Zuchegna et al. BMC Res Notes (2020) 13:374
https://doi.org/10.1186/513104-020-05214-y

BMC Research Notes

RESEARCH NOTE Open Access

Dual-specificity phosphatase

®

Check for
updates

(DUSP6) in human glioblastoma:
epithelial-to-mesenchymal transition (EMT)

involvement

Candida Zuchegna', Erika Di Zazzo?, Bruno Moncharmont? and Samantha Messina®"

Abstract

invasive mesenchymal-like properties in GBM.

Objective: Glioblastoma (GBM) is the most aggressive and common form of primary brain cancer. Survival is poor
and improved treatment options are urgently needed. Dual specificity phosphatase-6 (DUSP6) is actively involved in
oncogenesis showing unexpected tumor-promoting properties in human glioblastoma, contributing to the develop-
ment and expression of the full malignant and invasive phenotype. The purpose of this study was to assess if DUSP6
activates epithelial-to-mesenchymal transition (EMT) in glioblastoma and its connection with the invasive capacity.

Results: We found high levels of transcripts mRNA by gPCR analysis in a panel of primary GBM compared to adult or
fetal normal tissues. At translational levels, these data correlate with high protein expression and long half-life values
by cycloheximide-chase assay in immunoblot experiments. Next, we demonstrate that DUSP6 gene is involved in
epithelial-to-mesenchymal transition (EMT) in GBM by immunoblot characterization of the mesenchymal and epithe-
lial markers. Vimentin, N-Cadherin, E-Cadherin and fibronectin were measured with and without DUSP6 over-expres-
sion, and in response to several stimuli such as chemotherapy treatment. In particular, the high levels of vimentin
were blunted at increasing doses of cisplatin in condition of DUSP6 over-expression while N-Cadherin contextually
increased. Finally, DUSP6 per se increased invasion capacity of GBM. Overall, our data unveil the DUSP6 involvement in
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Introduction

DUSP6 plays a pro-oncogenic role in cancers such as
human glioblastoma, thyroid carcinoma, breast cancer,
and acute myeloid leukemia [1-4]. Particularly, DUSP6
is upregulated in human glioblastoma where its over-
expression induces reduction in proliferation rate. Cell
morphology exhibits a more flattened appearance, lower
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levels of cellular detachment after stimulation with EGF
and an increased propensity to form colonies in soft agar.
Surprisingly, mouse xenograft tumors expressing DUSP6
grew significantly faster than controls thus reflect-
ing these changes in cell adhesion and morphology [1].
Moreover, overexpression of DUSP6 has also been iden-
tified in a subset of mouse melanoma cell lines, where
it is associated with enhanced anchorage-independent
growth and invasive capacity [5] and its overexpression
in papillary thyroid carcinoma (PTC) is associated with
increased cell migration and invasion [2, 6]. Finally, in
acute lymphoblastic leukemia (ALL) DUSP6 acts as pro-
oncogenic phosphatase in pre-B cell transformation [7].
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Glioblastoma (GBM) is the most common and malig-
nant type of primary brain tumor with relevant invasive
and resistant properties [8]. The involvement of epithe-
lial-to-mesenchymal transition (EMT) has been exten-
sively investigated in glioblastoma although the real
relevance of this program in malignant glioma is still
controversial. A number of preclinical studies have been
launched to target the process considering the critical
role played by EMT on GBM dissemination, resistance
to apoptosis and cancer stemness maintenance [9-11].
Of note, DUSP6 is involved in epithelial-to-mesenchymal
transition (EMT) in epithelial cancers such as breast and
endometrial adenocarcinoma [12, 13]. Moreover, GBMs
mesenchymal subtype are characterized by an elevated
invasive potential and, of note, the most commonly used
glioma cell lines (i.e. U87MG and U251) also present a
predominant mesenchymal signature [14] with elevation
in mesenchymal markers [15]. The aim of this study was
to assess the importance of DUSP6 gene in epithelial-to-
mesenchymal transition in GBM in correlation with its
invasive capacity.

