
Vol.:(0123456789)1 3

Cancer Chemotherapy and Pharmacology (2019) 84:187–194 
https://doi.org/10.1007/s00280-019-03873-8

ORIGINAL ARTICLE

Long non‑coding RNA GHET1 contributes to chemotherapeutic 
resistance to Gemcitabine in bladder cancer

Bo Li1 · Dalon Xie2 · Hui Zhang1 

Received: 20 March 2019 / Accepted: 14 May 2019 / Published online: 21 May 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose  Bladder cancer (BC) ranks first in the incidence of urogenital tumors in China and second only to prostate cancer 
in the West. This study will clarify the roles and mechanism of lncRNA GHET1 in chemotherapeutic resistance of BC to 
Gemcitabine.
Methods  The expression of GHET1 was examined using real-time quantitative PCR. Cell Counting Kit-8 assay was applied 
to analyze cell proliferation and Gemcitabine sensitivity. Cell apoptosis was detected using Annexin V-FITC/PI double-
stained flow cytometry. The expression of ABCC1 protein was examined using Western blotting.
Results  Firstly, the expression of GHET1 was up-regulated in BC, its high expression was relevant to high grade and muscle 
invasion of BC patients. Secondly, high expression of GHET1 was related to low Gemcitabine sensitivity of BC patients, 
and GHET1 was highly expressed in Gemcitabine-resistant BC cell lines. Thirdly, knockdown of GHET1 decreased the 
IC50 of Gemcitabine in Gemcitabine-resistant BC cell lines and advanced the Gemcitabine-induced cytotoxicity; GHET1 
promoted Gemcitabine resistance in BC. Finally, knockdown of GHET1 also inhibited the expression of ABCC1 protein in 
Gemcitabine-resistant BC cells.
Conclusions  High expression of GHET1 was related with the low sensitivity to Gemcitabine of BC; GHET1 contributed to 
chemotherapeutic resistance to Gemcitabine in BC through up-regulating ABCC1 expression. Our findings are helpful to 
expound the molecular mechanism of chemotherapeutic resistance in BC.
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Introduction

Bladder cancer (BC) is a disease caused by the uncontrolled 
malignant proliferation of some cells in the bladder. It ranks 
first in the incidence of urogenital tumors in China and sec-
ond only to prostate cancer in the West [1, 2]. With the con-
tinuous progress of comprehensive treatment based on radi-
cal resection of BC, the clinical therapeutic effects have been 
greatly improved, but 5-year survival rate of advanced BC is 
still hovering around 45% due to recurrence and metastasis 
after operation [3, 4].

Chemotherapy can effectively inhibit the recurrence and 
metastasis of BC, but drug resistance restricts its clinical 
application and seriously affects the clinical efficacy [5]. 
It is well known that the mechanisms of chemotherapeu-
tic resistance for BC mainly include abnormal efflux pump 
function, DNA repair deregulation and unbalanced signaling 
pathways, etc. [6, 7].

Long noncoding RNAs (lncRNAs) have been a hotspot 
in cancer etiology and treatment in recent years. Recent 
studies have shown that some lncRNAs may be biomarkers 
and therapeutic targets for cancer prognosis and diagnosis 
[8–11]. The growing evidences proved that some lncRNAs 
participate in the genesis and progression of chemothera-
peutic resistance a variety of malignant tumors, includ-
ing BC [12–14]. Our previous literature reported growth 
arrest-specific 5 (GAS5) restrained chemotherapeutic 
resistance to doxorubicin and malignant proliferation in 
bladder urothelial carcinoma [15]; nuclear-enriched abun-
dant transcript 1 (NEAT1) could active Wnt/β-catenin 
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signaling pathway, and then promote chemotherapeutic 
resistance to doxorubicin of bladder urothelial carcinoma 
[16].

