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To investigate the source of serum exosomal HOTAIR, to uncover the diagnostic and prognostic values of serum exosomal
HOTAIR, and to discern the expression of serum exosomal HOTAIR between neoadjuvant chemotherapy and response to
tamoxifen therapy. Samples were collected from the Third Affiliated Hospital of Kunming Medical University, Tumor
Hospital of Yunnan. Exosomes were isolated from serum, cell culture medium and tumor tissues. We used transmission
electron microscopy and western immunoblotting assay to characterize exosomes, and real-time PCR (qPCR) to assess
HOTAIR expression. Neoadjuvant chemotherapy and tamoxifen therapy were carried out according to established
guidelines. Breast cancer patients expressed higher serum exosomal HOTAIR than did healthy individuals (P\ 0.001).
Serum exosomal HOTAIR levels 3 months after surgery were markedly decreased compared with levels before surgery
(P\ 0.001), and the expression level of exosomal HOTAIR in cell culture medium increased with time in both breast
cancer cell lines (72 h[ 48 h[ 24 h, 48 h vs 24 h [P\ 0.05]; 72 h vs 24 h [P\ 0.01]). Expression of serum exosomal
HOTAIR in nude mice was notably greater than in the mock control group (P\ 0.001). The results of the ROC analysis
revealed an AUC for serum exosomal HOTAIR of 0.9178 with a 95% CI of 0.8407–1.017 (P\ 0.01). The AUC for the
CA15-3 cell line was 0.7378 (95% CI, 0.5585–0.9170; P = 0.03). High expression of exosomal HOTAIR led to a worse
disease-free survival (P = 0.0481) and overall survival (P = 0.0463). In the high-expression chemotherapy group, six
patients achieved a partial response (PR) and eight demonstrated stable disease (SD) and nine patients achieved PR and two
SD in the low-expression group (P = 0.048). In the low-expression tamoxifen group, one patient had a recurrence of breast
cancer and another 10 patients exhibited no recurrence, while six showed recurrence, and seven had none in the high-
expression group (P = 0.035). We isolated exosomes successfully, and demonstrated that serum exosomal HOTAIR
originated from primary breast cancer tissue. We conclude that serum exosomal HOTAIR exhibits the potential to be a
diagnostic and prognostic biomarker. High expression of serum exosomal HOTAIR was also correlated with poor
neoadjuvant chemotherapy and response to tamoxifen therapy.
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1. Introduction

Breast cancer is the most common tumor found in women
worldwide (DeSantis et al. 2017; Bray et al. 2018). Although
comprehensive treatment for breast cancer includes surgery,
chemotherapy, radiotherapy and hormone therapy, it still entails
poor outcomes for advanced breast cancer patients (Bleyer and
Welch 2012). Lack of efficient biomarkers to indicate prognosis
and chemotherapy resistance are therefore two crucial factors
that can lead to the progression of disease (Murtaza et al. 2013;
Tang et al. 2017). Thus, it is incumbent upon us to discover
appropriate diagnostic and prognostic biomarkers. One of these
biomarkers may be found in the use of exosomes.

Exosomes are small membrane vesicles (30–150 nm) that
originate from the endosomal membrane compartment
(Regev-Rudzki et al. 2013; Wang et al. 2016), and cells can
release exosomes that then persist in body fluids (Dear et al.
2013). Exosomes contain important biologically active
species, including miRNA, lncRNA and circRNAs (Thoms
et al. 2015). Investigators have recently demonstrated that
exosomes not only play key roles in cell-cell communica-
tion, but also in the progression of tumorigenesis and tumor
metastasis (Luga et al. 2012; Boelens et al. 2014). Although
exosomes – especially lncRNA – also contribute signifi-
cantly to tumor metastasis and chemotherapy resistance, they
remain largely uncharacterized.
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LncRNAs are a class of non-coding RNAs with biologic
function, but which cannot be translated into protein (Lee
2012). HOTAIR is an lncRNA of 2.2 kb in length that is
transcribed from the antisense strand of the HOXC gene
cluster present in chromosome 12 (Rinn et al. 2007; Bhan
and Mandal 2015). Increasing evidence indicates that
expression of HOTAIR correlates with malignant tumors,
including breast cancer (Gupta et al. 2010; Sørensen et al.
2013), ovarian cancer (Nakayama et al. 2013), hepatocel-
lular carcinoma (Yang et al. 2011) and renal carcinoma (Wu
et al. 2014). Recent studies have revealed that HOTAIR was
expressed at a high level in breast cancer tissues compared
with adjacent non-tumorous tissues (Gupta et al. 2010;
Sørensen et al. 2013), and that overexpression of HOTAIR
promoted breast cancer cell proliferation, invasion and
migration (Stefani 2007; Chisholm et al. 2012).

