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inhibited chemosensitivity to doxorubicin and cell apop-
tosis induced by doxorubicin; silence of HOTAIR showed 
opposite regulative effects.
Conclusions In summary, lncRNA HOTAIR was an inde-
pendent prognostic biomarker of overall survival in TCC 
patients and could regulate chemosensitivity to doxorubicin 
of human TCC cells. HOTAIR might provide a new poten-
tial therapeutic target and stratagem for TCC.
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Introduction

Bladder cancer is the most general malignant cancer in gen-
itourinary system; the main classification is bladder transi-
tional cell carcinoma (TCC) which has high morbidity and 
mortality [1]. The prognosis of TCC is poor, because TCC 
shows significant malignant relapse, multiple invasion and 
metastasis. The therapy strategy for TCC includes surgical 
operation, intravesical chemotherapy and biological ther-
apy. Surgical operation is the key preference, and chemo-
therapy following surgical excision is considered as an 
effective supplementary therapy to prevent recurrence and 
metastasis of TCC [2]. Therefore, new therapeutic strate-
gies and targets are exigent, necessary and helpful to basic 
research and clinical therapy for TCC.

Long noncoding RNA (lncRNA) is a kind of endog-
enous RNAs, which cannot be coded to protein. Over the 
past several years, the studies about lncRNAs were ris-
ing rapidly. LncRNAs are involved in the regulation of 
some very important cell biological characteristics, such 
as cell cycle, autophage and apoptosis [3–5]. Some lncR-
NAs showed anomalous expression and functions in some 
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comparisons. MTT assay was used to detect cell prolifera-
tion ability and chemosensitivity. Dual-color flow cytomet-
ric method was used to detect cell apoptosis.
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with normal bladder transitional cell (NBTC) tissues and 
bladder epithelial immortalized SV-HUC-1 cells, and its 
expression level had positive correlation with histological 
grades of TCC. Moreover, HOTAIR was an independent 
prognostic biomarker of overall survival for TCC patients. 
The expression and silence vector for HOTAIR were trans-
fected into T24 and J82 cells to up-regulate and silence the 
HOTAIR expression, respectively. In T24 and J82 cells, 
HOTAIR over-expression promoted cell proliferation and 
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malignant tumors, which act as oncogenes or tumor sup-
press genes [6, 7].

HOTAIR (HOX transcript antisense RNA, Gene ID: 
33510) gene is a lncRNA located at 12q13.13. Previous 
reports had suggested its oncogenesis role in many kinds 
of malignant cancer [8–10]. In our previous microarray 
assays, the expression of HOTAIR shows over tenfold up-
regulation in TCC samples than that in normal bladder tran-
sitional cell (NBTC) samples. The following small-sample 
expression detection confirmed HOTAIR over-expression 
in TCC. Moreover, our study found HOTAIR also up-reg-
ulated in human brain glioma, and knockdown of HOTAIR 
could inhibit malignant biological behaviors of human gli-
oma cells [11]. Those discoveries suggested that HOTAIR 
might act as an oncogene in TCC. However, little is known 
about HOTAIR which acts as a prognostic biomarker of 
TCC and its influence on chemosensitivity in TCC cells. 
In this study, whether HOTAIR is a prognostic biomarker 
will be detected, and its regulative effects of chemosensi-
tivity to doxorubicin in TCC cells will be examined, and 
further penetrating researches might be helpful to develop 
the effective clinical treatments to TCCs.

Materials and methods

Clinical specimens

A total of 35 TCC and 16 NBTC specimens were from 
Shengjing Hospital of China Medical University from 
December 2010 to January 2012. The Ethics Committees 
of China Medical University approved this study, and then 
the patient’s permission was obtained before operation. The 
patients had not experienced radiation or chemotherapy 
before surgery. All patients included 24 men and 11 women 
(mean age: 58.7 ± 3.3 years, age range: 51–65 years); 
included 12 cases of Grade I (low grade tendency of uri-
nary tract epithelial papilloma), 13 cases of Grade II (papil-
lary thyroid carcinoma, low grade) and ten cases of Grade 
III (papillary thyroid carcinoma, high grade); and included 
five cases of lymphatic metastasis and two cases distant 
metastasis. The pathological data were affirmed after oper-
ation, and the tissue samples were stored at −80 °C.

Cell culture

Human TCC T24 and J82 cell lines and human bladder 
epithelial immortalized SV-HUC-1 cell line were obtained 
from China Academy of Chinese Medical Sciences. Those 
cells were cultured in DMEM medium which contained 
10 % fetal bovine serum (Life Technologies, USA), and 
culture condition was 5 % CO2 at 37 °C.

