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Urokinase plasminogen activator (uPA) and urokinase 
plasminogen activator receptor (uPAR) play a major role in 
the infiltrative growth of glioblastoma. Downregulatoion of 
the uPA and uPAR has been reported to inhibit the growth 
glioblastoma. Here, we demonstrate that tristetraprolin (TTP) 
inhibits the growth of U87MG human glioma cells through 
downregulation of uPA and uPAR. Our results show that 
expression level of TTP is inversely correlated with those of 
uPA and uPAR in human glioma cells and tissues. TTP 
binds to the AU-rich elements within the 3’ untranslated 
regions of uPA and uPAR and overexpression of TTP de-
creased the expression of uPA and uPAR through enhanc-
ing the degradation of their mRNAs. In addition, overex-
pression of TTP inhibited the growth and invasion of U87MG 
cells. Our findings implicate that TTP can be used as a 
promising therapeutic target to treat human glioma. 
 
 
INTRODUCTION 
1 
Gliomas are the most common type of primary tumor occurring 
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in the central nervous system (Kleihues et al., 1995). In particu-
lar, glioblastoma multiforme (GBM), classified by World Health 
Organization (WHO) as a grade IV glioma, is highly invasive 
and exhibits rapid growth and a high rate of recurrence (Sehgal, 
1998). Because of the malignant nature of GBM, the prognosis 
and survival rate for patients with unresectable GBM is ex-
tremely poor (Gagliano et al., 2005). 

The invasiveness of glioma relies on proteolysis of the extra-
cellular matrix during tumor cell invasion. Binding of urokinase 
plasminogen activator (uPA) to its specific receptor (urokinase 
plasminogen activator receptor, uPAR) catalyzes the conver-
sion of plasminogen to plasmin, which in turn leads to effective 
proteolytic effects (Rao, 2003). Overexpression of uPA and uPAR 
has been observed in the invasive glioblastomas (Yamamoto et 
al., 2002). Consequently, there have been several efforts to 
identify agents that reduce uPA and uPAR expression. A pre-
vious report showed that resveratrol reduces invasion of 
U373MG glioma cells through downregulation of uPA and 
uPAR expression (Ryu et al., 2011). In addition, regulation of 
uPA and uPAR using small interfering hairpin RNA (siRNA) 
suppresses glioma cell invasion, angiogenesis, and tumor 
growth (Gondi et al., 2004). 

Stabilization of mRNA that is mediated by AU-rich elements 
(AREs) located in the 3’ untranslated region (3′UTR) appears to 
play a major role in post-transcriptional regulation of gene ex-
pression in tumors (Audic and Hartley, 2004). AREs are distinct 
sequence elements in the 3′UTR of mRNAs that typically con-
sist of one or more AUUUA pentamers (Barreau et al., 2005). 
Numerous proteins directly interact with AREs, thereby mod-
ulating mRNA stability or translational efficiency (Gruber et al., 
2011). The database of ARE-containing mRNAs reveals genes 
with diverse functions, including proto-oncogenes and growth 
factors (Bakheet et al., 2001). ARE-binding proteins such as 
tristetraprolin (TTP or ZFP36) and butyrate response factors 1 
(BRF-1) promote degradation of the corresponding transcripts 
(Lykke-Andersen and Wagner, 2005). Interestingly, TTP ex-
pression is suppressed in many cancer cells compared with 
normal cell types (Brennan et al., 2009). 

This study provides evidence for a role of TTP in the sup-
pression of the growth of human glioma cells through downer- 
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gulation of uPA and uPAR gene expression. Overexpression of 
TTP promoted the decay of uPA and uPAR mRNAs through 
binding to AREs within the 3′UTR of their mRNAs. Furthermore, 
TTP inhibited growth and invasion of U87MG human glioma 
cells. These results suggest that uPA and uPAR are physiolog-
ical targets of TTP in human glioma cells and TTP-mediated 
downregulation of uPA and uPAR may be used to suppress the 
progression of glioma. 
 