Although much has been published on exosomes and
HOTAIR, few publications mention the relationship between
the two. Wang and his colleagues demonstrated that HOTAIR
exists in serum exosomes, and serum exosomal HOTAIR has
the potential of developing into a diagnostic and prognostic
biomarker in laryngeal squamous cell carcinoma (Wang et al.
2014). Few studies have depicted the value and function of
exosomal HOTAIR in breast cancer patients; however, it
remains largely uninvestigated. In the present study, we
uncovered the generation of HOTAIR in exosomes and
evaluated the diagnostic and prognostic value of breast cancer
exosomal HOTAIR. We additionally assessed the relation-
ships among exosomal HOTAIR expression, neoadjuvant
chemotherapy and response to tamoxifen therapy.

2. Materials and methods

2.1 Patients, serum and tissue sampling and follow-up

The protocols of the present study were approved by the
Ethics Committees of the Third Affiliated Hospital of
Kunming Medical University, Tumor Hospital of Yunnan.
All research participants provided written informed consent
prior to enrollment in our study, and these were stored in our
hospital database. Serum samples were obtained from the
Third Affiliated Hospital of Kunming Medical University,
Tumor Hospital of Yunnan, with 15 breast cancer patients
treated surgically and 15 healthy individuals enrolled as
controls; 25 patients received neoadjuvant chemotherapy
before surgery and another 25 patients received tamoxifen
hormone treatment after surgery, all between July 2012 and
December 2012. We simultaneously collected 20 breast
cancer tissue samples and stored them at -80�C for further
analysis. Our clinic visits consisted of follow-ups for all
patients every 3 months for the first 2 years, every 6 months
during the subsequent 3 years, and every year thereafter
until either death occurred or when August of 2018 was

reached. Blood samples from breast cancer patients were
mixed with ethylenediaminetetraacetic acid and then cen-
trifuged at 30009g for 15 min at 4�C to collect supernatants.
Supernatants were then stored at -80�C for further study.
This same protocol was also followed to harvest and store
cell culture medium supernatants.

2.2 Cell lines and culture

Human breast cancer cell lines (MDA-MB-231 and MCF-7)
and a normal breast epithelial cell line (MCF-10A) were
purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Culture medium
contained RPMI-1640 (Corning, USA) and 10% fetal bovine
serum (Corning, USA). Cell lines were cultured in a
humidified atmosphere of 95% air and 5% CO2 at 37�C.

2.3 Isolation of exosomes

We used a 0.45-lm polyvinylidene fluoride (PVDF) filter
(Millipore, Billerica, MA, USA) for serum and medium.
ExoQuick solution (System Biosciences, Mountain View,
CA, USA) was added and mixed with supernatant, and the
mixture was stored at -4�C for 30 min. We then harvested
exosomes by an ultracentrifugation at 15009g for 30 min at
4�C.

2.4 Transmission electron microscopy

We used phosphate-buffered saline (PBS) (0.5 mg/mL) to
dilute exosome samples, and a sequenced, glow-discharged
copper grid was used to obtain exosomes. The exosomes
were fully stained in an aqueous solution of phosphotungstic
acid (2%) that we incubated for 1 min. We then wiped off
excess buffer and finally stained the grid with 2% uranyl
acetate at pH 7.0 for 40 s. The grid was sequenced and air
dried at room temperature. Exosomes were examined under
transmission electron microscopy (JEM-1-11 microscope,
Japan) at 100 keV.