Main text

Methods

Cell cultures

Astrocytoma primary (WHO grade IV) GBM#L;
GBM#10 etc. were established from tumor specimens
of patients and cultured as described [1]. NHA (Nor-
mal Human Astrocytes) and NSC (Neural Stem Cells)
were purchased from Cambrex (Corporate, NJ 07073,
USA) and grown according to the manufacturer’s
instructions. Normal Human Astrocytes were used as
reference because of the presumed similarity between
astrocytes and the cell-of-origin from which glioblas-
toma develops, both adult (NHA) and foetal (Primary
Fetal Normal Neural Stem Cells from SVZ). U87-MG
(human GBM-astrocytoma) cell line was purchased
from the bank of biological material Interlab Cell Line
Collection (Genova, Italy). Human breast cell cultures
MCF7, MCF10A and MDA231 cell lines were pur-
chased from the American Type Culture Collection
(ATTC, LGC Standards s.rl, Italy). Cells were cultured
at 37 °C in 5% CO, in DMEM with high glucose plus
10% (v/v) fetal bovine serum (FBS, Euroclone, Milan,
Italy), penicillin—streptomycin (100 U/mL, Euroclone)
and L-glutamine (2 mM, Euroclone), according to
manufacturer’s instructions. Primary glioblastomas cell
lines (WHO grade IV) were established from tumor
specimens of patients and cultured as described [1,
16]. Cells were plated at 80% of confluence on 100 mm
dishes and the day after infected with recombinant
adenovirus as previously described with the amounts
according to the scheme indicated in the figures [16]. In
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cycloheximide-chase assay experiments the cells were
treated with 20 pg/mL CHX in complete medium and
then lysed at the indicated times as described in the fig-
ures’ legends.

Western Blot analysis

Cultured U87-M@G and U251-MG@ cells were washed with
PBS and lysed for 15 min in ice-cold Radioimmunopre-
cipitation (RIPA) buffer (1% Triton X-100, 0.5% deox-
ycholate-DOC), 0.1% sodium dodecyl sulphate (SDS),
50 mM Tris pH 7.6, 150 mM NaCl, 1 mM phenyl-methyl-
sulfonyl fluoride (PMSF), 1 mg/mL aprotinin, leupeptin
and pepstatin. Cell lysates were clarified at 12,000 rcf for
30 min at 4 °C and the cytosolic fraction was immedi-
ately subjected to protein determination using a Bradford
colorimetric assay (Bio-Rad Laboratories Inc., Hercules,
CA, USA). DUSP6 was detected with a ‘home-made’ rab-
bit polyclonal specific antibody against DUSP6 (Lennart-
son’s lab). Monoclonal anti-a-tubulin as loading control,
anti-phospho-ERK and anti-Fibronectin were purchased
by Sigma-Aldrich (St Louis, MO, USA). Anti-Vimentin
was purchased from Millipore and anti-ERK was pur-
chased from Cell Signaling Technology. Anti N-Cadherin
and anti-E-Cadherin were purchased from Santa Cruz
Biotechnology. Goat anti-Mouse IgG (H+L) Highly
Cross-Adsorbed Secondary Antibody, HRP (A16078) e
Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed
Secondary Antibody, HRP (A16119) Thermofisher Scien-
tific. ECL detection kit from Amersham GE-Healthcare.

Real-time quantitative PCR

A quantitative assay for Human DUSP6 mRNA (seq ref
NM_001946.4) expression was established using StepO-
nePlus™ Real-Time PCR System (Applied Biosystems™")
using PowerUp" SYBR™ Green Master Mix (Applied
Biosystems"") using the following program: 95 °C/10 min
x1 cycle; 95 °C/15 s, 63 °C/90 s, x5 cycles; 95 °C/15 s,
60 °C/90 s, x35 cycles. All reactions were normalized
with the housekeeping gene for 18S. PCR oligo-primers
were: Human DUSP6 forward primer 5'-CgAggAC-
CgggACCgCTTCACC-3' and reverse primer 5-CCgA-
gATgggg ATTTgCTTgTATT-3' generating a 543 bp
fragment; Human 18S forward primer 5'-gACCgATgTA-
TATgCTTgCAgAgT-3" and reverse primer 5'-ggATCTg-
gAgTTAAACTggTCCAg-3'. The two transcripts of
mRNA DUSP6 were detected by PCR using the following
primers: Forward primer 5-CgAggACCgggACCgCTT
CACC-3’; Reverse primer: 5-AgTTAggggATATgT Tg-
gATTTT-3. The expected size of the fragment was:
758 bp for the transcript variant 1 (NM_001946.4) and
321 bp for the transcript variant 2 (NM_022652.4).
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Cell invasion assay