Gastric carcinoma proliferation-enhancing transcript 1 
(GHET1) gene was first identified by Yang F in gastric can-
cer tissues in 2014, which contains 1913 nucleotides and 
is located at chromosome 7q36.1 [17]. Recent literature 
reported that the GHET1 gene was highly expressed and 
played the roles of oncogene in various malignant tumors, 
including breast cancer, glioma and gastric cancer, etc. 
[18–20]. So far, only one literature reported that GHET1 
was up-regulated in BC and its high expression was rele-
vant to poor survival, bigger tumor size and high grade of 
BC patients; knockdown of GHET1 inhibited invasion and 
proliferation ability of BC cells [21]. Zhang et al. reported 
that GHET1 promoted chemotherapeutic resistance to cis-
platin in gastric cancer [22]. However, there are no reports 
of abnormal expression and function of GHET1 related to 
chemotherapeutic resistance in BC.

ATP binding cassette subfamily C member 1 (ABCC1), 
also named multidrug resistance-associated protein 1 
(MRP1), belongs to the superfamily of ATP-binding cas-
sette (ABC) transporters, which mainly participates in 
the transport of various intracellular and extracellular 
complexes, regulates the distribution of intracellular sub-
stances. ABCC1 acts as an efflux pump to expel chemo-
therapeutic drugs out of cells, which can reduce intracel-
lular drug concentration and contribute to the formation of 
chemotherapeutic resistance. Li et al. found that emodin 
sensitized J82 and T24 cells to cisplatin through silencing 
ABCC1 expression and elevating the cellular reactive oxy-
gen species (ROS) level [23]. Our previous study reported 
that knockdown of lncRNA plasmacytoma variant trans-
location 1 (PVT1) down-regulated the ABCC1 expression 
and promoted cisplatin and doxorubicin resistance in BC 
[24].

Therefore, this study explores the roles and mechanism of 
GHET1 in regulating the chemotherapeutic resistance in BC.

Materials and methods

Cell lines and cell culture

Human BC cell lines (J82, T24) and bladder epithelial 
immortalized cell line SV-HUC-1 were stored in our labo-
ratory. Gemcitabine-resistant J82/Gem and T24/Gem cell 
lines were previously established and stored in our labora-
tory [25]. All cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) with 10% fetal bovine serum 
(ExCell Bio, Shanghai, China) in a 37 °C incubator.

Clinical specimens

Seventy-four cases of BC patients were hospitalized in 
Shengjing Hospital between March 2017 and August 2018. 
The Ethics Committee of Shengjing Hospital approved 
this study, and all patients signed informed consent. The 
cystoscopy was used to obtain normal bladder urothelial 
tissue (NBUT) and BC tissue specimens. All patients were 
pathologically diagnosed as BC, and did not receive chem-
otherapy or radiotherapy before diagnosis.

After diagnosis, all 74 BC patients were treated with 
neoadjuvant chemotherapy using Gemcitabine. The chem-
otherapeutic effects were evaluated based on the results 
of enhancement CT scanning and cystoscopy after three 
chemotherapy cycles. According with evaluation results, 
Gemcitabine-sensitive patients were 41 cases and Gemcit-
abine-insensitive patients were 33 cases.

Real‑time quantitative PCR (qRT‑PCR)

TRNzol reagent (TIANGEN, Beijing, China) was applied to 
extract total RNA from cell line and tissue specimens. The 
A260/A280 ratio of purified RNA was typically between 1.8 
and 2.4 and the yield between 80 and 120 µg. RNA samples 
were stored at − 80 °C. RNA integrity was assessed by gel 
electrophoresis. The RNA was reverse transcribed to cDNA. 
According to instructions, lnRcute lncRNA qPCR Kit 
(TIANGEN, Beijing, China) was used to detect the relative 
expression of GHET1 on a 7500 PCR System (Applied Bio-
systems, ThermoFisher, Foster City, CA, USA). Each reac-
tion contained 2 × lnR lncRNA Premix (25 µL), 50 × ROX 
Reference Dye (1 µL), Forward Primer (1.25 µL), Reverse 
Primer (1.25 µL), RNA template (2 µL) and RNase-Free 
ddH2O (19.5 µL). The cycling condition is as follows: stage 
1: 42 °C for 20 min, 95 °C for 3 min,1 cycle; stage 2: 94 °C 
for 30 s, 60 °C for 30 s, 72 °C for 30 s, 40 cycles; stage 3: 
72 °C for 50 min. The GHET1′s primers were 5′-GAA​CAA​
AGC​AGG​TAA​ACA​TTGG-3′ and 5′-GCA​AAG​GCA​GAG​
TGA​AAG​GT-3′. After normalization with reference gene, 
2−ΔΔCT method was used to calculate the relative expression 
level of GHET1.