2.5 A xenograft model of human breast cancer

Cells (5 9 106 MDA-BC-231 or MCF-7) were washed with
PBS and suspended in ice-cold membrane matrix (BD
Matrigel). Cells were then injected into the subcutaneous
layer of nude mice for experiments, or sham injection of
normal saline was used for controls; we observed a temporal
sequence of 4 weeks of feeding. Under anesthesia, blood
from nude mice was collected by eyeball enucleation and
samples were stored in procoagulant tubes.
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2.6 Western blot analysis

We extracted total protein with RIPA buffer (BOSTER,
Wuhan, China), and measured total protein concentration
using a BCA protein assay kit (BOSTER, Wuhan, China).
SDS-PAGE gels (10%) were used to separate 50 lg of
protein, and we then transferred the protein onto PVDF
membranes (Millipore). After blocking in Tris-buffered
saline-Tween solution containing 5% non-fat milk for 1 h,
we incubated the membranes overnight at 4�C with primary
anti-CD63 antibody (1:1000 dilution; ab59479, Abcam,
USA) and anti-Hsp70 antibody (1:1000 dilution; ab2787,
Abcam, USA). Subsequently, the membranes were washed
3 times with TBST for 10 min and probed with goat anti-
rabbit HRP secondary antibody (1:2000 dilution, ab6721,
Abcam, USA) for 1 h at room temperature. We visualized
signals with enhanced chemiluminescence solution (BOS-
TER, Wuhan, China) by exposure to film (Tang et al.
2017).

2.7 RNA extraction, RT-PCR and qPCR

Total RNA was extracted from samples and exosomes by
using the MiniBEST Universal RNA Extraction Kit (Takara,
Dalian, China) according to the manufacturer’s instructions.
We measured total RNA concentration on the Peqlab
NanoDrop and checked its quality by using RNA LabChips
on an Agilent Bioanalyzer 2100 (Agilent Technologies).
RNA with an integrity number greater than 6.5 was used for
cDNA synthesis, and cDNAs were reverse transcribed using
a PrimeScriptTMRT reagent kit (TaKaRa, Dalian, China).
SYBR� Premix Ex TaqTM II (TaKaRa) was used to perform
real-time PCR, and reactions were run in duplicate at 95�C
for 30 s for 1 cycle, 95�C for 3 s and 60�C for 30 s for 40
cycles. Primers were designed as follows: HOTAIR forward
primer, 50-GGCGGATGCAAGTTAATAAAAC-30; reverse
primer, 50-TACGCCTGAGTGTTCACGGAG-30; and inter-
nal reference U6 primer, 50-CAAATTCGTGAAGCGTTC-
CATAT-30. Ct values of the samples were calculated, and the
relative RNA levels were analyzed with the 2-DDCt method
(Tang et al. 2018).

2.8 Neoadjuvant chemotherapy treatment

Twenty-five patients received an anthracycline ? tax-
ane ? cyclophosphamide regimen. Of these 25 patients, 14
underwent 2–4 cycles of a TAC regimen (docetaxel, 75 mg/
m2 iv, on day 1; pirarubicin, 60 mg/m2 iv, on day 1;
cyclophosphamide, 600 mg/m2 iv, on day 1; every 3 weeks).
Eleven patients received 2–4 cycles of TEC regimen (doc-
etaxel, 75 mg/m2 iv, on day 1; epirubicin, 100 mg/m2 iv, on
day 1; cyclophosphamide, 600 mg/m2 iv, on day 1; every
3 weeks).

2.9 Tamoxifen treatment

All 25 patients received a dose of 20 mg of oral tamoxifen
daily. Patients at high risk of cancer recurrence were given
two options for suppression of ovarian function: leuprorelin
at a dose of 3.75 mg subcutaneously every 28 days or
bilateral oophorectomy.

2.10 Statistical analysis

Statistical analyses were performed using SPSS 22.0 (IBM
Corp, NY, USA) and GraphPad Prism 6.0. Comparisons of
continuous outcomes between groups were performed using
a two-tailed, paired Student’s t-test. The log-rank test and
Kaplan–Meier estimator method were used for survival
analyses; and receiver operating characteristic (ROC) curves
and AUC values were used to assess diagnostic accuracy by
calculating sensitivities and specificities. The relationship
between the expression of HOTAIR and neoadjuvant
chemotherapy or response to tamoxifen therapy was evalu-
ated with the v2 test. P\ 0.05 was considered to indicate a
statistically significant difference. *P\ 0.05, **P\ 0.01,
***P\ 0.001, relative to controls.

