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Purpose: Breast cancer (BC) is one of the leading causes of cancer-related deaths.
Chemoresistance of BC remains a major unmet clinical obstacle. TUG1 (taurine-upregulated
gene 1), a long noncoding RNA (IncRNA), and microRNAs (miRNA) are implicated in therapeutic
resistance. However, the interactions between TUG1 and miRNAs that regulate doxorubicin (Dox)
resistance in BC remain elusive.

Materials and Methods: Expression of TUG1 and miR-9 was measured by real-time PCR.
EIF5A2 (eukaryotic translation initiation factor 5A-2) was detected by Western blot.
Transfection of siRNAs or miRNA inhibitors was applied to silence IncRNA TUGI,
elF5A2 or miR-9. Cell viability, proliferation, and apoptosis were determined by CCK-8
(cell counting kit-8), flow cytometry, and EdU (5-ethynyl-2'-deoxyuridine) assays, respec-
tively. The regulatory relationship between TUG1 and miR-9 was determined by a luciferase
assay.

Results: LncRNA TUG1 was highly expressed in BC tissues and positively associated with
Dox resistance in BC cell lines. SIRNA knockdown of TUGI reversed Dox resistance in
MCF-7/ADR cells. Mechanistically, TUG1 acted as a “sponge” for miR-9 and downregu-
lated miR-9. Treatment with a miR-9 inhibitor blocked the effect of TUG1 siRNA, and
knockdown of TUGI inhibited the effects of miR-9. Furthermore, TUGI1 inhibition of
apoptosis induced by Dox involved miR-9 targeting of e[FSA2.

Conclusion: TUG1 modulates the susceptibility of BC cells to Dox by regulating the
expression of eI[F5A2 via interacting with miR-9. These results indicate that the IncRNA
TUG1 may be a novel therapeutic target in breast cancer.
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Introduction
Breast cancer (BC) is one of leading cause of cancer-related mortality globally, has the
highest incidence of malignant tumors among women, and is a significant public health
concern.' Doxorubicin (Dox) is an anthracycline drug that is commonly used in the
effective treatment of breast cancer, and Dox resistance is a major barrier to BC
therapy.> Therefore, strategies that enable clinicians and researchers to explore the
mechanisms of Dox resistance in BC and to prevent the chemoresistance are urgently
needed.

Long noncoding RNAs (LncRNAs) are an abundant and functionally diverse species
of noncoding RNAs (ncRNAs).** LncRNAs play key roles in regulating gene expression
related to drug resistance, growth, differentiation, and development.®” MicroRNAs
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(miRNAs) are small ncRNAs that negatively modulate gene
expression.®’ LncRNAs communicate with and regulate
miRNAs by acting as competing endogenous RNAs
(ceRNAs), or natural miRNA sponges.'®

The IncRNA taurine-upregulated gene 1 (TUG1) directly
binds to polycomb repressive complex 2 (PRC2) or PRCI
represses gene expression, and has been reported to partici-
pate in oncogenic processes.'""'> TUGI acts as a key regu-
lator of drug resistance by sponging miRNAs and involved in
the control of some cancer-related genes.'* ™'

Here, using comparative profiling of IncRNAs between
breast cancer tissues and peritumor tissues, we identified
IncRNA TUGI1 (LncTUGI1) as an upregulated IncRNA
in BC. Using Starbase, we found the presence of a consensus-
binding site for miR-9-5p in the TUG1 IncRNA. Meanwhile,
a number of studies have reported dysregulation of miR-9-5p
was implicated in the occurrence and development of breast
cancer.'"® Our previous study indicated that miR-9 was
closely related to the sensitivity of chemotherapy drugs."
We also identified a negative correlation between TUG1 and
miR-9-5p, and the luciferase assay confirmed this result.
However, the interactions between TUG1 and miRNAs that
regulate Dox resistance in BC remains elusive.

We hypothesized that IncTUGI might bind to miR-
9-5p and interact with miR-9-5p, which may be associated
with the Dox resistance in BC. We further investigated the
regulatory role of the IncTUGI/miR-9-5p interaction in
doxorubicin resistance. Our results indicate that IncTUG1
may be a novel therapeutic target for breast cancer.

