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Abstract
Background The lncRNA HOTAIR is frequently overexpressed in breast cancer tissues and plays an important role in the 
development of breast cancer. Here, we investigated the effect of the lncRNA HOTAIR on the biological behaviour of breast 
cancer cells and its molecular mechanism.
Methods We investigated the level of HOTAIR in breast cancer and its clinical pathological characteristics by bioinformatic 
methods. Then, we evaluated the effects of HOTAIR and miRNA-1 expression on the biological behaviour of breast cancer 
cells by qPCR, Cell Counting Kit-8 (CCK-8) assay, clonogenic assays, Transwell assay and flow cytometry for cell prolif-
eration, invasion migration and apoptosis, and cell cycle analysis. Finally, the target genes of the lncRNA HOTAIR/miR-1/
GOLPH3 regulatory axis were validated by luciferase reports.
Results The expression of HOTAIR in breast cancer tissues was significantly higher than that in normal breast tissues 
(P < 0.05). Silencing of HOTAIR suppressed cell proliferation, invasion and migration, promoted apoptosis and induced  G1 
phase block in breast cancer (P < 0.0001). We also verified that miR-1 is a target of HOTAIR and that GOLPH3 is a target 
of miR-1 by luciferase reporter assays (P < 0.001).
Conclusions The expression of HOTAIR was significantly elevated in breast cancer tissues. Reducing the expression of HOTAIR 
inhibited the proliferation, invasion and migration of breast cancer cells and promoted apoptosis, and the mechanism was mainly 
the effect of the lncRNA HOTAIR/miR-1/GOLPH3 regulatory axis on the biological behaviour of breast cancer cells.
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Introduction

According to the latest data, breast cancer has surpassed lung 
cancer as the most prevalent cancer worldwide [1]. The num-
ber of new cases of breast cancer worldwide is 2.26 million, 
accounting for 24.5% of all new cancers in women worldwide 

[1]. The main treatments for breast cancer patients include 
surgery, radiotherapy, endocrine therapy, chemotherapy and 
targeted therapy, but 40% of breast cancer patients still expe-
rience tumour recurrence or distant metastasis [2]. Therefore, 
it is imperative to explore the molecular mechanism of breast 
cancer and to find new potential therapeutic targets.

In 1990, Brannan et al. identified the first long-stranded noncod-
ing RNA (lncRNA)—H19—in mammalian cells [3]. lncRNAs are 
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a class of RNA molecules greater than 200 nucleotides in length 
that cannot encode proteins but have biologically relevant regula-
tory functions [4, 5]. lncRNAs have been linked to a variety of dis-
eases, particularly tumours, by examining differences in transcript 
expression levels in disease-associated and non-disease-associated 
states and directed experiments in model organisms, such as mice 
[6]. The role of long noncoding RNAs in cancer has been exten-
sively described, highlighting their ability to influence cell cycle 
regulation, cell proliferation, transdifferentiation, survival, immune 
response, metastatic progression and therapeutic response [7]. 
Ramnarine et al. [8] found that lncRNAs play an important role 
in the development and progression of prostate cancer and can be 
used as biomarkers for the diagnosis and prediction of the progno-
sis of prostate cancer. Deng et al. [9] demonstrated that lncRNA 
plays an oncogenic role in colorectal cancer, is an independent 
prognostic factor, and is a potential therapeutic target. Zhao et al. 
[10] found that lncRNAs may be potential biomarkers for the diag-
nosis and prognosis of gastric cancer. HOTAIR (HOX transcript 
antisense intergenic RNA) is a type of lncRNA, and HOTAIR and 
other lncRNAs are aberrantly expressed in breast cancer, affect-
ing breast cancer progression by influencing the biological behav-
iour of breast cancer cells [11]; moreover, the expression level of 
HOTAIR in primary tumours could be a strong predictor of even-
tual metastasis and death of patients [12]. However, the molecular 
mechanism of HOTAIR in BC remains unknown.

