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Abstract. – OBJECTIVE: Recent research-
es have proved that long noncoding RNAs (ln-
cRNAs) play an important role in tumorigenesis. 
In this research, lncRNA TUG1 was explored to 
identify the role it played in the development of 
prostate cancer.

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) 
was utilized to detect TUG1 expression in both 
prostate cancer tissue samples and cells. More-
over, the associations between expression level 
of TUG1 and patients’ disease-free survival rate 
were studied respectively. Next, wound healing 
assay and transwell assay were conducted. Fur-
thermore, qRT-PCR and Western blot assay were 
used to explore the underlying mechanism.

RESULTS: In comparison with TUG1 expres-
sion in adjacent tissues, TUG1 expression level 
was significantly higher in prostate cancer sam-
ples, which was closely associated with patients’ 
disease-free survival time. After TUG1 was down-
regulated, cell migration and invasion of prostate 
cancer cells were inhibited in vitro. Moreover, af-
ter TUG1 was upregulated, cell migration and in-
vasion of prostate cancer cells were enhanced in 
vitro. In addition, after knockdown of TUG1, the 
mRNA and protein expression of DGCR8 was 
downregulated, while after overexpression of 
TUG1, the mRNA and protein expression of DG-
CR8 was upregulated. Furthermore, it was found 
that DGCR8 expression positively correlated to 
TUG1 expression in prostate cancer tissues.

CONCLUSIONS: Results above showed that 
TUG1 could enhance cell migration and inva-
sion of prostate cancer by upregulating DGCR8, 
which may offer a potential therapeutic target in 
prostate cancer.
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Introduction

Prostate cancer is one of the most frequent ma-
lignancies in males. It is reported that more than 
220,000 new cases were diagnosed with prostate 
cancer in America in 20151. The occurrence and 
recurrence rates of prostate cancer are significant-
ly increasing in both developed and developing 
countries, which make it the third-leading cause 
of deaths related to cancer in males all over the 
world2-5. Therefore, it is urgent to find out the un-
derlying mechanism of the development of pro-
state cancer. Long noncoding RNAs (lncRNAs) 
are defined as lncRNAs which are longer than 200 
nucleotides in length and do not encode proteins. 
However, evidence proved that lncRNAs play an 
important part in the development of malignant 
tumors. For instance, lncRNA NR_036575.1 acts 
as an oncogene in papillary thyroid cancer by 
enhancing cell proliferation and cell migration, 
suggesting that lncRNA NR_036575.1 could be 
applied as a potential biomarker and therapeutic 
target6. LncRNA linc00261 functions as a tumor 
suppressor in gastric cancer through depressing 
the stability of Slug proteins and inhibiting epi-
thelial-mesenchymal transition7. In addition, ln-
cRNA CCAT2 promotes proliferation and me-
tastasis of intrahepatic cholangiocarcinoma and 
predicts a poor prognosis of the patients8. Howe-
ver, the function of lncRNA TUG1 in prostate 
cancer remains unexplored so far. In this study, 
we found out that the expression of TUG1 was 
remarkably higher in prostate cancer tissues. Mo-
reover, TUG1 promoted the migration and inva-
sion of prostate cancer cell in vitro. Moreover, our 
further experiments explored the underlying me-
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chanism how TUG1 functioned in prostate cancer 
development.

Patients and Methods

Clinical Samples
46 paired prostate cancer patients received 

surgery at Nanjing Drum Tower Hospital Clini-
cal College of Nanjing Medical University. Their 
tissue samples got from the surgery were saved 
immediately at -80°C. This study was approved 
by the Ethics Committee of Nanjing Drum Tower 
Hospital Clinical College of Nanjing Medical Uni-
versity. Signed written informed consents were 
obtained from all participants before the study. 

Cell Lines
Human prostate cancer cells (LNCaP, DU145 and 

PC3) and P69 (normal human prostate epithelial cell 
line) were offered by the Institute of Biochemistry 
and Cell Biology, Chinese Academy of Science 
(Shanghai, China). Culture medium consisted of 
10% fetal bovine serum (FBS; Life Technologies, 
Gaithersburg, MD, USA), Dulbecco’s modified 
Eagle’s medium (DMEM) (Gibco, Rockville, MD, 
USA) as well as penicillin. Besides, cells were cul-
tured in an incubator containing 5% CO2 at 37°C.

