeted 
therapies have been made. But the prognosis 
is not always satisfactory [4-6]. A lot of studies 
have discovered many oncogenes and tumor 
suppressor genes, which are acknowledged to 
be related to the occurrence of breast cancer 
[7-9]. However, the mechanism of breast can- 
cer progression is complex and much less un- 
derstood.

Long noncoding RNAs (lncRNAs), which are 
transcripts longer than 200 nucleotides, are 
considered to be unable to code proteins [10]. 
Previous studies have verified that lncRNAs 
could be identified as biomarkers in tumorigen-
eses of cancers, such as lncRNA HOTAIR and 
lncRNA MALAT1 [11-13]. There is growing evi-
dence suggested that dysregulated lncRNAs 
could induce cancer carcinogenesis via regulat-
ing various of the molecular pathway. Sun CC et 
al found that LINC00511 is upregulated in 
NSCLC and it induces cell proliferation, metas-
tasis, and apoptosis in multiple NSCLC cell 
lines through binding to EZH2 and suppressing 
p57 [14]. LINCXIST is down-regulated in breast 
cancer and knocking down LINCXIST can inhibit 
breast cancer cell growth, metastasis via miR-
155/CDX1 axis [15]. However, the relationship 
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between breast cancer and lncRNAs still need 
to further explore.

In our study, 8 pairs of breast cancer tissue 
samples and adjacent normal tissues were se- 
lected to whole transcriptome sequencing in 
our unpublished article and the results show- 
ed that LINC00673 is up-regulated remarkable 
in breast cancer. As a new lncRNA encoded by 
chromosome 17q25.1, LINC00673 lacks the 
potential of coding protein. Many articles have 
pointed out that LINC00673 influence tumori-
genesis in lots of cancers. Mingde Huang et al 
discovered that sp1 could activate LINC00673 
and this lncRNA exerts oncogenic functions by 
binding LSD1 and EZH2 in gastric cancer [16]. 
Wei Lu et al showed that LINC00673 is upregu-
lated in non-small cell lung cancer and it can 
sponge miR-150-5p and modulate ZEB1 indi-
rectly [17]. Ubaidat Abdul-Rahman et al identi-
fied LINC00673 as a marker of overall survival 
(OS) in breast cancer patients [18]. But the un- 
derlying relationship between breast cancer 
and LINC00673 has yet to be further reported.

In our study, 35 paired breast cancer tissue 
samples and adjacent normal tissues were per-
formed to RT-qPCR assay to validate the dys-
regulated of LINC00673. Cell culture experi-
ments and western blot were conducted to ex- 
plore the function of LINC00673 in breast can-
cer. Our research was designed to test the re- 
lationship of LINC00673 expression with the 
clinical features of breast cancer, to determine 
the function of LINC00673 in the proliferation 
and metastasis of breast cancer and to explore 
the underlying mechanism of LINC00673 in 
breast cancer.

Materials and methods

Patients and breast tissue samples

35 pairs of tissue samples were gained from 
patients who underwent surgical resection at 
Department of Thyroid and Breast Surgery, The 
First Affiliated Hospital of Wenzhou Medical 
University. All patient information was collect- 
ed under the protocols offered by the institu-
tional review board of the Ethics Committee of 
the First Affiliated Hospital of Wenzhou Medi- 
cal University. The fresh tissues were snap-fro-
zen in liquid nitrogen immediately and stored  
at -80°C until further RNA detection. 