Trans-well inserts (Corning® FluoroBlok™ Plate Perme-
able Support with 8.0 um Colored PET Membrane) for
24-well plates were used. Inserts were coated with Gel-
trex Matrix (Gibco by Life Technologies). U§7MG cells
were transduced with TRK or DUSP6 expressing ade-
noviral vectors and 5 x 10* cells were seeded in serum-
free Dulbecco’s modified Eagle’s medium in the upper
chamber on the top of the matrigel. Dulbecco’s modified
Eagle’s medium 10% FBS (600 pL) was dispensed in the
lower chamber as a chemoattractant. After 48 h the appa-
ratus was washed with PBS and cells that did not migrate
were removed with a cotton swab, then inserts were fixed
(3.7% paraformaldehyde for 20 min at room temperature.
The results were quantified by counting all the cells of the
inserts in duplicate from two independent experiments
using the 10x objective. Data were tested for normal dis-
tribution of variables using the Shapiro—Wilks test and
statistical significance between groups was determined
using Student’s t-test.

Results

Quantitative transcriptional analysis of DUSP6 was
assessed by RT-qPCR measuring high mRNA levels in
a panel of twenty primary glioblastomas (GBM, WHO
grade 4) (Fig. 1b) by quantifying the mRNA fold-induc-
tion over Normal Human Astrocytes (NHA) and Neural
Stem Cells (NSC) which specify distinct glioblastoma
subtype [17-20]. We measured increased expression in
primary samples (approximatively sevenfold enrichment
in GBM#15, GBM#53 and GBM#176) compared to con-
trols. In addition, human long-term cultures U87MG,
U251MG and T98G displayed high mRNA levels com-
pared to primary samples of GBM (their values differ
by several orders of magnitude) (Fig. 1c). Furthermore,
mRNA levels in breast cancers lines MCF-7, MCEF-10
were undetectable but not in MDA-MB-231, a model for
triple-negative breast cancer, expressing aberrantly high
levels (50- and 6000-fold enrichment) (Fig. 1c). Interest-
ingly, the gene contains three distinct introns (Fig. 1a)
producing short- and long-PCR products (sized 758 bp
and 321 bp respectively) with a marked prevalence
of the long-transcript in primary glioblastomas (per-
sonal observation), i.e. samples GBM#11 and GBM#15
(Fig. 1e).

Further, we used cycloheximide-chase assay after
single-time point western blotting as a measurement of
half-life endogenous DUSP6 protein (Fig. 2). Unstimu-
lated primary GBM (Panel a) and long-term cultures
(Panel b) show high protein levels in both primary and
long-term glioblastoma as assayed by semi-quantita-
tive Western blot analysis (Fig. 2a, b). The ERK/MAPK
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cascade activation was sustained in both primary and
long-term cultures U87MG, U251 and T98G, while over-
expression adenovirus-mediated (CTRL+) completely
abrogate p-ERK and ERK % signals (Fig. 2a). De novo
protein synthesis was measured by time-course cyclohex-
imide (CHX) experiment in both cell lines (Fig. 2c, d).
We found that acutely inhibiting protein synthesis dimin-
ished DUSP6 diminished expression in both U87MG and
U251MG but did so with different kinetics. In contrast
to previously published data [21] we report long half-life
in both cell lines U87MG and U251 (respectively more
than 1 h and up to 5 h). These results agree with the sta-
ble endogenous protein exerting oncogenic properties in
cancers.

Then, we examined the expression of mesenchymal
markers associated with EMT in glioblastoma cultures, in
naive condition and in DUSP6-overexpression. Firstly, we
assayed protein endogenous levels of Vimentin, N-Cad-
herin, E-Cadherin, Fibronectin in U87MG upon several
stimuli (serum addition, serum deprivation, EGF and cis-
platin) by Western Blot with specific antibodies (Fig. 3a).
Immunoblot analysis for p-ERK/ERK ratio shows dif-
ferent kinetics of ERK/MAPK kinases phosphorylation
upon EGF and cisplatin (CDDP) treatments.

Interestingly, cisplatin treatment reduces the amount
of N-Cadherin, E-Cadherin and Fibronectin, but not
Vimentin (Fig. 3a). N-Cadherin and Fibronectin were
slightly up-regulated in adenovirus-mediated DUSP6
overexpression (Fig. 3b). Otherwise, the epithelial marker
E-Cadherin was almost absent in both naive and adeno-
viral-expressing cells. Next, in DUSP6-overexpressing
U87MG cells increasing doses of cisplatin (ranging from
2 to 10 pL/mL) affected the EMT markers in oppo-
site fashion. Vimentin protein expression is completely
blunted upon treatment whereas high levels are shown in
adenoviral-expressing control vector (CTRL) and in ade-
noviral-expressing DUSP6 untreated (lane 5) (Fig. 3b).
Finally, we assayed invasive ability of both naive glioblas-
toma cells compared to DUSP6-adenoviral-expressing
U87MG cells by Trans-well invasion assay (see “Meth-
ods”). We here report that DUSP6 increased the invasion
capacity of the glioma U87MG cells (Fig. 3c) compared to
MOCK cells (naive U87MG) and adenoviral empty vec-
tor as negative control (TRK).

