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ABSTRACT

Urokinase receptor (uPAR) expression is up-regulated and represents a negative 
prognostic marker in most cancers. We previously reported that uPAR and CXCR4 can 
be regulated by common microRNAs in leukemia cells. Transcripts containing response 
elements for shared microRNAs in their 3’UTR may regulate their availability.

We investigated uPAR 3’UTR capability to recruit microRNAs, thus regulating 
the expression of their targets. uPAR 3’UTR transfection in KG1 leukemia cells up-
regulates the expression of endogenous uPAR. Transfection of uPAR 3’UTR, inserted 
downstream a reporter gene, increases uPAR expression and simultaneously down-
regulates the reporter gene expression. Transfection of uPAR 3’UTR also increases 
CXCR4 expression; accordingly, uPAR silencing induces down-regulation of CXCR4 
expression, through a mechanism involving Dicer, the endoribonuclease required for 
microRNA maturation.

Transfection of uPAR 3’UTR also increases the expression of pro-tumoral 
factors and modulates cell adhesion and migration, consistently with the capability 
of uPAR3’UTR-recruited microRNAs to target several and different transcripts and, 
thus, functions.

Finally, we found 3’UTR-containing variants of uPAR transcript in U937 leukemia 
cells, which show higher levels of uPAR expression as compared to KG1 cells, in which 
these variants are not detected.

These results suggest that uPAR mRNA may recruit oncosuppressor microRNAs, 
allowing the expression of their targets.

INTRODUCTION

The urokinase (uPA) receptor (uPAR) focuses uPA 
proteolytic activity on the cell membrane, thus promoting 
localized plasminogen activation and degradation of 
extracellular matrix (ECM) [1]. uPAR is also an adhesion 
receptor for vitronectin (VN) [2–3]. uPA and VN, upon 
binding uPAR and activation of uPAR co-receptors, induce 
proteolysis-independent intracellular signalling, regulating 
cell adhesion, migration, survival and proliferation [1, 4–
6]. uPAR expression can be regulated by various factors, 
indicating the potentially complex nature of uPAR gene 
regulation, consistent with a role for this molecule in 

several biological activities [7]. uPAR gene has a strong 
promoter region, which contains consensus sequences 
for various transcription factors [7]. Post-transcriptional 
regulation of uPAR expression via mRNA-binding 
proteins has been previously demonstrated [8–11].

Several types of non-coding RNAs have been 
identified in the last decade, and represent most of the 
human transcriptome [12]; non-coding transcripts include 
microRNAs (miRs). MiRs regulate gene expression 
by pairing with response elements generally located in 
the 3’UTR of target mRNAs, thus inhibiting transcript 
translation and, often, inducing their degradation [13]. 
MiRs play key roles in many biological processes and are 
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aberrantly expressed in several malignancies. Indeed, some 
miRs can act as oncosuppressor genes, down-regulating 
the expression of specific oncogenes, whereas other miRs 
can act as oncogenes, down-regulating oncosuppressor 
genes. On these basis, miR levels have rapidly emerged 
as valuable markers for cancer diagnostics and promising 
targets in therapeutics; preclinical and clinical trials have 
been initiated for miRNA based therapeutics [14].

Emerging evidences of RNA-RNA crosstalk 
indicate new layers of gene expression regulation. 
It has been proposed in recent years that transcripts, 
which contain response elements for shared miRs, may 
regulate each other by titrating miR availability, thus 
acting as competing endogenous RNAs (ceRNAs). This 
hypothesis has been initially demonstrated for the non-
coding PTENP1 and KRAS1P pseudogenes, whose 
transcripts can bind to and compete for the same pool 
of miRs bound by the transcripts of their ancestral genes 
PTEN and KRAS [15]. Since then, other ceRNAs have 
been validated, including other pseudogenes transcripts, 
some mRNAs, long non-coding (lnc) RNAs, circular 
(circ) RNAs [16]. RNAs with competing activity have 
been reported in various tumor types; in hematological 
malignancies, BRAFP1 pseudogene, several lncRNAs and 
c-myc mRNA have been reported as ceRNAs [17].

Overall, these findings suggest a powerful and 
unexpected biological activity for the different RNA types.

Recently, we identified oncosuppressor miRs able 
to target uPAR mRNA in acute myeloid leukemia (AML) 
cells [18]; thus, uPAR mRNA may participate to the 
RNA network regulating gene expression. In particular, 
since uPAR is up-regulated in most cancers, its transcript 
could act as a natural sponge for specific oncosuppressor 
miRs, allowing the translation of their oncogenic targets. 
Interestingly, variants of uPAR transcripts, containing the 
3’UTR, have been identified in some tissues and cell lines, 
including peripheral blood mononuclear cells (PBMCs) 
and the AML THP-1 cell line [19].

We then explored the possible ceRNA activity of the 
3’UTR of uPAR mRNA in AML cells and the functional 
implications of this activity.

RESULTS

uPAR 3’UTR up-regulates expression and 
function of endogenous uPAR

miRs are multitarget regulators of gene expression. 
We recently identified two miRs, miR-146a and miR-
335, regulating uPAR expression in AML cell lines and in 
AML blasts. Indeed, these miRs directly target the 3’UTR 
of uPAR-mRNA and are highly expressed in KG1 acute 
myelogenous leukemia cells, which express low amounts 
of uPAR [18]. We hypothesized that transfection of uPAR-
3’UTR could be able to recruit endogenous miR-146a and 
miR-335 and, possibly, other not yet identified miRs, 

competing with their targets, including endogenous uPAR 
mRNA, thus allowing their expression.

We transiently transfected KG1 cells with the 3’UTR 
of uPAR or with the empty vector as control; transfected 
cells were harvested after 24h and 48h, lysed and analyzed 
by Western blot with uPAR specific antibodies. Western 
blot analysis showed that uPAR 3’ UTR induced an up-
regulation of endogenous uPAR expression as compared 
to the empty vector both at 24h and 48h after transfection 
(Figure 1A, left). uPAR mRNA levels in transfected 
cells were also evaluated to verify that increased uPAR 
content at protein level was due to mRNA stabilization 
and not to delayed degradation of the protein. qRT-PCR 
analysis of uPAR mRNA levels in 3’UTR-transfected cells 
showed that uPAR increase at protein level corresponded 
to increased uPAR mRNA level at 24h from transfection 
(Figure 1A, right).