Cell cultures and growth conditions

MDA-MB-231, BT-549, MDA-MB-468, MCF-7 
and MCF-10A cells were used in this study. 
These cells were obtained from Shanghai Cell 
Biology, Institute of the Chinese Academy  
of Sciences (Shanghai, China). MDA-MB-231, 
MCF-7 were cultured in Dulbecco’s Modified 
Eagle’s Medium DMEM (Gibco, Grand Island, 
NY, USA) supplemented with 10% FBS (Gibco, 
Grand Island, NY, USA). MDA-MB-468 were cul-
tured in L-15 medium (Gibco, Grand Island, NY, 
USA) supplemented with 10% FBS (Gibco, 
Grand Island, NY, USA). BT-549 was cultured  
in RPMI-1640 medium (Gibco, Grand Island, 
NY, USA) supplemented with 10% FBS (Gibco, 
Grand Island, NY, USA). MCF-10A cells were cul-
tured in DMEM-F12 (Gibco, Grand Island, NY, 
USA) supplemented with 100 U/ml of penicillin, 
100 μg/ml of streptomycin, 2 mM of L-gluta- 
mine, 20 ng/ml of epidermal growth factor  
and 10% FBS (Gibco, Grand Island, NY, USA). 
MDA -MB-468 was incubated in a standard cell 
culture incubator (Thermo, Waltham, MA, USA) 
at 37°C without CO2. The others were grown  
in appropriate conditioned medium and main-
tained at 37°C with 5% CO2. 

Cell transfection

MCF-7, MDA-MB-231, and BT-549 were trans-
fected through Lipofectamine RNAiMAX trans-
fection reagent (Invitrogen). 100,000 breast 
cancer cells were plated 24 h before transfec-
tion. For cell interference, LINC00673 and B7- 
H6 were synthesized at Shanghai GenePharma 
Company Limited. The siRNA sequences used 
in the study are LINC00673 siRNA-1, Forward 
5’-GCCUUUGUACUCAGCAAUUTT-3’ and Rever- 
se 5’-AAUUGCUGAGUACAAAGGCTT-3’; LINC00- 
673 siRNA-2, Forward 5’-GGAUACAGAGUGAA- 
UAGUUTT-3’ and Reverse 5’-AACUAUUCACUC- 
UGUAUCCTT-3’; B7-H6 siRNAs target the foll- 
owing sequences: siB7H6-1, Forward 5’-GGA- 
GAUCACCAAGAGGCAUTT-3’ and Reverse 5’-A- 
UGCCUCUUGGUGAUCUCCTT-3’; siB7H6-2, For- 
ward 5’-GGAACACUCGGAUGCAGUUTT-3’ and 
Reverse 5’-AACUGCAUCCGAGUGUUCCTT-3’; To 
overexpress LINC00673, vectors which conta- 
ining the full length of LINC00673 were con-
structed into CMV-MCS-EGFP-SV40-Neomycin.

RNA extraction and real-time quantitative PCR

According to the manufacturer’s instructions 
(Invitrogen, USA), total RNA isolated from pa- 
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tient tissue specimens and breast cancer cell 
lines was extracted using TRIzol reagent. The 
isolated RNA was measured at 260/280 nm to 
assess RNA quality and quantity. RNA samples 
were stored at -80°C. The relative expression 
of mRNA was calculated using the compara- 
tive cycle threshold (CT) (2-ΔΔCT) method with 
GAPDH as the endogenous control to norma- 
lize the data. The primer sequences were used 
as followed: LINC00673 Forward: 5’-TGCTGA- 
TGACACATACACA-3’ and Reverse: 5’-GACAAG- 
GATGAACCATGATAG-3’; B7-H6 Forward: 5’-AC- 
AGTAAATGCCTGATGGACCT-3’ and Reverse: 5’- 
ATTGGGTATGTGAATGCTGGT-3’; GADPH Forwa- 
rd: 5’-GTCTCCTCTGACTTCAACAGCG-3’ and Re- 
verse: 5’-ACCACCCTGTTGCTGTAGCCAA-3’.

Invasion and migration assay

For cell invasion assays, invasion of cells was 
measured in Matrigel (BD Bioscience, Franklin 
Lakes, USA). A total of 40,000 cells transfected 

with si-NC or si-RNA were transferred into the 
upper chamber and the lower chamber con-
tained 0.6 mL of medium supplemented with 
20% FBS. Then we put the plate into the incu-
bator with 5% CO2 atmosphere. After 24 h, a 
cotton swab was used to remove the cells that 
adhered to the upper surface of the well, and 
fixed it with 4% paraformaldehyde and stained 
with 0.4% crystal violet solution. Motility assays 
were similar to invasion assay. Cell migration 
and invasion were counted in five random fields 
and images captured under a microscope at a 
magnification of ×20.