MATERIALS AND METHODS 
 
Cells 
U87MG, U373MG, T98G human glioma cells and RAW264.7 
mouse macrophage-like cells (ATCC, USA) were maintained in 
high-glucose Dulbecco’s minimal essential medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 100 U/ml 
penicillin, and 100 g/ml streptomycin at 37C and 5% CO2. 
 
Human tissue samples 
Human tissue samples were collected during surgical resection 
in the Department of Neurosurgery, Seoul National University 
Hospital (SNUH), Korea. All procedures were approved by the 
Institutional Review Board at SNUH (IRB approval H-0B05-
036-243) and written consent was obtained from all donors. 
Samples were snap frozen in liquid nitrogen immediately after 
resection and stored at -80C until use. 
 
Adenovirus production and infection 
Adenovirus expressing green fluorescent protein (GFP)-tagged 
TTP (Ad-TTP-GFP) was prepared and propagated in HEK 
293A cells as described previously (Park et al., 2007). After 
purification by cesium chloride gradient centrifugation, adenovi-
ruses were dialyzed into storage buffer. U87MG cells were 
transduced with Ad-TTP-GFP (U87MG/Ad-TTP) and incubated 
at 37C for 48 h before assays. 
 
Plasmids, transfection, and luciferase assay 
U87MG cells were transfected with TTP-expressing pcDNA6/ 
V5-HisA vector (pcDNA6/V5-TTP) (Invitrogen, USA) (Lee et al., 
2010b) using TurboFect in vitro transfection reagent (Fermen-
tas, USA) for overexpression of TTP. 

For luciferase assays, U87MG cells were co-transfected with 
test constructs, psiCHECK-Frag-uPA or uPAR 3′UTR, and 
pcDNA6/V5-TTP using TurboFect in vitro transfection rea-
gent. Transfected cells were lysed with lysis buffer (Promega, 
USA) and mixed with luciferase assay reagent (Promega) and 
the chemiluminescent signal was measured in an Infinite M200 
Pro (Tecan, Switzerland). Firefly luciferase signal was norma-
lized to that of Renilla luciferase for each sample. All luciferase 
assay data reported here represent at least three independent 
experiments, each consisting of three wells per transfection. 
 
Reverse transcription (RT)-PCR 
Total RNA was extracted using TRIzol reagent (Invitrogen) 
according to the manufacturer’s instructions. Total RNA (1 g) 
was used for cDNA synthesis in an iCycler thermocycler (Bio-
Rad Laboratories, USA). RT-PCR was performed using rTaq 
polymerase (Elpis biotech, Korea). Primers were designed 
based on the reported human cDNA sequences for uPA, uPAR, 
and hGAPDH in the NCBI data bank. Sequences of the primers 
used for PCR were as follows: TTP: AGGCCAATCGCCACC-
CCAAA, GTGCCAGGGGCAGCAGAGAA; uPA: ACTTCTC-
CAACATTCACTGG, ATTCTTCTGGAGGAGAGGAG; uPAR: 
TGCCCGGGCTCCAATGGTTT, ATTCTTCTGGAGGAGAGGAG; 

hGAPDH: AGCTGAACGGGAAGCTCACT, TGCTGTAGCCA-
AATTCGTTG (Bioneer Corporation, Korea). 
 
Quantitative real-time PCR (Q-PCR) 
For RNA kinetic analysis, the amount of uPA and uPAR mRNA 
was assessed in the presence of actinomycin D by quantitative 
real-time PCR (Q-PCR) using EvaGreen qPCR Mastermix 
(Applied Biological Materials Inc., Canada) in a Light Cycler 480 
II (Roche Applied Science, USA). The results were evaluated 
by melting curve analysis and agarose gel electrophoresis. 
PCR primer pairs were as follows: quPA: CCCTGCCTGCCC-
TGGAACTC, AGCGGCTTTAGGCCCACCTG; quPAR: CATT-
GACTGCCGAGGCCCCA, TGCTGAAGGCGTCACCCAGG; 
qh-GAPDH: GCACCCCTGGCCAAGGTCAT, ACGCCACAGT-
TTCCCGGAGG. 
 
