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Abstract

Background

DUSP3 phosphatase, also known\Vaecinia-H1 Related (VHR) phosphatase, encoded by
DUSP3/Dusp3 gene, is a relatively small member of the dual-specifigiptein
phosphatasesn vitro studies showed that DUSP3 is a negative regulator of ERK and JNK
pathways in several cell lines. On the other hand, DUSP3 is ingalida human cancer. (It
has been alternatively described as having tumor suppressive androa@ugperties. Thus
the available data suggest that DUSP3 plays complex and cormdradiciles in
tumorigenesis that could be cell type-dependent. Since most ofstuelses were performed
using recombinant proteins or in cell-transfection based assayshytkhielogical function of
DUSP3 has remained elusive.

Results

Using immunohistochemistry on human cervical sections, we observexhg ekpression of
DUSP3 in endothelial cells (EC) suggesting a contribution for this phzsghdo EC
functions. DUSP3 downregulation, using RNA interference, in human EC rduce
significantly in vitro tube formation on Matrigel and spheroid angiogenic sproyting.
However, this defect was not associated with an altered phospglwrydd the documented
in vitro DUSP3 substrates, ERK1/2, JNK1/2 and EGFR but was associateahwitbrease(




PKC phosphorylation. To investigate the physiological function of B)S#® generated
Dusp3-deficient mice by homologous recombination. The obtained DUSR8ce were
healthy, fertile, with no spontaneous phenotype and no vascular defectvéidpWé&SP3J
deficiency prevented neo-vascularization of transplanted b-FGF cogtéfatrigel and LLC
xenograft tumors as evidenced by hemoglobin (Hb) and FITC-dexfuamtifications
Furthermore, we found that DUSP3 is required for b-FGF-induced wveissel outgrowth i

the aortic ring assay.

-

Conclusions

All together, our data identify DUSP3 as a new important player in angiagenes

Keywords

DUSP3/VHR,Dusp3-knockout mice, Angiogenesis, Endothelial cells, Dual-specificity
phosphatase

Background

The human genome harbors 104 genes encoding for cysteine-basedq€t)sph@sphatases
classified into three classes on the basis of their amino egicesces and catalytic domains
[1]. Dual-specificity phosphatases (DUSPs) Yaccinia-H1-like (VH1-Like) enzymes
represent the largest group of class | of Cys-based motif phaspband is represented by
61 members with diverse substrates specificity ranging from MARN inositol
phospholipids, p-Ser/p-Thr and p-Tyr. Among these 61 phosphatases, sigeeifee for the
MAPKs ERK, JNK and p38 and are known as the typical DUSPs or MApéCific
phosphatases (MKPs). The second group of the VH1-like phosphatases is &ndive
atypical DUSPs (A-DUSPs) represented by 19 small enzywids less than 250aa) and are
poorly characterized (reviewed in [2]). Considering the importalg of MAPKs in the
regulation of different cellular functions and their involvement inedéht human diseases
including cancer [3-5], the activation as well as inhibition proceskt#sese serine/threonine
kinase family has been well characterized. Therefore, among all §&PMKPs have been
the most characterized vitro andin vivo. The expression of several phosphatases belonging
to this group is altered in human cancer (reviewed in [6]).

DUSP3, also called/accinia H1-Related (VHR), is the founding member of the dual-
specificity protein phosphatases group. It consists of a 185 amina(lslci@d kDa) catalytic
domain but no apparent targeting domain or docking site and is encod®dSB\3/Dusp3
gene [7]. The crystal structure of DUSP3 has been solved and shshallow active site
allowing DUSP3 to act on both pTyr and pThr in its substrates [8FEBhas been reported
to dephosphorylate the MAPKs ERK and JNK, but not p38 [7-9]. More rec&@FR and
ErbB2 were reported as direct new substrates for this phosphataseon-small cell lung
cancer cell line NSCLC [10]. Unlike many other MKPs, DUSPfression is not induced in
response to activation of MAPKSs, but is regulated during cell gydgression [11,12]. In a
previous study, we have shown that in HelLa cells, the knockdown of endodeu&@i3
using RNA interference induces cell cycle arrest at G1/S @&6M phases and is
accompanied by the hyperactivation of ERK1/2 and JNK1/2 [11,12]. In lithetins finding,
DUSP3 was found up-regulated in human cancers and in several calhtiees. Indeed, we
reported that DUSP3 is highly expressed in cervical carcinonthsaseveral cervix cancer