Materials and Methods

Cell Culture

The BC cell lines MCF-7/ADR, MDA-MB-231, HCC1937,
and MCF-7 were obtained from ATCC (Rockville, USA).
Cells were cultured in RMPI 1640 medium (Lonza,
Switzerland) supplemented with 10% (v/v) fetal bovine
serum, 1% penicillin (Gibco, USA), and 1% streptomycin
(Gibco, USA). Cells were cultivated in standard conditions.
Dox was obtained from Sigma-Aldrich (Merck, Germany),
and diluted Dox with dimethyl sulfoxide for later use.

Cell Transfection

2x10° cells were evenly spread on the 6-well plate. After
the cells were attached to the wall, Lipofectamine 2000 was
mixed with siRNA or inhibitors and then added to the cells
cultured in serum-free culture. After 6 hours, they were
replaced with normal medium for subsequent experiments.

All reagents were from Ribobio (Guangzhou, China),
Fulengen (Guangzhou, China), and Thermo Scientific
(Waltham, MA, USA).

miR-9-5p mimic: 5-UCUUUGGUUAUCUAGCUGU
AUGA-3"; 5'-AUACAGCUAGAUAACCAAAGAUU-3';
miR-9-5p inhibitor: 5-UCAUACAGCUAGAUAACCA
AAGA-3'; negative control: 5'-CAGUACUUUUGUGUA
GUACAA-3'.

The lentiviral particles of shTUG1 were also designed
and purchased from GenePharma Co., Ltd. To generate the
lentiviruses, shRNA plasmids were co-transfected into
MCF7/ADR cells along with envelope (VSVG) and
packaging (pGag/Pol, pRev) plasmids using lipofectamine
2000 (Invitrogen). The viral supernatants were harvested
and filtered after 48 h transfection. Cells were infected in
the presence of a serum-containing medium supplemented
with 8 pg/mL polybrene. Following infection for 48 h,
cells were selected with 2.0 pg/mL puromycin (Sigma).
Knockdown efficiencies were examined by qRT-PCR.

Cell Counting Kit-8 (CCK-8) Assay

1x10* cells were evenly spread on the 96-well plate. After the
cells were treated with Dox of different concentrations for 48
h, 10% cck-8 reagent was added to each well, incubated for 1
h, and its absorbance was detected at 450nm. Dox concentra-
tions up to 50% growth inhibition (IC50) were calculated
using a dose response curve. The manufacturer of cck8 reagent
and microplate reader were Dojindo Laboratories (Tokyo,
Japan) and Multiskan Sky (Thermo Fisher Scientific, USA).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was extracted from BC cells using TRIzol™
Reagent (Invitrogen, China), and was reverse-transcribed
to cDNA using a TagMan™ miRNA kit or PrimeScript™
RT kit. qRT-PCR assays were tested using a TB SYBR™
Premix Ex Taq™ kit (Cosmo Bio, Boppard, Guangzhou,
China). The primers using in this assay were as follows:
elF5A2: Forward: 5'-TATGCAGTGCTCGGCCTTG-3’;
Reverse: 5'-TTGGAACATCCATGTTGTGAGTAGA-3';
TUGLI: Forward: 5'-GACCGTCCAATGACCTTCCT-3";
Reverse: 5'-TGGCTGAATGCTTCTTGGGT-3';
miR-9-5p: 5'-TCTTTGGTTATCTAGCTGTATGA-3".

EdU Assay

BC cells were seeded in 24-well plates at 1x10° cells per
well. Cell proliferation was measured using a Cell Light™
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EdU Apollo 567 in vitro kit (Ribobio, China), according to
manufacturer instructions. Cell nuclei were stained blue,
and EdU-positive cells were green.

Apoptosis Assay

The collected cells were washed with PBS, centrifuged at
400g for Smin, and then resuspended in conjugation buffer.
An appropriate amount was added with FITC labeled
annexin V and PI (Sigma-Aldrich, Merck, Germany), and
incubated at room temperature in dark for 15min, and then
tested with CANTO™ II flow cytometer (BD Biosciences),
and data were analyzed by FlowJo (Ashland, OR, USA).