Electrophoretic mobility shift assay (EMSA) 
Biotinylated RNA probes for the wild-type sequence (uPA-ARE-
WT, ACUCCUGUACACUGAAUAGCAUAUUUCACUAUUUU-
UAUUUAUAUUUUUG-UAAUUUUAAA; uPAR-ARE-WT, GU-
UGU-UGUUAUUAAUUAAUAUUCAUAUU-AUUUAUUUUAU-
ACUU-ACAUAAAGAUUUUGUACC) were synthesized by 
Samchully Pharm. Co. Ltd. (Korea). The mutant (MuT) RNA probes 
as negative control were substituted into AGCA instead of the 
AUUUA sequences of uPA and uPAR ARE-WT. Cytoplasmic 
extract was prepared from pcDNA6/V5-TTP-transfected U87-
MG cells using NE-PER Nuclear and Cytoplasmic Extraction 
Reagent (Thermo Pierce Biotechnology Scientific, USA). RNA 
EMSA was performed using the LightShiftTM Chemilumines-
cent EMSA Kit. 
 
Western blotting 
Equivalent amounts of total protein (20-30 g) were separated 
by SDS-PAGE on an 8-12% polyacrylamide gel and then trans-
ferred to a nitrocellulose membrane (Whatman GmbH, Germa-
ny) using a semi-dry transfer apparatus (Bio-Rad Laboratories) 
submerged in transfer buffer (25 mM Tris, 192 mM glycine, 
20% methanol, pH 8.3). The membrane was blocked with 5% 
skim milk in 0.1% Tween-20/Tris-buffered saline (TTBS) and 
incubated with the appropriate dilution of primary and second-
ary antibodies. Antibodies were used: TTP, -tubulin, and -
actin (Sigma-aldrich, USA), uPA and uPAR (Epitomics, USA). 
Immunoreactivity was detected by chemiluminescence (ECL; 
Advansta, USA) using LAS 4000 (Fujifilm, Japan). 
 
Methylthiazoltetrazolium (MTT) assay 
U87MG cells were seeded in 96-well plates at a density of 3  
103 cells/well. After the designated treatment, 100 l of MTT 
solution (2 mg/ml) was added to each well, and the cells were 
incubated at 37C for an additional 2 h. DMSO was added to 
dissolve the formazan crystals and mixed thoroughly. Absor-
bance was measured at 570 nm using an Infinite M200 Pro (Tecan). 
 
Colony formation assay 
For soft agar colony formation assay, cells (5  103) were 
plated in 0.35% agar medium with 10% FBS overlaid onto the 
previously prepared 0.5% base agar. The medium were 
changed every 3 days. After 2 weeks, colonies were stained 
with 0.005% crystal violet and counted under a light microscope 
(IX71, Olympus, Japan). 

For colony formation assay, cells (1  103) were seeded in 6-
well plate. The medium were changed every 3 days. After 2 
weeks, colonies were stained with 0.05% crystal violet and 
counted (Ku et al., 2011). 
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Cell invasion assay 
Briefly, U87MG cells were seeded on Matrigel-coated Trans-
well inserts (Corning Incorporated, USA) at a density of 1 × 105 
cells/well in triplicate in 100 l DMEM. After 24-h incubation, the 
filter inserts were removed and the cells were fixed with metha-
nol at -20C for 5 min and washed three times with distilled 
water. Cells were stained with DAPI (1 g/ml) for 10 min and 
rinsed three times with distilled water. The cells on the upper 
side of the Transwell filter were removed with cotton swabs. 
The number of invading cells was quantified under a fluores-
cence microscope (IX71, Olympus). 
 
Statistical analysis 
Data are expressed as mean  SEM. Statistical significance 
was determined using the Student’s t-test (Prism; GraphPad 
Software, Inc., USA). P values < 0.05 were considered statisti-
cally significant (*P < 0.05, **P < 0.01, and ***P < 0.001). 