cell lines [13]. This phosphatase is also highly expressed in hurostater cancer and in the
LNCaP human prostate adenocarcinoma cell line [14]. On the other lemeaht reports
showed that DUSP3 is downregulated in NSCLC and when overexpiliastexse cells, it
leads to decreased cell proliferation and reduced tumor growtlxenagraft mouse model
[10]. In line with these findings, Min Gyu Lee’s group reported rdgetitat DUSP3
downregulation in NSCLC tumors, when correlated with high levels dhigtene H3 lysine
36 (H3K36) demethylase, KDM2A, is associated with poor prognosisiégpdtients [15]. In
the same study, the authors demonstrated that KDM2A activatéd/ERhrough epigenetic
repression oDUSP3 expression via demethylation by H3K36 at i@SP3 locus. DUSP3
has also been found downregulated in breast carcinomas [16]. Thess stadirly suggest
that DUSP3 plays complex and contradictory roles in tumorigeresisould be cell type-
dependent. However, most of these studies were performediaithin, using recombinant
proteins, or in cell lines, using transient overexpression or siRNAkkioam. Furthermore,
all these studies were focused on tumor cells without taking irdouat the host cells.
Therefore, the physiological function of DUSP3 is unknown.

We report herein that DUSP3 is highly expressed in endothelial &&C), depletion of
which causes an inhibition of Ef® vitro tubulogenesis. To investigate the physiological
functions of DUSP3, we generated a new mutant mouse strain defmi®usp3 gene. The
obtained DUSP3-deficient mice were viable and had no apparent phenogpentaneous
pathology, suggesting that these mice could be useful to study D&JE#HE’in different
pathological conditions. Indeed, by applying differemntivo, ex vivo andin vitro models, we
provide evidence that DUSP3 plays an important and non-redundant role in angiogenesis.

Results

DUSP3 is highly expressed in human endothelial cgland its expression is
required for in vitro tubulogenesis

During our previous study investigating the role of DUSP3 in humiviceé cancer [13], we
noticed that all the blood vessel walls present in the tissugorsecwere highly
immunoreactive to anti-DUSP3 antibody, suggesting that DUSP3 isyhegpressed in
endothelial and/or smooth muscle cells, the 2 major blood vesset®gibnents. To verify
this hypothesis, we stained paraffin embeddean4serial sections of human cervix biopsies
with anti-DUSP3 or anti-Von Willebrand Factor (VWF) antibodies. Aew in Figure 1A,
endothelial cells, identified based on the VWF staining in sectionele also positively
stained with anti-DUSP3 antibody in section 2, confirming DUSP3 high esipreim EC. To
assess the role of DUSP3 in EC, we downregulated its expressitbe primary Human
Umbilical Vein Endothelial cells (HUVEC) using DUSP3 targetsiB@NA and conducted a
tube formation assay on Matrigel. Cells were transfected mathtargeting siRNA (siCTL)
or with DUSP3 targeting siRNAs (siDUSP3-1 and siDUSP3-2). dtfieacy of the two
different DUSP3 targeting siRNA was demonstrated by the signif decrease of DUSP3
protein levels (Figure 1B). 72 hours after transfection, equahocefibers were seeded in a
24-well plate on a layer of pre-solidified Matrigel. After 24 he ttube networks were
visualized under phase contrast microscope and photographed (Fighrd uli& network
were quantified by measuring total tube length and number of tobmsactions. DUSP3
downregulation induced a significant decrease in tubulogenesis (Figure 1Chasegliy a
significant reduction of network lengths and number of tube inteosec(iFigure 1Cii) in
both DUSP3 targeting siRNA conditions compared to the siCTL condition.