Cell proliferation assay

For colony forming assay, placing breast cancer 
cells (MDA-MB-231, MCF-7, BT-549) in 6-well 
plates, maintaining it in RPMI1640 or DMEM 
supplied with 10% FBS for 14 days and then 
stained with crystal violet. These images were 
captured by the camera. 

Figure 1. The expression of LINC00673 in breast cancer. A. LINC00673 expression was detected by RT-qPCR in 35 
paired breast samples and paired adjacent non-tumor tissues (paired t-test, P < 0.05). B. The relative expression 
of LINC00673 (compared with the GAPDH gene) was examined via RT-qPCR. Compared to normal breast cell lines 
MCF-10A, MCF-7 and MDA-MB-231 cell lines have higher LINC00673 expression while BT-549 has lower expres-
sion. C and D. The relative expression of LINC00673 (compared with the GAPDH gene) in MCF-7 and MDA-MB-231. 
Compared with corresponding control group, the expression of LINC00673 in siRNA group was lower. E and F. The 
relative expression of LINC00673 (compared with the GAPDH gene) in MDA-MB-231 and BT-549. Compared with 
corresponding Vector group, the expression of LINC00673 in LINC00673 group was higher. *P < 0.05, ***P < 
0.001 in comparison with Si-NC or Vector using student’s t-test.
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For the CCK-8 assay, breast cancer cells (MDA-
MB-231, MCF-7, BT-549) were plated into 96- 
well plates 24 h and transfected with siRNA. 
Then incubated it for 24 h, 48 h, 72 h, 96 h. 
Experiments were performed in triplicate.

Apoptosis detection analysis

Annexin-V-FITC apoptosis detection kit was pur-
chased to detect the proportion of apoptotic 
cells. Centrifuging cells at 1000 rpm for 5 min 
three times and resuspending it with PBS. Re- 
suspending cells in 500 μL binding buffer and 
mixing with 5 μL Annexin V-FITC (Kaijibio, Nan- 
jing, China). The data was analyzed by flow cy- 
tometer (Guava easyCyte HT, Millipore, USA).

Western blot analysis

Whole cell lysates were separated using SDS-
PAGE on a 10% gel and electrotransferred to 
PVDF membranes. Then we blocked the blots 
with 5% non-fat milk for 2 h at room tempera-
ture. According to the manufacturer’s protocol, 
the blots were probed with polyclonal antibody 
at 4°C overnight. The blots were then incubat-
ed with the secondary antibody (Abcam, Cam- 
bridge, MA) for 1 h at room temperature. Pri- 
mary antibodies were as follows: N-cadherin, 

The previous study showed that LINC00673 
was upregulated in breast cancer compared  
to normal breast tissue according to the date 
downloading from the TCGA and the level of 
LINC00673 was inversely correlated with bre- 
ast cancer survival across all breast cancer 
patients [18]. In order to further prove this 
founding, we detected the expression levels of 
LINC00673 in 35 pairs of breast cancer sam-
ples and paired adjacent non-tumor tissues tis-
sue. As shown in Figure 1A, LINC00673 expres-
sion in the breast cancer samples was higher 
than in adjacent normal tissues (P < 0.05). The 
relationship between LINC00673 expression 
and clinicopathologic features was also ana-
lyzed. We divided the patients into low-expres-
sion group and high-expression group accord-
ing to the median value in the validate cohort. 
The high expression of LINC00673 is associat-
ed with lymph node metastasis (P = 0.032) and 
clinical stage (P < 0.01) (Table 1).

LINC00673 regulates proliferation and apopto-
sis of breast cancer cell lines 

As shown in Figure 1B, LINC00673 expression 
in MCF-7, MDA-MB-231, and MDA-MB-468 was 
significantly higher compared with the normal 

Table 1. The relationship between LINC00673 and clinicopatho-
logic characteristics in the validated cohort
Clinicopathologic  
characteristics

High  
expression (%)