Cells transfection

Knockdown plasmid of GHET1 (sh-GHET1) and negative 
control plasmid (sh-NC) (Ribobio, Guangzhou, Guang-
dong, China) were transfected into Gemcitabine-resistant 
BC cells using riboFECT reagent (Ribobio, Guangzhou, 
Guangdong, China) according to instructions. qRT-PCR 
was applied to examine the knockdown efficiency.
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Cell proliferation assay

Cell proliferation ability was detected with Cell Counting 
Kit-8 (APEcBIO, Houston, TX, USA). In detail, 2 × 103 
Gemcitabine-resistant BC cells were suspended with 100-
µl culture medium in 96-well plates; then 10-μl CCK-8 
solution was added and mixed gently; the cell mixtures 
reacted for 1 h in the absence of light and at room tem-
perature. The Synergy HTX Microplate Reader (BioTek, 
Winooski, VT, USA) was used to detect the value of opti-
cal density at 450 nm.

Drug sensitivity assay

Gemcitabine was used to treat Gemcitabine-resistant 
BC cells, the concentration gradient of Gemcitabine was 
0.1 μg/ml, 0.5 μg/ml, 1 μg/ml, 5 μg/ml and 10 μg/ml [25]. 
After 24 h, the value of optical density was examined. 
Based on these dates, the dose–response curve was drawn 
and half maximal inhibitory concentration (IC50) was 
calculated.

Apoptosis rate detection

Annexin V-FITC/PI Double-stained cell apoptosis kit 
(KeyGEN, Nanjing, Jiangsu, China) was applied to exam-
ine apoptosis. In detail, 5 × 105 Gemcitabine-resistant 
BC cells were suspended with 500-µl binding buffer, 
5-µl Annexin V-FITC was added and mixed gently; then, 
5-µl PI was added and mixed gently; the cell mixtures 
reacted for 15 min in the absence of light and at room 

temperature. Flow cytometry was applied to examine 
apoptosis rate.

Western blotting

Protein Extraction Kit (Beyotime, Beijing, China) was 
applied to extract proteins from Gemcitabine-resistant BC 
cells. Protein specimens were separated by polyacrylamide 
gel electrophoresis, and then transferred to a polyvinylidene 
fluoride (PVDF) membrane. PVDF membrane was blocked 
using non-fat milk, hybridized with ABCC1 antibody 
(PAB068Hu01, Cloud-Clone, Wuhan, Hubei, China) and 
second antibody, then treated with ECL reagent (Engreen, 
Beijing, China). Image analysis software Image J (NIH, 
Bethesda, MD, USA) was used to examine and calculate 
relative expression of ABCC1 protein.

Statistical analysis

All data are analyzed with SPSS version 22.0 (IBM, 
Armonk, NY, USA) software. Student’s t test and One-way 
ANOVA were applied to analyze the statistical differences. 
If P value is less than 0.05, the difference has statistical 
significance.

Results

GHET1 gene was highly expressed in BC

Compared with matched NBUT, the expression of GHET1 
in BC specimens was up-regulated significantly (Fig. 1a). 
Similarly, the GHET1 expression in J82 and T24 cells was 

Fig. 1   GHET1 gene was highly 
expressed in BC in BC. a The 
expression of GHET1 in BC 
was up-regulated compared 
with NBUT. **P < 0.01 vs. 
NBUT. b The expression of 
GHET1 in J82 and T24 cells 
was up-regulated in com-
parison with SV-HUC-1 cells. 
**P < 0.01 vs. SV-HUC-1 cells
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also up-regulated in comparison with SV-HUC-1 cells 
(Fig. 1b).