Western Blotting

Proteins were extracted from BC cell lines using RIPA
lysis buffer (Solarbio, USA). Lysates were isolated by
sodium dodecyl sulfate polyacrylamide gels (12%). Gel
imprinting was transferred to PVDF Membrane (Millipore,
Merck, Germany) by transfer buffer. Membranes were
incubated with antibodies recognizing eIFSA2 (1:1000;
Abcam, #ab150439, USA) or GAPDH (1:2000; Abcam,
#ab181602, USA), then oscillated overnight at 4°C. Next,
membranes were incubated with the secondary antibodies
of Goat anti-rabbit IgG (Abcam, Cambridge, UK), which
was diluted at 1:2000.

Luciferase Activity Assays

For the luciferase assay, BC cells were seeded in 24-well
plates at 1.5 x 10° cells per well. Dual-Luciferase Reporter
Assay Kit (Promega, USA) was performed to measure the
Results
represent independent experiments performed in triplicate.

luciferase activity as described previously [1].

Tumor Xenograft Experiments

Male BALB/c nude mice aged 3-4 weeks were pur-
chased from the Experimental Animal Center of Sun Yat-
sen University (Guangzhou, China). Cells were harvested
and re-suspended in serum free medium at
a concentration of 1x10" cells/0.2 mL. Each mouse
was inoculated subcutaneously in the right flank with
MCF7/ADR cells stably transduced with shTUG1 or
shControl. Tumor size was monitored every 2 days, and
mice were euthanized after 4 weeks. In vivo chemosen-
sitivity assays, the animals were treated with Dox or PBS
via tail intravenous injection (2 mg/kg body weight Dox

[once every 2 days]).

Statistical Analyses

Statistical analysis was performed using SPSS v18.0 (IBM,
Armonk, NY, USA). All data were presented as the mean +
SEM. Two-tailed Student’s #-tests was used to analyze the
two groups difference. For multiple group comparisons,
one-way ANOVA was used to determine statistically signif-
icant differences between samples. Any P-value of P < 0.05
was considered to be statistically significant.

Results
TUGI is Upregulated in Breast Cancer

We first measured the expression levels of cancer-related
IncRNAs in 4 human non-triple-negative BC tissues and
peripheral normal tissues. The TUG1 was highly expressed
and significantly increased in non-triple-negative BC tissues
(Figure 1A). To further verify the result, we explored the
levels of TUGI in additional non-triple-negative breast can-
cer patients, and found that TUG1 was overexpressed in non-
triple-negative BC tissues compared to peritumor tissues
(Figure 1B and Supplementary Table 1). We evaluated Dox
sensitivity in four BC cell lines (MCF-7/ADR, MDA-MB
-231, HCC1937 and MCF-7) using the CCK-8 assay, and
found that MCF-7 cells were the most sensitive to Dox, while
MCEF-7/ADR cells were the least sensitive (Figure 1C). The
expression of TUG1 was different in these four BC cell lines,
and TUG1 was most highly expressed in MCF-7/ADR cells,
demonstrating an association of higher TUGI expression

with lower sensitivity to Dox (Figure 1D and E).

Knockdown of TUGI Inhibits Dox

Resistance in Breast Cancer

We the explored the role of the IncRNA TUGI as
a mediator of breast cancer Dox resistance in vitro.
Treatment of the four BC cell lines with Dox (IC50)
significantly increased the expression of the IncRNA
TUGLI (Figure 2A). To investigate the function of TUG1
in regulating Dox sensitivity in BC cells, we knocked
down TUGI1 using siRNA. The transfection efficiencies
of three si-TUGI oligos in these four BC cell lines were
detected using real-time PCR (Figure 2B). We quantified
cell viability in the presence of different concentrations of
Dox in BC cells. Suppression of TUGI inhibited Dox
resistance in MCF-7/ADR and MCF-7 cells, but not the
triple-negative BC lines of MDA-MB-231 or HCC1937
(Figure 2C and Supplementary Figure 1). The EdU assay
performed on MCF-7/ADR and MCF-7 cells confirmed
these results (Figure 2D and E). We then investigated