We then assessed whether uPAR 3’UTR transfection 
affects the levels of miRs targeting uPAR in this cell line 
[18], thus indirectly increasing uPAR expression. Indeed, 
uPAR 3’UTR transfection did not change the levels of 
examined miRs (not shown).

uPA, upon binding to uPAR, is able to induce 
migration of uPAR expressing cells. To examine the 
functionality of increased uPAR, chemotaxis assays were 
performed, showing that KG1 cells, transfected with uPAR 
3’UTR, migrated more efficiently towards a specific uPAR 
ligand, the aminoterminal fragment of uPA (ATF), as 
compared to control cells, consistently with the increased 
expression of the receptor (Figure 1B).

All together, these results demonstrate that the 
3’UTR of uPAR mRNA, devoid of any coding sequence, 
is able to induce the increase of uPAR expression and of 
uPAR-dependent cell migration.

uPAR 3’UTR up-regulates uPAR expression by 
recruiting endogenous negative regulators of 
uPAR expression

We explored the mechanism regulating the increase 
of endogenous uPAR expression induced by uPAR 3’UTR 
transfection. To investigate whether uPAR 3’UTR is able 
to regulate the expression of a reporter gene, we used the 
uPAR 3’UTR-PGL3 construct in which the 3’UTR of 
uPAR is inserted immediately downstream the stop codon 
of the firefly-luciferase.

uPAR 3’UTR-PGL3 or the empty vector and the 
pRLSV40 vector, containing the Renilla-luciferase 
gene (for transfection efficiency normalization), were 
transiently co-transfected in KG1 cells; cells were then 
harvested and lysed after 24h. Cell lysates were assayed 
for firefly-luciferase activity or analyzed by Western 
blot for uPAR expression. Indeed, uPAR 3’UTR-PGL3 
strongly down-regulated firefly-luciferase activity as 
compared to control cells transfected with the empty 
vector (Figure 1C, left), indicating that uPAR 3’UTR 
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regulated negatively the expression of the reporter gene; at 
the same time, the uPAR 3’UTR increased the endogenous 
expression of uPAR (Figure 1C, right), as previously 
shown (Figure 1A). Thus, the observed increase of 
endogenous uPAR expression in uPAR 3’UTR-transfected 
cells was accompanied by the negative regulation of the 
reporter gene expression.

These results suggest that uPAR 3’UTR recruits 
endogenous factors able to down-regulate the expression 
of its upstream coding sequence, thus disengaging the 

endogenous targets of these cellular factors, including 
uPAR, whose expression results increased.

uPAR 3’UTR regulates the expression of CXCR4

We hypothesized that the endogenous factors 
recruited by uPAR 3’UTR could be uPAR-targeting 
miRs. Indeed, we recently reported that three miRs which 
regulate uPAR expression, i.e. miR-146a, miR-335 and 
miR-622, all highly expressed in KG1 cells, also regulate 

Figure 1: uPAR 3’UTR up-regulates endogenous uPAR expression and function and down-regulates the expression of 
the firefly-luciferase reporter gene. (A) KG1 cells were transfected with uPAR 3’ UTR or the empty vector; after 24h and 48h cells 
were lysed and 50 μg of cells lysates were analyzed by Western blot with an uPAR specific antibody; filters were reprobed with mouse 
anti-tubulin antibody for loading control (left panel). Cells transfected with uPAR 3’UTR or the empty vector were also lysed in Qiazol and 
analyzed by qRT-PCR with primers specific for uPAR and GAPDH (for normalization) (right panel). Results are expressed as fold change of 
uPAR expression respect to cells transfected with the empty vector. Values are the mean ±SEM of three experiments performed in triplicate; 
(*) p≤0.05 as determined by the Student’s t test. (B) KG1 cells, 24h after transfection with uPAR 3’ UTR or the empty vector, were loaded 
in Boyden chambers and allowed to migrate toward 5 nM uPA aminoterminal fragment (ATF) for 2h. Migrated cells were fixed, stained 
with hematoxylin and counted. Results of migration assays are expressed as percentage of cells migrated towards the chemoattractant over 
the cells migrated without chemoattractant; 100% value represents cell migration in the absence of chemoattractant. The values are the 
mean±SEM of three experiments performed in triplicate. (*) p≤0.05, as determined by the Student’s t test. (C) KG1 cells were transiently 
co-transfected with uPAR 3’UTR cloned into the firefly luciferase-expressing pGL3 vector or the empty vector, and with the pRLSV40 
vector, containing the Renilla-luciferase gene, as transfection efficiency control. Cells were lysed after 24h and assayed for the relative 
Firefly luciferase activity normalized to the internal control Renilla-luciferase (left) or analyzed by Western blot with an uPAR-specific 
antibody (right). Values are the mean ±SD of three experiments performed in triplicate. (*) p≤0.05 as determined by the Student’s t test.
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the expression of the chemokine receptor CXCR4 [18]. 
Thus, we investigated whether uPAR 3’UTR regulates 
also the expression of CXCR4 beside uPAR expression.

KG1 cells were thus transiently transfected with 
uPAR 3’UTR and analyzed for CXCR4 expression. 
Western blot analysis and qRT-PCR analysis of transfected 
cells showed an increase in CXCR4 expression as 
compared to control cells 24h after transfection, 
both at protein and mRNA levels (Figure 2A and 2B, 
respectively); no significant effects were observed 48h 
after transfection.