RESULTS 
 
TTP overexpression reduces the expression of uPA and 
uPAR in U87MG human glioma cells 
To determine the endogenous level of TTP expression, West-
ern blotting was performed using three human glioma cell lines. 
TTP protein expression was very low in all three glioma cell 
lines compared with the positive control [RAW 296.7 mouse 
macrophage-like cells treated with lipopolysaccharides for 2 h 
as recommended by the supplier of the anti-TTP antibody 
(Sigma-aldrich)] (Fig. 1A). Ad-TTP-GFP virus was transduced 
into U87MG cells to establish transient expression of TTP-GFP 
(U87MG/Ad-TTP). As a negative control, U87MG cells were 
transduced with empty Ad-GFP virus (U87MG/Ad-GFP). Over-
expression of TTP in U87MG/Ad-TTP cells was confirmed by 
RT-PCR and Western blotting (Fig. 1B). 

The uPA and uPAR system is known to play a key role in 
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Fig. 1. Overexpression of TTP 
inhibits uPA and uPAR expres-
sion. (A) Endogenous expression 
of TTP in three human glioma cell 
lines was determined by Western 
blotting. RAW264.7 cells that were 
treated with LPS for 2 h were 
used as a positive control. The -
tubulin was used as loading con-
trol. (B) U87MG cells were trans-
duced with Ad-TTP-GFP or empty 
Ad-GFP virus. Expression levels of
TTP, uPA, and uPAR were de-
termined by RT-PCR and West-
ern blotting. hGAPDH and -actin 
were used as loading controls. (C) 
U87MG cells were transfected with
pcDNA6/V5-TTP vector (U87MG/TTP)
or empty pcDNA6/V5 vector (U87MG/
pcDNA6). The ex-pression of uPA 
and uPAR mRNAs in U87MG 
cells was determined by Q-PCR 
at the indicated times after addi-
tion of 5 g/ml actinomycin D. 
Data are presented as means  
SEM. of three independent expe-
riments (*P < 0.05 and ***P < 
0.001). (D) Expression levels of 
TTP, uPA and uPAR in 9 human 
normal brain tissues and 10 hu-
man glioma tissues were deter-
mined by Western blotting. Rep-
resentative results are shown in 
this figure. 
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cancer progression, invasion, and angiogenesis (Andreasen et 
al., 2000). In particular, uPA and uPAR are highly expressed in 
human glioblastoma tissue samples compared with low-grade 
tumor or normal brain tissue samples (Gladson et al., 1995). In 
this study, TTP overexpression resulted in decreased expres-
sion of both uPA and uPAR in human glioma cells at both 
mRNA and protein levels (Fig. 1B). 

To examine whether reduced expression of uPA and uPAR 
resulted from decreased stability of uPA and uPAR mRNAs, 
the half life of these mRNAs was measured by Q-PCR in 
U87MG cells transfected with pcDNA6/V5-TTP (U87MG/TTP) 
or pcDNA6/V5 empty vector (U87MG/pcDNA6). After actino-
mycin D treatment, the half life of uPA mRNA was 1.5 h in 
U87MG/TTP cells and 3 h in U87MG/pcDNA6 cells, respec-
tively. In addition, the half life of uPAR mRNA was 0.5 h in 
U87MG/TTP cells and 5.5 h in U87MG/pcDNA6 cells (Fig. 1C). 
These results indicate that TTP overexpression significantly 
induces the decay of uPA and uPAR mRNAs. 
 
TTP expression is inversely correlated with uPA and uPAR 
expression in human glioma 
The expression level of TTP protein was detected by Western 
blotting in 10 surgically resected human glioma tissues and 9 
normal human brain tissues. Representative results are shown 
in Fig. 1D. In some human glioma tissues from patients, TTP 
protein expressed low level. However, TTP protein expression 
level in human glioma tissues was relatively lower than that in 
normal brain tissues. In contrast to TTP, uPA and uPAR were 
expressed at higher levels in human glioma tissues than in 

normal brain tissues (Fig. 1D). These results suggest that TTP 
expression is inversely correlated with the expression of uPA 
and uPAR in human glioma. 
 
uPA and uPAR AREs are essential for the inhibitory effect 
of TTP 
Sequence analysis of the 932-bp 3′UTR of the human uPA 
transcript reveals the presence of two ARE motifs (Nanbu et al., 
1994). The 319-bp sequence corresponding to the 3′UTR of the 
human uPAR transcript contains one ARE motif (Roldan et al., 
1990). In this study, luciferase reporter constructs containing 
fragments derived from the 3′UTR of uPA and uPAR mRNAs 
were cloned downstream of the luciferase reporter gene in the 
psiCHECK2 luciferase expression vector (Fig. 2A). For TTP 
overexpression, U87MG cells were transfected with pcDNA6/ 
V5-TTP (U87MG/TTP). As a negative control, U87MG cells 
were transfected with an empty pcDNA6/V5 vector (U87MG/ 
pcDNA6) (Fig. 2B). 