Quantitative real‑time PCR (qRT‑PCR)

Total RNA was extracted with Trizol reagent. cDNA was 
synthesized with High Capacity cDNA Reverse Tran-
scription Kit (Applied Biosystems, USA). Then HOTAIR 
expression level was detected with SYBR (Applied Biosys-
tems, USA), whose primers were 5′-GGTAGAAAAAGC 
AACCACGAAGC-3′ (sense) and 5′-ACATAAACCTCTGT 
CTGTGAGTGCC-3′ (antisense). GAPDH was selected as  
endogenous controls, whose primers were 5′-GTCAACGG 
ATTTGGTCTGTATT-3′ (sense) and 5′-AGTCTTCTGGG 
TGGCAGTGAT-3′ (antisense). The Ct value about detected 
gene between 18 and 30 was selected and quantified with 
the 2−ΔΔCt method.

Vector construction

The full-length HOTAIR was cloned into pcDNA3.1 (Inv-
itrogen, USA) to construct the HOTAIR expression vec-
tor pc-HOTAIR by Sangon Company (Shanghai, China). 
The empty pcDNA3.1 vector was used as control (pc-NC). 
The specific silence oligonucleotides for HOTAIR were 
cloned into pSilencer (ThermoFisher, USA) to construct 
the HOTAIR silence vector sh-HOTAIR by Sangon Com-
pany (Shanghai, China), and the sequences were 5′-GATCC 
GCCACATGAACGCCCAGAGATTTTCAAGAGAA 
ATCTCTGGGCGTTCATGTGGTTTTTTG-3′ (sense) and 
5′-AATTCAAAAAACCACATGAACGCCCAGAGAT 
TTCTCTTGAAAATCTCTGGGCGTTCATGTGGCG-3′ 
(antisense). The empty pSilencer vector was used as control 
(sh-NC).

Transfection

Cells at 70–80 % concentration were seeded into six-well 
plates before transfection. Cells were transfected with 
vectors using Lipofectamine™ 3000 reagent (Invitrogen, 
USA) following the manufacturer’s protocol. After 4 h, 
cells were cultured with normal media and harvested 48 h 
later.

Biological behavior assay in TCC cells

Cell proliferation ability detected by MTT was assessed as 
previously described [12]. Apoptosis rate was examined 
with dual-color flow cytometric method. Cells were har-
vested, and their apoptosis level was detected with Annexin 
V-FITC apoptosis detection kit (KeyGEN, China) follow-
ing the manufacturer’s protocol. The flow cytometry (BD, 
USA) and CELLQuest 3.0 software (BD, USA) were 
applied to obtain and analyze apoptosis data.
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Chemosensitivity assay

Cells were seeded into 96-well plates (3000 cells/well) and 
treated with doxorubicin (sigma, USA) at various concentra-
tions 24 h later. After 48 h, MTT method was used to detect the 
cell viability. The calculative formula for suppression rate was: 
cell suppression rate = (1 − ODtreated/ODcontrol) × 100 %. The 
dose–response curve at different concentrations was charted to 
calculate the IC50 using a probit regression model.

Western blot analysis

A total of 20 mg of protein was used for Western blotting. 
After SDS-PAGE, samples were transferred to PVDF mem-
branes. After blocking the membranes, they were incubated 
with primary polyclonal against cleaved PARP (9541, 
Cell Signaling, USA) and secondary anti-rabbit antibody 
by turns. Proteins were enhanced by chemiluminescence 
detection kit. The protein quantification was performed 
using ImageJ software.

Statistical analysis

Statistical analysis was completed with software SPSS 13.0 
(IBM, IL). The data were presented as mean ± SD of three 
independent experiments and compared using Student’s t 
test and one-way ANOVA. The Kaplan–Meier method with 
the log-rank test for comparisons was used to calculate the 
overall survival rate. Variables with a value of p < 0.05 in 
the univariate analysis were included in the subsequent 
multivariate analysis based on the Cox proportional haz-
ards model. p < 0.05 means significant difference.

Results

Up‑regulation of HOTAIR expression in TCC 
specimens

The results showed that the HOTAIR expression in TCC 
samples was much higher than that in NBTC samples 
(Fig. 1a), and the HOTAIR expression in T24 and J82 cells 
was also much higher than that in control SV-SUC-1 cells 
(p < 0.05) (Fig. 1b), which provide us initial evidence that 
HOTAIR may play a role in TCC tumorgenesis.