Cell Transfection
Then pLenti-EF1a-EGFP-F2A-Puro vector 

was used for cloning shRNA and lentiviral virus 
targeting TUG1 (Biosettia Inc., San Diego, CA, 
USA). After synthesized, TUG1 shRNA or nega-
tive control, TUG1 lentiviruses or empty vector 
were packaged by 293T cells, which were then 
used for transfection in prostate cancer cells. 48 
h later, quantitative Real-time polymerase chain 
reaction (qRT-PCR) was used to detect TUG1 
expression level in these cells. 

RNA Extraction and qRT-PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, 

USA) was utilized for separating the total RNA. 
Through reverse transcription kit, the total RNA 
was reverse-transcribed to complementary de-
oxyribose nucleic acids (cDNAs) (TaKaRa Bio-
technology Co., Ltd., Dalian, China). Following 
are the primers used for RT-qPCR: TUG1 primers 
forward 5′-CTGTTAAGGTGGTGGCATTG-3′, 
reverse 5′-GGAGGCTCATACTGGCTGAT-3′; 
glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) primers forward 5′-CCAAAATCAGA-
TGGGGCAATGCTGG-3′ and reverse 5′-TGA-

TGGCATGGACTGTGGTCATTCA-3′. Thermal 
cycle was as follows: 95°C for 30 s, 5 s for 40 
cycles, 60°C for 35 s.

Wound Healing Assay 
and Transwell Assay

For wound healing assay, transfected cells 
were cultured in Dulbecco’s modified Eagle me-
dium (DMEM) medium overnight. After scra-
tched with a plastic tip, cells were cultured in 
serum-free Dulbecco’s modified Eagle medium 
(DMEM). Wound closure was counted after 72 
h. For detecting the migrating ability of these
treated cells, 5 ×104 cells in 200 µL serum-free
DMEM were transformed to the top chamber of
an 8-μm pore size insert (Millipore, Billerica,
MA, USA). And Dulbecco’s modified Eagle’s
medium (DMEM) and fetal bovine serum (FBS)
were added to the bottom chamber. 48 h later, the
top surface of chambers was immersed for 10 min
with precooling methanol after wiped by cotton
swab, and was stained in crystal violet for 30 min.
For detecting the invading ability of these treated
cells, 5×104 cells in 200 µL serum-free DMEM
were transformed to the top chamber of an 8-μm
pore size insert (Millipore, Billerica, MA, USA),
which was forward coated with 50 µg Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA). And
Dulbecco’s Modified Eagle Medium (DMEM)
and fetal bovine serum (FBS) were added to the
bottom chamber. 48 h later, the top surface of
chambers was immersed for 10 min with precoo-
ling methanol after wiped by cotton swab. Next, it
was stained in crystal violet for 30 min. The data
was counted in three fields from migration and
invasion membrane.

Western Blot Analysis
Protein was extracted from cells by Reagent 

radioimmunoprecipitation assay (RIPA) (Beyoti-
me, Shanghai, China). Bicinchoninic acid (BCA) 
protein assay kit was used for quantifying protein 
concentrations (TaKaRa, Dalian, China). Sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) was utilized to separate pro-
teins. They were replaced to the polyvinylidene 
difluoride (PVDF) membrane (Roche, Basel, 
Switzerland) and incubated with antibodies. Rab-
bit anti-GAPDH and rabbit anti-DGCR8 were 
provided by Cell Signaling Technology (CST, 
Danvers, MA, USA), as well as goat anti-rab-
bit secondary antibody. Image J software (NIH, 
Bethesda, MD, USA) was applied for assessment 
of protein expression.RE
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Statistical Analysis
Statistical analysis was conducted by Statisti-

cal Product and Service Solutions (SPSS) 17.0 
(SPSS Inc., Chicago, IL, USA). Data were presen-
ted as mean ± SD (Standard Deviation). Student 
t-test and Kaplan-Meier method were performed 
to the data. p<0.05 was considered statistically si-
gnificant.