In recent years, noncoding RNAs such as lncRNAs have 
been shown to act as competitive endogenous RNAs (ceR-
NAs) to sequester microRNAs to regulate mRNA transcripts 
containing common microRNA recognition elements (MREs) 
[13–15]. They act as sponges for common miRNAs and elimi-
nate the endogenous repressive effects of these miRNAs on 
their true target transcripts [16]. MicroRNA (miRNA) is a 
small noncoding RNA of approximately 22 nucleotides (nt) 
in length [17]. Many studies have shown that miRNAs can 
act as tumour suppressors and oncogenes, which in turn affect 
tumour progression [18]. miR-1 is a type of miRNA that is 
usually expressed at low levels in malignant tumours. High 
expression of miR-1 inhibits tumour recurrence and metastasis 
[19]. miRNAs regulate the expression of downstream genes 
by binding to miRNA recognition elements (MERs) located 
in the 30-untranslated region (30-UTR) of the target messen-
ger RNA (mRNA), leading to their translational repression or 
degradation [20]. Therefore, the function of lncRNA HOTAIR 
and miRNA in breast cancer and the molecular mechanism of 
its regulation deserve further in-depth study.

Materials and methods

Materials

RNASEqV2 data from the breast cancer dataset were down-
loaded from the TCGA database via the Bioconductor/

TCGA biolinks function package, along with pre-processing, 
for a specific analysis of HOTAIR clinicopathological cor-
relation, relative expression and prognosis.

Methods

Cell culture, siRNA for HOTAIR and miRNA‑1 
and transfection

The human breast cancer cells MDA-MB-231 and MCF7 
and normal breast epithelial cells MCF10A used in this 
experiment were obtained from Guangzhou Saiku Biotech-
nology Company. The cells were cultured in Dulbecco’s 
Modified Eagle Medium with 15% foetal bovine serum at 
37 °C and 5%  CO2. The lentivirus targeting knockdown of 
HOTAIR and miRNA-1 and the negative control lentivi-
rus (sh-HOTAIR; Lv-miRNA-1; NC) designed by Shang-
hai Jima Pharmaceutical Technology Ltd. were transfected 
into MDA-MB-231 and MCF7 cells, respectively. After 
72 h, qRT-PCR was performed to examine the levels of 
HOTAIR and miRNA-1 in the breast cancer cell lines after 
cell transfection.

Cell counting kit‑8 (CCK‑8) assay

The successfully transfected cells were counted under a 
microscope using a cell counting plate, and 100 μl of cell 
suspension was added to each well of a 96-well plate. Then, 
100 μl of CCK8 solution was added on days 1–6 and incu-
bated for 2.5 h at 37 °C. The absorbance values were meas-
ured by an enzyme marker set at 450 nm.

Clonogenic assays

Cells were added to the cell counting plate at 500 cells/well, 
2 ml of complete medium was added to each well, and the 
culture was continued at 37 °C and 5%  CO2 for 2 weeks. 
Images were collected under the microscope after staining.

Flow cytometry analysis

Flow cytometry was used for cell apoptosis cell cycle analy-
sis. The transfected cells were washed with PBS and centri-
fuged to obtain cell precipitates. Then, 500 µl of 70% etha-
nol was added and fixed overnight at − 4 °C. Then, 500 μl 
of PI/RNase A staining solution was added and incubated 
for 30 min at room temperature and protected from light. 
Cell cycle assays were performed in a flow cytometer after 
incubation.
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Transwell assay

The transfected MDA-MB-231 and MCF7 cells were sus-
pended in serum-free medium and removed from the 24-well 
plate, after 700 μl of complete medium containing 20% FBS 
was added to the lower chamber and 300 μl of cell suspension 
was spread in the upper chamber (for invasion experiments, 
Matrigel was also spread in the upper chamber), and they were 
placed in a 37 °C 5%  CO2 cell incubator for 24 h. The cells 
and Matrigel were removed from the upper chamber. Formal-
dehyde was added to fix the cells in the lower chamber, which 
were then stained with Giemsa stain. Then, the chambers were 
placed under a microscope for photographing and counting.