We then adopted the opposite approach, that is 
silencing of uPAR expression in the same cell line and 
analysis of CXCR4 expression. In this case, the reduced 
levels of endogenous uPAR mRNA (which includes its 
3’UTR) should make available higher levels of miRs 
targeting CXCR4, leading to a lower CXCR4 expression. 
Indeed, KG1 cells were transiently transfected with a 
uPAR-specific siRNA, which significantly reduced uPAR 
mRNA level after 24h, as demonstrated by qRT-PCR 
analysis; qRT-PCR analysis of CXCR4 expression on 
same transfected KG1 cells showed a parallel significant 

Figure 2: uPAR 3’UTR regulates the expression of CXCR4. (A) KG1 cells were transfected with uPAR 3’UTR or the empty 
vector; after 24h and 48h cells were lysed and 20μg of lysates were analyzed by Western blot with a CXCR4 specific antibody; filters were 
reprobed with a rabbit anti-GAPDH antibody for loading control (left panel). Detected bands were analyzed by densitometric scanning and 
the O.D. corresponding to CXCR4 bands were normalized to the O.D. of corresponding GAPDH bands (right panel: means ± S.E.M. of four 
separate experiments); (*) p≤0.05 as determined by the Student’s t test. (B) Part of cells transfected with uPAR 3’UTR or the empty vector 
were lysed in Qiazol and analyzed by qRT-PCR with primers specific for CXCR4 and GAPDH (for normalization). Results are expressed as 
fold change of CXCR4 expression respect to cells transfected with the empty vector. (C) KG1 cells were transfected with a uPAR targeting 
siRNA or with a control siRNA (CTRL); then, transfected cells were lysed in Quiazol at 24h and 48h and analyzed by qRT-PCR with uPAR 
or CXCR4 specific primers, and GAPDH primers for normalization. Results are expressed as fold change of uPAR or CXCR4 expression 
respect to cells transfected with the control siRNA. (D) KG1 cells were co-transfected with a uPAR- and a Dicer-specific siRNA or with a 
control siRNA; then, transfected cells were lysed in TRITON-X100 and 30μg of lysates were analyzed by Western blot with Dicer-specific 
antibodies. (E) KG1 cells were co-transfected with a uPAR- and a Dicer-specific siRNA or with a control siRNA; then, transfected cells were 
lysed in Quiazol at 24h and 48h from transfection and analyzed by qRT-PCR with uPAR or CXCR4 specific primers, and GAPDH primers 
for normalization. Results are expressed as fold change of uPAR or CXCR4 expression respect to cells transfected with the control siRNA.
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decrease of the CXCR4 transcript (Figure 2C). qRT-PCR 
analysis performed 48h after siRNA transfection showed 
that uPAR-mRNA level raised to basal level and, in 
parallel, also CXCR4 mRNA did the same (Figure 2C).

To explore the hypothesized involvement of miRs in 
this effect, we co-trasfected KG1 cells with the same uPAR 
siRNA and with a siRNA targeting the endoribonuclease 
Dicer, which is required for miRs biogenesis [13]. Dicer 
expression was strongly reduced 24h after transfection, as 
assessed by Western blot analysis with a Dicer specific 
antibody (Figure 2D). qRT-PCR analysis of uPAR-mRNA 
level confirmed the significant decrease of uPAR mRNA 
level 24h after uPAR-siRNA co-transfection, as expected; 
as hypothesized, uPAR silencing did not exert any effect 
on CXCR4-mRNA level in the absence of Dicer, and, thus, 
of mature miRs (Figure 2E). In both cases, no effects were 
observed 48h after transfection (Figure 2E).

Thus, in KG1 cells, transfection of uPAR 3’UTR 
increases the expression also of CXCR4 beside that of 
uPAR; accordingly, the decrease of the endogenous uPAR 

mRNA, which includes its regulatory 3’UTR, down-
regulates the level of CXCR4 mRNA. uPAR 3’UTR-
dependent negative regulation of CXCR4 mRNA occurs 
through a Dicer-dependent mechanism, suggesting miR 
involvement.

All together, these results support the hypothesis that 
transfected uPAR 3’UTR up-regulates uPAR and CXCR4 
expression by recruiting endogenous miRs targeting both 
receptors, thus allowing the translation of their transcripts.

uPAR 3’UTR modulates expression of various 
pro-tumoral proteins

Previous experiments focused on the effects of 
uPAR 3’UTR on the expression of uPAR itself and of 
CXCR4, which is known to be co-regulated with uPAR 
by common miRs in leukemia cells [18]. However, each 
miR regulates the expression of various targets; thus, miR 
recruitment by uPAR 3’UTR may affect the expression of 
other targets. Since uPAR expression is related to tumor 

Figure 3: uPAR 3’UTR modulates expression of pro-tumoral proteins. KG1 cells were transiently transfected with uPAR 
3’UTR or the empty vector; at 24h from transfection, supernatants were harvested and cells were lysed in TRITON-X100. 200 μg of cell 
lysates were analyzed by the Human XL Oncology Antibody Array (A). 200 μg of cell lysates and 2.5 ml of corresponding supernatants 
(SPN) were also analyzed by the Human Cytokine Antibody Array (B). Boxes mark proteins selected for validation.
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progression, to identify some of these potential targets, 
we assayed lysates of uPAR 3’UTR transfected KG1 cells 
with the HumanXL Oncology Antibody Array (R&D); 
lysates and TCA-precipitated supernatants of transfected 
cells were also assayed with the Human Cytokine 
Antibody Array.

Both arrays showed that uPAR 3’UTR induced 
variations in the expression of various factors, albeit 
to different extents. In Oncology Array, we validated 
cathepsins (B 9/10 and B11/12), IL-8 (E1/2), MMP2 
(F5/6), Vimentin (H11/12) variations in cell lysates 
(Figure 3A); in Cytokine array, we validated variations of 
ICAM1 (D7/8) and TfR1 (I 11/12) in cell lysates (Figure 
3B, left) and HGF variations in cell supernatants (D5/6) 
(Figure 3B, right). We confirmed the increase of these 
targets by Western blot analysis of lysates or supernatants 

of KG1 cells transiently transfected for 24h or 48h 
with uPAR 3’UTR or the empty vector (Figure 4). The 
significant increase occurred 24h after transfection and is 
more pronounced for IL-8, TfR1 and HGF.

We also analyzed cell lysates for the expression of 
well characterized oncogenes such Myc and RAS, finding 
no variations in RAS levels and, by contrast, up-regulation 
of Myc expression in uPAR 3’UTR transfected cells as 
compared to control cells (Figure 4).