Results

TUG1 Expression Level in Prostate 
Cancer Tissues and Cells

Firstly, TUG1 expression was detected via qRT-
PCR in 46 patients’ tissues and 3 prostate cancer 
cell lines. As a result, TUG1 was significantly 
upregulated in tumor tissue samples (Figure 1A). 
TUG1 expression level of prostate cancer cells 

was higher than that of P69 (Figure 1B). Patien-
ts’ survival after surgery was analyzed through 
Kaplan-Meier method. According to the median 
expression, we divided 46 prostate cancer patien-
ts into two groups, high-TUG1 and low-TUG1. 
Kaplan-Meier analysis showed that prostate can-
cer patients in high-TUG1 group had a poorer di-
sease-free survival time when compared with the 
low-TUG1 group (Figure 1C).

Knockdown of TUG1 Inhibited Cell 
Migration and Invasion of Prostate 
Cancer Cells

In this study, we chose PC3 prostate cancer cell 
lines for the knockdown of TUG1. Next, TUG1 
expression was detected by qRT-PCR (Figure 
2A). Moreover, results of wound healing assay 
showed that knockdown of TUG1 inhibited the 
ability of migration in prostate cancer cells (Figu-

Figure 1. Expression level of TUG1 was increased in prostate cancer tissues and cell lines. A, TUG1 expression was signi-
ficantly increased in the prostate cancer tissues compared with adjacent tissues. B, Expression levels of TUG1 relative to 
GAPDH were determined in the human prostate cancer cell lines and P69 (normal human prostate epithelial cell lines) by qRT-
PCR. C, High level of TUG1 was associated with poorer disease-free survival of prostate cancer patients. Data are presented 
as the mean ± standard error of the mean. *p<0.05.RE
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re 2B). The outcome of transwell assay also reve-
aled that the number of migrated cells was remar-
kably decreased after TUG1 was knocked down 
in prostate cancer cells (Figure 2C), and the result 
of the number of invaded cells was approximately 
the same (Figure 2D).

Overexpression of TUG1 Promoted 
Cell Migration and Invasion of Prostate 
Cancer Cells

In this study, we chose LNCaP prostate cancer 
cell line for the overexpression of TUG1. Then, 
TUG1 expression was detected by qRT-PCR 
(Figure 3A). Moreover, results of wound hea-
ling assay showed that overexpression of TUG1 
enhanced the ability of migration in prostate can-
cer cells significantly (Figure 3B). The outcome 
of transwell assay indicated that the number of 
migrated cells was remarkably increased after 

TUG1 was overexpressed in prostate cancer cells 
(Figure 3C), and the outcome of transwell assay 
also indicated that the number of invaded cells 
was remarkably increased after TUG1 was ove-
rexpressed (Figure 3D).

The Interaction between DGCR8 and 
TUG1 in Prostate Cancer

Starbase v2.0 (http://starbase.sysu.edu.cn/star-
base2/rbpLncRNA.php) predicted that DGCR8 
was the target proteins of TUG1. Previous study 
suggested DGCR8 acted as an oncogene in many 
cancers including prostate cancer. To explore the 
interaction between DGCR8 and TUG1, we con-
ducted qRT-PCR and found that expression level 
of DGCR8 in prostate cancer cells was significant-
ly lower in TUG1 shRNA group when compared 
with the DGCR8 level in negative control group 
(Figure 4A). The expression level of DGCR8 in 

Figure 2. Knockdown of TUG1 inhibited prostate cancer cell migration and invasion. A, TUG1 expression in prostate cancer 
cells transduced with TUG1 shRNA (shRNA) and negative control (NC) was detected by qRT-PCR. GAPDH was used as an 
internal control. B, Wound-healing assay showed that knockdown of TUG1 significantly decreased cell migration in prostate 
cancer cells. C, Transwell assay showed that number of migrated cells was significantly decreased via knockdown of TUG1 
in prostate cancer cells. D, Transwell assay showed that number of invaded cells was significantly decreased via knockdown 
of TUG1 in prostate cancer cells. The results represent the average of three independent experiments (mean ± standard error 
of the mean). *p<0.05.
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prostate cancer cells was significantly higher in 
TUG1 lentivirus group when compared with the 
DGCR8 level in empty vector group (Figure 4B). 
The result of Western blot assay showed that 
knockdown of TUG1 downregulated the protein 
level of DGCR8, overexpressed TUG1, and upre-
gulated the protein level of DGCR8 (Figure 4C). 
Furthermore, we found that DGCR8 expression 
in prostate cancer tissues was remarkably higher 
when compared with that of adjacent tissues (Fi-
gure 4D). Correlation analysis demonstrated that 
DGCR8 expression level positively correlated to 
TUG1 expression in cancer tissues (Figure 4E).

