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This study aimed to investigate the effects and regulatory mechanism of long non-coding RNA HEIH in the devel-
opment of breast cancer. The expression of HEIH in breast tumor tissues and breast cancer cells was determined, 
followed by investigating the effects and regulatory mechanism of HEIH dysregulation on breast cancer cell viability, 
apoptosis, migration and invasion. The expression of HEIH was upregulated in breast cancer tissue samples 
and cell lines. Suppression of HEIH inhibited cell viability, promoted cell apoptosis, and decreased migration and 
invasion in MDA-MB-231 cells. Moreover, a negative relationship existed between HEIH and miR-200b, and HEIH 
regulated breast cancer development via regulating miR-200b. Pre-leukemia transcription factor 3 (PBX3) was 
verified as a functional target of miR-200b, and miR-200b regulated the malignant behaviors of breast cancer cells 
through targeting PBX3. Furthermore, suppression of HEIH inhibited the activation of Wnt/β-catenin pathway, which 
was remarkably reversed after suppression of HEIH and inhibition of miR-200b synchronously. Our results reveal 
that HEIH may contribute to breast cancer development via modulation of microRNA-200b/axis and inducing the 
activation of Wnt/β-catenin pathway. Further studies are still required to confirm our findings.

1. Introduction
Breast cancer is the leading cause of cancer-related death among 
women worldwide. It is estimated that approximately 63,410 cases 
of female breast carcinoma in situ were diagnosed in 2017 (Siegel 
et al. 2017). The five-year survival rate of breast cancer is bleak 
(< 10%) due to bone metastasis (Bussard and Marini 2016). More-
over, current predictions and statistics reveal increases in both inci-
dence of breast cancer and related mortality (Tao et al. 2015). Early 
detection of breast cancer is associated with reduced morbidity and 
mortality (Oeffinger et al. 2015). However, the mechanisms under-
lying breast cancer as well as the effective biomarkers for disease 
diagnosis are still poorly understood.
Long non-coding RNAs (lncRNAs) are a group of RNA transcripts 
with more than 200 bases in length but lack significant open 
reading frames (Iyer et al. 2015; Spizzo et al. 2012). LncRNAs 
have become a hotspot in the tumorigenesis and progression 
of breast cancer (Hansji et al. 2014; Sørensen et al. 2015; Tian 
et al. 2018). For instance, lncRNA HOXA11-AS can regulate 
epithelial-mesenchymal transition to promote the invasion and 
metastasis of breast cancer (Li et al. 2017b); overexpression of 
lncRNA PlncRNA-1 can suppress the growth of breast cancer 
through regulating TGF-β1 and PHGDH (Li et al. 2018); and the 
GAS5-miR-23a-ATG3 axis can play a key role in breast cancer 
via functioning as a key regulator of autophagy pathways (Gu et 
al. 2018). However, studies on lncRNAs in breast cancer are still 
in a preliminary stage. Recently, lncRNA-HEIH has been reported 
to be involved in the development of colorectal cancer (Cui et al. 
2018), and whose expression in serum and exosomes may serve as 
a potential biomarker of hepatitis C virus (HCV)-related hepato-
cellular carcinoma (Zhang et al. 2018). Nevertheless, the roles of 
lncRNA HEIH in breast cancer have not been disclosed.
In the present study, we determined the expression of HEIH in breast 
tumor tissues and breast cancer cells, followed by investigating the 

effects and regulatory mechanism of HEIH dysregulation on breast 
cancer cell viability, apoptosis, migration and invasion. This study 
will lay a theoretical basis for the pathogenesis of breast cancer 
and provide new insight for its treatment.

2. Investigations and results

2.1. HEIH expression is upregulated in breast cancer 
tissue samples and cell lines
As presented in Fig. 1A, the expression of HEIH was significantly 
increased in breast tumor tissues in relation to that in adjacent 
non-tumor tissues (P < 0.01). Consistently, HEIH expression was 
also significantly increased in breast cancer cells (MCF-7 and 
MDA-MB-231) compared with that in normal mammary epithelial 
MCF10A cells (P < 0.01, Fig. 1B). Because the HEIH expression 
in MDA-MB-231 cells was the highest among the three cell lines, 
MDA-MB-231 cells were selected for subsequent analysis.