To investigate whether observed increase in the 
expression of analyzed pro-tumoral factors may be due 
to the increase of uPAR expression rather than to the 
hypothesized mechanism, we analysed the expression 
of same factors in KG1 cells transfected with the uPAR 
cDNA lacking the 3’ UTR. Western blot analysis with 
specific antibodies showed that uPAR overexpression did 

Figure 4: Validation of uPAR 3’UTR-induced up-regulation of pro-tumoral proteins expression. KG1 cells were transiently 
transfected with the uPAR 3’UTR or the empty vector; after 24h and 48h cells were lysed. 20μg of cell lysates were analyzed by Western 
blot with antibodies against Cathepsins, MMP2 or ICAM-1; 10 μg, 40 μg and 5 μg of cell lysates were analyzed by Western blot with 
antibodies against IL-8, Vimentin and TfR1, respectively. Filters were reprobed with rabbit anti-GAPDH or mouse anti-tubulin antibodies 
as loading controls (A). Detected bands were analyzed by densitometric scanning and the O.D. corresponding to specific bands were 
normalized to the O.D. of corresponding GAPDH or tubulin bands (means ± S.E.M. of three separate experiments; (*) p≤0.05 as determined 
by the Student’s t test) (B).
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not influence the levels of previously examined targets, 
further supporting a ceRNA activity of uPAR 3’UTR (not 
shown).

uPAR 3’UTR influences cell adhesion and 
migration

MiRs regulate most biological processes, including 
cell adhesion, migration, proliferation [14].

We explored the possibility that uPAR 3’UTR, 
modulating the availability of specific miRs, influences 

these cell activities. To this end, KG1 cells were stably 
transfected with uPAR 3’UTR cloned in the PcDNA3.1(+) 
vector or with the empty vector as control.

First, capability of transfected cells to adhere to 
fibronectin (FN), a component largely present in stromas, 
was assayed, showing that uPAR 3’ UTR significantly 
increases KG1 cell adhesion as compared to control 
(Figure 5A).

Transfection of uPAR 3’UTR significantly increased 
also cell migration toward serum, as shown by cell 
migration assays in Boyden chambers (Figure 5B).

Figure 5: uPAR 3’UTR influences cell adhesion and migration. (A) 1.5x105 KG1 cells, stably transfected with uPAR 3’ UTR or 
the empty vector, were plated in wells pre-coated with 10 μg/ml of fibronectin (FN) or 1% BSA in PBS as a negative control, and incubated 
for 2h at 37°C, 5% CO2. Attached cells were fixed with 3% PFA and stained with crystal violet; stain was eluted and its absorbance at 540 
nm was measured with a spectrophotometer. Values corresponding to cells plated on FN were subtracted of values corresponding to cells 
plated on BSA. The values are the mean ± SEM of six experiments performed in triplicate. (*) p≤0.05, as determined by the Student’s t test. 
(B) 2x105 KG1 cells, stably transfected with uPAR 3’ UTR or the empty vector, were loaded in Boyden chamber and allowed to migrate 
towards 10% serum (FBS). Migrated cells were fixed, stained with haematoxylin and counted. Results of migration assays are expressed 
as percentage of cells migrated towards chemoattractants over the cells migrated without chemoattractants; 100% value represents cell 
migration in the absence of chemoattractants. The values are the mean ± SEM of five experiments performed in triplicate. (*) P ≤ 0.05, as 
determined by the Student’s t-test. (C) KG1 cells, stably transfected with uPAR 3’ UTR or the empty vector, were serum-starved for 16h 
and cultured with 5% FBS in IMDM; at 0, 24, 48 or 72h, 20μl/well of CellTiter 96 AQueous One Solution Reagent was added to each well 
and incubated for 4hrs at 37°C, 5% CO2. The absorbance was determined by an ELISA reader (Bio-Rad) at a wavelength of 490 nm. The 
values are the mean ± SEM of three experiments performed in quadruplicate.
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By contrast, no effects of uPAR 3’ UTR were 
observed on cell proliferation, since both 3’UTR- and 
vector-transfected cells showed the same proliferation rate 
up to three days (Figure 5C).

These results may suggest that the uPAR 3’UTR 
recruits mainly miRs involved in cell adhesion and 
migration rather than miRs involved in cell proliferation.

Expression of variants of uPAR transcripts in 
leukemia cells

Finally, to further explore the mechanism underlying 
uPAR 3’UTR effects, we looked for uPAR transcript 
variants carrying this regulatory region, independently on 
their translation in protein.

We focused on KG1 and U937 cells, expressing 
low and high levels of uPAR, respectively, as previously 
shown [18] and confirmed in Figure 6A; accordingly, KG1 
and U937 cells express, respectively, high and low levels 
of uPAR-targeting miRs [18].

Total RNAs from both cell lines were reversely 
transcribed and used as templates for two different PCRs, 
one performed with primers designed to amplify uPAR from 
Exon 2 to the stop-codon (PCR products: E2-UAA uPAR), 
the other performed with primers designed to amplify uPAR 
from Exon 2 to the whole 3’UTR (PCR products: E2-
3’UTR uPAR). Same amount (7μg) of PCRs products were 

electrophoresed (Figure 6B, left) and analyzed by Southern 
blot, probing the filter with labeled 3’UTR (Figure 6B, 
right). In the lanes containing the E2-3’UTR PCR products, 
a band corresponding to uPAR from Exon2 to the whole 
3’UTR was detected in both cell lines; the corresponding 
band lacking the 3’UTR was not detected in the E2-UAA 
PCR products, as expected (Figure 6B, right). Interestingly, 
U937 cells showed two additional bands containing the 
3’UTR, undetectable in KG1 cells, which may represent 
uPAR variants carrying the 3’UTR. Also these additional 
bands were not detected in the control PCR products 
lacking the 3’UTR, as expected (Figure 6B, right).

Thus, U937 cells seem to express uPAR transcript 
variants containing the uPAR 3’UTR, which may serve 
as decoy mRNAs for uPAR targeting miRs, promoting 
expression of uPAR and other targets.