Discussion

Evidence indicated that lncRNAs serve as a cru-
cial regulatory role in the development of prosta-

te cancers, including cell proliferation, apoptosis, 
and migration. For example, lncRNA SCHLAP1 
facilitates the aggressiveness of prostate cancer by 
regulating SWI/SNF complex9. Downregulation of 
lncRNA PVT1 inhibits the metastasis of prostate 
cancer cells by regulating p3810. LncRNA ZEB1-
AS1 acts as an oncogene in prostate cancer by 
activating ZEB1 and regulating the downstream 
molecules of ZEB111. In addition, lncRNA PCSE-
AT enhances cell proliferation of prostate cancer 
by activating EZH2, which may offer a potential 
therapeutic target12. Taurine Upregulated Gene 1 
(TUG1) has been reported as cancer-related lncR-
NA, and can bind to polycomb repressive complex 
2 (PRC2) or PRC1 as well as repress gene expres-
sion. TUG1 was originally identified as a transcript 
upregulated by taurine, whose function is associa-
ted with retinal development. Downregulation of 
the TUG1 is associated with cell proliferation, mi-

Figure 3. Overexpression of TUG1 promoted prostate cancer cell migration and invasion. A, TUG1 expression in prostate 
cancer cells transduced with TUG1 lentiviruses (TUG1) and the empty vector was detected by qRT-PCR. GAPDH was used 
as an internal control. B, Wound healing assay showed that overexpression of TUG1 significantly increased cell migration in 
prostate cancer cells. C, Transwell assay showed that number of migrated cells was significantly increased via overexpression 
of TUG1 in prostate cancer cells. D, Transwell assay showed that number of invaded cells was significantly increased via 
overexpression of TUG1 in prostate cancer cells. The results represent the average of three independent experiments (mean ± 
standard error of the mean). *p<0.05. RE
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pancreatic cancer via EMT pathway16. In this study, 
we found that TUG1 was upregulated both in pro-
state cancer samples and cells. Besides, the close 
relationship was observed between patients’ disea-
se-free survival and expression level of TUG1. Fur-
thermore, overexpression of TUG1 promoted cell 

gration, and invasion in breast cancer13. TUG1 pro-
motes endometrial cancer development via inhibi-
ting miR-299 and miR-34a-5p14. Downregulation 
of TUG1 expression could impair cell proliferation 
and increased cell sensitivity to anticancer drugs15. 
TUG1 can promote proliferation and migration of 

Figure 4. Interaction between TUG1 and DGCR8. A, qRT-PCR results showed that DGCR8 expression was increased in 
TUG1 shRNA (shRNA) group compared with NC group. B, qRT-PCR results showed that DGCR8 expression was increased 
in TUG1 lentiviruses (Lentivirus) compared with the empty vector (EV). C, Western blot assay revealed that DGCR8 protein 
expression was decreased in TUG1 shRNA (shRNA) group compared with NC group and DGCR8 protein expression was in-
creased in TUG1 lentiviruses (Lentivirus) compared with the empty vector (EV). D, DGCR8 was significantly upregulated in 
prostate cancer tissues compared with adjacent tissues. E, The linear correlation between the expression level of DGCR8 and 
TUG1 in prostate cancer tissues. The results represent the average of three independent experiments Data are presented as the 
mean ± standard error of the mean. *p<0.05. 
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migration and invasion in prostate cancer, while 
knockdown of TUG1 inhibited cell migration and 
invasion in prostate cancer. Above results indica-
ted that TUG1 promoted tumorigenesis of prostate 
cancer and might act as an oncogene. DGCR8 mi-
croprocessor complex subunit (DGCR8) has been 
reported to participate in a variety of biological 
and pathological processes, including tumor proli-
feration and metastasis17-20. In the present study, we 
firstly discovered the interaction between DGCR8 
and TUG1. The results showed that the expression 
level of DGCR8 could be downregulated after 
knockdown of TUG1 and the expression level of 
DGCR8 could be upregulated after overexpression 
of TUG1. Furthermore, DGCR8 expression in pro-
state cancer tissues was positively related to TUG1 
expression. All the results above suggested that 
TUG1 might promote tumorigenesis of prostate 
cancer through upregulating DGCR8.