Low  
expression (%) X2 P

Age 0.122 0.726
    ≤ 60 18 (81.8) 10 (76.9)
    > 60 4 (18.2) 3 (23.1)
Tumor size 1.301 0.522
    < 2 cm 10 (45.5) 7 (53.8)
    2-5 cm 10 (45.5) 6 (46.2)
    > 5 cm 2 (9) 0 (0)
Lymph node metastasis 4.609 0.032*
    NO 7 (31.8) 9 (69.2)
    YES 15 (68.2) 4 (30.8)
Clinical stage 6.655 0.010*
    I-II 7 (31.8) 10 (76.9)
    III-IV 15 (68.2) 3 (23.1)
Estrogen receptor 0.530 0.467
    Negative 8 (36.3) 5 (50)
    Positive 14 (63.6) 5 (50)
Progesterone receptor 0.057 0.811
    Negative 10 (45.5) 5 (50)
    Positive 12 (54.5) 5 (50)
*P < 0.05.

Vimentin, E-cadherin, B7-H6, 
human β-actin (all Cell Signal- 
ing Technology, Danvers, MA, 
USA). 

Statistical analysis

Statistical significance was es- 
tablished using SPSS 23.0 sta-
tistical software package (SP- 
SS, Inc., Chicago, IL, USA). The 
differences between groups 
were analyzed using the Stu- 
dent’s t-test and one-way anal-
ysis of variance with post hoc 
contrasts by Student-Newman-
Keuls test. Differences were 
considered to be statistically 
significant at P < 0.05.

Results

LINC00673 is overexpressed 
in breast cancer tissues and 
the relationship between 
LINC00673 expression and 
clinical features
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breast cell line MCF-10A while others lower 
than MCF-10A. Then we selected MCF-7, BT- 
549, and MDA-MB-231 for the further cell ex- 
periment. As confirmed by RT-qPCR, LINC00- 
673 was effectively downregulated in MCF-7 
and MDA-MB-231 while LINC00673 was re- 
markably elevated in BT-549 and MDA-MB- 
231 (Figure 1C-F). Then, we performed count-
ing kit-8 (CCK8) assay to further determine to 
check the effects of LINC00673 on cell prolif-
eration. CCK-8 assay results showed that the 
ability of proliferation was significantly inhibi- 
ted in MCF-7 and MDA-MB-231 through knock-
ing down LINC00673 expression (transfection 
with Si-RNA1 or Si-RNA2) compared with con-
trol (transfection with si-NC) while upregulated 
LINC00673 could enhance breast cancer cell 

lines proliferation (Figure 2A, 2C, 2E, 2G). And 
further cell colony formation was remarkably 
inhibited by knocking down LINC00673 com-
pared with control while overexpressed LINC- 
00673 displayed the opposites (Figure 2B,  
2D, 2F, 2H). To elucidate the extent by which 
LINC00673 influences breast tumorigenesis, 
we conducted apoptosis assays. As shown in 
Figure 3, we observed that transfected with 
Si-RNA1 or Si-RNA2 increased the proportion 
of apoptotic cells in the MCF-7 and MDA-MB- 
231 while overexpressed LINC00673 decreas- 
ed the proportion of apoptotic cells in the BT- 
549 and MDA-MB-231. Taken together, these 
results indicated that LINC00673 played a sig-
nificant role in the proliferation and apoptosis 
capacities of the breast cancer cell lines.

LINC00673 regulates metastasis of breast 
cancer cell lines via modulating EMT 

Given the obvious relationship between LI- 
NC00673 and clinicopathologic features, we 
continued to probe the function of LINC00673 
in the metastasis ability of breast cancer cell 
lines. Consistent with clinicopathologic fea-
tures, the migratory and invasive abilities of 
knocked down LINC00673 cells (transfection 
with Si-RNA1 or Si-RNA2) were decreased com-
pared with control (transfection with si-NC) 
(Figure 2I, 2J, 2M, 2N). Further, overexpressed 
LINC00673 expression raised the metastasis 
ability of breast cancer cells (Figure 2K, 2L,  
2O, 2P). Previous articles pointed that epitheli-
al-mesenchymal transition (EMT) could exert a 
significant impact in the processes of metasta-
sis [19, 20]. Wei Lu et al found that LINC006- 
73 could regulate non-small cell lung cancer 
cell migration and invasion through EMT [17]. 
Therefore, we further investigated the potential 