DISCUSSION

uPAR is potentially involved in most crucial events 
underlying tumorigenesis and tumor progression [20–21]. 
In fact, this cell surface protein can regulate cell adhesion 
and migration, since it is a vitronectin receptor, associates 
to integrins regulating their activity, concentrates the 
proteolytic activity of uPA, promoting the focalized ECM 
degradation required for cell migration through tissues 
[1, 20]. uPAR is also involved in cell proliferation and 

Figure 6: Expression of variants of uPAR transcripts in leukemia cells. (A) KG1 or U937 cells were lysed and analyzed by 
Western blot with an anti-uPAR antibody; the filter was reprobed with an anti-GAPDH antibody for loading control. (B) KG1 and U937 
cells were lysed in Quiazol Reagent and total RNA reversely transcribed; then, 2 μl of reversely transcribed DNA were used for PCR 
amplification of the region encompassing uPAR from Exon2 to the stop codon UAA (E2-UAA) or of the region encompassing uPAR from 
Exon2 to the whole 3’UTR (E2-3’UTR). 7 μg of PCR products and the linearized uPAR 3’UTR-PcDNA3.1, as positive control, were 
analyzed by electrophoresis in 1.2% agarose gel containing ethidium bromide, photographed under ultraviolet illumination (B, left panel), 
blotted to a Nylon membrane and hybridized with biotinylated 3’UTR RNA probe (B, right panel).
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survival [22]. Accordingly, uPAR up-regulation represents 
a negative prognostic factor in various tumor types, 
including hematological malignancies as acute myeloid 
leukemia and multiple myeloma [23]. A comparative 
analysis between peripheral blood and bone marrow 
(BM) AML blasts at diagnosis and relapse revealed that 
uPAR expression was significantly higher in circulating 
blast cells and at relapse, suggesting that uPAR expression 
positively correlates with invasive manifestations of AML 
[23]. Further, uPAR is involved in hematopoietic stem cell 
mobilization and in their cross-talk with the bone marrow 
microenvironment [24–25].

Several efforts have been done to find strategies 
able to neutralize the multiple activities of this receptor 
[26–27]. However, here we aimed to investigate whether 
uPAR may be involved in pro-tumoral activities at a 
completely different level, that is at transcript level. 
Post-transcriptional regulation of uPAR expression has 
been previously reported; in fact, uPAR mRNA can bind 
proteic factors able to regulate its stability, as it occurs 
for other components of the plasminogen activator system 
[9–11]. We recently reported that uPAR expression can 
be regulated by three miRs, in particular by miR-146a 
and miR-335, endowed with oncosuppressor activity, 
expressed in leukemia cells and in AML blasts [18]. 
In last years, several evidence strongly supported the 
hypothesis that non-coding RNAs may form a highly 
complex network regulating gene expression [12], even 
with some criticisms and controversies [28]. All together, 
these emerging aspects about RNA types and functions 
prompted us to investigate whether uPAR may play new 
and unexpected role in cancer, in particular whether uPAR 
mRNA, which is target of oncosuppressor miRs, can 
act as a molecular sponge for them, thus promoting the 
expression of pro-tumoral genes.

We focused on the KG1 AML cell line as 
experimental system, since we previously demonstrated 
that, in these cells, the 3’UTR of uPAR mRNA is targeted 
by two highly expressed oncosuppressor miRs [18, 29–34].

We started to hypothesize that if transfected uPAR 
3’UTR recruits uPAR-targeting miRs, endogenous 
uPAR mRNA should be saved for translation, leading 
to increased uPAR expression. In fact, we show that 
overexpression of uPAR 3’UTR fused to a reporter gene, 
increases the expression of endogenous uPAR, down-
regulating the expression of the reporter gene. Then, 
we found that overexpression of uPAR 3’UTR also up-
regulates the expression of a uPAR co-regulated gene, 
CXCR4 [18] and, accordingly, the silencing of uPAR 
mRNA, containing the endogenous regulatory sequence, 
down-regulates CXCR4 expression. These uPAR 3’UTR 
effects are abrogated by silencing Dicer, the enzyme 
required for miR biogenesis, suggesting miRs as the 
regulatory factors recruited by uPAR 3’UTR. Since miRs 
are multitarget molecules and uPAR 3’UTR may bind 
also not yet identified miRs, regulating the expression of 

their unknown targets, we extended our investigation to 
the regulation of pro-tumoral factors, using microarray 
kits, showing and validating a uPAR 3’UTR-dependent 
increase in the expression of proteases, as Cathepsins and 
MMP2, an iron metabolism receptor as the transferrin 
receptor (TfR1), the cytoskeleton component vimentin, 
the intercellular adhesion molecule-1 (ICAM-1), the pro-
inflammatory chemokine Interleukin-8 (IL-8), and, finally, 
the oncogene Hepathocyte growth factor (HGF). Thus, 
uPAR 3’ UTR overexpression influences the expression of 
all these factors which are up-regulated and/or play a role 
in various tumors including AML [35–43]. Interestingly, 
uPAR 3’UTR also promotes cell adhesion and migration 
probably by regulating the expression of factors related to 
these biological processes.

Finally, we looked for uPAR transcript variants able 
to exert the hypothesized decoy activity of uPAR 3’ UTR, 
identifying two possible variants carrying the 3’UTR, thus 
capable to recruit uPAR-targeting miRs in U937 cells. 
These transcript variants are detected only in U937 cells, 
which express high uPAR levels as compared to KG1 
cells, in which the corresponding bands are undetectable.

Indeed, uPAR transcript variants have been 
previously reported in various cell types, including PMN, 
PBMC, THP1 leukemia cells [19, 44]; further, uPAR 
variant del4/5 mRNA (lacking exons 4 and 5) has been 
proposed as a novel prognostic marker in breast cancer 
[45–46]. However, much attention has been paid to their 
translation into protein, whereas it is possible that these 
uPAR mRNA variants have their own roles, crucial in the 
regulation of gene expression.

All together these results suggest that uPAR mRNA 
can act as a ceRNA, participating to the RNA network 
regulating gene expression in leukemia cells, promoting 
pro-tumoral activities independently on its translation in 
protein. These observation also imply that, in therapeutical 
approaches, it is crucial to distinguish uPAR mRNA 
activities from uPAR protein activities, because targeting 
the protein may not block uPAR mRNA activities, leading 
to inefficient strategies.

MATERIALS AND METHODS

Cell culture

KG1 acute myelogenous leukemia cell line 
was cultured in IMDM supplemented with 20% heat-
inactivated fetal bovine serum (FBS). U937 promonocytic 
leukemia cell line was cultured in RPMI 1640 
supplemented with 10% heat-inactivated FBS.