2.2. Suppression of HEIH inhibits cell viability, promotes 
cell apoptosis, and decreases migration and invasion in 
MDA-MB-231 cells
To investigate the role of HEIH in breast cancer, HEIH expres-
sion was suppressed in MDA-MB-231 cells by transfection with 
sh-HEIH. As shown in Fig. 1C, HEIH expression was suppressed 
in sh-HEIH-transfected MDA-MB-231 cells compared to that in 
sh-NC-transfected MDA-MB-231 cells (P < 0.05); Moreover, 
the transfection efficiency of sh-HEIH#1 was stronger than that 
of sh-HEIH#2, sh-HEIH#1 was used in the following experiment. 
Furthermore, the results of MTT assay showed that suppression 
of HEIH significantly inhibited the viability of MDA-MB-231 
cells (P < 0.05, Fig. 1D); the results of western bolt showed 
that suppression of HEIH remarkably promoted the apoptosis of 
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MDA-MB-231 cells (P < 0.01, Fig. 1E), and further western bolt 
showed that suppression of HEIH promoted the expression levels 
of pro-apoptotic proteins (Bax, cleaved-caspase-3 and cleaved-
caspase-9) but inhibited the expression of anti-apoptotic protein 
Bcl-2 (Fig. 1F); and the results of migration and invasion assays 
revealed that suppression of HEIH obviously decreased the migra-
tion and invasion of MDA-MB-231 cells (P < 0.01, Fig. 1G-H).

2.3. HEIH regulates the malignant behaviors of breast 
cancer cells through miR-200b
It is reported that HEIH may be involved in regulating miR-200b 
in melanoma cells (Zhao et al. 2017). We thus investigated the rela-
tionship between HEIH and miR-200b in breast cancer. As revealed 
in Fig. 2A, the expression of miR-200b was significantly increased 
in sh-HEIH#1-transfected MDA-MB-231 cells compared to that 
in sh-NC-transfected MDA-MB-231 cells (P < 0.01), indicating 
a negative relationship between HEIH and miR-200b. Subse-

quently, we explored the expression of miR-200b in breast cancer 
tissues and cells. Expected results were obtained that miR-200b 
was remarkably downregulated in breast cancer tissues and cells 
(P < 0.01, Fig. 2B-C). Moreover, the expression of miR-200b 
was dysregulated in MDA-MB-231 cells by transfection. The 
results showed that miR-200b was distinctly overexpressed in 
MDA-MB-231 cells by transfection with miR-200b mimic and 
clearly suppressed by transfection with miR-200b inhibitor 
(P < 0.001, Fig. 2D). To further disclose whether HEIH regulated 
breast cancer development via miR-200b, MDA-MB-231 cells 
were cotransfected with sh-HEIH and a miR-200b inhibitor. The 
results showed that the effects of suppression of HEIH on cell 
viability (Fig. 2E), apoptosis (Fig. 2F), migration and invasion 
(Fig. 2G-H) were visibly reversed by inhibition of miR-200b at the 
same time (all P < 0.05).

2.4. PBX3 is verifi ed as a functional target of miR-200b
PBX3 is a member of the PBX family of transcription factors, 
which has been shown to function as an oncogene in the 
development of several cancers (Han et al. 2014; Ramberg 
et al. 2016). According to the information of Targetscan, we 
found that PBX3 was a potential target of miR-200b (http://
www.targetscan.org/cgi-bin/targetscan/vert_71/view_gene.
c g i ? r s = E N S T 0 0 0 0 0 3 4 2 2 8 7 . 5 & t a x i d = 9 6 0 6 & m e m -
bers=miR-200bc-3p/429&showcnc=0&shownc=0&showncf1=&-
showncf2=&subset=1, Fig. 3A), thus, the relationship between 
miR-200b and PBX3 was investigated. As shown in Fig. 3B, 
the results of dual-luciferase reporter assay indicated that the 
luciferase activity of PBX3-WT was significantly inhibited by 
miR-200b mimic (P < 0.05), confirming that PBX3 was a direct 
target of miR-200b (Fig. 3B). Moreover, the expression of PBX3 
at both mRNA and protein levels was remarkably decreased in 
miR-200b mimic-transfected MDA-MB-231 cells, but distinctly 
increased in miR-200b inhibitor-transfected cells (P < 0.01, Fig. 
3C-D), indicating that PBX3 expression was negatively regulated 
by miR-200b.