3. Results

3.1 Exosome characterization

We used transmission electron microscopy to distinguish the
characteristics of exosomes (figure 1A), and detected
expression of the characteristic exosomal protein markers
CD63 and Hsp70 by western blot assays in serum exosomal
(exo) and exosome-depleted supernatant (exo-d) samples
(figure 1B).

3.2 Source of serum exosomal HOTAIR

We hypothesized that serum exosomal HOTAIR was gen-
erated from primary tumor tissue and released into blood,
and designed individual experiments to explore this
hypothesis. First, we compared the expression levels of
serum exosomal HOTAIR between 15 breast cancer
patients and 15 healthy individuals, and demonstrated that
breast cancer patients expressed significantly higher serum
exosomal HOTAIR than did the healthy controls
(P\ 0.001, figure 2A). Second, when we observed the
former 15 patients continuously and collected their serum
samples 3 months after surgery, their serum exosomal
HOTAIR levels were markedly decreased compared with
the expression levels before surgery (P\ 0.001, figure 2B).
In the third experiment, the exosomes in the supernatant of
cell culture medium were collected, and we found that with
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time, the expression levels of exosomal HOTAIR in the
medium increased in both breast cancer cell lines
(72 h[ 48 h[ 24 h, 48 h vs 24 h, P\ 0.05; 72 h vs
24 h, P\ 0.01). However, this phenomenon was not
observed in the normal breast epithelial cell line MCF-10A
(figure 2C). In the fourth experiment we established a
human-derived breast cancer xenograft model 4 weeks after
injection, and observed that serum exosomal HOTAIR in
nude mice was expressed at markedly higher levels than in
the mock group (P\ 0.001, figure 2D). Based on our four
experiments, we recognized that serum exosomal HOTAIR
originated from breast cancer primary tissue and was then
released into the blood.

3.3 Diagnostic and prognostic values of serum
exosomal HOTAIR

We performed ROC curve analyses to further elucidate poten-
tial diagnostic and prognostic values of serum exosomal
HOTAIR. We collected CA15-3 values from 20 patients and
also performed ROC curve analysis, and compared results with
serum exosomal HOTAIRROC curves. The AUC of the serum
exosomal HOTAIR was 0.9178 (95% CI, 0.8407–1.017;
P\ 0.01), significantly greater than the AUC for CA15-3
(0.7378; 95%CI, 0.5585–0.9170;P = 0.03) (figure 3A andB).

We further investigated the prognosis for breast cancer
patients using exosomal HOTAIR expression obtained

Figure 1. Characterization of exosome. (A) Exosomes distinguished by transmission electron microscope. (B) CD63 and Hsp70
expression were analyzed by western blotting in exosomal (exo) and exosome-depleted supernatant (exo-d) samples in serum.

Figure 2. Origin of serum exosomal HOTAIR. (A) Serum exosomal HOATIR expression in breast cancer patients and healthy people.
(B) Serum exosomal HOATIR expression in breast cancer patients before and after surgery. (C) Medium exosomal HOATIR expression in
breast cancer cells and normal breast epithelial cells at different times. (D) Serum exosomal HOATIR expression in xenograft models.
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directly from cancerous tissues, and separated the patients
into high expression (??/???) and low expression (?)
according to the qPCR results. The clinicopathological
characteristics for exosomal HOTAIR low- and high-ex-
pression subgroups are listed in table 1. The results of the
survival analysis revealed that high expression of exosomal
HOTAIR led to a worse disease-free survival (P = 0.0481)
and overall survival (P = 0.0463) than low exosomal
HOTAIR expression (figure 3C and D).

3.4 Correlation between serum exosomal HOTAIR
expression and response to neoadjuvant chemotherapy

We focused on 25 patients who received neoadjuvant
chemotherapy before surgery to investigate how HOTAIR
expression would influence response to neoadjuvant
chemotherapy. Of these 25 patients, 14 exhibited high
expression and 11 exhibited low expression. In the high-
expression group, six patients achieved PR and eight SD;
however, in the low-expression group, nine patients showed
PR and two SD (P = 0.048, table 2). Based on the chi-
square test results we suggest that high expression of
HOTAIR may lead to a poor response to neoadjuvant
chemotherapy.