Meantime, the correlation between HOTAIR expres-
sion and specific clinical pathological characteristics of 
TCC was investigated. TCC patients with higher HOTAIR 
expression tended to have disease with a worse histologi-
cal grade (p < 0.05). Nevertheless, HOTAIR expression has 
no significant correlation with other pathological charac-
teristics, such as tumor size, gender, lymphatic and distant 
metastasis (p > 0.05).

HOTAIR was an independent prognostic biomarker 
for TCC patients

Interestingly, we found that HOTAIR was an independ-
ent prognostic biomarker of overall survival for TCC 
patients. The Kaplan–Meier analysis showed that patients 
with higher HOTAIR expression had a significantly shorter 

Fig. 1  a Relative HOTAIR expression in normal bladder transitional 
cell (NBTC) tissues (n = 16) and different grades of bladder transi-
tional cell carcinoma (TCC) tissues (n = 35). b Relative HOTAIR 
expression in SV-HUC-1 cells, T24 and J82 cell lines (n = 5). c 
Kaplan–Meier analysis indicated that higher HOTAIR expression had 
a significantly shorter survival time than lower HOTAIR expression. 
Data are presented as mean ± SD. *p < 0.05 versus NBTCs or SV-
HUC-1 group
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survival time than patients with lower HOTAIR expression 
(Fig. 1c). Meanwhile, the univariate Cox proportional haz-
ards regression analysis for overall survival demonstrated 
that, compared with patients with lower HOTAIR expres-
sion, TCC patients with higher HOTAIR expression had a 
significantly worse prognosis (p < 0.05). Furthermore, the 
multivariate analysis proved that higher HOTAIR expres-
sion was an independent biomarker of overall survival 
(p < 0.05) in TCC patients.

HOTAIR promotes cell proliferation in TCC cells

To estimate the biological influence of HOTAIR on cell 
proliferation in TCC cells, the expression vector and 
silence vector for HOTAIR were transfected into T24 
and J82 cells to up-regulate and down-regulate HOTAIR 
expression, respectively (Fig. 2a); 72 h after transfection, 
compared to negative control (transfection with empty vec-
tor, NC), cell proliferation was advanced remarkably by 
over-expression of HOTAIR and was significantly inhibited 
by HOTAIR silence (both p < 0.05). Thus, HOTAIR acted 
as an oncogene in TCC cells and advanced TCC cell malig-
nant growth (Fig. 2b, c).

HOTAIR inhibits chemosensitivity of TCC cells 
to doxorubicin

Doxorubicin is a common cytotoxic drug used in intra-
vesical chemotherapy and systemic chemotherapy in TCC 
patients. Compared with NC, the dose–response curve 
shifted outward for HOTAIR silence group which indicates 
sensitization to the doxorubicin, and HOTAIR over-expres-
sion showed opposite tendency (Fig. 3a–d). Compared with 
NC, half-maximal inhibitory concentration (IC50) of doxo-
rubicin in HOTAIR over-expression group increased signif-
icantly, whereas IC50 for HOTAIR silence group decreased 
remarkably (p < 0.05, Fig. 3e). These results demonstrate 
that HOTAIR inhibits chemosensitivity of TCC T24 and 
J82 cells to doxorubicin.

HOTAIR inhibits cell apoptosis of TCC cells induced 
by doxorubicin

Flow cytometry was applied to assess the impact of 
HOTAIR expression changes on apoptosis rate of TCC 
cells induced by 500 ng/ml doxorubicin. In T24 and J82 
cells induced by doxorubicin HOTAIR, over-expression 
significantly decreased cell apoptosis and the expression of 
cleaved-PARP protein, whereas HOTAIR silence advanced 
cell apoptosis and the expression of cleaved-PARP protein 
inversely (both p < 0.05, Fig. 3f–h). These results demon-
strated that chemosensitivity changes induced by HOTAIR 
might be mediated by the cell apoptosis pathway.

Discussion

The recent studies find that more than 75 % of the human 
genome can be transcribed to RNA, but only about 1.2 % 
of those RNAs can be translated to proteins; a large por-
tion of those noncoding RNAs might have important and 
complicate roles in all kinds of physiological and patho-
logical functions [13]. Noncoding RNAs include lncRNA 
and short noncoding RNAs, such as miRNA, siRNA and 
piRNA. Some recent reports describe lncRNAs have 