OncoTargets and Therapy 2020:13

submit your manuscript

13161

Dove


https://www.dovepress.com/get_supplementary_file.php?f=255113.doc
https://www.dovepress.com/get_supplementary_file.php?f=255113.doc
http://www.dovepress.com
http://www.dovepress.com

Wang et al Dove
A B D «
-2 P=0.0436 =
0.06 ——— 4 120+
Lo 8
N1t £ —
s oo $ o004 o 80
I 1 . " T .
T I = N4 E % O]
i | B
L2 T2 = 0.02- 1 B_'_
T mm o - B I_ < 404
- T4 P *[ o
EslE e
wlt Al =
= = > - = 3 = = —3 0.00- L © 04
2 5 T é % 3’ E g é Adjaz:em Tu;nor &’ & N A
S < 2 4 3 ,\:b o A
: 2 S N ASe)
= <<i\ LS
C E & § &
AN
S
128 2 150 0.96
. r=0.
] o
£ o g P=0.04
EE 321 s 100
=S 16 e -+ MCF-7/ADR 5.
8o -o- MDA-MB-231 ® Q0
oY% 81 b=
2% -+ HCC 1937 5F ol e
5T 4 MCF-7 3 :
g 2
®
1 T 1 ) 0 T T T 1
0 10 20 x 0 10 20 30 40
Doxorubicin(pg/ml) 1C50(ng/ml)

Figure | TUGI is upregulated in breast cancer. (A) Real-time PCR analysis was used to determine the expression levels of IncRNAs in 4 human breast cancer tissues and
adjacent normal tissues. (B) Validation of the expression of IncRNA TUGI expression. The IncRNA TUGI expression levels in breast cancer tissues and adjacent normal
tissues (n = 15), as measured by real-time PCR. P = 0.0436 vs the adjacent group. (C) Viability of breast cancer cell lines under different concentrations of Dox, according to
the CCK-8 assay. The IC50 of MCF-7/ADR, MDA-MB-231, HCCI1937, and MCF-7 were 33.6 ug/mL, 2.6 pg/mL, 1.4 pg/mL, 0.9 pg/mL, respectively. (D) LncRNA TUGI
expression in breast cancer cell lines, as examined by qPCR. (E) The correlation between the relative expression of IncRNA TUGI and the IC50 of Dox.

whether the growth inhibition was caused by an increase
in apoptosis. TUG1 siRNA treatment enhanced apoptosis
in MCF-7/ADR and MCF-7 cells, as determined by PI/
Annexin V-FITC assay (Figure 2F and G). These data
demonstrate that IncTUG1 mediates Dox resistance, and
may serve as a potential therapeutic target to overcome
Dox resistance and enhance the benefits of Dox therapy in
breast cancer.

LncRNA TUGI Binds miR-9-5p

Having determined the role of IncRNA TUGI in Dox resis-
tance, we next explored mechanisms of TUGI regulation by
miRNAs. Using Starbase, we found the presence of
a consensus-binding site for miR-9-5p in the TUGI
IncRNA. Co-transfection of miR-9-5p mimics with the
reporter psiCK-wt-TUG1 was significantly downregulated
luciferase activity compared with mutated psiCK-mut
TUGI1 vector (Figure 3A). Consistent with this finding,
miR-9-5p was increased after TUG1 was knocked down in
MCF-7/ADR, MDA-MB-231, HCC1937, and MCF-7 breast
cancer cell lines (Figure 3B). In addition, knockdown of
miR-9-5p in MCF-7 cells promoted Dox resistance, while
overexpression of miR-9-5p in resistant MCF-7/ADR cells

inhibited Dox resistance (Figure 3C and D). Moreover, cell
proliferation was accelerated after miR-9-5p was inhibited in
MCEF-7 cells. In contrast, the overexpression of miR-9-5p
inhibited breast (Figure 3E).
Furthermore, Inhibition or overexpression of miR-9-5p sup-
pressed or promoted apoptosis in MCF-7 or MCF-7/ADR
cells treated with Dox (Figure 3F), respectively. Thus, over-

cancer proliferation

expression of miR-9-5p can enhance Dox sensitivity in breast
cancer cells.