Figure 1 DUSP3 is highly expressed in endothelial cells and it®dregulation inhibits in
vitro tubulogenesis. (A)Immunohistochemistry of DUSP3 and Von Willbrand Factor (VWF)
on paraffin embedded dm serial sections of human cervix biopsies. Section 1 wasedtain
with anti-vWF antibody and section 2 with anti-DUSP3 antibody. Sectioasd 4 were
stained with the secondary antibodies used to reveal VWF and DUSRBgtespectively.
(B) HUVEC cells were transfected with non-targeting siRNACT4) or with DUSP3
targeting siRNA (siDUSP3-1 and siDUSP3-2). Efficiency of DUS®8nregulation was
measured at protein level using western blot 72 h after celfeaios. (Bi) Equal amount of
proteins were resolved by SDS-PAGE, and western blot was pedarsieg anti-DUSP3
antibody or anti-GAPDH as loading contr@Bii) Quantification and statistical analysis of
DUSP3 protein expression in siCTL, siDUSP3-1 and siDUSP3-2 traiesfeconditions
represented as a ratio of DUSP3 on GAPIPEi) Phase contrast microscopy of siCTL,
siDUSP3-1 and siDUSP3-2 transfected HUVECs seeded on preisdlidfatrigel for 16
hours.(Cii) Quantitative analysis of the experiment show(di) obtained by measuring the
tube lengths (left panel) and number of intersections (right paoet 10 fields. *, P < 0,05
and **, P < 0.01.

Downregulation of DUSP3 inhibitsin vitro angiogenic sprouting

We previously found that DUSP3 depletion halted HelLa cell proliGerdtll]. We also
reported that DUSP3 inhibition using small inhibitors blocked HelLa anskiCeell
proliferation [17]. Therefore, we postulated that the decreaskdlagenesis in DUSP3
depleted EC could be due to a defect in cellular proliferationniestigate this hypothesis,
we measured HUVEC cells proliferation 72 hours post transfectiin the different
siRNAs. HUVECs proliferation, as measured by thymidine incatoam (cpm), was not
affected by DUSP3-depletion in any of the conditions analyzed, gamehe EGM rich
medium, in the EBM minimum medium and in the EBM b-FGF growth fgdio® ng/mL)-
supplemented medium (Figure 2Ai). Efficiency of DUSP3 deplesashbwn in Figure 2Aii.
We then hypothesized that the observed decrease of tube format@dSR3-depleted
conditions could be due to a defect in endothelial sprouting. Thus, wempeddime-lapse
under confocal microscopy. 72 hours after HUVECs transfection, egumabers of cells
were seeded on pre-solidified-Matrigel in chamber slides. Chambere immediately
transferred on the x-y-z stage of Nikon microscope equipped widh autture chamber at
37°C and 5% C@ Images were acquired every 10 min for 12 h. As demonstrated on the
Additional files 1 and 2, HUVECs transfected with siDUSP3efaito form stable sprouts
while upon siCTL transfection, cells formed homogenous and vigorous sfdditional
files 1 and 2 and Figure 2B). The quantification of sprouting showggh#icant decrease of
tube length and number of intersections in the siDUSP3 condition comparsi«CTL
condition at all time points analyzed during the acquisition timeg@gFigure 2Bii). A
representative western blot showing the efficiency of DUSP3 daplietr these experiments
is shown in Figure 2Biii. These findings were further confirmedgitihe spheroid-sprouting
assay. Indeed, DUSP3 silencing, as evidenced by DUSP3 downregyFtome 3Ai),
blocked significantly the angiogenic sprouting of HUVECs upon stinomawith b-FGF as
demonstrated by the decline of sprouts numbers per spheroid. However cellsewere
stimulated with PMA, as a positive control, sprouting of HUVECs waqually induced in
siCTL and siDUSP3 conditions (Figure 3Aii-Aiii). These dataggast that DUSP3
contributes to growth factors-induced angiogenic sprouting.