Figure 2. Dysregulation LINC00673 gene expression in PTC cells inhibiting proliferation and metastasis. A, C. MCF-7 
and MDA-MB-231 cell lines transfected with Si-RNA or Si-NC were cultured in 96-well plates for 1-4 days and using 
CCK-8 measured cell proliferation. Cell proliferation was significantly suppressed in breast cancer cell transfected 
by Si-RNA. E, G. MDA-MB-231 and BT-549 cell lines transfected with LINC00673 or Vector were cultured in 96-well 
plates for 1-4 days and using CCK-8 measured cell proliferation. Cell proliferation was significantly enhanced in 
breast cancer cell transfected by Si-RNA. B, D. MCF-7 and MDA-MB-231 cell lines transfected with Si-RNA or Si-NC 
were cultured in 6-well plates for 10-14 days. F, H. MDA-MB-231 and BT-549 cell lines transfected with LINC00673 
or Vector were cultured in 6-well plates for 10-14 days. I, J. In MCF-7 and MDA-MB-231, transwell migration assays in 
down-regulation LINC00673 cells and their corresponding control cells. K, L. In MDA-MB-231 and BT-549, transwell 
migration assays in up-regulation LINC00673 cells and their corresponding control cells. M, N. In MCF-7 and MDA-
MB-231, transwell invasion assays in down-regulation LINC00673 cells and their corresponding control cells. O, P. 
In MDA-MB-231 and BT-549, transwell invasion assays in up-regulation LINC00673 cells and their corresponding 
control cells. The columns represented the mean number from at least three independent experiments, and the 
little vertical bars on the top of the columns represent SD. *P < 0.05, **P < 0.01 and ***P < 0.001 in comparison 
with Si-NC or si-LINC00673 and LINC00673 or Vector using student’s t-test.

Figure 3. Dysregulation LINC00673 regulates breast 
cancer cell lines migration and invasion via EMT. A. 
The influence of LINV00673 expression on the lev-
els of E-cadherin, N-cadherin, and Vimentin in MDA-
MB-231 (transfected with si-RNA or si-NC), BT-549 
(transfected with Vector or LINC00673) cell lines by 
western blot.
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Figure 4. Dysregulation LINC00673 influences breast cancer cell lines apoptosis. A. Annexin V/PI assay was applied to analyze the MCF-7 and MDA-MB-231 cell 
lines transfected with si-RNA or si-NC. Knocking down LINC00673 could increase apoptotic cell death in breast cancer cells. B. Annexin V/PI assay was applied to 
analyze the MDA-MB-231 and BT-549 cell lines transfected with LINC00673 or Vector. Overexpressed LINC00673 could decrease apoptotic cell death in breast 
cancer cells. The Columns represent the mean of death cell numbers from at least three independent experiments. *P < 0.1, ***P < 0.01 in comparison with si-NC 
using student’s t-test.
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Figure 5. A. RNA transcriptome sequencing analysis was performed to analyze gene expression profile in MDA-MB-231 cells following linc00673 knock-down. Vol-
cano plot showed all differentially expressed genes. B. RNA transcriptome sequencing analysis was performed to analyze gene expression profile in MDA-MB-231 
cells following linc00673 overexpression. Volcano plot showed all differentially expressed genes. C. Heatmap of upregulated and downregulated genes in MDA-
MB-231 cells after transfection with Si-NC, LINC00673, Vector or LINC00673.
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mechanism by which the LINC00673 contrib-
utes to breast cancer metastasis. As shown in 
Figure 4, down-regulation of LINC00673 had 
significantly weakened N-cadherin and Vimen- 
tin expression and enhanced E-cadherin while 
overexpressed LINC00673 had opposite resu- 
lts which prompt us that LINC00673 could reg-
ulate metastasis by EMT. 