High expression of GHET1 displayed a positive correla-
tion with high grade and muscle invasion of BC patients. 
On the contrary, the expression of A has no correlation 
with other pathological parameters, such as age, gender, 

smoking history and lymph node metastasis (Table 1). 
These results hinted that GHET1 gene took part in genesis 
and progress of BC.

High expression of GHET1 was related with low 
Gemcitabine sensitivity in BC

High expression of GHET1 was related with low Gem-
citabine sensitivity of BC patients (Fig. 2a and Table 1). 
Moreover, the GHET1 expression in J82/Gem and T24/Gem 
cells was higher than that in the corresponding J82 and T24 
cells (Fig. 2b). These findings preliminarily proved that the 
high expression of GHET1 was relevant to poor sensitivity 
to Gemcitabine in BC; GHET1 took part in the genesis of 
chemotherapeutic resistance in BC.

Knockdown of GHET1 inhibited Gemcitabine 
resistance in BC cells

To verify the roles of GHET1 on chemotherapeutic resist-
ance, sh-GHET1 was transfected into J82/Gem and T24/
Gem cells to knockdown the expression of GHET1 to carry 
out loss-of-function experiments (Fig. 3a).

Knockdown of GHET1 reduced IC50 of Gemcit-
abine from 4.88 ± 0.47  μg/ml and 5.64 ± 0.63  μg/ml to 
1.94 ± 0.31 μg/ml and 2.23 ± 0.36 μg/ml in J82/Gem and 
T24/Gem cells, respectively (Fig.  3b), which certified 
GHET1 knockdown re-sensitized J82/Gem and T24/Gem 
cells to Gemcitabine. In addition, knockdown of GHET1 
suppressed cell proliferation as well as promoted apopto-
sis in J82/Gem and T24/Gem cells treated with 0.5 μg/ml 
Gemcitabine (Fig. 3c, d). Together, GHET1 contributed to 
Gemcitabine resistance in BC.

Table 1   The correlation between the expression of GHET1 and the 
clinicopathological factors of 74 cases bladder cancer patients

*P < 0.05, **P < 0.01

Pathological factors Case Relative 
expression of 
GHET1

P value

Age (years) 0.832
 < 54 37 3.316
 ≥ 54 37 3.252

Gender 0.908
 Male 46 3.296
 Female 28 3.264

Smoking history (more than 10 years) 0.269
 No 43 3.142
 Yes 31 3.481

Grade 0.014*
 Low grade 34 2.885
 High grade 40 3.623

Muscle invasion 0.002**
 Negative 39 2.853
 Positive 35 3.764

Lymph node metastasis 0.964
 Negative 70 3.282
 Positive 4 3.319

Gemcitabine chemotherapy 0.034*
 Sensitive 41 2.924
 Insensitive 33 3.733

Fig. 2   High expression of 
GHET1 was related with low 
Gemcitabine sensitivity in BC. 
a The expression of GHET1 
in Gemcitabine-insensitive BC 
was higher than that in Gemcit-
abine-sensitive BC. *P < 0.05 
vs. Gemcitabine-insensitive BC. 
b The expression of GHET1 in 
J82/Gem and T24/Gem cells 
was much higher than that in 
the corresponding J82 and T24 
cells. **P < 0.01 vs. J82 and 
T24 cells



191Cancer Chemotherapy and Pharmacology (2019) 84:187–194	

1 3

GHET1 up‑regulated the expression of ABCC1 
protein in BC cells

Based on TCGA Pan-Cancer (PANCAN) database, the co-
expression analysis with 426 BC samples showed that the 
expression of GHET1 had significant positive correlation 
with the ABCC1 expression (Fig. 4a, r = 0.128, P < 0.01). 
In addition, in J82/Gem and T24/Gem cells, knockdown of 
GHET1 significantly inhibited the expression of ABCC1 
protein (Fig. 4b).