Transfections

The 319-bp fragment encompassing uPAR 3’UTR 
(http://genome.ucsc.edu/) was inserted in the XbaI 
site of the pGL3 vector, downstream the stop codon of 
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firefly-luciferase reporter gene, as previously described 
[18]. uPAR 3’UTR was also cloned in XbaI site of 
the PcDNA3.1(+) vector for stable transfections. The 
constructs were checked by sequence analysis.

KG1 cells were transfected by electroporation 
using Amaxa™ Nucleofector™ Technology, according 
to the protocol specifically indicated by the manufacturer 
(Lonza). 2×106 cells were transfected in 100μl of HBSS 
medium with 2μg of DNA or 100 nM siRNA uPAR or 200 
nM siRNA Dicer (Santa Cruz), then diluted to 1.6ml and 
incubated for the indicated times.

In transfections for luciferase assays, 70 ng of 
pRLSV40 plasmid (Promega), containing the Renilla-
luciferase, were co-trasfected for normalization of 
transfection efficiency.

Luciferase assay

Cells were co-transfected with the pGL3-3’UTR/
uPAR construct or the empty vector and pRLSV40 for 
normalization. After 24h, transfected cells were lysed and 
the luciferase activity was measured with a luminometer 
using the dual-luciferase reporter assay system (Promega) 
[18].

Western blot analysis

Cells were lysed in 1% Triton X-100 and the protein 
content measured by a colorimetric assay (BioRad); 
indicated amounts of cell lysates were electrophoresed in 
SDS-PAGE, transferred onto a PVDF filter (Millipore), 
blocked with 5% milk and probed with primary 
antibodies. Washed filters were incubated with horseradish 
peroxidase-conjugated secondary antibodies (Bio-Rad) 
and bands detected by ECL (Amersham).

RT-PCR

Cells were lysed in Qiazol (Life Technologies) 
and total RNA was isolated according to the supplier’s 
protocol. Total RNA (5μg) was reversely transcribed 
with random hexamer primers and 200 U of SSIII reverse 
transcriptase (Invitrogen). 2μl of reversely transcribed 
DNA were amplified for 30 cycles with 2.5 units of 
Taq polymerase (Invitrogen) using the forward primer 
5’ CGGTGCATGCAGTGTAAGAC-3’ and the reverse 
primer 5’-TTAGGTCCAGAGGAGAGTGC-3’ to 
amplify uPAR from exon2 to the stop codon UAA (PCR 
products: E2-UAA), or using the same forward primer 
5’ CGGTGCATGCAGTGTAAGAC-3’ and the reverse 
primer CCACTGGTACAAAATCTTTATG-3’ to amplify 
uPAR from exon2 to the whole 3’UTR (PCR products: 
E2-3’UTR).

For quantitative RT-PCR (qRT-PCR), 1 μg of 
total RNA was reverse-transcribed and 1 μl of a 1:10 
dilution was analyzed by qRT-PCR with a BioRad IQ5 
system, using IQTMSYBR Green Supermix for qPCR 

kit, according to manufacturer’s instructions. mRNAs 
levels were normalized to the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) mRNA levels. Primers, 
designed using Primer3 software and used at 0.25 μM, 
were previously described [18]. The relative levels of 
expression were calculated with the formula 2–ΔΔCt.

Southern blot

7μg of PCR products (see RT-PCR paragraph) 
were electrophoresed in 1.2% agarose gel containing 
ethidium bromide and photographed under ultraviolet 
illumination; then, the gel was incubated in 0.5 M 
NaOH, 1.5 M NaCl for DNA denaturation, neutralized 
and blotted to a Nylon membrane (Roche). The 3’UTR 
biotinylated RNA probe was prepared from 3’UTR-
PcDNA3.1(+) with MAXIscript kit using T7 polymerase 
and BIO16UTP, according to the manufacturer’s 
instruction (Thermo Scientific). The membrane 
was incubated for 16h at 68°C with labeled 3’UTR 
RNA probe (10 ng/ml), in hybridization buffer (50% 
formamide, 6X SSC, 5X Denhardt’s solution, 0.5% SDS, 
100μg/ml denatured salmon sperm DNA). Membrane 
was washed twice in 2X SSC, 0.5% SDS for 15 min at 
room temperature and twice in 0.1X SSC, 0.5% SDS 
for 60min at 60°C. Signal was detected by using the kit 
“Chemiluminescent nucleic detection module” (Thermo 
Scientific).

Cell migration assay

Migration was performed in Boyden chambers, 
using uncoated PVPF polycarbonate filters (5μm pore 
size) (Whatman). 2×105 cells were loaded in the upper 
chamber in serum-free medium; 5 nM ATF (American 
Diagnostica) or 10% FBS were added in the lower 
chamber as chemoattractants. Cells were allowed to 
migrate for 2h at 37°C, 5% CO2. Then, the cells on the 
lower surface of the filter were fixed in 70, 90, 100% 
ethanol, stained with Mayer’s hematoxylin, and counted 
at 20x magnification (10 random fields/filter).

Cell adhesion assay

Flat-bottom 96-well microtiter plates were coated 
with 10μg/ml of fibronectin (Roche) or 1% heat-
denatured BSA-PBS as a negative control, and incubated 
16h at 4°C. The plates were then blocked 1h at room 
temperature with 1% heat-denatured BSA-PBS. 1.5×105 
cells were plated in each coated well and incubated for 
2h at 37°C. Then, wells were washed and attached cells 
were fixed with 3% paraformaldehyde (PFA) at 37°C 
in PBS and then with 20% methanol. Cells were finally 
stained with 0.5% crystal violet in 20% methanol. Stain 
was eluted by 0.1 M sodium citrate in 50% ethanol, pH 
4.2, and the absorbance at 540 nm was measured with a 
spectrophotometer.
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Cell proliferation assay

Cells were serum-starved for 16h and then cultured 
with 5% FBS in IMDM; at 0, 24, 48 or 72h cell samples 
were harvested, diluted in 400μl and distributed in four 
wells of 96-well plates. Then, 20μl/well of CellTiter 96 
AQueous One Solution Reagent (Promega) was added and 
incubated for 4h at 37°C, 5% CO2. The absorbance was 
determined by an ELISA reader (BioRad) at a wavelength 
of 490 nm.