B7-H6 is a potential downstream target of 
LINC00673 

In order to analyze the LINC00673-associated 
gene transcriptional changes in breast cancer 
cells, we used an RNA-sequencing analysis.  
We discovered that B7-H6 was down-regulated 
after knocking down LINC00673 compared to 
the control group while B7-H6 was up-regulated 
in the overexpressed LINC00673 group com-
pared to the control group (Figure 5). As shown 
in Figure 6, we demonstrated that LINC00673 
and B7-H6 had a positive correlation in RNA 
expression level and protein expression level. 
Then we continue to experiment to verify wheth-
er B7-H6 related to the progression of breast 
cancer. We found the level of B7-H6 was higher 
in breast cancer tissue compared to normal 
breast tissue both in TCGA cohort and validat-
ed cohort (Figure 7A, 7B). There was a signifi-
cantly positive correlation between LINC00673 
level and B7-H6 level in breast cancer tissues 

sis ability of breast cancer cell lines remark- 
able. 

LINC00673 oncogenic role is partly dependent 
on repressingB7-H6 expression 

To determine whether B7-H6 could influence 
the LINC00673-related to enhance prolifera-
tion and metastasis in breast cancer cells, we 
continued to conduct the rescue experiments. 
MDA-MB-231 and BT-549 cells were co-trans-
fected with LINC00673 and siB7H6-1. CCK-8 
assay and transwell assays suggested that 
knocking down B7-H6 could partly rescue the 
overexpressed LINC00673 mediated cell grow- 
th and metastasis decrease in MDA-MB-231 
and BT-549 cells (Figure 8). This important evi-
dence showed that B7-H6 was a significant 
mediator of LINC00673 related proliferation, 
metastasis. 

Discussion

Breast cancer is one of the most widespread 
malignant tumors with various forms of treat-
ment [3, 21]. Despite the advances in medical 
science, the potential mechanism of pathogen-
esis is still the major research problem in bre- 
ast cancer. Emerging evidence indicated that 
lncRNAs could regulate the expression level of 
a gene at transcriptional, post-transcriptional 

Figure 6. The expression of B7-H6 after regulating LINC00673 in breast can-
cer cell lines. A and B. RT-qPCR analysis of B7-H6 mRNA level after down-reg-
ulated or up-regulated LINC00673. C and D. Western blot analysis of B7-H6 
protein level after down-regulated or up-regulated LINC00673.

(Figure 7C). We inferred that 
B7-H6 may influence prolifer-
ation and metastasis in bre- 
ast cancer cells. To further in- 
vestigate this hypothesis, we 
examined the expression of 
B7-H6 in breast cancer cell 
lines and found that the B7- 
H6 is expressed at a higher 
level in breast cancer cell 
lines than in the MCF-10A 
(Figure 7D). To further assess 
the specific role of B7-H6 in 
breast cancer cell, we kno- 
cked down B7-H6 expression 
through siRNA. As confirmed 
by RT-qPCR, B7-H6 expres-
sion was effectively downreg-
ulated in MDA-MB-231 and 
BT-549 (Figure 7E, 7F). As 
shown in Figure 7G-J, knock-
ing down B7-H6 could inhibit 
the proliferation and metasta-
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Figure 7. The expression of B7-H6 and in breast cancer. A. The TCGA cohort contained 1066 breast cancer tissues and 104 normal tissues. Reads Per Kilobases 
per Million reads (RPKM) was represented for level of B7-H6. The date was managed through the Manne-Whitney U test. B. B7-H6 expression was detected by RT-
qPCR in 35 paired breast samples and paired adjacent non-tumor tissues (paired t-test, P < 0.05). C. Analysis of the relationship between LINC00673 expression 
(ΔCt value) and B7-H6 mRNA level (ΔCt value) in 35 breast cancer tissues. D. The relative expression of B7-H6 (compared with the GAPDH gene) was examined via 
RT-qPCR. Compared to normal breast cell lines, MDA-MB-231, BT-549, MCF-7 and T-47D cell lines have higher B7-H6 expression. E and F. The relative expression 
of B7-H6 (compared with the GAPDH gene) in MDA-MB-231 AND BT-549. Compared with corresponding control group, the expression of B7-H6 in siRNA group was 
lower. G. MDA-MB-231 and BT-549 cell lines transfected with siB7H6 or si-NC were cultured in 96-well plates for 1-4 days, and using CCK-8 measured cell prolif-
eration. Cell proliferation was significantly enhanced in breast cancer cell transfected by Si-RNA. H. MDA-MB-231 and BT-549 cell lines transfected with siB7H6 or 
Si-NC were cultured in 6-well plates for 10-14 days. I. In MDA-MB-231 and BT-549, transwell migration assays in up-regulation B7-H6 cells and their corresponding 
control cells. J. In MDA-MB-231 and BT-549, transwell invasion assays in down-regulation B7-H6 cells and their corresponding control cells. *P < 0.05, **P < 0.01 
in comparison with Si-NC or Si-B7H6 using student’s t-test.
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and translational regulation levels [22, 23]. 
Previous articles indicated that LncRNAs play  
a great role in cancer tumorigenesis [24-26]. 
However, the underlying role of lncRNAs in 
breast cancer is still unknown. 