Discussion

Increasing evidence pointed out that lncRNAs partici-
pated in the formation of chemotherapeutic resistance in 
almost all malignant tumors, including BC [12–14, 26]. 
Wang et al. reported that lncRNA H19 could promote 

SIRT1-mediated autophagy to advance the chemothera-
peutic resistance to 5-Fluorouracil in colorectal cancer 
[27]. LncRNA NEAT1 was highly expressed in gastric 
cancer and functioned as an oncogene to regulate prolif-
eration, apoptosis, invasion and chemotherapeutic resist-
ance to Adriamycin in gastric cancer cells [28]. Our lit-
erature reported that CDKN2B-AS1 was highly expressed 
in BC and related to low Gemcitabine sensitivity of BC; 
CDKN2B-AS1 suppressed sensitivity of Gemcitabine-
resistant BC cells to Gemcitabine through Wnt/β-catenin 
signaling pathway [25].

Gemcitabine is a first-line antineoplastic drug for BC, 
which is a new derivative of cytidine. It is activated by deox-
ycytosine kinase and metabolized by cytidine deaminase. Its 
main metabolite incorporates DNA to block DNA synthesis, 
arrest cells at G1/S stage, leading to cell death [29]. Nev-
ertheless, Gemcitabine resistance often occurs in clinical 
practice, which can lead to chemotherapy failure.

Fig. 3   Knockdown of GHET1 inhibited Gemcitabine resistance in 
BC cells. a Transfection of sh-GHET1 knockdown the expression 
ofGHET1 in J82/Gem and T24/Gem cells. b Knockdown of GHET1 
reduced IC50 of Gemcitabine in J82/Gem and T24/Gem cells. c 

Knockdown of GHET1 suppressed cell proliferation in J82/Gem and 
T24/Gem cells treated with 0.5 μg/ml Gemcitabine. d Knockdown of 
GHET1 promoted apoptosis in J82/Gem and T24/Gem cells treating 
with 0.5 μg/ml Gemcitabine. **P < 0.01 vs. sh-NC group
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In this study, GHET1 was confirmed to be highly 
expressed in BC; high expression of GHET1 was positively 
related to high grade and muscle invasion of BC, which 
hinted that GHET1 might be involved in tumorigenesis and 
progress of BC.

In addition, high expression of GHET1 was related to low 
Gemcitabine sensitivity of BC patients, which preliminarily 
proved that GHET1 took part in the genesis of chemothera-
peutic resistance in BC. Zhang et al. reported that GHET1 
promoted the development of chemotherapeutic resistance to 
cisplatin in gastric cancer [22]. However, there is no report 
on the study of Gemcitabine resistance in BC.

Therefore, loss-of-function assays were applied to explore 
the roles of GHET1 on chemotherapeutic resistance to Gem-
citabine in BC. GHET1 knockdown reduced IC50 of Gem-
citabine in Gemcitabine-resistant BC cells and advanced 
the Gemcitabine-induced cytotoxicity, which confirmed 
that GHET1 contributed to chemotherapeutic resistance to 
Gemcitabine in BC.

The statistical analysis based on TCGA Pan-Cancer 
(PANCAN) database showed a significant positive correla-
tion between the expression of GHET1 and ABCC1. Fur-
thermore, knockdown of GHET1 could significantly inhibit 
the expression of ABCC1 protein in Gemcitabine-resistant 
BC cells. As we all know, ABCC1 is an important multidrug 
resistance-related gene; abnormal expression and function 
of ABCC1 are involved in the occurrence of chemothera-
peutic resistance in almost all malignant tumors, including 
BC [30–32]. The findings of this study proved that GHET1 
could up-regulate the expression of ABCC1 to promote the 
Gemcitabine resistance in BC. Nevertheless, the underlying 

mechanism of GHET1 regulating the expression of ABCC1 
is unknown.