Luciferase reporter assay

X3′-UTR wild-type and mutant luciferase reporter gene vectors 
were designed; pGL3-HOTAIR-Mut 3′-UTR, pGL3-HOTAIR-
Wt 3′-UTR, pGL3-GOLPH3-Mut 3′-UTR and pGL3-GOLPH3-
Wt 3′-UTR plasmids were constructed; and subsequently, the 
plasmids were transfected into cells. The luciferase activity was 
measured using a dual-luciferase assay system.

Western blot

The cells were taken from the cell culture incubator and lysed 
by a mixture of RIPA and PMSF, and the supernatant was 
obtained by centrifugation. After electrophoresis, the sepa-
rated proteins were transferred to PVDF membranes, incu-
bated with antibodies, washed and colour developed. Finally, 
the results of the protein bands were measured in greyscale 
using ImageJ.

Statistical analysis

SPSS 25.0 software was used to statistically analyse the 
data obtained from the experiment, and all results are 
expressed as the mean ± standard deviation (mean ± SD). 
The difference between two groups of data was compared 
using Student’s t test (two-tailed method) for comparisons 
between two samples conforming to the normal distribu-
tion, and ANOVA was used for two comparisons between 
multiple groups, with P < 0.05 indicating that the two 
groups of data were statistically significant.

Results

HOTAIR is highly expressed in breast cancer tissues 
and cell lines

We analysed the relative expression differences of 
HOTAIR in breast cancer tissues and normal tissues and 

the relationship between HOTAIR and clinical indicators, 
such as ER, PR and HER2, through the TCGA database. 
The results showed that the level of HOTAIR was signifi-
cantly higher in breast cancer tissues than in normal breast 
tissues (Fig. 1A). The AUC was also calculated by plot-
ting the ROC curve of HOTAIR, and the results suggested 
that HOTAIR has the potential to predict normal and can-
cerous tissues in breast cancer (Fig. 1B). The HOTAIR 
expression levels were significantly associated with ER 
status (P < 0.001), PR status (P = 0.002), HER2 status 
(P = 0.005), T stage (P = 0.03), N stage (P < 0.001), molec-
ular staging (P < 0.001) and pathological type (P < 0.001) 
of breast cancer patients (Fig. 1C), whilst they were not 
significantly associated with patient age (P = 0.117), M 
stage (P = 0.108) or clinical stage (P = 0.358) (Fig. 1D). 
Meanwhile, we classified HOTAIR expression into high 
and low expression by median and analysed its relation-
ship with clinical baseline characteristics in breast cancer 
patients (Table 1).

We concluded by Kaplan‒Meier survival analysis that 
HOTAIR expression was not associated with OS or DFS 
in breast cancer patients (Fig. 1E,  P> 0.05). According to 
the univariate analysis, age, TNM stage, T stage, N stage, 
M stage, HER2 status, molecular typing and pathological 
type were factors affecting the prognosis of breast cancer 
patients (Table 2, P value < 0.05); according to the multi-
variate analysis, age, T stage, N stage and M stage were all 
independent factors affecting the prognosis of breast can-
cer patients (Table 2, P value < 0.05). The expression of 
HOTAIR was not related to the prognosis of breast cancer 
patients and could not be used as one of the risk factors to 
evaluate the prognosis of breast cancer patients (Table 2, 
P > 0.05).

In vitro assay validates the effect of HOTAIR 
and miRNA‑1 on the biological behaviour of breast 
cancer

Expression levels of miRNA‑1 and GOLPH3 after silencing 
of HOTAIR

We examined the expression of HOTAIR in the breast cancer 
cell lines MDA-MB-231 and MCF7 and the normal breast 
epithelial cell line MCF10A by real-time fluorescence 
quantitative PCR assay (Fig. 2A). Then, sh-HOTAIR was 
transfected into MDA-MB-231 and MCF7 cells, and the 
transfection efficiency was observed under inverted phase 
contrast fluorescence microscopy after 72 h (Fig. 2B). It was 
concluded by RT-PCR experiment that the level of HOTAIR 
was significantly decreased and the level of miRNA-1 was 
significantly increased after transfection of cells with sh-
HOTAIR, and the expression level of GOLPH3 was not 
significantly changed (Fig. 2C).
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Fig. 1  Overexpression of HOTAIR in breast cancer tissues. A 
HOTAIR expression in normal and cancerous tissues. B The ROC 
curve of HOTAIR: HOTAIR can predict normal and cancerous tis-
sues in breast cancer. C HOTAIR expression in breast cancers with 
different oestrogen status, progesterone status, HER2 status, tumour 