3.5 Relation between exosomal HOTAIR expression
in serum and response to tamoxifen therapy

We included 25 patients who received tamoxifen hormone
treatment in this study. In this patient cohort, 13 showed high
HOTAIR expression and 12 manifested low expression. In
the low-expression group, one patient had a recurrence of
breast cancer while another 10 exhibited no recurrence. In
the high-expression group, six showed a recurrence and
seven did not (P = 0.035, table 3). These results suggested
that high expression of HOTAIR could lead to a poor
response to tamoxifen hormone therapy.

4. Discussion

In the present study, we separated exosomes from serum,
culture medium and tumorous tissues. To the best of our
knowledge, we are the first group to demonstrate that
HOTAIR originates in serum exosomes. We are also the first
to investigate the diagnostic and prognostic values of exo-
somal HOTAIR in serum, the correlation between serum
exosomal HOTAIR expression and response to neoadjuvant
chemotherapy, and the relationship between serum exosomal
HOTAIR expression and response to tamoxifen therapy.

Figure 3. Diagnostic and prognostic values of serum exosomal HOATIR. (A) ROC analysis of CA15-3. (B) ROC analysis of serum
exosomal HOATIR. (C) DFS of patients with different serum exosomal HOATIR expression. (D) OS of patients with different serum
exosomal HOATIR expression.
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Research on exosomes is currently an exciting area
(Hessvik and Llorente 2018; Hu et al. 2018; Morton et al.
2018), and evidence is accumulating that exosomes play
important roles in cell-cell communication, tumorigenesis,
tumor metastasis and the tumor microenvironment (Luga

et al. 2012; Boelens et al. 2014; Hu et al. 2018). However,
the molecular nature of exosomal contents remains largely
unelucidated. Although Tan et al. (2018) revealed that
exosomes contained important biologically active species
such as miRNAs, lncRNAs and circRNAs; the source of
these molecules remains arcane. Liu et al. (2016) found that
the exosomal lncRNA CRNDE-h has a strong correlation
with primary colorectal cancer. In the present study, we
designed four experiments to investigate the generation of
serum exosomal HOTAIR, and demonstrated after in vivo,
in vitro and clinical research that serum exosomal HOTAIR
is derived from primary breast cancer tissues and is packed
into a membrane structure as exosomes for ultimate release
into the bloodstream.

The function of serum exosomal lncRNAs such asHOTAIR
still requires clarification. Song et al. (2015) illustrated that
exosome-derived Hotair was a critical regulator and potent
marker for rheumatoid arthritis, and Wang and colleagues
demonstrated the potential for exosomal HOTAIR as a bio-
marker for prognosis and diagnosis in laryngeal squamous cell
carcinoma patients (Wang et al. 2014). Investigators have also
uncovered exosomal HOTAIR in bladder cancer, cervical
cancer and gallbladder carcinoma, and showed that expression
patterns differed between cancer patients and healthy indi-
viduals (Berrondo et al. 2016; Zhang et al. 2016; Tan et al.
2018). However, there is currently no extant report on serum

Table 1. Comparison of clinicopathological characteristics between exosomal HOTAIR low and high expression

Variables Total (n = 20) Low expression (n = 9) High expression (n = 11) Chi-square value P-value

Age (years) 0.231
Median (range) 20 48 (40–71) 44 (37–62)

Tumor size 0.833 [0.999
B2 cm 1 0 1
[2 cm, B5 cm 15 6 9
[5 cm 4 2 2
No. of lymph nodes 10.057 0.008
0 5 5 0
1–3 4 1 3
C4 11 2 9

ER status 0.642 0.642
Negative 7 4 3
Positive 13 5 8

PR status 0.087 [0.999
Negative 6 3 3
Positive 14 6 8

HER-2 status 0.202 [0.999
Negative 10 4 6
Positive 10 5 5

Pathological type
Invasive ductal carcinoma 11 3 8 1.742 0.481
Invasive lobular carcinoma 5 3 2
Others 4 2 2

Notes: Her-2(?)meant it was positive in FISH or CISH test or (???) in ICH test according to NCCN in 2011. In 2010, guidance for investigations
of ER and PR in breast cancer was developed by ASCO and CAP where professors recommended that the positive criteria of ER and PR
were C 1% of positive nuclear staining

Abbreviations: ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; CISH, chromogenic in situ hybridization;
FISH, fluorescence in situ hybridization; HER-2, human epidermal growth factor receptor 2; HR, hormone receptor; ICH, immunohistochemistry;
NCCN, National Comprehensive Cancer Network; PR, progesterone receptor; ER, estrogen receptor