There were increasing evidences to approve that lncR-
NAs could act as competitive endogenous RNAs (ceR-
NAs) and molecular sponges to microRNAs and change 
the expression or function of these microRNAs, thereby 
regulating the expression of the target genes of these 
microRNAs. For example, lncRNA CDKN2B-AS1 could 
bind and silence miR-125a-5p, and then promote the for-
mation of chemotherapeutic resistance in gastric cancer 
by regulating the miR-125a-5p’s target genes Multidrug 
Resistance-Associated Protein 4 (MRP4) and B cell lym-
phoma-2 (Bcl2) [33]; lncRNA TUSC7 inhibited chemo-
therapeutic resistance to temozolomide in glioblastoma 
by targeting miR-10a [34]. Recent research had found 
that GHET1 promoted the malignant biological behaviors 
of glioma U251 cells through down-regulation of miR-
216a [35]. Based on the opinions of these researchers, we 
speculate that GHET1 might up-regulate the expression of 
ABCC1 protein by targeted regulating some microRNAs.

To sum up, lncRNA GHET1 was highly expressed in 
BC; the high expression of GHET1 was related with the 
poor sensitivity to Gemcitabine of BC; and GHET1 con-
tributed to chemotherapeutic resistance to Gemcitabine in 
BC through up-regulating the multidrug resistance-related 
gene ABCC1. Our findings are helpful to elucidate the 
molecular mechanism of chemotherapeutic resistance in 
BC. However, we have not studied the regulatory mecha-
nism of GHET1 in depth, which requires our follow-up 
studies.

Fig. 4   GHET1 up-regulated the expression of ABCC1 protein in 
BC cells. a The co-expression analysis based on TCGA Pan-Cancer 
(PANCAN) database showed the expression of GHET1 was posi-

tive correlated with the ABCC1 expression (r = 0.128, P < 0.01). b 
Knockdown of GHET1 inhibited the expression of ABCC1 protein in 
J82/Gem and T24/Gem cells. **P < 0.01 vs. sh-NC group



193Cancer Chemotherapy and Pharmacology (2019) 84:187–194	

1 3

Acknowledgements  This work was supported by the National Nature 
Science Foundation of China (Grant Nos. 81872067, 30901480, 
81301834).

Author contributions  ZL and DX carried out the experiments and 
performed the statistical analysis. HZ participated in the study design 
and drafted the manuscript. All authors read and approved the final 
manuscript.

Compliance with ethical standards 

Conflict of interest  All authors declare that they have no conflicts of 
interest to disclose.

References

	 1.	 Siegel RL, Miller KD, Jemal A (2018) Cancer statistics, 2018. 
CA Cancer J Clin 68(1):7–30

	 2.	 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal 
A, Yu XQ, He J (2016) Cancer statistics in China, 2015. CA 
Cancer J Clin 66(2):115–132

	 3.	 Chen W, Zheng R, Zeng H, Zhang S (2016) The incidence 
and mortality of major cancers in China, 2012. Chin J Cancer 
35(1):73

	 4.	 Antoni S, Ferlay J, Soerjomataram I, Znaor A, Jemal A, Bray F 
(2017) Bladder cancer incidence and mortality: a global over-
view and recent trends. Eur Urol 71(1):96–108

	 5.	 Buttigliero C, Tucci M, Vignani F, Scagliotti GV, Di Maio M 
(2017) Molecular biomarkers to predict response to neoadjuvant 
chemotherapy for bladder cancer. Cancer Treat Rev 54:1–9

	 6.	 Drayton RM, Catto JW (2012) Molecular mechanisms of cispl-
atin resistance in bladder cancer. Expert Rev Anticancer Ther 
12(2):271–281

	 7.	 Pan J, Li X, Wu W, Xue M, Hou H, Zhai W, Chen W (2016) 
Long non-coding RNA UCA1 promotes cisplatin/gemcitabine 
resistance through CREB modulating miR-196a-5p in bladder 
cancer cells. Cancer Lett 382(1):64–76

	 8.	 Liu Z, Xie D, Zhang H (2018) Long noncoding RNA neuroblas-
toma-associated transcript 1 gene inhibits malignant cellular 
phenotypes of bladder cancer through miR-21/SOCS6 axis. Cell 
Death Dis 9(10):1042

	 9.	 Luo Z, Pan J, Ding Y, Zhang YS, Zeng Y (2018) The function 
and clinical relevance of lncRNA UBE2CP3-001 in human glio-
mas. Arch Med Sci 14(6):1308–1320