size, lymph node status, molecular staging and pathological histologi-
cal type. D HOTAIR expression at different ages, distant metastasis 
status and clinical staging periods. E Kaplan‒Meier survival analysis 
of HOTAIR levels
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Effect of silencing HOTAIR and miRNA‑1 on the biological 
behaviour of breast cancer cells

In further evaluating the effects of HOTAIR and miRNA-1 
on the biological behaviour of breast cancer cells, we found 
that silencing of HOTAIR could inhibit cell proliferation and 
silencing of miRNA-1 could promote cell proliferation by 
CCK8 assay (Fig. 3A). The results of the clone formation 
assay showed that the number of clones was significantly 
reduced when silencing HOTAIR cells compared with NC 
cells, and the number of clones was significantly increased 
when silencing miRNA-1 cells compared with NC cells, 
which led to the conclusion that silencing HOTAIR inhibited 
the proliferation ability of breast cancer cells and silencing 

miRNA-1 promoted the proliferation ability of breast cancer 
cells (Fig. 3B). Transwell assays showed that the number of 
cells crossing the ventricular wall and Matrigel ventricular 
wall was significantly reduced after silencing of HOTAIR 
compared with NC cells, indicating that the migration and 
invasion ability of breast cancer cells were reduced after 
silencing of HOTAIR; the opposite result was obtained after 
silencing of miRNA-1, indicating that the migration and 
invasion ability of breast cancer cells were enhanced after 
silencing of miRNA-1 (Fig. 3C).

We assessed the effects of HOTAIR and miRNA-1 on 
cell apoptosis and the cell cycle of breast cancer cells by 
flow cytometer analysis, and the results showed that the 
proportion of  G0/G1 phase cells increased in MCF7 and 

Table 1  Association between 
HOTAIR expression and the 
clinicopathological features of 
1090 breast cancer patients

Variables Total (n = 1090) The expression of HOTAIR P value

Low (n = 545) High (n = 545)

Age 0.086
  < 40 75 47 28
 40 ≤ Age < 50 220 109 111
 50 ≤ Age < 60 284 131 153
  ≥ 60 511 258 253

T classification 0.031
 T1 279 150 129
 T2 631 294 337
 T3 137 73 64
 T4 40 25 15
 Tx 3 3 0

N classification 0.031
 N0 514 249 265
 N1 360 198 162
 N2 120 60 60
 N3 76 27 49
 Nx 20 11 9

M classification 0.214
 M0 907 463 444
 M1 22 8 14
 Mx 161 74 87

Progesterone receptor 0.04
 Positive 694 356 338
 Negative 343 156 187
 Indeterminate 53 33 20

Oestrogen receptor 0.009
 Positive 803 415 388
 Negative 237 100 137
 Indeterminate 50 30 20

HER2 0.09
 Positive 164 73 91
 Negative 559 283 276
 Equivocal 178 86 92
 Unknown 189 103 86
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MDA-MB-231 cells after silencing of HOTAIR, and the dif-
ference was statistically significant (Fig. 3D, P < 0.05). After 
silencing of miRNA-1 in breast cancer cells, there was no 
significant change in the cell cycle. The number of apoptotic 

breast cancer cells was significantly increased after silencing 
HOTAIR in MCF7 cells, and the difference was statistically 
significant. The apoptotic cells of breast cancer cells were 
not significantly changed after silencing of miRNA-1, and 

Table 2  Cox regression analysis 
for overall survival

HR hazard ratio, CI confidence interval

Univariate analysis and multivariate analysis of the correlation of HOTAIR expression with OS amongst 
breast cancer patients