Table 2. The correlation between serum exosomal HOTAIR
expression and neoadjuvant chemotherapy response

Serum exosomal HOTAIR
expression

Total
(n)

PR
(n)

SD
(n) P value

HOTAIR ? 11 9 2
HOTAIR ??/??? 14 6 8 0.048
Total 25 15 10

Abbreviations: PR, partial response; SD, stable disease

Table 3. Research of serum exosomal HOTAIR expression and
tamoxifen therapy response

Serum exosomal
HOTAIR expression

Total
(n)

Non-
recurrence

(n)
Recurrence

(n) P value

HOTAIR ? 12 11 1 0.035
HOTAIR ??/??? 13 7 6
Total 25 18 7
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exosomal HOTAIR expression in breast cancer patients. The
present study is the first to reveal serum exosomal HOTAIR
expression in breast cancer patients: we observed that serum
exosomal HOTAIR was expressed at higher levels in breast
cancer patients relative to healthy people, and that overex-
pression of serum exosomal HOTAIR correlated poorly with
disease-free survival or overall survival. Our results thus
showed that exosomal HOTAIR has the potential to be a
prognostic and diagnostic biomarker for breast cancer
patients.

The treatment of breast cancer requires complex and sys-
tematic treatment approaches (Fan et al. 2014; Storz-Pfennig
andWolf 2014), and neoadjuvant and adjuvant chemotherapies
remarkably improve outcomes for breast cancer patients. A
number of investigators have reported that high expression of
HOTAIRmay lead to chemotherapy resistance (Liu et al. 2013;
Teschendorff et al. 2015; Wang et al. 2015; DeSantis et al.
2017; Li et al. 2017; Cheng et al. 2018), and the mechanisms
underlying this phenomenon included HOTAIR downregula-
tionofP21 expression (Liu et al.2013) and activationof theNF/
kB signaling pathway. However, there are no reports on how
HOTAIR – particularly exosomal HOTAIR – expression
influences the response to breast cancer chemotherapy. Our
study is also the first to show that overexpression of exosomal
HOTAIR was correlated with a poor PR response in breast
cancer patients who received neoadjuvant chemotherapy
treatment. Our results were similar to other studies, although
there remained differences. Although current research in the
literature focuses more on HOTAIR and platinum, our research
focuses on the first-line chemotherapy strategy that uses the
anthracene nucleus combined with taxane. We demonstrated
that overexpression of exosomal HOTAIR correlated not only
with platinum resistance, but also with a poor response to
chemotherapy that entailed the anthracene nucleus combined
with taxane. These results may in the future present a novel
chemotherapeutic strategy for breast cancer patients.

Tamoxifen therapy is not only an important treatment as
per the National Comprehensive Cancer Network (NCCN)
guidelines, it provides a significant protective modality for
breast cancer patients who are ER/PR positive (Osborne
1998; Francis et al. 2015). Xue et al. (2016) demonstrated
that LncRNA HOTAIR enhanced ER signaling and con-
ferred tamoxifen resistance in breast cancer patients, and this
stimulated our interest in this field. Other than the report by
Xue et al. there are no studies of how HOTAIR influences
tamoxifen treatment. The present study was the first to reveal
that a high expression of HOTAIR may lead to a poor
response to tamoxifen hormone therapy, and our results were
similar to those of Xue’s. However, our study was the first to
focus on the relationship between exosomal HOTAIR and
clinical tamoxifen treatment; and should provide a founda-
tion for further clinical trials.

One drawback to our study is the overall small sample
size, and we expect to increase our sample population in
future studies to corroborate and further support our results.

In summary, our research suggested that exosomal HOTAIR
plays a significant role in breast cancer. Serum exosomal
HOTAIR is derived fromprimary breast cancer tissues and then
released into blood. Serum exosomal HOTAIR appears to us to
have the potential to be a prognostic and diagnostic biomarker
for breast cancer patients. Overexpression of exosomal
HOTAIR was correlated with poor PR rate for breast cancer
patients receiving neoadjuvant chemotherapy. High expression
of HOTAIR may also lead to a poor response to tamoxifen
hormone therapy. However, due to the limitations of the current
study, further investigations on the clinical or experimental use
of exosomal HOTAIR are required to confirm these data.
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