Conclusions

We identified that TUG1 was remarkably upre-
gulated and was negatively related to disease-free 
survival of prostate cancer patients. Besides, 
TUG1 could enhance cell migration and invasion 
in prostate cancer through upregulating DGCR8. 
These findings suggest that TUG1 may contribu-
te to therapy for prostate cancer as a candidate 
target.

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Zhu Y, Yang XQ, han CT, Dai B, Zhang hL, Shi gh, 
Wang CF, Ye DW. Pathological features of locali-
zed prostate cancer in China: a contemporary 
analysis of radical prostatectomy specimens. 
PLoS One 2015; 10: e121076.

 2) hao Q, gong h, Zong h, huang S, Wang T, Zhou 
Y, Zhang Y, Zhang Y. Aspirin use improves the bio-
chemical control of prostate cancer in Chinese 
men. J BUON 2018; 23: 1803-1808. 

 3) RiChTeR i, JiRaSek T, havLiCkova i, CuRCikova R, SamaL 
v, DvoRak J, BaRToS J. The expression of PD-L1 in 
patients with castrate prostate cancer treated with 
enzalutamide. J BUON 2018; 23: 1796-1802. 

 4) Wang X, Shi Z, Liu X, Su Y, Li W, Dong h, Zhao L, Li m, 
Wang Y, Jin X, huo Z. Upregulation of miR-191 pro-
motes cell growth and invasion via targeting TIMP3 
in prostate cancer. J BUON 2018; 23: 444-452. 

 5) Xue D, Lu h, Xu hY, Zhou CX, he XZ. Long nonco-
ding RNA MALAT1 enhances the docetaxel resi-
stance of prostate cancer cells via miR-145-5p-
mediated regulation of AKAP12. J Cell Mol Med 
2018; 22: 3223-3237.

 6) Sun W, Lan X, Wang Z, Dong W, he L, Zhang T, 
Zhang h. Overexpression of long non-coding RNA 
NR_036575.1 contributes to the proliferation and 
migration of papillary thyroid cancer. Med Oncol 
2016; 33: 102.

 7) Yu Y, Li L, Zheng Z, Chen S, Chen e, hu Y. Long 
non-coding RNA linc00261 suppresses gastric 
cancer progression via promoting Slug degrada-
tion. J Cell Mol Med 2017; 21: 955-967.

 8) Bai Jg, Tang RF, Shang JF, Qi S, Yu gD, Sun C. Upre-
gulation of long noncoding RNA CCAT2 indicates 
a poor prognosis and promotes proliferation and 
metastasis in intrahepatic cholangiocarcinoma. 
Mol Med Rep 2018; 17: 5328-5335.

 9) PRenSneR JR, iYeR mk, Sahu a, aSangani ia, Cao Q, 
PaTeL L, veRgaRa ia, DaviCioni e, eRho n, ghaDeSSi 
m, JenkinS RB, TRiChe TJ, maLik R, BeDeniS R, mCgRe-
goR n, ma T, Chen W, han S, Jing X, Cao X, Wang 
X, ChanDLeR B, Yan W, SiDDiQui J, kunJu LP, Dhana-
SekaRan Sm, PienTa kJ, Feng FY, ChinnaiYan am. The 
long noncoding RNA SChLAP1 promotes aggres-
sive prostate cancer and antagonizes the SWI/
SNF complex. Nat Genet 2013; 45: 1392-1398.

10) Wan B, Wu hY, Lv DJ, Zhou Xm, Zhong LR, Lei B, 
Zhang SB, mao Xm. Downregulation of lncRNA 
PVT1 expression inhibits proliferation and migra-
tion by regulating p38 expression in prostate can-
cer. Oncol Lett 2018; 16: 5160-5166.

11) Su W, Xu m, Chen X, Chen n, gong J, nie L, Li L, Li 
X, Zhang m, Zhou Q. Long noncoding RNA ZEB1-
AS1 epigenetically regulates the expressions of 
ZEB1 and downstream molecules in prostate can-
cer. Mol Cancer 2017; 16: 142.