Parameter Univariate analysis Multivariate analysis

HR HR.95L HR.95H P value HR HR.95L HR.95H P value

Age 1.05 1.03 1.07  < 0.01 1.06 1.04 1.08  < 0.01
TNM stage 2.34 1.64 3.33  < 0.01 0.67 0.31 1.60 0.40
T 1.82 1.30 2.54  < 0.01 1.86 1.18 2.91  < 0.01
M 7.42 2.91 18.94  < 0.01 4.47 1.12 17.77  < 0.05
N 1.78 1.35 2.34  < 0.01 1.90 1.20 2.99  < 0.01
PR 0.76 0.46 1.28 0.30 1.04 0.43 2.55 0.92
ER 0.67 0.38 1.18 0.17 1.60 0.26 9.75 0.61
Histological 1.35 0.99 1.85  < 0.05 1.15 0.79 1.68 0.48
HER2 1.93 1.12 3.34  < 0.05 1.20 0.61 2.38 0.59
IHC subtype 1.21 0.99 1.48  < 0.05 1.54 0.80 2.97 0.20
HOTAIR 1.03 0.97 1.09 0.35 1.02 0.96 1.09 0.44

Fig. 2  Expression levels of miRNA-1 and GOLPH3 after silencing of 
HOTAIR. A Relative expression levels of HOTAIR in different cell 
lines (**P < 0.01, ***P < 0.001). B Effect of sh-HOTAIR lentivirus 

transfection (100 ×). C RT-PCR evaluation of the expression levels 
of HOTAIR in MDA-MB-231 and MCF7 cells after transfection with 
sh-HOTAIR as well as miRNA-1 and GOLPH3
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Fig. 3  Effect of silencing HOTAIR and miRNA-1 on the biological 
behaviour of MCF-7 and MDA-MB-231 breast cancer cells trans-
fected with si-NC, sh-HOTAIR or Lv-miRNA-1. A CCK8 assay: 
silencing of HOTAIR inhibited cell proliferation and silencing of 
miRNA-1 promoted cell proliferation (*P < 0.05, **P < 0.01). B Clo-
nogenic assays: silencing of HOTAIR inhibited cell proliferation and 
silencing of miRNA-1 promoted cell proliferation. C Transwell inva-
sion and migration assay: silencing of HOTAIR decreased cell migra-
tion and invasion and silencing of miRNA-1 increased cell migra-

tion and invasion. D Flow cytometry analysis: silencing of HOTAIR 
increased the percentage of G0/G1 phase cells of MCF7 and MDA-
MB-231. E Flow cytometry analysis: Representative images of flow 
cytometry using Annexin V-FITC and PI staining. Upper right quad-
rant: cells producing late apoptosis; lower right quadrant: cells pro-
ducing early apoptosis; lower left quadrant: surviving cells. Bar graph 
showing the increased proportion of early and late apoptotic cells 
after knockdown of HOTAIR in MCF-7 cells
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the difference was not statistically significant; the apoptotic 
cells of breast cancer cells were not significantly changed 
after silencing of both HOTAIR and miRNA-1 in MDA-
MB-231 cells. The differences were not statistically signifi-
cant (Fig. 3E, P< 0.001).