Statistical analysis

Differences between groups were evaluated by 
the Student’s t test using PRISM software (GraphPad, 
San Diego, CA). P≤ 0.05 was considered statistically 
significant.

CONFLICTS OF INTEREST

Authors declare that there are no conflicts of 
interest.

FUNDING

This work was supported by the Associazione 
Italiana per la Ricerca sul Cancro (AIRC, IG 16931) and 
by University of Salerno (FARB ORSA168237).

REFERENCES

1. Montuori N, Ragno P. Multiple activities of a multifaceted 
receptor: roles of cleaved and soluble uPAR. Front Biosci. 
2009; 14:2494-503.

2. Wei Y, Waltz DA, Rao N, Drummond RJ, Rosenberg S, 
Chapman HA. Identification of the urokinase receptor as 
an adhesion receptor for vitronectin. J Biol Chem. 1994; 
269:32380-8.

3. Rea VE, Lavecchia A, Di Giovanni C, Rossi FW, Gorrasi A, 
Pesapane A, de Paulis A, Ragno P, Montuori N. Discovery 
of new small molecules targeting the vitronectin-binding 
site of the urokinase receptor that block cancer cell invasion. 
Mol Cancer Ther. 2013; 12:1402-16.

4. Smith HW, Marshall CJ. Regulation of cell signalling by 
uPAR. Nat Rev Mol Cell Biol. 2010; 11:23-36.

5. Gorrasi A, Li Santi A, Amodio G, Alfano D, Remondelli P, 
Montuori N, Ragno P. The urokinase receptor takes control 
of cell migration by recruiting integrins and FPR1 on the 
cell surface. PLoS One. 2014; 9:e86352.

6. Alfano D, Ragno P, Stoppelli MP, Ridley AJ. RhoB 
regulates uPAR signalling. J Cell Sci. 2012; 125:2369-80.

7. Irigoyen JP, Muñoz-Cánoves P, Montero L, Koziczak M, 
Nagamine Y. The plasminogen activator system: biology 
and regulation. Cell Mol Life Sci. 1999; 56:104-32.

8. Montuori N, Mattiello A, Mancini A, Santoli M, Taglialatela 
P, Caputi M, Rossi G, Ragno P. Urokinase-type plasminogen 
activator up-regulates the expression of its cellular receptor 
through a post-transcriptional mechanism. FEBS Lett. 2001; 
508:379-84.

9. Montuori N, Rossi G, Ragno P. Post-transcriptional 
regulation of gene expression in the plasminogen activation 
system. Biol Chem. 2002; 383:47-53.

10. Montuori N, Mattiello A, Ragno P. Urokinase-mediated 
posttranscriptional regulation of urokinase-receptor 
expression in non small cell lung carcinoma. Int J Cancer. 
2003; 105:353-60.

11. Nagamine Y, Medcalf RL, Muñoz-Cánoves P. 
Transcriptional and posttranscriptional regulation of the 
plasminogen activator system. Thromb Haemost. 2005; 
93:661-75.

12. Tay Y, Rinn J, Pandolfi PP. The multilayered complexity 
of ceRNA cross-talk and competition. Nature. 2014; 
505:344-52.

13. Ha M, Kim VN. Regulation of microRNA biogenesis. Nat 
Rev Mol Cell Biol. 2014; 15:509-24.

14. Acunzo M, Romano G, Wernicke D, Croce CM. MicroRNA 
and cancer—a brief overview. Adv Biol Regul. 2015; 57:1-9.

15. Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A 
ceRNA hypothesis: the Rosetta Stone of a hidden RNA 
language? Cell. 2011; 146:353-8.

16. Yang C, Wu D, Gao L, Liu X, Jin Y, Wang D, Wang T, Li 
X. Competing endogenous RNA networks in human cancer: 
hypothesis, validation, and perspectives. Oncotarget. 2016; 
7:13479-90. https://doi.org/10.18632/oncotarget.7266.

17. Wallace JA, O'Connell RM. MicroRNAs and acute myeloid 
leukemia: therapeutic implications and emerging concepts. 
Blood. 2017; 130:1290-1301.

18. Alfano D, Gorrasi A, Li Santi A, Ricci P, Montuori N, 
Selleri C, Ragno P. Urokinase receptor and CXCR4 are 
regulated by common microRNAs in leukaemia cells. J Cell 
Mol Med. 2015; 19:2262-72.

19. Stewart CE, Sayers I. Characterisation of urokinase 
plasminogen activator receptor variants in human airway 
and peripheral cells. BMC Mol Biol. 2009; 10:75.

20. Ragno P. The urokinase receptor: a ligand or a receptor? 
Story of a sociable molecule. Cell Mol Life Sci. 2006; 
63:1028-37.

21. Noh H, Hong S, Huang S. Role of urokinase receptor in 
tumor progression and development. Theranostics. 2013; 
3:487-95.

22. D'Alessio S, Blasi F. The urokinase receptor as an 
entertainer of signal transduction. Front Biosci (Landmark 
Ed). 2009; 14:4575-87.

23. Béné MC, Castoldi G Knapp W, Rigolin GM, Escribano 
L, Lemez P, Ludwig WD, Matutes E, Orfao A, Lanza F, 
van't Veer M. CD87 (urokinase-type plasminogen activator 
receptor), function and pathology in hematological 
disorders. Leukemia. 2004; 18:394-400.



Oncotarget27834www.oncotarget.com

24. Selleri C, Montuori N, Ricci P, Visconte V, Carriero MV, 
Sidenius N, Serio B, Blasi F, Rotoli B, Rossi G, Ragno P. 
Involvement of the urokinase-type plasminogen activator 
receptor in hematopoietic stem cell mobilization. Blood. 
2005; 105:2198-205.

25. Selleri C, Montuori N, Salvati A, Serio B, Pesapane A, 
Ricci P, Gorrasi A, Li Santi A, Hoyer-Hansen G, Ragno 
P. Involvement of urokinase receptor in the cross-talk 
between human hematopoietic stem cells and bone marrow 
microenvironment. Oncotarget. 2016; 7:60206-60217. 
https://doi.org/10.18632/oncotarget.11115.

