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Abstract. – OBJECTIVE: LIM homeobox do-
main 6 (LHX6) is emerging as a critical regula-
tor in carcinogenesis and tumor progression. 
The previous study has reported the expres-
sion and function of LHX6 in breast cancer (BC). 
However, its mechanism underlying BC metas-
tasis remains largely unclear. This study aimed 
to investigate the related mechanisms of the tu-
mor-suppressive role of LHX6 in BC.

PATIENTS AND METHODS: Quantitative Re-
al-time PCR (qRT-PCR) and Western blotting 
were used to determine LHX6 mRNA levels and 
protein expressions in BC tissues and cell lines. 
LHX6 protein expression was also analyzed in 
BC tissues and matched normal breast tissues 
using immunohistochemistry (IHC). The biologic 
functions of LHX6 in BC were explored by CCK-8 
assay, colony formation assay, and transwell as-
says in vitro. Finally, we investigated the effect 
of LHX6 up-regulation on PI3K/AKT/mTOR path-
way by Western blot.

RESULTS: Our results showed that LHX6 was 
lowly expressed at the mRNA and protein level 
in BC cancer tissues and cell lines. Ectopic ex-
pression of LHX6 in MDA-MB-231 and T-47D sup-
pressed cell growth, migration, and invasion. 
Mechanistically, our further investigations re-
vealed that the upregulation of LHX6 inhibited 
the activation of the PI3K/Akt/mTOR signaling 
pathway.

CONCLUSIONS: We firstly provided evidence 
that LHX6 exerted its anti-tumor function on 
BC via suppressing activation of the PI3K/Akt/
mTOR signaling, which eventually inhibited the 
progression of BC.
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Introduction

Breast cancer (BC) is one of the most common 
malignancies and the leading cause of cancer-re-
lated mortality among females worldwide1,2. Al-

though great improvements have been made in 
the diagnosis and treatment of BC, morbidity and 
mortality of BC patients with advanced stages 
still remain high3,4. It is known that tumor metas-
tasis of BC is the main reason for poor prognosis. 
Thus, identification of novel molecules that in-
volve in metastasis of BC would provide insight 
into BC biological behaviors for potentially sup-
pressing disease progression.

LHX genes, one of the most important sub-
families of the homeobox genes, usually have 
a LIM domain in addition to a homeodomain5. 
It is confirmed that LHX genes play critical 
roles in cellular processes such as development, 
proliferation, and apoptosis6. Emerging evidence 
identified LHX genes as important regulators 
in progression and development of various tu-
mors7,8. For instance, LHX4 served as a tumor 
promoter in colorectal cancer by modulating the 
Wnt/β-catenin signaling pathway9. LHX9 gene, 
which was involved in glioma cell migration and 
invasiveness, was silenced in pediatric malignant 
astrocytomas by hypermethylation10. Further-
more, LHX3 and LHX5 were reported to serve as 
methylation biomarkers of breast cancer and neck 
squamous cell carcinoma11. As a member of the 
LHX family of proteins, LHX6 was found to be 
dysregulated in several tumors, including BC12,13. 
However, the function and potential mechanism 
of LHX6 in BC remains largely unclear. 

In the present study, we performed RT-PCR 
and Western blot to detect the levels of LHX6 in 
both mRNA and proteins levels. Then, gain-func-
tion assay was performed to determine the func-
tion of LHX6 in BC. Finally, we performed 
Western blot to explore the effect of LHX6 on 
PI3K/AKT/mTOR pathway. Our results provided 
new insight into the mechanism underlying the 
metastasis of BC. 
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Patients and Methods

Patients and Samples
Cancerous tissues and matched non-cancerous 

tissue samples were collected from BC patients 
diagnosed by pathologists in Weifang People’s 
Hospital between July 2016 and December 2017. 
No local or systemic treatment had been conduct-
ed in these patients before the operation. Tissue 
samples were frozen in liquid nitrogen and stored 
until total RNAs or proteins were extracted. 
Written informed consent was obtained from 
each individual, and the study was approved by 
the local Ethics Committee.