In case-control studies, LINC00673 is associ-
ated with various tumor, including non-small 
cell lung cancer, gastric cancer, pancreatic can-
cer, and tongue squamous cell carcinoma [16, 
27-29]. Ubaidat Abdul-Rahman et al reported 
that LINC00673 expression was elevated in 
TCGA cohort and their validated cohort and 
LINC00673 levels were also inversely correlat-
ed with breast cancer survival [18]. However, 
the potential relationship between LINC00673 
and breast cancer has yet to be reported. Our 
research revealed that the LINC00673 is highly 
upregulated in breast cancer tissues compared 

to the adjacent no-tumor tissue in 35 breast 
cancer patients and high expression of LINC- 
00673 is associated with lymph node metasta-
sis and clinical stage. According to this clinical 
evidence, we deduced that LINC00673 may 
influence proliferation and metastasis in brea- 
st cancer cells. The cell line experiments sus-
tained the guess that LINC00673 is an onco-
gene in breast cancer. We discovered that LI- 
NC00673 downregulation could remarkably in- 
hibit the ability of cell proliferation and promote 
apoptotic cell death in vitro while overexpre- 
ssed LINC00673 had the opposite results. We 
conducted a loss of function and gain of func-
tion assays to demonstrate the role of LINC- 
00673 in the cell metastasis and EMT. 

We found B7-H6 might be a potential down-
stream target of LINC00673 via RNA sequenc-

Figure 8. LINC00673 oncogenic role is partly dependent on inducing B7-H6 expression. A. CCK-8 assays were 
performed to determine the cell viability of MDA-MB-231 and BT-549cells (transfected with NC, LINC00673 or 
LINC00673+Si-B7-H6). B. Transwell migration assays were performed to determine the cell viability of MDA-MB-231 
and BT-549 cells (transfected with NC, LINC00673 or LINC00673+Si-B7-H6). C. Transwell invasion assays were 
performed to determine the cell viability of MDA-MB-231 and BT-549cells (transfected with NC, LINC00673 or 
LINC00673+Si-B7-H6). *P < 0.05, **P < 0.01, ***P < 0.001 in comparison with si-NC using student’s t-test.
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ing. B7-H6 is encoded at 11p15.1 and is ap- 
proximately 6382 nt in length. Although previ-
ous studies have identified B7-H6 is signifi- 
cantly associated with natural killer (NK) cell 
activation and cytotoxicity [30, 31] and tumori-
genesis [32], little is known about the biologi- 
cal significance of B7-H6 in breast cancer. After 
knocking down B7-H6, the proliferation, migra-
tion and invasion abilities of breast cancer cell 
lines were inhibited remarkably. And knocking 
down B7-H6 could partly rescue the LINC006- 
73 overexpression mediated cell growth and 
metastasis increase. Based on the previous 
results presented above, we pointed that the 
oncogenic role of LINC00673 partly through 
inducing B7-H6 expression in breast cancer.

In spite of our interesting discovery, there are 
still some limitations in the study. On the one 
hand, the quantity of the validated cohort sh- 
ould be expanded to provide more convincing 
results. On the other hand, we need to conduct 
more examination in vivo experiments to better 
validate the oncogene effects of LINC00673.

Conclusion

In the summary, LINC00673 is up-regulated in 
breast cancer and the abnormal expression 
exerts oncogene function role in breast can- 
cer cell lines. The findings of our study provide 
a potential new marker and a target for gene 
therapy in breast cancer.
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