To determine whether the 3′UTR of uPA and uPAR mRNAs 
was required for TTP-mediated destabilization of the respective 
mRNA, U87MG cells were co-transfected with the psiCHECK2 
luciferase expression vector containing fragments of the uPA or 
uPAR 3′UTR and with pcDNA6/V5-TTP. Luciferase activity of 
uPA and uPAR was significantly inhibited compared with 
U87MG cells co-transfected with pcDNA6/V5 empty vector (Fig 
2C). These results imply that the 3′UTR of uPA and uPAR 
mRNAs is involved in the destabilization of uPA and uPAR 
mRNAs by TTP..
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activity. Results are presented as the mean  SEM. of three independent experiments (***P < 0.001). 

Fig. 2. uPA and uPAR AREs 
are essential for the inhibitory 
effect of TTP. (A) Schematic 
representation of the lucife-
rase reporter constructs used 
in this study. Fragments de-
rived from the uPA and uPAR 
mRNA 3′-UTRs were cloned 
downstream of the luciferase 
reporter gene in the psiCHECK2
luciferase expression vector. 
White circles, ARE pentamer 
motifs (AUUUA). (B) U87MG 
cells were transfected with 
pcDNA6/V5-TTP (U87MG/TTP)
for overexpression of TTP, or 
with empty pcDNA6/V5 vec-
tor (U87MG/pcDNA6) as a 
negative control. TTP expres-
sion was determined by West-
ern blotting. The -actin was 
used as loading control. (C) 
U87MG cells were co-transfected
with pcDNA6/V5-TTP or empty
vector and 0.3 g psiCHECK2
luciferase reporter construct 
containing various fragments 
derived from uPA and uPAR 
mRNA 3′UTR as described in 
(A). Luciferase activity was 
normalized to firefly luciferase 
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Fig. 3. TTP binds to uPA and uPAR AREs. RNA EMSA was per-
formed by mixing cytoplasmic extract containing 1 g of total protein 
from pcDNA6/V5-TTP-transfected U87MG cells with 20 fmol of bioti-
nylated uPA and uPAR WT (AUUUA) or MuT (AGCA) probes. Anti-
TTP or control (anti-mouse IgG) antibody was added to the reaction 
mixtures as indicated. The binding reactions were separated by elec-
trophoresis on a 5% polyacrylamide gel under nondenaturing condi-
tion. Arrows indicate the position of the RNA-protein complex. 
 
 
 
TTP binds to uPA and uPAR AREs 
Previous studies showed that TTP binds to the AREs located in 
the 3′UTR of mRNAs (Cao, 2004). To determine whether TTP 
 
 

directly interacted with AREs within the 3′UTR of uPA and 
uPAR mRNAs, RNA EMSA was performed using biotinylated 
RNA probes containing WT or MuT AREs of uPA and uPAR. 
The RNA probes used in EMSA were the same as those used 
in the luciferase assay. The MuT RNA probes used as negative 
controls contained AGCA instead of the AUUUA sequences of 
uPA and uPAR ARE-WT. Cytoplasmic extract prepared from 
U87MG cells transfected with pcDNA6/V5-TTP was incubated 
with biotinylated RNA probes containing WT or MuT AREs of 
uPA and uPAR 3′UTR. When RNA EMSA was conducted us-
ing the uPA-ARE-WT and uPAR-ARE-WT probe, a dominant 
RNA-protein complex was observed. However, this complex 
was not formed with uPA-ARE-MuT and uPAR-ARE-MuT. 
Complex formation was decreased in the presence of anti-TTP 
antibody (Ab) (Fig. 3). Overall, these results suggest that TTP 
regulates the expression of uPA and uPAR mRNAs by binding 
to the ARE in the 3′UTR. 
 