Cell Lines and Cell Culture
The human breast epithelial cell line HBL-100 

and the BC cell lines MCF-7, MDA-MB-231, and 
T-47D were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Xuhui, Shang-
hai, China). Above cell lines were grown in 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Gibco, Beijing, Haidian, China), supplemented 
with 10% fetal bovine serum (FBS) (HyClone, 
Logan, UT, USA) and 100 U/ml penicillin and 
100 µg/ml streptomycin solution (Gibco, Bei-
jing, Haidian, China) in a humidified 37°C incu-
bator with a 5% CO2 atmosphere.

Lentivirus Infection
LHX6 lentivirus used for LHX6 up-regula-

tion and corresponding negative control lenti-
virus were purchased from GeneCopoeia, Inc. 
(Guandong, Guangzhou, China). One day prior 
to transfection, MDA-MB-231 and T-47D cells 
were seeded on six-well plates at a density of 3 × 
105 cells per well. Lipofectamine™ 2000 reagent 
was used for transfections according to manufac-
turer’s instructions. Transfection efficiency was 
confirmed by RT-PCR.

RNA Extraction and Reverse 
Transcription Quantitative PCR (RTqPCR)

Total RNA was prepared from cells using 
TRIzol (TaKaRa, Dalian, China). Single-strand-
ed cDNA was synthesized by using Reverse 
Transcription Kit (ThermoFisher Scientific, MA, 
Waltham, USA). The expression levels of mRNA 
were determined using qRT-PCR, which was per-
formed using the 7900 HT Sequence Detection 
System (Applied Biosystems, Pudong, Shanghai, 
China) and ABI Power SYBR Green PCR Mas-
ter Mix (Applied Biosystems, Foster City, CA, 
USA). The primers for LHX6 mRNA were: for-

ward, 5’-TCAACAACCTCATCTGGCAC-3’ and 
reverse, 5’-CATGGTGTCGTAGTGGATGC-3’. 
GAPDH was used as internal controls for mR-
NAs, respectively. The relative mRNA levels of 
gene expression were assessed using the 2-ΔΔCt 
method.

Western Blot Assay
Cultured cells were lysed by RIPA (0.1% SDS, 

1% Triton X-100, 1 mM MgCl2, 10 mM Tris-HCl, 
pH 7.4) at 4°C for 30 min. Thirty µg of protein 
lysates were separated on a NuPAGE 4-12% 
Bis-Tris Gel (Invitrogen, Carlsbad, CA, USA), 
and the separated proteins were transferred onto 
a polyvinylidene difluoride membrane (Invitro-
gen, Carlsbad, CA, USA). The membrane was 
blocked with 5% skim milk for 1 h and incubated 
with 1:1000 diluted primary antibodies at 4°C 
overnight. Next, the membranes were washed 
and incubated with the corresponding horserad-
ish peroxidase-conjugated secondary antibody 
(goat anti-rabbit) at 1:1000 dilution. Signals of 
the immunoreactive bands were visualized using 
the ECL detection system (Pierce Biotechnology, 
Inc., Rockford, IL, USA). GAPDH was used as a 
loading control.

Immunohistochemistry (IHC) Analysis
Immunohistochemistry staining was per-

formed by using anti-LHX6 (1:600) as previously 
described14. The antigen-antibody complex was 
visualized by using the Metal Enhanced DAB 
Substrate Kit (Sigma-Aldrich, St. Louis, MO, 
USA).

Cell Proliferation Assay
Cells were plated at a density of 2 × 104 cells 

per well in 96-well microtiter plates and cultured 
overnight at 37°C in a humidified incubator con-
taining 5% CO2. At 24, 48, 72, and 96 h, 10 μl 
CCK-8 reagent was added to each well. Then, 
cells were incubated at 37°C for 4 h, and then, 
the absorbance at 450 nm was measured using a 
micro-well plate reader.

Colony Formation Assay
After lentivirus infection, MDA-MB-231 and 

T-47D cells were seeded in a volume of 2 
mL at a density of 600 cells/well in six-well 
plates. Then, the plates were fixed with meth-
anol, stained with Crystal violet solution. The 
number of colonies that were composed of more 
than 50 cells was counted in each well under a 
Nikon microscope.
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Cell Migration and Invasion Assays
Migration and invasion assays were per-

formed using transwell chamber inserts. 3 × 
104 cells in 100 μl of serum-free media were 
added to the upper chamber of an insert coat-
ed with or without Matrigel (BD), and 1 ml 
DMEM containing 20% FBS was added to 
the bottom chamber. The cells were incubat-
ed at 37°C for a further 48 h. Non-invaded 
cells were removed from the upper surface of 
the filter carefully with a cotton swab. The 
stained cells were then imaged and counted 
with optical microscopy at 100 × magnifi-
cation. All assays were independently per-
formed three times.