2.5. miR-200b regulates the malignant behavior of breast 
cancer cells through PBX3
Subsequently, we knocked down the expression of PBX3 by 
transfection with si-PBX3 and the high transfection efficiency 
was confirmed by qRT-PCR and western blot assays (P < 0.001, 
Fig. 4A). To confirm whether miR-200b regulated the malignant 
behaviors of breast cancer cells through PBX3, MDA-MB-231 
cells were cotransfected with miR-200b inhibitor and si-PBX3. 
The results showed that the effects of inhibition of miR-200b on 
cell viability (Fig. 4B), apoptosis (Fig. 4C), migration and invasion 
(Fig. 4D-E) were overtly reversed by inhibition of miR-200b and 
knockdown of PBX3 at the same time (all P < 0.05). 

2.6. Suppression of HEIH inhibits the activation of 
Wnt/β-catenin pathway in breast cancer cells
The activation of Wnt/β-catenin signaling is shown to play a key 
role in tumor development, including breast cancer (King et al. 
2011). Thus, the relationship between HEIH and the activation 
of the Wnt/β-catenin signaling pathway was investigated. As 
shown in Fig. 4F, we found that suppression of HEIH significantly 
decreased the expression of wnt1, c-Myc, cyclin-D1, and β-cat-
enin, which was remarkably reversed after suppression of HEIH 
and inhibition of miR-200b synchronously (P < 0.05). Further 
knockdown of PBX3 concurrently could reverse the effect of 
suppression of HEIH and inhibition of miR-200b synchronously 
on the expression of the aforementioned proteins again (P < 0.05).

3. Discussion
This study firstly investigated the role of HEIH in the development 
of breast cancer. The results showed that HEIH was upregulated in 
breast cancer tissue samples and cell lines. Suppression of HEIH 

Fig. 1: HEIH expression is upregulated in breast cancer tissue samples (A) and 
cell lines (B) and suppression of HEIH inhibits cell viability, promotes cell 
apoptosis, and decreases migration and invasion in MDA-MB-231 cells. 
(C): The HEIH expression after transfection with sh-HEIH and si-NC. (D): 
Cell viability after transfection. (E): Cell apoptosis after transfection and 
the expression levels of pro-apoptotic proteins (Bax, cleaved-caspase-3 and 
cleaved-caspase-9) and anti-apoptotic protein Bcl-2. (F): Cell migration after 
transfection. (G): Cell invasion after transfection. * compared to respective 
control. * P < 0.05 and ** P < 0.01.
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remarkably inhibited cell viability, promoted cell apoptosis, and 
decreased migration and invasion of MDA-MB-231 cells, indi-
cating that HEIH might function as an oncogene in breast cancer, 
which was in consistent with previous findings that HEIH was 
identified as an oncogenic lncRNA that promoted s tumor progres-
sion in hepatocellular carcinoma (Yang et al. 2011).
Moreover, we found that there was a negative relationship between 
HEIH and miR-200b, and HEIH modulated the malignant 
behaviors of MDA-MB-231 cells through negative regulation 
of miR-200b. In a previous study, miR-200b was found to act 
as an effective inhibitor of chemotherapy-induced chemothera-
py-induced epithelial-mesenchymal transition and consequently 
regulates tumor metastasis in human tongue cancer (Sun et al. 
2012). Moreover, miR-200 is shown to promote the colonization 
of mouse breast cancer cells to form distant metastases (Dykx-
hoorn et al. 2009). Ye et al. (2004) demonstrated that miR-200b 
was downregulated in breast cancer tissues and cell lines and the 
downregulation was correlated with poor outcome in patients with 
breast cancer. miR-200b has the potential to serve as prognostic 
biomarker and tumor suppressor for BC patients. Yao et al. also 
showed that miR-200b can act as tumor suppressor in breast cancer 
and has the potential to serve as prognostic biomarker (Yao et al. 
2015). In this study, we also found that miR-200b was remarkably 
downregulated in breast cancer tissues and cells. Therefore, we 
assume that miR-200b may inhibit breast cancer development, and 
HEIH may contribute to breast cancer through downregulation of 
miR-200b.