Figure 2 DUSP3 downregulation affects HUVEC cell angiogenic sproutingut does not
affect proliferation. (A) 72 hours after transfection with siCTL, siDUSP3-1 or siDUSP3-2,
HUVECs were trypsinized and 7.5 x>1flom each transfection condition were plated (in
triplicate) and cultured for an additional 24 houtd-Thymidine was added for the last 4 h
before cell harvesting. Radioactivity was counted using a Kafitn analyzer. (Ai)
Statistical analysis from three independent experiments. &dateeported as mean + SEM.
(Aii) Western blot analysis using anti-DUSP3 antibody and anti-GAP&iHone
representative experiment showing DUSP3 depletion after siDUS&341siDUSP3-2
transfection. Quantification of DUSP3 protein expression in siC3IQUSP3-1 and
siDUSP3-2 transfection conditions are shown as a ratio of densiyovadties of DUSP3 on
GAPDH bands.(Bi) Snapshots from phase contrast time-lapse movies of tube if@nmat
assay of HUVECSs transfected with siCTL or with siDUSP3 seetled on Matrigel solidified
matrix (Additional files 1 and 2)Bii) Quantitative analysis of the snapshots show(Bin
obtained by measuring the tube lengths (left panel) and numb@erdections (right panel)
from 10 fields.(Biii) Western blot and quantification of DUSP3 protein expression inLsiCT
and siDUSP3-1 transfection conditions represented as a ratio of DUSP3 on GAPDH.

Figure 3 DUSP3 downregulation affects HUVEC spheroids sprouting. (AiYWestern blot
and quantification of DUSP3 protein expression in siCTL, siDUSP3-1 ssbdSP3-2
transfection conditions represented as a ratio of DUSP3 on GAPAIl. Representative
images of spheroid sprouting assay performed with endothelialasaihglicated with siCTL,
siDUSP3-1 and siDUSP3-2 in the presence of PMA (75 ng/mL) @&®B-HE0 ng/mL).(Aiii)
The mean cumulative number of sprouts per spheroid was assessed after 48 haltssarBes
presented as mean + SEM. *, P <0,5; **, P <0,01.

DUSP3 depletion did not affect the MAPKs and EGFR bt affected PKC
phosphorylation in HUVECs

In vitro DUSP3 most studied substrates are the mitogen-activated pkiotages (MAPKS)
ERK1/2 and JNK, but not p38 [7-9,18]. In a previous study, we reported th&PBU
downregulation in HelLa cells halts cell proliferation and assexiatth the ERK1/2 and
JNK1/2 hyperphosphorylation [11]. Therefore, we investigated if in BBCSP3 depletion
could lead to a modification of the kinetic and/or the magnitude &1ERand or JNK1/2
activation. 48 h after HUVECs transfection using DUSP3 targediRNAs or siCTL, cells
were washed and incubated for 24 h in 2% serum containing-medium. viggls next
washed and activated with 10 ng/ml of b-FGF for 20 and 60 min &.37€élls were then
lysed and western blots were performed using phosphospecific aasbagiainst ERK1/2
activated forms. On the contrary to our previous findings in Hells, ose found that
DUSP3 depletion in HUVEC cells did not affect ERK1/2 activation ticnand magnitude
(Figure 4Ai and Aii). To assess the JNK activity in the abseof DUSP3, we performed a
SAPK/INK kinase assay by immunoprecipitating endogenous phospho-8RKfom
resting or b-FGF activated siCTL and siDUSP3 transfectdd. cete activity of INK was
revealed by incubating phospho-SAPK/IJNK immunoprecipitates withmmeio@ant c-Jun, the
JNK downstream target. SAPK/JNK-induced recombinant c-Jun phosphoryhaiien
measured by a quantitative immunoblotting using phospho-c-Jun (Ser63) -ama ¢
antibodies. As demonstrated by the results shown in Figure 4B, DUSRedmation did
not impact the kinetic and/or magnitude of c-Jun phosphorylation suggesahgINK
activity is not affected by DUSP3 depletion in EC.