Discussion

This study was designed to explore DUSP6 involve-
ment in epithelial-to-mesenchymal transition in
glioblastoma. We previously showed that DUSP6 is
upregulated in human glioblastoma and in vitro adeno-
virus-mediated overexpression results in a transformed
phenotype [1]. Here, we extended our transcriptional
analysis to include a new set of primary cell cultures
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Fig. 1 DUSP6 mRNA is over-expressed in human glioblastomas. a Schematic grey boxes denote protein coding region of DUSP6 gene and colored
arrows represent the approximate locations of the primers annealing sites in DUSP6 gene. b Bar diagram shows relative quantification of total
DUSP6 mRNA across a panel of human glioblastoma samples (grade IV astrocytoma). Normal Human Astrocytes (NHA) and Neural Stem Cells (NSC)
were used as controls because of the presumed similarity between astrocytes and the cell-of-origin from which glioblastoma develops, both adult
(NHA) and foetal (NSC). Relative expression was normalized to housekeeping gene 18S expression. ¢ Upper panel: relative DUSP6 mRNA expression
quantified by gPCR on human glioblastoma cultures U251MG, U87MG and T98G. Lower panel: human breast cell cultures MCF7, MCF10A and
MDA231 were assayed as positive controls. d Qualitative PCR for DUSP6 mRNA in primary glioblastomas. Expression of different-size transcripts was
detected using primers shown in the upper panel. Schematic denotes black/grey boxes exons and the relative location of the forward and reverse
primer annealing sites in DUSP6 mRNA gene. Ethidium stained agarose gel of end-point products from the different amplicons DUSP6 using Normal
Human astrocytes (NHA), Neural Stem Cells (NCS) and two samples of primary glioblastorma mRNA. The two alternative transcripts of DUSP6 mRNA

are shown (transcript variant 1; NM_001946.4, and transcript variant 2 NM_022652.4)

of glioblastoma and long-term cultures. By using qRT-
PCR, we found high levels of mRNA DUSP6 across the
glioblastoma samples. Moreover, we assayed breast
cancer cell lines and found that the mesenchymal
MDA-MB-231 showed the highest levels of mRNA
expression compared to normal epithelial MCF10 and
MCEF?7 cell lines. Interestingly, DUSP6 is involved in
maintaining the mesenchymal state in breast cancer
[12]. Moreover, here we report high protein expres-
sion and long half-life values by cycloheximide-chase

assay in long-term cultures U87M@G and U251, in line
with previous data on fibroblasts [21]. We demonstrate
that DUSP6 gene is involved in epithelial-to-mesen-
chymal transition (EMT) in GBM. Whereas we clearly
show that DUSP6 per se increases invasion capacity of
GBM, the evidence on epithelial-to-mesenchymal tran-
sition in GBM does not lead to a firm conclusion. We
report immunoblot characterization of the mesenchy-
mal and epithelial markers with and without DUSP6
over-expression. Vimentin is clearly down-regulated
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Fig. 2 DUSP6 protein is over-expressed in human glioblastomas. a Western Blot analysis of DUSP6, p-ERK and ERK in primary GBM samples. In both
panels CTRL+ indicates positive immune-reactive control obtained with U87MG infected with the adenovirus DUSP6. b Western Blot analysis of
DUSP6, p-ERK and ERK in U87MG, U251MG, T98G and MCF7 cell lines. The corresponding bar graphs show relative expression of proteins normalized
to a-tubulin. ¢, d Post-translational regulation of DUSP6 protein levels- U87MG and U251MG cell lines were treated with cycloheximide (CHX,