26. Mazar AP, Ahn RW, O'Halloran TV. Development of novel 
therapeutics targeting the urokinase plasminogen activator 
receptor (uPAR) and their translation toward the clinic. Curr 
Pharm Des. 2011; 17:1970-8.

27. Montuori N, Pesapane A, Rossi FW, Giudice V, De Paulis 
A, Selleri C, Ragno P. Urokinase type plasminogen 
activator receptor (uPAR) as a new therapeutic target in 
cancer. Transl Med UniSa. 2016; 15:15-21.

28. Thomson DW, Dinger ME. Endogenous microRNA 
sponges: evidence and controversy. Nat Rev Genet. 2016; 
17:272-83.

29. Liu ZF, Liang ZQ, Li L, Zhou YB, Wang ZB, Gu WF, Tu 
LY, Zhao J. MiR-335 functions as a tumor suppressor and 
regulates survivin expression in osteosarcoma. Eur Rev 
Med Pharmacol Sci. 2016; 20:1251-7.

30. Gao L, Yang Y, Xu H, Liu R, Li D, Hong H, Qin M, Wang 
Y. MiR-335 functions as a tumor suppressor in pancreatic 
cancer by targeting OCT4. Tumour Biol. 2014; 35:8309-18.

31. So AY, Zhao JL, Baltimore D. The Yin and Yang of 
microRNAs: leukemia and immunity. Immunol Rev. 2013; 
253:129-45.

32. Hua Z, Chun W, Fang-Yuan C. MicroRNA- 146a and 
hemopoietic disorders. Int J Hematol. 2011; 94:224-9.

33. Yingchun L, Rong Z, Kun Y, Ying Y, Zhuogang L. Bone 
Marrow MicroRNA-335 Level Predicts the Chemotherapy 
Response and Prognosis of Adult Acute Myeloid Leukemia. 
Medicine (Baltimore). 2015; 94:e0986.

34. Lin X, Wang Z, Zhang R, Feng W. High serum 
microRNA-335 level predicts aggressive tumor progression 
and unfavorable prognosis in pediatric acute myeloid 
leukemia. Clin Transl Oncol. 2015; 17:358-64.

35. López-Pedrera C, Villalba JM, Siendones E, Barbarroja N, 
Gómez-Díaz C, Rodríguez-Ariza A, Buendía P, Torres A, 
Velasco F. Proteomic analysis of acute myeloid leukemia: 
Identification of potential early biomarkers and therapeutic 
targets. Proteomics. 2006; 6:S293-9.

36. Klein G, Vellenga E, Fraaije MW, Kamps WA, de Bont ES. 
The possible role of matrix metalloproteinase (MMP)-2 
and MMP-9 in cancer, e.g. acute leukemia. Crit Rev Oncol 
Hematol. 2004; 50:87-100.

37. Vinante F, Rigo A, Vincenzi C, Ricetti MM, Marrocchella 
R, Chilosi M, Cassatella MA, Bonazzi L, Pizzolo G. IL-8 

mRNA expression and IL-8 production by acute myeloid 
leukemia cells. Leukemia. 1993; 7:1552-1556.

38. Alatrash G, Garber HR, Zhang M, Sukhumalchandra P, 
Qiu Y, Jakher H, Perakis AA, Becker L, Yoo SY, Dwyer 
KC, Coombes K, Talukder AH, John LSS, et al. Cathepsin 
G is broadly expressed in acute myeloid leukemia and is 
an effective immunotherapeutic target. Leukemia. 2017; 
1:234-237.

39. Kollia P, Samara M, Stamatopoulos K, Belessi C, 
Stavroyianni N, Tsompanakou A, Athanasiadou A, 
Vamvakopoulos N, Laoutaris N, Anagnostopoulos A, Fassas 
A. Molecular evidence for transferrin receptor 2 expression 
in all FAB subtypes of acute myeloid leukemia. Leuk Res. 
2003; 27:1101-3.

40. Buccisano F, Maurillo L, Tamburini A, Del Poeta G, Del 
Principe MI, Ammatuna E, Consalvo MI, Campagna S, 
Ottaviani L, Sarlo C, Renzi D, Faccia S, Fraboni D, et al. 
Evaluation of the prognostic relevance of L-selectin and 
ICAM1 expression in myelodysplastic syndromes. Eur J 
Haematol. 2008; 80:107-14.

41. Bruel A, Paschke S, Jainta S, Zhang Y, Vassy J, Rigaut JP, 
Beil M. Remodeling of vimentin cytoskeleton correlates 
with enhanced motility of promyelocyticleukemia cells 
during differentiation induced by retinoic acid. Anticancer 
Res. 2001; 21:3973-80.

42. Boissinot M, Vilaine M, Hermouet S. The Hepatocyte 
Growth Factor (HGF)/Met Axis: A Neglected Target in 
the Treatment of Chronic Myeloproliferative Neoplasms? 
Cancers (Basel). 2014; 6:1631-69.

43. Børset M, Seidel C, Hjorth-Hansen H, Waage A, Sundan A. 
The role of hepatocyte growth factor and its receptor c-Met 
in multiple myeloma and other blood malignancies. Leuk 
Lymphoma. 1999; 32:249-56.

44. Pyke C, Eriksen J, Solberg H, Nielsen BS, Kristensen 
P, Lund LR, Danø K. An alternatively spliced variant of 
mRNA for the human receptor for urokinase plasminogen 
activator. FEBS Lett. 1993; 326:69-74.

45. Luther T, Kotzsch M, Meye A, Langerholc T, Fussel 
S, Olbricht N, Albrecht S, Ockert D, Muehlenweg B, 
Friedrich K, Grosser M, Schmitt M, Baretton G, Magdolen 
V. Identification of a novel urokinase receptor splice variant 
and its prognostic relevance in breast cancer. Thromb 
Haemost. 2003; 89:705-717.

46. Sato S, Kopitz C, Grismayer B, Beaufort N, Reuning U, 
Schmitt M, Luther T, Kotzsch M, Krüger A, Magdolen V. 
Overexpression of the urokinase receptor mRNA splice 
variant uPAR-del4/5 affects tumor-associated processes of 
breast cancer cells in vitro and in vivo. Breast Cancer Res 
Treat. 2011; 127:649-57.