Statistical Analysis
All data analyses were performed using SPSS 

19.0 software (SPSS, Armonk, NY, USA). Differ-
ences between groups were analyzed using Stu-
dent’s t-test. p < 0.05 was considered statistically 
significant.

Results

LHX6 Expression is Down-Regulated in 
BC Cell Lines and Tissues

To explore the role of LHX6 in BC progres-
sion, we performed RT-PCR to detect the expres-
sion of LHX6 in BC cell lines and HBL-100. As 
shown in Figure 1A, we found that the expression 
level of LHX6 mRNA was downregulated in BC 
cell lines (MCF-7, MDA-MB-231, and T-47D) 
compared with HBL-100 cells. Furthermore, we 
also observed down-regulation of LHX6 mRNA 
expression in BC tissues compared to normal 
breast tissues (Figure 1B). Subsequently, the re-
sults of Western blot indicated that LHX6 pro-
tein levels were downregulated in BC cell lines 
(MCF-7, MDA-MB-231, and T-47D) compared 
with HBL-100 cells. Finally, IHC assay showed 
that LHX6 protein expression in BC tissues was 
usually decreased compared with that in adjacent 
normal tissues (Figure 1D and 1E). These results 
suggested that downregulation of LHX6 was in-
volved in BC development.

Figure 1. LHX6 expression is downregulated in both BC tissues and cell lines. A, The mRNA level of LHX6 was detected 
in BC cell lines using RT-PCR. B, The mRNA level of LHX6 was detected in BC tissues and normal breast tissue using 
RT-PCR. C, The protein level of LHX6 was detected in BC cell lines using Western blot analysis. D, High LHX6 protein 
expression in non-tumor tissues by Immunohistochemical analysis. E, Negative LHX6 protein expression in BC tissues by 
Immunohistochemical analysis. **p < 0.01, *p < 0.05.
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LHX6 Suppresses Growth in 
MDA-MB-231 and BT-474 Cells

To investigate the biological roles of LHX6 
in the growth of BC, LHX6 lentivirus and the 
negative control were synthesized and transfected 
into MDA-MB-231 and BT-474 cells. The results 
of RT-PCR showed that LHX6 mRNA was sig-
nificantly up-regulated in cells transfected with 
LHX6 lentivirus (Figure 2A and 2B). CCK-8 
assays revealed that overexpression of LHX6 
suppressed the proliferation of MDA-MB-231 
and BT-474 cells compared to NC (Figure 3C and 
3D). Moreover, colony formation assay showed 
that the proliferative ability of MDA-MB-231 
and BT-474 cells was also significantly increased 
after LHX6 overexpression (Figure 2E-2G). All 
these data demonstrated the tumor suppressive 
roles of LHX6 in BC cells growth.

Effect of LHX6 on MDA-MB-231 and 
BT-474 Cells Cell Migration and Invasion

To explore whether LHX6 affects the met-
astatic abilities in BC cells, we performed 
transwell invasion assay. As shown in Figure 
3A and 3B, the experiment performed in MDA-
MB-231 and BT-474 cells indicated that the 
number of invasive and migratory cells in the 
LHX6 lentivirus group was significantly lower 

than that in the NC group. These results provid-
ed evidence that LHX6 suppressed metastasis 
of BC cells in vitro.

Analysis of LHX6 Expression and 
PI3K/AKT/mTOR Pathway

It is known to us that PI3K/AKT/mTOR path-
way is involved in many cellular functions, in-
cluding cell cycle progression and metastasis. 
Thus, we wondered whether LHX6 exerted its 
tumor-suppressive role by affecting PI3K/AKT/
mTOR pathway. The results of Western blot 
indicated that when MDA-MB-231 cells were 
transfected with LHX6 lentivirus, expressions of 
p-mTOR, p-P70, and p-AKT were all decreased 
compared with the controls (Figure 4). These re-
sults indicated that LHX6 acts as a negative reg-
ulator of the PI3K/Akt/mTOR signaling pathway.