Furthermore, PBX3 was confirmed as a target of miR-200b. A 
previous study has shown that PBX3 can regulate epithelial-mes-
enchymal transition and predicts poor outcome in colorectal 
cancer (Lamprecht et al. 2018). Additionally, it is reported that 
miR-144-3p can inhibit the progression of gastric cancer by 
targeting PBX3 (Li et al. 2017a); miRNA-33a-3p suppresses 
the migration and invasion of hepatocellular carcinoma cells via 
targeting PBX3 (Han et al. 2016). However, the role of PBX3 in 
breast cancer progression has not yet been fully revealed. In this 
study, we found that PBX3 was a target of miR-200b that could 
mediate the role of miR-200b in regulating the malignant behav-
iors of MDA-MB-231 cells. Given the oncogenic role of PBX3, 
we assume that miR-200b may suppress the development of breast 
cancer via targeting PBX3.
Besides, activation of the Wnt/β-catenin pathway has been found 
to be enriched in basal-like breast cancers and indicates poor 
outcome (Khramtsov et al. 2010). Wnt/β-catenin signaling is also 
found activated in triple negative breast cancer and may serve as 
promising a therapeutic target for treatment (King et al. 2012). Jang 
et al. (2015) also revealed that blockade of this signaling pathway 
can represses breast cancer metastasis. Furthermore, diallyl disul-
fide is shown to suppress the activation of the Wnt-1 signaling 
pathway by upregulation of miR-200b, and consequently inhibit 
proliferation and promote apoptosis of gastric cancer cells (Tang 
et al. 2013). In this study, we also found a significant association 
between dysregulation of HEIH/miR-200b/PBX3 axis and acti-
vation of the Wnt/β-catenin pathway. Therefore, we assume that 

Fig. 2: HEIH regulates the malignant behavior of breast cancer cells through miR-200b. (A): The miR-200b expression after transfection with sh-HEIH and sh-NC. (B) and (C): 
The miR-200b expression in breast cancer tissue samples and cell lines. (D): The miR-200b expression after transfection with miR-200b mimic, miR-200b inhibitor, and 
respective controls. (E): Cell viability after transfection. (F): Cell apoptosis after transfection and the expression levels of pro-apoptotic proteins (Bax, cleaved-caspase-3 
and cleaved-caspase-9) and anti-apoptotic protein Bcl-2. (G): Cell migration after transfection. (H): Cell invasion after transfection. * compared to respective control. * P 
< 0.05, ** P < 0.01, and *** P < 0.001. 
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Fig. 3: PBX3 is verified as a functional target of miR-200b. (A): The predicted binding sequence between miR-200b and PBX3. (B): The luciferase activity of PBX3-WT and 
PBX3-MUT after cotransfection with miR-200b mimic or mimic control. (C) and (D): The PBX3 expression after transfection with miR-200b mimic, miR-200b inhibitor, 
and respective controls. * compared to respective control. * P < 0.05 and ** P < 0.01.

Wnt/β-catenin pathway is a key mechanism of HEIH/miR-200b/
PBX3 axis in mediating breast cancer development.
In conclusion, our data reveal that HEIH may contribute to breast 
cancer development via modulation of the miR-200b/PBX3 axis 
and inducing the activation of the Wnt/β-catenin pathway. 

4. Experimental

4.1. Human tissue samples and cell lines
In total, 46 pairs of breast tumor tissues and corresponding adjacent normal tissues 
were obtained from 46 patients with breast cancer by surgical resection at our hospital 
between 2011 and 2017. These samples were preserved in liquid nitrogen for 30 min 
and saved at -80 °C. Informed consent was obtained from all subjects and this study 
was approved by the local ethic committee. 
Human breast cancer cell lines MDA-MB-23 and MCF-7 as well as normal human 
mammary epithelial cell line MCF10A were purchased from the American Type 
Culture Collection (ATCC). They were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, GIBCO, USA) containing 10 % heat-inactivated fetal bovine serum 
(FBS, GIBCO), and maintained in a 37 °C humidified incubator with 5% CO

2
. To 

maintain exponential growth, cells were passaged every 2-3 days.

4.2. Cell transfection
To explore the role of HEIH, miR-5095, and pre-leukemia transcription factor 3 
(PBX3) in breast cancer, MDA-MB-231 cells were transfected with the sh-HEIH, 
sh-NC, miR-200b mimic, mimic NC, inhibitor NC, miR-200b inhibitor, si-NC or 
si-PBX3 (GenePharma, China) using Lipofectamine 2000 (Invitrogen) according to 
the manufacturer’s instructions. 

4.3. Quantitative real-time reverse-transcription PCR (qRT-PCR)
Total RNA was isolated from tissues or cells using Trizol (Invitrogen), and reverse tran-
scription into to cDNA was performed using the Omniscript RT Kit (Qiagen, Hilden, 
Germany). qRT-PCR was then performed using a standard SYBR Green PCR kit (Toyobo, 
Osaka, Japan) protocol in an StepOnePlus™ (Applied Biosystems) with the following 
PCR reaction: 20 s at 95 °C, and then 40 cycles of 3 s at 95 °C and 30 s at 60 °C. The 
internal controls for miRNAs and RNAs were U6 and β-actin, respectively. For relative 
quantification, the threshold cycle values were normalized against that of internal controls. 