Validating lncRNA HOTAIR/miR‑1/GOLPH3 regulatory axis 
target genes

In addition, we analysed the sequences of HOTAIR and 
miR-1 using the starBase 2.0 prediction program and found 
that they have binding sites. To further confirm this, we 
designed luciferase reporter assays to verify whether paired 
sequences can exist between miR-1 and HOTAIR, and the 
results showed that transfection of the miR-1 mimic resulted 
in significant downregulation of the luciferase activity of the 
HOTAIR-WT reporter but had little effect on the luciferase 
activity of the HOTAIR-MUT reporter (Fig. 4A). Similarly, 
we applied the TargetScan Human 7.1 target prediction sys-
tem to predict the potential targets of miR-1 and found that 
GOLPH3 was the target of miR-1. Luciferase reports were 
constructed again to verify the existence of paired sequences 
between GOLPH3 and miR-1, and the results showed that 
the transfection of miR-1 mimic inhibited the luciferase 
activity of the GOLPH3-WT reporter, whilst it had almost 
no effect on the luciferase activity of the GOLPH3-MUT 
reporter. It can be concluded that there is a regulatory rela-
tionship between HOTAIR and miR-1 and between miR-1 
and GOLPH3 (Fig. 4A). Furthermore, lv-miRNA-1 was 
transfected into MDA-MB-231 and MCF7 cells, and the 
transfection efficiency was observed under inverted phase 
contrast fluorescence microscopy after 72  h (Fig.  4B). 
After transfection, the levels of miRNA-1 in MDA-MB-231 
and MCF7 cells and the level of GOLPH3 after silencing 
of miRNA-1 were detected by RT-PCR, and the results 
showed that the level of miRNA-1 decreased significantly 
after transfection of cells with Lv-miRNA-1, and there was 
no significant difference in the change in GOLPH3 level 
(Fig. 4C). Western blotting was performed to detect the 
level of GOLPH3 after transfection, and the results showed 
that no significant changes in the downstream target pro-
tein GOLPH3 were observed after silencing HOTAIR and 
miRNA-1 (Fig. 4D). Kaplan‒Meier survival analysis was 
performed on GOLPH3, and the results showed that the OS 
of patients with high GOLPH3-expressing breast cancer was 
lower than that of patients with low GOLPH3-expressing 
breast cancer, and the difference was statistically significant 
(Fig. 4E, P < 0.05).

Discussion

In this paper, we analysed the role of the lncRNA HOTAIR/
miR-1/GOLPH3 regulatory axis in the proliferation, inva-
sion and migration of breast cancer. We used a bioinformatic 
approach to determine that the level of HOTAIR was signifi-
cantly higher in breast cancer tissues than in normal breast 
tissues and to verify the relationship between the expression 
level of HOTAIR and relevant clinical indicators. Knock-
down of HOTAIR was found to inhibit proliferation, inva-
sion and migration and promote apoptosis of breast cancer 
cells by qPCR, CCK-8, Transwell invasion and migration 
assays and flow cytometer analysis, whilst knockdown of 
miR-1 showed the opposite result. Furthermore, bioinfor-
matics analysis was used to predict the targets of HOTAIR 
and miR-1, and luciferase reporter assays were established to 
further verify that HOTAIR can target miR-1 and that miR-1 
can target GOLPH3.

The aberrant expression of lncRNAs in malignant 
tumours has been well documented both domestically and 
internationally, highlighting their ability to influence cell 
cycle regulation, cell proliferation, differentiation, survival, 
immune response, metastatic progression and therapeutic 
response, and their relationship with breast cancer has been 
verified by multiple sources [21, 22]. The lncRNA HOTAIR 
has been shown to be a key regulator of chromatin state and 
mediator of transcriptional silencing that reprograms chro-
matin state and induces cancer metastasis [12]. Consistent 
with the above study, we found that HOTAIR expression 
levels were significantly higher in breast cancer tissues than 
in normal breast tissues and that HOTAIR expression was 
associated with ER status, PR status, HER2 status, T stage, 
N stage, molecular staging and pathological type. Loss-
of-function experiments revealed that silencing HOTAIR 
inhibited the proliferation, invasion and migration of breast 
cancer cells and promoted apoptosis. This demonstrates that 
HOTAIR can have an impact on the biological behaviour of 
breast cancer cells and, to some extent, illustrate the poten-
tial of HOTAIR as a diagnostic, prognostic and predictive 
marker and a potential therapeutic target for BC.