Discussion

Tumor metastasis is a complex and multistep 
process, which is regulated by various mole-
cules15. Several tumor-related biomarkers were 
identified in various tumors in the past ten 
years16,17. Those findings promote medical de-
velopment enormously. In the present study, we 

Figure 2. LHX6 upregulation inhibits BC growth and migration. A-B, RT-PCR detection of MDA-MB-231 and T-47D cells 
transfected with LHX6 lentivirus. C-D, MTT assay was performed to examine MDA-MB-231 and T-47D cell proliferation. 
E-G, Colony-forming assays were conducted to determine the cloning ability of MDA-MB-231 and T-47D cells, and control 
cells. **p < 0.01, *p < 0.05.
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found that LHX6 was down-regulated in human 
BC tissues and cell lines. Furthermore, the trans-
fection of LHX6 lentivirus into MDA-MB-231 
and T-47D cells was able to reduce cell prolifera-
tion, invasion, and migration in vitro. We further 
confirmed that overexpression of LHX6 could in-
hibit the activation of PI3K/AKT/mTOR pathway. 
To author’s knowledge, this research is the first to 
show that the LHX6/ PI3K/AKT/mTOR pathway 
is involved in the invasion and migration of BC.

The biological function of LHX6 involved in 
the regulation of cancer progression has been 
reported in several studies. For instance, Yang et 
al18 reported that LHX6 expression was signifi-
cantly down-regulated in lung adenocarcinoma 
and its overexpression could suppress the prolif-
eration and metastasis of lung adenocarcinoma 
cells by transcriptional silencing of β-catenin. In 
addition, clinical assay indicated that LHX6 was 
associated with lymph node status and clinical 
stages, as well as the overall survival of patients. 
Jung et al19 reported that LHX6 could be used as 
an effective and sensitive methylation biomarker 
for early diagnosis of cervical cancer. Yan et al20 
found that LHX6, which was a target gene of 
miR-1290, suppressed glioma cells proliferation, 
migration, and invasion in vitro and in vivo. 
Those results highlighted the tumor-suppressive 
role of LHX6 in various tumors. More import-
ant, Hu et al13 observed that the expression levels 
of LHX6 were down-regulated in BC tissues, 
and its forced expression served as a tumor 
suppressor by inhibiting BC cell proliferation 

and invasion via modulating the Wnt/β‑catenin 
signaling pathway. In our present study, we also 
showed LHX6 as an anti-oncogene by up-regu-

Figure 3. LHX6 upregulation inhibits the migration and invasion of BC cells in vitro. Transwell migration and invasion 
assays of MDA-MB-231 (A) and T-47D (B) cells transfected with LHX6 lentivirus or control. **p < 0.01, *p < 0.05.

Figure 4. Influence of LHX6 overexpression on PI3K/
AKT/mTOR pathway associated proteins expressions.
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lating the levels of LHX6 in vitro. Furthermore, 
our attention focused on the potential mecha-
nism by which LHX6 exerted its tumor-suppres-
sive role in BC. 

The PI3K/AKT/mTOR pathway is a signal 
transduction pathway, which participates in the 
regulation of multiple cellular progression in-
cluding cell proliferation, survival, differentia-
tion, and metastasis21. In recent years, the ab-
normal activation of PI3K/Akt/mTOR pathway 
has been found in various tumors, including 
BC, and the overactivation of the PI3K/Akt/
mTOR pathway contributed to the tumorigen-
esis and progression22-24. In the present study, 
we performed Western blot to explore the effect 
of LHX6 on the PI3K/Akt/mTOR pathway, and 
the results indicated that up-regulation of LHX6 
reduced phosphorylation levels of PI3K, Akt, 
and mTOR, suggesting that LHX6 served as 
a tumor suppressor by modulating PI3K/Akt/
mTOR pathway.

Conclusions

For the first time we showed that LHX6 sup-
pressed BC cells proliferation, migration, and 
invasion through the inactivation of the PI3K/
Akt/mTOR pathway. LHX6 would be a potential 
molecular target for BC therapy.
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