TTP inhibits cell growth and invasion of human glioma 
cells 
Several studies have shown that downregulation of either uPA 
or uPAR inhibits glioma cell invasion, tumor growth, and angi-
ogenesis (Gondi et al., 2004). To determine whether TTP af-
fects growth and invasion of U87MG cells through decay of 
uPA and uPAR mRNAs, cell growth and invasion was meas-
ured using MTT assay, colony formation assay, and cell inva- 
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Fig. 4. TTP inhibits growth and invasion of U87MG cells. U87MG cells were transduced with Ad-TTP-GFP (U87MG/Ad-TTP) or empty Ad-GFP 
(U87MG/Ad-GFP) virus. (A) MTT assay was performed to determine the effect of TTP on cell growth for 72 h. Cell survival relative to that of the 
control (%) is presented as the mean  SEM. of eight independent experiments (***P < 0.001). (B) Anchorage-independent growth of U87MG cells. 
Cells were seeded in soft agar after transduction with Ad-TTP-GFP (U87MG/Ad-TTP) or empty Ad-GFP (U87MG/Ad-GFP) virus. Then, cells were 
cultured for 2 weeks, colonies were stained with 0.005% crystal violet. Photographs were taken at a magnification of 100. Colonies were counted 
and represented as the mean  SEM. of three independent experiments (***P < 0.001). (C) Anchorage-dependent growth of U87MG cells. Cells 
were seeded in 6-well plate and cultured for 2 weeks. After 2 weeks, colonies were stained with 0.05% crystal violet. Colonies were counted and 
represented as the mean  SEM. of three independent experiments (*P < 0.05). (D) Cell invasion was assessed by matrigel invasion assay. Data 
are presented as the mean  SEM. of three independent experiments (***P < 0.001). 
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sion assay in U87MG cells transduced with Ad-TTP-GFP 
(U87MG/Ad-TTP) or empty Ad-GFP virus (U87MG/Ad-GFP). 
U87MG/Ad-TTP cell growth determined by MTT assay for 72 h 
was suppressed in U87MG/Ad-TTP cells (Fig. 4A). Overex-
pression of TTP also inhibited colony-forming ability of human 
glioma cells. The size and numbers of colonies in anchorage-
independent (Fig. 4B) and -dependent manners (Fig. 4C) were 
decreased in U87MG/Ad-TTP cells. Moreover, cell invasion 
was suppressed in U87MG/Ad-TTP cells compared with 
U87MG/Ad-GFP cells (Fig. 4D). These results show that TTP 
inhibits cell growth and invasion in human glioma by increasing 
the decay of uPA and uPAR mRNAs. 
 
DISCUSSION 
 
TTP, a tandem CCCH zinc-finger RNA-binding protein, regu-
lates the stability of several ARE-containing mRNAs (Baou et 
al., 2009). Previous studies reported that TTP expression is 
suppressed in many cancer cells compared with normal cell 
types. Moreover, a lack of TTP is associated with a variety of 
cancer-related processes (Brennan et al., 2009). In this respect, 
regulation of TTP expression has been shown to play a role in 
several cancers such as colon, breast, skin, lung, and brain 
(Lee et al., 2013; Suswam et al., 2008). However, its role in 
glioma has not been fully investigated.  

In the present study, we demonstrated very low endogenous 
expression of TTP in three human glioma cell lines, U87MG, 
U373MG, and T98G (Fig. 1A). Furthermore, TTP protein ex-
pression in human glioma tissues was relatively lower than that 
in normal brain tissues (Fig. 1D). Previous studies have identi-
fied underlying mechanisms linking a deficiency of TTP with 
cancer. A number of micro RNAs that are overexpressed in the 
tissue of breast cancer patients, such as miR-29a, bind specifi-
cally to the 3′UTR of TTP mRNA and reduce its expression (Al-
Ahmadi et al., 2013). In addition, phosphorylation of TTP by the 
p38 MAPK/MK2 pathway induces removal of TTP protein by 
proteasomes (Brook et al., 2006) and leads to the progression 
of tumors through increased mRNA stability of VEGF and IL-8, 
which are normally downregulated by TTP (Suswam et al., 2008).  