TUGI Inhibits Dox Resistance by
Targeting miR-9-5p in vitro

To determine whether the TUGI1-mediated functional
effects specifically depend on the expression of miR-
9-5p, we used a miR-9-5p inhibitor to examine whether
the antitumor effect of TUGI silencing could be blocked
by miR-9-5p knockdown. Transfection of breast cancer
cells with the miR-9-5p inhibitor significantly inhibited
apoptosis induced by TUGI siRNA (Figure 4A and B).
Moreover, miR-9-5p inhibitor significantly blocked the
TUGI knockdown-mediated enhancement of breast can-
cer cells proliferation (Figure 4C and D). Additionally,
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Figure 2 Knockdown of TUGI inhibits Dox resistance in breast cancer. (A) Relative expression of IncRNA TUGI in breast cancer cell lines after Dox treatment. (B)
Transfection efficacies of four si-TUGI oligos in breast cancer cell lines. (C) The viability of MCF-7 and MCF-7/ADR cells transfected with si-TUGI or negative control under
different concentrations of Dox. (D) Proliferation of MCF-7 and MCF-7/ADR cells transfected with si-TUGI or negative control and treated with Dox, according to the EdU
assay. (E) The number of EdU-positive cells was counted. (F) Apoptosis of MCF-7 and MCF-7/ADR cells transfected with si-TUGI or negative control and treated with Dox,
according to the Pl/Annexin V-FITC assay. (G) The quantification of apoptosis ratio of MCF-7 and MCF-7/ADR cells. *P < 0.05, Dox group vs negative control group, 7P <

0.05, *P < 0.01, TUGI siRNA+ Dox group vs Dox group.

the transduction of TUG1 siRNA resulted in enhanced
susceptibility of breast cancer cells to Dox; this effect
was reversed by pretreatment with the miR-9-5p inhibi-
tor (Figure 4E). TUG1 siRNA and miR-9-5p inhibitor
dramatically decreased the expression of TUGI and
miR-9-5p, respectively (Figure 4F and G).

MiR-9-5p Influences Dox Resistance by
Targeting the TUGI IncRNA in vitro

In order to investigate whether the antitumor effects of
miR-9-5p are affected by the sponge activity of the
IncRNA TUGI, we examined Dox sensitivity in breast
cancer cells with knockdown or overexpression of miR-
9-5p after pre-treatment with TUG1 siRNA. The tumor-
promoting effects of miR-9-5p silencing could be blocked
by TUG1 siRNA, and the antitumor effect of miR-9-5p
overexpression could be blocked by TUGI1 knockdown
(Figure 5A). Consistently, TUG1 siRNA significantly
blocked miR-9-5p silencing-mediated proliferation of
MCF-7 and MCF-7/ADR cells (Figure 5B and C).

Furthermore, transduction of TUG1 siRNA rescued the
suppression of apoptosis induced by miR-9-5p inhibitor
in MCF-7 and MCF-7/ADR cells (Figure 5D and E).
These findings demonstrate that miR-9-5p is involved in
IncTUG1-mediated Dox resistance in breast cancer cells.