4.4. Cell proliferation assays
Cell proliferation was assessed by a Cell Proliferation Reagent Kit I (MTT) (Roche 
Applied Science, Penzberg, Germany). After different transfections, the MDA-MB-
231 cells were grown in 96-well plates, followed by assessing cell proliferation every 
24 h following the manufacturer’s protocol. 

4.5. Cell apoptosis
The MDA-MB-231 cells were harvested 48 h after transfection. Cells were then 
double stained with FITC-Annexin V and propidium iodide (PI) using the FITC-An-
nexin V Apoptosis Detection Kit (BD Biosciences) following the manufacturer’s 
recommendations. The apoptotic cells were then analyzed with a flow cytometry 
(FACScan; BD Biosciences) equipped with a CellQuest software (BD Biosciences).

4.6. Cell migration and invasion assays
For cell migration, 5x104 cells 48 h after transfection were suspended in serum-free 
media and then seeded into the upper chamber of an insert (8-mm pore size; Millipore, 
Billerica, MA, USA). For cell invasion, 1×105 cells 48 h after transfection were also 
suspended in serum-free medium, but placed into the upper chamber of an insert 
coated with Matrigel. In both migration and invasion assays, medium containing 10 
% FBS was added to the lower chamber. After 24 h of incubation, the migrated or 
invaded cell through the membrane were stained with methanol and 0.1 % crystal 
violet, imaged, and counted using an IX71 inverted microscope (Olympus, Tokyo, 
Japan). 

4.7. Western blot
After transfection, cells were lysed with cell lysis buffer (Beyotime, Haimen, China). 
The protein concentration determination was performed, followed by SDS-polyacryl-
amide gel electrophoresis for separating protein bands. The bands were transferred 
onto polyvinylidene fluoride (PVDF) membranes (Millipore, Billerica, MA, USA) 
and incubated overnight with the primary antibodies to Bax, Bcl-2, pro-caspase-3, 
cleaved-caspase-3, pro-caspase-9, cleaved-caspase-9, PBX3, wnt1, c-myc, cyclin D1, 
β-catenin, and β-actin (1:1,000; Abcam, Cambridge, UK) at 4 °C. β-Actin was used 
as the control. After incubation with the appropriate secondary antibodies, the protein 
signals were revealed by means of an Odyssey Infrared Imaging System (LI-COR, 
Lincoln, NE, USA). 

4.8. Dual-luciferase reporter assay
To construct the reporter vectors PBX3-wild-type (PBX3-WT) and PBX3-mutat-
ed-type (PBX3-MUT), the fragments from PBX3 containing the predicted miR-200b 
binding site and flanking sequence were respectively inserted into the pmirGlO 
Dual-luciferase miRNA Target Expression Vector (Promega, Madison, WI, USA). 
Subsequently, cells were transfected with the constructed reporter vectors, along with 
miR-200b mimic or mimic control. After 48 h of transfection, the luciferase activity 
was the detected by the Dual-Luciferase Reporter Assay System (Promega).

4.9. Statistical analysis
Experiments were independently repeated three times. Differences between groups 
were analyzed using Student’s t test or ANOVA that was performed using SPSS 
version 18.0 (SPSS, Chicago, IL). P <0.05 was considered statistically significant.
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Fig. 4: miR-200b regulates the malignant behaviors of breast cancer cells through PBX3. (A): The PBX3 expression after transfection with si- PBX3 and si-NC. (B): Cell vi-
ability after transfection. (C): Cell apoptosis after transfection and the expression levels of pro-apoptotic proteins (Bax, cleaved-caspase-3 and cleaved-caspase-9) and 
anti-apoptotic protein Bcl-2. (D): Cell migration after transfection. (E): Cell invasion after transfection. (F) The protein expression levels of Wnt/β-catenin pathway-related 
proteins including wnt1, c-Myc, cyclin-D1, and β-catenin after dysregulation of HEIH, miR-200b, and PBX3.* compared to respective control. * P < 0.05 and ** P < 0.01. 
* compared to respective control. * P < 0.05 and ** P < 0.01.
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