Fig. 2  a Relative HOTAIR expression in T24 and J82 cells (n = 5). 
b, c The effects of HOTAIR expression changes on the cell viability 
of T24 and J82 cells (n = 5). *p < 0.05 versus blank and NC group
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Fig. 3  a, b Effects of HOTAIR overexpression or silence on chemo-
sensitivity of T24 cells to doxorubicin (n = 5). c, d The effects of 
HOTAIR overexpression or silence on chemosensitivity of J82 cells 
to doxorubicin (n = 5). e The doxorubicin concentration of 50 % 
inhibition of cell growth (IC50) for HOTAIR expression changes 
of T24 and J82 cells (n = 5). f The effects of HOTAIR expression 

changes on the cell apoptosis of T24 and J82 cells induced by doxo-
rubicin (n = 5). g The expression changes of cleaved-PARP protein 
in T24 and J82 cells induced by doxorubicin (n = 5). h The relative 
quantitative analysis of cleaved-PARP protein normalized to GAPDH 
protein. IDV is the abbreviation for “integrated density values.” 
*p < 0.05 versus blank and NC group
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functional roles in almost all cellular functions, such as 
proliferation, apoptosis, autophage, invasion and metastasis 
[14–17]. However, minority lncRNAs role and their rela-
tionship with diseases had been quite understood although 
many thus genes were screened and identified recently. 
Intriguingly, there is increasing evidence that lncRNAs 
have moved into the cancer research filed, and lncRNA-
mediated regulation is also important in tumourigenesis 
[18, 19].

Our research discovered HOTAIR was highly expressed 
in TCC tissues and cells, and its expression level had posi-
tive correlation with TCC histological grades. Moreover, 
HOTAIR was an independent prognostic biomarker of 
TCC, and patients with higher HOTAIR expression had 
a remarkably shorter overall survival time than patients 
with lower HOTAIR expression. Some lncRNAs had been 
reported as prognostic biomarkers of TCC [20–22]. Pre-
vious reports have demonstrated that HOTAIR could be a 
prognostic biomarker for several malignant tumors, such as 
gastric adenocarcinoma and glioma [23, 24], although there 
were no reports about HOTAIR which serves as a prognos-
tic factor for TCC patient. Thus, HOTAIR plays an impor-
tant role in the genesis and development of TCC and is a 
good biomarker of worse prognosis in TCC.

HOTAIR is a well-studied lncRNA which is transcribed 
from the mammalian HOXC gene cluster in the antisense 
direction [25]. Previous reports had suggested its onco-
genesis role in many kinds of malignant cancer. In gastric 
cancer, anomalous high expression of HOTAIR advanced 
proliferation, invasion and metastases and prognosticated 
the poor outcomes [26]. Our results showed that cell pro-
liferation of TCC cells was promoted remarkably by 
over-expression of HOTAIR and inhibited significantly 
by HOTAIR silence. Our findings indicated HOTAIR 
modulate cell growth and provided solid evidence for the 
HOTAIR functional role in TCC.

Up to date, the therapeutic approaches for patients are 
tendency to individualize treatment according to the char-
acteristic of tumor and the status of patients. Chemotherapy 
is a common assistant manner to reduce the recurrence and 
metastasis risk. But, the dose of chemotherapy was difficult 
to balance between the toxicity and efficacy. Chemotherapy 
sensitivity is a perfect guidance for the measurement of 
maximized effective and minimized side effects customized 
[27]. Till now, there is no report about HOTAIR influence 
on chemosensitivity of TCC, especially to doxorubicin.

In our study, HOTAIR over-expression depressed chem-
osensitivity to doxorubicin, IC50 for doxorubicin concen-
tration presented a conspicuous accrescence, and HOTAIR 
silence showed opposite regulative effects. Doxorubicin is 
a drug used widely in intravesical chemotherapy and sys-
temic chemotherapy for TCC. It is an anthracycline anti-
biotic, which made cell growth arrest and apoptosis by 

integrating with nucleus DNA and damaging its structure. 
At present, drug resistance had been critical for the chemo-
therapy failure, although several approaches associated 
with chemo-resistance had been made to repair the DNA 
damage and apoptosis. In this study, flow cytometry con-
firmed that HOTAIR over-expression inhibits apoptosis 
induced by doxorubicin; silence of HOTAIR advanced it. 
In this context, silence of HOTAIR could enhance the che-
mosensitivity of TCC cells to doxorubicin, and HOTAIR 
might be a new potential target and provide guidance for 
TCC chemotherapy.

In conclusion, HOTAIR, which up-regulated in TCC, 
was an independent prognostic biomarker of overall sur-
vival in TCC patients. HOTAIR functions as an oncogene 
to regulate chemosensitivity to doxorubicin in TCC. Those 
achievements are helpful to the mechanism research of 
TCC carcinogenesis and might provide a new potential 
therapeutic target and stratagem for TCC.
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