EIF5A2 is the Downstream Target of the
TUGI IncRNA

Our previous work demonstrated that eI[F5A2 is a direct target
of miR-9. Therefore, we examined whether eIF5A2 lies down-
stream of the IncRNA TUG1 and is involved in regulating Dox
resistance. We first examined whether IncRNA TUGI can
regulate the expression of elF5A2. Real-time PCR and
Western blot showed that the expression of e[F5A2 in MCF-
7 or MCF-7/ADR cells was downregulated significantly by
TUGI siRNA (Figure 6A and B). CCK-8 assays revealed that
elF5A2 knockdown resulted in much lower viability com-
pared with control treatments, and the effects of TUGI
siRNA were disrupted when elF5A2 was knocked down
(Figure 6C). Treatment with an elF5A2 siRNA enhanced
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Figure 4 TUGI inhibits Dox resistance by targeting miR-9-5p in vitro. (A) Apoptosis of MCF-7 cell transfected with miR-9-5p inhibitor plus a TUGI siRNA, or miR-9-5p
inhibitor plus a negative control, under different concentrations of Dox according to the PI/Annexin V-FITC assay. (B) The quantification of apoptosis in MCF-7 cells. P =
0.0002, negative control group vs Dox group, P = 0.0074, miR-9-5p inhibitor + Dox group vs Dox group, P > 0.05, miR-9-5p inhibitor + Dox group vs miR-9-5p inhibitor +
TUGI siRNA + Dox group. (C) Proliferation of MCF-7 cells transfected with miR-9-5p inhibitor plus a TUGI siRNA, or miR-9-5p inhibitor plus a negative control oligo,
under different concentrations of Dox, according to the EdU assay. (D) The number of EdU-positive cells was counted. P < 0.0001, negative control group vs Dox group, P =
0.0364, miR-9-5p inhibitor + Dox group vs Dox group, P > 0.05, miR-9-5p inhibitor + Dox group vs miR-9-5p inhibitor + TUGI siRNA + Dox group. (E) Viability of MCF-7
cell transfected with miR-9-5p inhibitor plus a TUGI siRNA, or miR-9-5p inhibitor plus a negative control oligo under different concentrations of Dox, according to the
CCK-8 assay. (F) Transfection efficacies of the miR-9-5p inhibitor in MCF-7 cells. P = 0.0001, miR-9-5p inhibitor group vs negative control group. (G) Transfection efficacies
of the TUGI siRNA in MCF-7 cells. P < 0.0001, TUGI siRNA group vs negative control group.

Dox-induced apoptosis in MCF-7/ADR and MCF-7 cells, and
this effect was not seen when TUG1 was knocked down
(Figure 6D and E). Our data suggest that the effects of the
IncRNA TUGTI in breast cancer cells are mediated by e[F5A2.

TUGI Regulates Dox Resistance in vivo

To further investigate the impact of TUGI on Dox resis-
tance, We then used a nude mouse xenograft model to
further investigate the ability of TUGI to confer che-
moresistance in Dox. MCF7/ADR cells transfected with
shTUG1 or shControl were subcutaneously injected into
mice. As shown in Figure 7A, tumor growth was inhib-
ited in the shTUG1 group treated with PBS or drugs
(Dox) compared with the controls. Tumor grew signifi-
cantly more slowly in mice following combined Dox
treatment and TUG1 knockdown. Four weeks later, the

mean tumor volume for the TUG1-knockdown group and
the drugs group was obviously smaller than that of the
control group (Figure 7B). Moreover, combined treat-
ment with TUGI knockdown and drugs led to an even
further reduction in tumor volume. Similarly, the average
tumor weight in shTUG1 group combined treatment with
Dox showed a similar trend (Figure 7C). qRT-PCR ana-
lysis of TUG1 expression found it to be significantly
lower in tumor tissues formed from shTUGI group
than those from controls (Figure 7D). These results sug-
gested that downregulation of TUGI increased the
in vivo chemosensitivity of BC to Dox.

Discussion
In this study, we discovered the role of IncTUGI in reg-
ulating Dox sensitivity in BC cells, and we found that
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TUGI modulates drug resistance of BC cells through
interacting with miR-9-5p. These findings demonstrate
that the interaction between the IncRNA TUGI1 and miR-
9-5p contributes to Dox resistance in BC, and indicate that
the IncRNA TUGI may be a novel therapeutic target in
breast cancer.

LncRNAs are involved in many physiological and patho-
logical processes. Here, we found that the IncRNA TUG1
exhibited high expression in clinical breast cancer tissues,

suggesting that a correlation exists between IncTUG1 and the
pathogenesis of breast cancer. Consistent with our findings,
TUGI has been shown to exert oncogenic effects in osteo-
sarcoma, bladder cancer, esophageal cancer, and small cell

lung cancer,'>2%!

whereas it is downregulated in non-small
cell lung cancer.”” Tonghuai Li et al revealed that TUGI
promotes the proliferation of ovarian cancer cells through
targeting Aurora kinase A (AURKA).?® In addition, a recent

study demonstrated that expression of TUG1 is regulated by
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the Notch signaling pathway, and that TUGI is highly
expressed in GSCs and maintains stemness features of
glioma cells.**