12) Chen Wm, huang mD, Sun DP, kong R, Xu TP, Xia 
R, Zhang eB, Shu YQ. Long intergenic non-coding 
RNA 00152 promotes tumor cell cycle progres-
sion by binding to EZH2 and repressing p15 and 
p21 in gastric cancer. Oncotarget 2016; 7: 9773-
9787.

13) Fan S, Yang Z, ke Z, huang k, Liu n, Fang X, Wang 
k. Downregulation of the long non-coding RNA 
TUG1 is associated with cell proliferation, migra-
tion, and invasion in breast cancer. Biomed Phar-
macother 2017; 95: 1636-1643.

14) Liu L, Chen X, Zhang Y, hu Y, Shen X, Zhu W. Long 
non-coding RNA TUG1 promotes endometrial 
cancer development via inhibiting miR-299 and 
miR-34a-5p. Oncotarget 2017; 8: 31386-31394.

15) niu Y, ma F, huang W, Fang S, Li m, Wei T, guo 
L. Long non-coding RNA TUG1 is involved in cell 
growth and chemoresistance of small cell lung 
cancer by regulating LIMK2b via EZH2. Mol Can-
cer 2017; 16: 5.

16) Qin CF, Zhao FL. Long non-coding RNA TUG1 can 
promote proliferation and migration of pancreatic 
cancer via EMT pathway. Eur Rev Med Pharma-
col Sci 2017; 21: 2377-2384.RE

TR
A

CT
ED



X.-L. Yang, C. Wei, Y.-B. Zhang, H.-Q. Guo

2398

17) WegeRT J, iShaQue n, vaRDaPouR R, geoRg C, gu Z, Bieg 
m, ZiegLeR B, BauSenWein S, nouRkami n, LuDWig n, 
keLLeR a, gRimm C, kneiTZ S, WiLLiamS RD, ChagTai T, 
PRiTChaRD-JoneS k, van SLuiS P, voLCkmann R, koSTeR J, 
veRSTeeg R, aCha T, o’SuLLivan mJ, BoDe Pk, niggLi F, 
TYTgaT ga, van TinTeRen h, van Den heuveL-eiBRink mm, 
meeSe e, vokuhL C, LeuSChneR i, gRaF n, eiLS R, PFiSTeR 
Sm, kooL m, geSSLeR m. Mutations in the SIX1/2 pa-
thway and the DROSHA/DGCR8 miRNA micropro-
cessor complex underlie high-risk blastemal type 
Wilms tumors. Cancer Cell 2015; 27: 298-311.

18) kim J, PaRk WJ, Jeong kJ, kang Sh, kWon SY, kim S, 
PaRk JW. Racial differences in expression levels of 
miRNA machinery-related genes, Dicer, Drosha, 
DGCR8, and AGO2, in Asian Korean papillary 
thyroid carcinoma and comparative validation 

using the Cancer Genome Atlas. Int J Genomics 
2017; 2017: 5789769.

19) WaLZ aL, oomS a, gaDD S, geRhaRD DS, SmiTh ma, 
guiDRY aJ, meeRZaman D, Chen QR, hSu Ch, Yan C, 
nguYen C, hu Y, BoWLBY R, BRookS D, ma Y, mungaLL 
aJ, mooRe Ra, SChein J, maRRa ma, huFF v, Dome 
JS, Chi YY, muLLighan Cg, ma J, WheeLeR Da, hamP-
Ton oa, JaFaRi n, RoSS n, gaSTieR-FoSTeR Jm, PeRLman 
eJ. Recurrent DGCR8, DROSHA, and SIX home-
odomain mutations in favorable histology Wilms 
tumors. Cancer Cell 2015; 27: 286-297.

20) guo Y, Tian P, Yang C, Liang Z, Li m, SimS m, Lu L, 
Zhang Z, Li h, PFeFFeR Lm, Yue J. Silencing the dou-
ble-stranded RNA binding protein DGCR8 inhibits 
ovarian cancer cell proliferation, migration, and 
invasion. Pharm Res 2015; 32: 769-778.

.

RE
TR

A
CT

ED