The production of pro-uPA and its activation to uPA by bind-
ing to uPAR plays a key role in glioma cell invasion because 
uPA is required for effective activation of plasmin to plasmino-
gen and subsequent degradation of the extracellular matrix 
(Ellis and Dano, 1993). The expression of both uPA and uPAR 
correlates with an invasive cancer cell phenotype and poor 
prognosis. uPA and uPAR are highly expressed in human 
glioblastoma tissue samples compared with low-grade or nor-
mal brain tissue samples (Gladson et al., 1995). Moreover, TTP 
has been shown to regulate uPA and uPAR expression in inva-
sive breast cancer cells (Al-Souhibani et al., 2010). In the 
present study, transient overexpression of TTP in U87MG gli-
oma cells was achieved using Ad-GFP virus (Fig. 1B) or 
pcDNA6/V5 vector (Fig. 2B). Our data demonstrated that over-
expression of TTP reduced uPA and uPAR expression (Fig. 
1B) and destabilized their mRNAs (Fig. 1C). In addition, in con-
trast to the low level of endogenous expression of TTP, uPA 
and uPAR were expressed at higher levels in human glioma 
tissues compared with normal brain tissues (Fig. 1D), indicating 
that TTP expression is inversely correlated with uPA and uPAR 
expression in human glioma tissues. 

TTP is an ARE-binding protein that induces decay of ARE-
containing mRNAs (Lee et al., 2010a). Genes that contain 
AREs in their 3′UTR include growth factors and proto-
oncogenes (c-fos, c-myc, and VEGF) (Bakheet et al., 2001) as 

well as invasion-associated genes (uPA, uPAR, and MMP-11) 
(Al-Souhibani et al., 2010). Recent studies have been shown 
TTP controls the decay of growth factors and proto-oncogenes 
(Marderosian et al., 2006). The present study demonstrates 
that TTP negatively regulates the expression of uPA and uPAR 
through direct binding to the AREs within the 3′UTR of their 
mRNAs. Specifically, the expression of luciferase reporter 
genes containing the uPA or uPAR 3′UTR was inhibited by TTP 
overexpression (Fig. 2C) and RNA EMSA showed that TTP 
interacted with ARE regions within the 3′UTR of uPA and uPAR 
mRNAs (Fig. 3). 

Several anticancer therapeutic approaches targeting uPA 
and uPAR function using selective inhibitors of uPA activity, 
antagonist peptides, monoclonal antibodies that suppress uPA 
binding to uPAR, and gene therapy techniques silencing uPA 
and uPAR expression have been shown to have antitumor 
effects in xenograft models (Ulisse et al., 2009). More recently, 
regulation of uPA and uPAR using antisense or small hairpin 
RNA (shRNA) was shown to inhibit cell invasion, tumor growth, 
and angiogenesis in human glioma cells (Gondi et al., 2004). In 
the current study, TTP overexpression inhibited growth (Figs. 
4A-4C) and invasion (Fig. 4D) of U87MG cells. Consistent with 
these findings, expression of TTP has been shown to suppress 
cell growth and invasion in brain and colon cancer cells (Selmi 
et al., 2012; Stoecklin et al., 2003). These findings indicate that 
TTP performs a tumor suppressor function by regulating the 
mRNA stability of ARE-containing genes such as uPA and 
uPAR. 

In summary, this study demonstrates that TTP expression 
was inversely correlated with uPA and uPAR expression in 
human glioma cells and tissues. Moreover, TTP destabilized 
uPA and uPAR mRNAs by binding to the ARE regions within 
the 3′UTR of their mRNAs. Furthermore, upregulation of TTP 
expression suppressed growth and invasion of U87MG cells. 
These findings implicate regulation of TTP expression as a 
promising therapeutic tool for human glioma, and further stu-
dies of the role in TTP in human glioma are therefore warranted. 
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