Our findings support previous studies on the role of the
TUG] in the regulation of chemoresistance.'**> TUGI has
been shown to promote Dox-resistance in osteosarcoma by
suppressing Akt signaling.?® However, whether TUG1 can
regulate Dox sensitivity in breast cancer through miRNAs
has not been previously investigated. In the present study, we
uncovered the relation between TUG1 and miR-9-5p, con-
firmed a direct interaction between TUG1 and miR-9-5p, and
revealed the role of this interaction in Dox resistance. We
found three main indications that show the relationship
between miR-9-5p and TUGI; first, we found that the
expression of miR-9-5p are notably increased in TUGI
under-expressing BC cells; second, a dual-luciferase assay

showed that miR-9-5p reduced the luciferase activity of the
wild-type TUG1 vector, but not that of a mutant TUG1
vector; third, knockdown of TUGI inhibited the effects of
miR-9-5p, and miR-9-5p inhibitor treatment blocked the
effects of TUGI siRNA. Our study highlights the important
regulatory relationships between miRNAs and IncRNAs in
mediating Dox sensitivity in BC.

Our previous work demonstrated that miR-9 rescues dau-
norubicin resistance by mediating eIF5A2.[1] EIF5A2 is
a small universally conserved acidic protein and plays
a role in mRNA translation, cellular proliferation, cellular
differentiation, and inflammation.”’° Furthermore, eIF5A2
is a crucial factor in the proliferation, metastasis and aggres-
siveness of cancer cells.*' * Previous studies reported that
elF5A2 acts as an oncogene and plays an important role in
regulating drug resistance in BC.** ¢ Here we report, for the
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Figure 7 TUGI regulates Dox resistance in vivo. (A) Tumors from all mice in each group (Each group has five mice). MCF7/ADR cells were transduced with shControl or
shTUGI as indicated. After cells (3x107) were injected into mice, Dox or PBS were injected tail intravenously as indicated. (B) Growth curve of tumor volumes. (C) Tumor
weights were determined. (D) qRT-PCR was conducted to detect the average expression of TUGI. N=5, *P < 0.05, **P < 0.01, ***P < 0.001.

first time, a new regulatory mechanism of el[F5A2 expres-
sion. TUG1 knockdown increased Dox sensitivity and TUG1
mediated the regulatory role of elF5A2 in BC cells. This
research proved that e[F5A2, as a downstream target of
TUGI, regulates Dox sensitivity in BC, lending credence to
our speculation that there is a IncTUG1-miR-9-5p-EIF5A2
axis that can be manipulated to improve the efficacy of Dox
in BC. The mechanism by which eI[FSA2 regulates Dox
resistance may involve induction of epithelial-mesenchymal
transition, cytoskeletal rearrangement, angiogenesis, and
metabolic reprogramming as reported.>>”>°

Interestingly, we found that inhibition of TUGI
overcame the influences of miR-9-5p-dependent sus-
ceptibility of BC cells to Dox. These observations
revealed that TUG1 binds to miR-9-5p, and that this
interaction regulates the activity of both TUGI1 and
miR-9-5p. TUG!1 functions as a miR-9-5p sponge,
and competes for binding of miR-9-5p, directly inter-
fering with the interaction of miR-9-5p and elF5A2,
which blocked miR-9-5p-regulated Dox resistance
in BC cells. Furthermore, miR-9-5p may degrade

TUGI after binding, but the regulation of TUGI1 by
miR-9-5p merits additional study.

Conclusion

In short, our study revealed a previously unappreciated
regulatory mechanism by which IncTUG1 mediates Dox
resistance in BC, through targeting of the miR-9-5p-
EIFSA2 pathway. Furthermore, we emphasized the inter-
action between IncTUG1 and miR-9-5p, which plays an
important role in mediating Dox resistance in breast can-
cer. Specific blockage of IncTUGI may be a potential
therapeutic avenue to overcome Dox resistance in breast
cancer treatment.

Abbreviations
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