20 pg/mL) for the time indicated and the decay of the target proteins over time was determined by Western Blot with specific antibodies. The
corresponding bar graphs show relative expression of proteins normalized to a-tubulin
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Fig. 3 Differential regulation of epithelial and mesenchymal markers by DUSP6. a Immunoblot analysis of proteins DUSP6, p-ERK, ERK, vimentin,
N-Cadherin, E-Cadherin, fibronectin in long-term cultures U87MG treated with different stimuli (serum, starvation, EGF 100 ng/mL, cisplatin (CDDP)
5 pg/ml) for 5 h (left lane) or 24 h (right lane). b Immunoblot analysis of mesenchymal and epithelial markers in U87MG adenovirus-expressing
DUSP6 compared to TRK (empty vector). The cells were treated with increasing doses of cisplatin (CDDP) at different concentrations (respectively 0,
2,5,10 pg/mL) and protein expression assayed by western blot on total lysates at 5 h. ¢ Invasion assay. Bar graph reports the mean of total number
of invaded cells per field compared to control (MOCK i.e. U87MG not infected). U87MG cells were transduced with adenovirus-expressing DUSP6
or control vector (TRK i.e. U87MG infected with empty vector) and seeded on matrigel-coated trans-well inserts. The experiment was performed
for 48 h and the invading cells were counted (10x objective) in nine randomly chosen microscopic fields per trans-well. Data are presented as
mean = S.D. from two independent experiments performed in duplicate

in cisplatin-treated over-expressing DUSP6 cells but
not in absence of cisplatin. N-Cadherin is up-regulated
in cisplatin-treated over-expressing DUSP6 whereas it
was down-regulated in naive cells. In addition, our data
on cadherin switch are in line with the inconsistency of
the literature, with some reports showing that GBM do
not express E-Cadherin, but others showing the occur-
rence of an E- to N-Cadherin switch. More importantly,
our data show that cisplatin treatment clearly downreg-
ulates Fibronectin and both Cadherins while Vimentin

underwent no change in naive cells (in absence of
DUSP6 over-expression). Notably, classical cadherin
switch, which is widely accepted as an EMT hallmark in
carcinomas, is a controversial matter in GBM [22, 23].
Of note, it was found that N-cadherin expression is
inversely correlated with the invasive behavior of GBM,
and its ectopical expression reduces cell migration and
restores polarity in GBM cells [24, 25]. Conversely, lower
expression of N-Cadherin was recognized in a panel of
GBM primary samples at mRNA and protein levels [26].



Zuchegna et al. BMIC Res Notes (2020) 13:374

Recently, association of the EMT transition with
chemo-resistance has been reported [27]. Our results
clearly show that mesenchymal markers are down-regu-
lated by cisplatin in naive cells, except for vimentin. This
is in line with vimentin increased levels in resistant GBM
cultures compared to parental ones [28]. Moreover, con-
flicting results are reported on DUSP6’ role in chemo-
therapy-resistance in epithelial cancers [29, 30]. Here we
report the first observation of EMT markers in response
to a drug used in chemotherapy during DUSP6 over-
expression. Particularly, the high levels of vimentin were
blunted at increasing doses of cisplatin in a condition of
DUSP6 over-expression while N-Cadherin contextually
increased. These data have implications on chemother-
apy response in glioblastoma treatment.

Limitations

Limitations of this study include: (i) limited number of
low-passage, serum-free cell lines cultured from patient
tumor tissue (GBM# in the text) (ii) the poorly-repre-
sentative cell line models (U87MG and U251MG@G), which
are not exhaustive model for glioblastoma multiforme
molecular subtypes (classical, pro-neural and mesen-
chymal) [31]. Further, this study reports only an in vitro
characterization based on western blot analysis of the
classical mesenchymal markers (Additional file 1) and,
from the point-of-view of phenotypic characterization,
the invasion assay does not exhaustively demonstrate that
DUSP6 activates EMT in GBM by enhancing its invasive
properties.
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Supplementary information accompanies this paper at https://doi.
org/10.1186/513104-020-05214-y.

Additional file 1: Figure S1. Uncropped versions of the western blot
used in this manuscript (corresponding to Fig. 2) - Original gels of Western
Blot analysis of Fig. 2 panels A and B: immune-reactive bands correspond-
ing to specific antibodies against DUSP6, p-ERK and ERK and a-tubulin

as specified in Methods section. Original gels of Western Blot analysis of
Fig. 2 panels C and D: immune-reactive bands corresponding to specific
antibodies against DUSP6, p-ERK and ERK and a-tubulin as specified in
Methods section. Figure S2. Uncropped versions of the western blot used
in this manuscript (corresponding to Fig. 3) - Original gels of Western Blot
analysis of Fig. 3 panels A and B: immune-reactive bands corresponding
to specific antibodies against DUSP6, p-ERK, ERK, Vimentin, N-Cadherin,
E-Cadherin, Fibronectin as specified in Methods section.
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