	10.	 Hu X, Hong Y, Shang C (2019) Knockdown of long non-
coding RNA SNHG5 inhibits malignant cellular phenotypes 
of glioma via Wnt/CTNNB1 signaling pathway. J Cancer 
10(5):1333–1340

	11.	 Huang Y, Du J, Mi Y, Li T, Gong Y, Ouyang H, Hou Y (2018) 
Long non-coding RNAs contribute to the inhibition of prolifera-
tion and EMT by pterostilbene in human breast cancer. Front 
Oncol 8:629

	12.	 Wang XM, Liu Y, Fan YX, Liu Z, Yuan QL, Jia M, Geng ZS, 
Gu L, Lu XB (2018) LncRNA PTCSC3 affects drug resistance 
of anaplastic thyroid cancer through STAT3/INO80 pathway. 
Cancer Biol Ther 19(7):590–597

	13.	 Saeinasab M, Bahrami AR, González J, Marchese FP, Mar-
tinez D, Mowla SJ, Matin MM, Huarte M (2019) SNHG15 
is a bifunctional MYC-regulated noncoding locus encoding 
a lncRNA that promotes cell proliferation, invasion and drug 

resistance in colorectal cancer by interacting with AIF. J Exp 
Clin Cancer Res. 38(1):172

	14.	 An Q, Zhou L, Xu N (2018) Long noncoding RNA FOXD2-
AS1 accelerates the gemcitabine-resistance of bladder cancer 
by sponging miR-143. Biomed Pharmacother 103:415–420

	15.	 Zhang H, Guo Y, Song Y, Shang C (2017) Long noncoding 
RNA GAS5 inhibits malignant proliferation and chemotherapy 
resistance to doxorubicin in bladder transitional cell carcinoma. 
Cancer Chemother Pharmacol 79(1):49–55

	16.	 Guo Y, Zhang H, Xie D, Hu X, Song R, Zhu L (2018) Non-
coding RNA NEAT1/miR-214-3p contribute to doxorubicin 
resistance of urothelial bladder cancer preliminary through the 
Wnt/β-catenin pathway. Cancer Manag Res 10:4371–4380

	17.	 Yang F, Xue X, Zheng L, Bi J, Zhou Y, Zhi K, Gu Y, Fang G 
(2014) Long non-coding RNA GHET1 promotes gastric carci-
noma cell proliferation by increasing c-Myc mRNA stability. 
FEBS J 281(3):802–813

	18.	 Han M, Wang Y, Gu Y, Ge X, Seng J, Guo G, Zhang X, Zhao 
Y, Dou D (2019) lncRNA GHET1 knockdown suppresses 
breast cancer activity in vitro and in vivo. Am J Transl Res 
11(1):31–44

	19.	 Ni W, Luo L, Zuo P, Li RP, Xu XB, Wen F, Hu D (2018) 
lncRNA GHET1 down-regulation suppresses the cell activities 
of glioma. Cancer Biomark 23(1):9–22

	20.	 Xia Y, Yan Z, Wan Y, Wei S, Bi Y, Zhao J, Liu J, Liao DJ, 
Huang H (2018) Knockdown of long noncoding RNA GHET1 
inhibits cell-cycle progression and invasion of gastric cancer 
cells. Mol Med Rep 18(3):3375–3381

	21.	 Li LJ, Zhu JL, Bao WS, Chen DK, Huang W, Weng ZL (2014) 
Long noncoding RNA GHET1 promotes the development of 
bladder cancer. Int J Clin Exp Pathol 7(10):7196–7205

	22.	 Zhang X, Bo P, Liu L, Zhang X, Li J (2017) Overexpression 
of long non-coding RNA GHET1 promotes the development of 
multidrug resistance in gastric cancer cells. Biomed Pharmaco-
ther 92:580–585

	23.	 Li X, Wang H, Wang J, Chen Y, Yin X, Shi G, Li H, Hu Z, 
Liang X (2016) Emodin enhances cisplatin-induced cytotoxicity 
in human bladder cancer cells through ROS elevation and MRP1 
downregulation. BMC Cancer 16:578