Regarding the mechanism, micro(mi)RNAs are small 
noncoding RNAs that negatively regulate the expression 
of most mRNAs [23]. LncRNAs can act as microRNA 
decoys, with the sequestration of microRNAs favouring 
the expression of repressed target mRNAs [24]. Sorensen 
et al. [25] found that the miR-148a levels in breast can-
cer patients were negatively correlated with the HOTAIR 
levels. Zhao et al. [26] reported that HOTAIR regulates 
BC cell growth, migration, invasion and apoptosis through 
the miR-20a-5p/HMGA2 axis. Wang et al. [27] found that 
HOTAIR promotes BC proliferation, migration and inva-
sion by regulating the miR-601/ZEB1 axis. Zhang et al. 
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[28] showed that the ESR1/miR-130b-3p/HOTAIR regu-
latory axis promotes breast cancer progression and is sig-
nificantly associated with endocrine therapy resistance. 
In our study, we predicted that HOTAIR has binding sites 
with miR-1 by bioinformatics and constructed luciferase 
reporter assays to verify this conclusion, which suggested 
a possible regulatory relationship between HOTAIR and 
miR-1. In addition, further experiments showed that 

downregulation of HOTAIR expression was followed by 
upregulation of miR-1 expression, which also verified 
again that HOTAIR has a regulatory effect on miR-1. In 
summary, it can be inferred that there is a regulatory rela-
tionship between lncRNA HOTAIR and miR-1 in breast 
cancer. This conclusion is similar to that obtained by the 
abovementioned scholars.

Fig. 4  Luciferase reports validate lncRNA HOTAIR/miR-1/GOLPH3 
regulatory axis target genes. A Luciferase reports showed reduced 
miR-1 expression in the HOTAIR-WT group but not in the HOTAIR-
MUT group. miR-1 could reduce the expression of the GOLPH3-WT 
group but not the GOLPH3-MUT group. B Effect of Lv-miRNA-1 

lentivirus transfection (100 ×). C RT-PCR to evaluate the knockdown 
effect of miRNA-1 in MDA-MB-231 and MCF7 cells after trans-
fection with Lv-miRNA-1 and the level of GOLPH3 after silencing 
miRNA-1. D Kaplan‒Meier survival analysis of GOLPH3 levels and 
OS in non-triple-negative breast cancer patients
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GOLPH3 (Golgi phosphorylated protein 3), also known 
as GMx33 or GPP34, is located in the Golgi apparatus 
and is a highly conserved transmembrane protein [29]. 
GOLPH3 has been shown to be a pro-oncogenic factor in 
many cancers [30]. Zhao et al. [31] found that in breast 
cancer, GOLPH3 is highly expressed and promotes the 
metastasis and proliferation of cancer cells. In our study, 
we applied bioinformatics to predict the potential targets 
of miR-1 and found that GOLPH3 is the target of miR-1. 
We again constructed luciferase reporter assays to verify 
that the two have binding sites, indicating a regulatory 
relationship between miR-1 and GOLPH3. Meanwhile, 
we further knocked down the expression of miR-1, and 
no significant difference was seen in the expression of 
downstream GOLPH3, indicating that the regulatory rela-
tionship between miR-1 and GOLPH3 needs to be further 
verified. Kaplan‒Meier survival analysis of GOLPH3 sug-
gested a lower OS in patients with high GOLPH3-express-
ing non-triple-negative breast cancer than in patients with 
low GOLPH3-expressing breast cancer. In summary, we 
confirmed the existence of the lncRNA HOTAIR/miR-1/
GOLPH3 regulatory axis, which provides new ideas for 
the molecular mechanism of breast cancer development.

In conclusion, the lncRNA HOTAIR/miR-1/GOLPH3 
regulatory axis has a regulatory role in breast cancer pro-
liferation, invasion and migration. This is likely to be a 
novel regulatory mechanism for breast cancer cell metasta-
sis. This topic is important to further reveal the molecular 
mechanism of noncoding RNA in breast cancer metastasis, 
discover new potential breast cancer therapeutic targets, 
and solve the problem of breast cancer recurrence and 
metastasis. However, there are some shortcomings in this 
study: the regulatory relationship between the lncRNA 
HOTAIR and miR-1 on the downstream target protein 
GOLPH3 could not be verified, and further verification of 
the regulatory relationship is needed.
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