	24.	 Liu Z, Zhang H (2017) LncRNA plasmacytoma variant translo-
cation 1 is an oncogene in bladder urothelial carcinoma. Onco-
target 8(38):64273–64282

	25.	 Xie D, Zhang H, Shang C (2018) Long non-coding RNA 
CDKN2B antisense RNA 1 gene inhibits Gemcitabine sensitiv-
ity in bladder urothelial carcinoma. J Cancer 9(12):2160–2166

	26.	 Huo JF, Chen XB (2019) Long noncoding RNA growth arrest-
specific 5 facilitates glioma cell sensitivity to cisplatin by sup-
pressing excessive autophagy in an mTOR-dependent manner. 
J Cell Biochem 120(4):6127–6136

	27.	 Wang M, Han D, Yuan Z, Hu H, Zhao Z, Yang R, Jin Y, Zou 
C, Chen Y, Wang G, Gao X, Wang X (2018) Long non-coding 
RNA H19 confers 5-Fu resistance in colorectal cancer by pro-
moting SIRT1-mediated autophagy. Cell Death Dis 9(12):1149

	28.	 Zhang J, Zhao B, Chen X, Wang Z, Xu H, Huang B (2018) 
Silence of long noncoding RNA NEAT1 inhibits malignant bio-
logical behaviors and chemotherapy resistance in gastric cancer. 
Pathol Oncol Res 24(1):109–113

	29.	 de Sousa Cavalcante L, Monteiro G (2014) Gemcitabine: 
metabolism and molecular mechanisms of action, sensitivity 
and chemoresistance in pancreatic cancer. Eur J Pharmacol 
741:8–16

	30.	 Lorendeau D, Dury L, Nasr R, Boumendjel A, Teodori E, Guts-
chow M, Falson P, Di Pietro A, Baubichon-Cortay H (2017) 
MRP1-dependent collateral sensitivity of multidrug-resistant 
cancer cells: identifying selective modulators inducing cellular 
glutathione depletion. Curr Med Chem 24(12):1186–1213



194	 Cancer Chemotherapy and Pharmacology (2019) 84:187–194

1 3

	31.	 Yan M, Wang J, Ren Y, Li L, He W, Zhang Y, Liu T, Li Z (2019) 
Over-expression of FSIP1 promotes breast cancer progression 
and confers resistance to docetaxel via MRP1 stabilization. Cell 
Death Dis 10(3):204

	32.	 Wang S, Meng Q, Xie Q, Zhang M (2017) Effect and mechanism 
of resveratrol on drug resistance in human bladder cancer cells. 
Mol Med Rep 15(3):1179–1187

	33.	 Shang C, Ao CN, Cheong CC, Meng L (2019) Long non-coding 
RNA CDKN2B antisense RNA 1 gene contributes to paclitaxel 
resistance in endometrial carcinoma. Front Oncol 9:27

	34.	 Shang C, Tang W, Pan C, Hu X, Hong Y (2018) Long non-
coding RNA TUSC7 inhibits temozolomide resistance by 

targeting miR-10a in glioblastoma. Cancer Chemother Phar-
macol 81(4):671–678

	35.	 Cao W, Liu B, Ma H (2019) Long non-coding RNA GHET1 
promotes viability, migration and invasion of glioma cell line 
U251 by down-regulation of miR-216a. Eur Rev Med Pharma-
col Sci 23(4):1591–1599

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Long non-coding RNA GHET1 contributes to chemotherapeutic resistance to Gemcitabine in bladder cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Cell lines and cell culture
	Clinical specimens
	Real-time quantitative PCR (qRT-PCR)
	Cells transfection
	Cell proliferation assay
	Drug sensitivity assay
	Apoptosis rate detection
	Western blotting
	Statistical analysis

	Results
	GHET1 gene was highly expressed in BC
	High expression of GHET1 was related with low Gemcitabine sensitivity in BC
	Knockdown of GHET1 inhibited Gemcitabine resistance in BC cells
	GHET1 up-regulated the expression of ABCC1 protein in BC cells

	Discussion
	Acknowledgements 
	References