Figure 4 DUSP3 depletion affects PKC activation but is dispensablier ERK1/2, JNK
and EGFR in HUVEC cells. HUVECs were transfected with non-targeting siRNA (siCTL)
or with DUSP3 targeting siRNA (siDUSP3-1 and siDUSP3-2). 24 arbedtimulation, cells
were washed and let to rest overnight in 2% serum containing me@iahs were then
activated with b-FGF (10 ng/mL) for the indicated time pointg tysed. Cell lysates were
resolved on SDS-PAGE and immuno-reacted wilAi) anti-phospho-ERK1/2
(Thr202/Tyr204) and ERK as an internal loading confsil) anti-DUSP3 and anti-GAPDH
(Aiii) Quantification of the phosphorylation levels or ERK was determinedkhgitometric
analysis and is shown as a ratio of pERK/ERK. Results arenpeelsas mean + SEM and are
representative of 3 independent experimeli®). SAPK/IJNK kinase assay. JNK was
immunoprecipitated from siCTL and siDUSP3 transfected celiths. After transfer of the
JNK immunoprecipitates, nitrocellulose membranes were immuncetkaaith anti-
phospho-c-Jun and anti-c-Jun antibod®g. Quantification of the phosphorylation levels or
JNK substrate, c-Jun, was determined by densitometric anahgis shown as a ratio of p-
c-Jun/c-Jun(Bii). (C) EGFR phosphorylation. EGFR was immunoprecipitated from non-
stimulated and EGF (100 ng/ml) stimulated HUVECs transfectéd siCTL or with
siDUSP3. Immunoprecipitates were immunoreacted with anti-phosphokyrasitibody
4G10. Membranes were stripped and re-bloted with anti-EGFR antifidyyVestern blot
for p-Akt and Akt on cell lysate from FGF stimulated siCTL amdUSP3 transfected
conditions.(Ei) Western blot for phospho-PKC (Ser660) on cell lysates from F@klsted
cells in the conditions indicated. ERK was used as a loading coffiyl Quantification of
the phosphorylation levels or PKC was determined by densitomethsesnand is shown as
a ratio of phospho-PKC/ERK. Results are presented as mean + 18EMearepresentative of
4 independent experiments. *p < 0,05; ** p < 0.01; ***p < 0,001.

A previous study has also reported that DUSP3 has a minimattein MAPK
phosphorylation but rather target directly EGFR in non-small aelj kcancer cell line [10].
To investigate if this is also the case in endothelial csi@TL and siDUSP3 transfected
HUVECs were activated using EGF (100 ng/ml). EGFR was thenunoprecipitated and
immunoreacted with 4G10 anti-phosphotyrosine antibody. As shown in FigurB4&P3
depletion did not affect EGFR tyrosine phosphorylation. All togetihese results suggest
that DUSP3 does not target MAPKs and EGFR in EC.

The fact that DUSP3 dowregulation in HUVECs does not affect melliferation and
ERK1/2 activation suggests that DUSP3 is dispensable for the hrfe@€ed cell
proliferation. Since FGF signaling is also involved in prosurvival thi@ activation of
PI13k/Akt pathway, we investigated if DUSP3 deficiency could leadelb death or could
impact Akt activation. We found that DUSP3 depletion in HUVECs nesassociated with
increased cell death as measured by AnnexinV-PIl (data not sh@a@n¥istent with this
finding, DUSP3 downregulation did not affect b-FGF-induced Akt phosphorylé&figure
4D). FGF plays also a crucial role in cell migration and angiaien€his effect is mediated
through the PI3K and PLZPKC activation pathways [19]. Therefore, we hypothesized that
DUSP3 affects the PLEPKC activation pathway in our model. To investigate this
hypothesis, we subjected the resting and b-FGF activated HUJE@®$ to immunoblot
using phospho-PKC (Ser660) and found that PKC was significantly hypeptprgkated at
basal levels in the absence of DUSP3 compared to the siCTLioondibhe activation with
b-FGF increased further the phosphorylation of PKC in all conditiomsveMer, in the
DUSP3 downregulated conditions, the phosphorylation of PKC plateaued éatrlZ min
after stimulation) than in siCTL (Figure 4E). These ressiiggest that DUSP3-depletion-



associated sprouting defect in HUVECs could be the consequencdebéc in the PKC
activation pathway.

DUSP3-deficient mice are healthy and do not exhibany spontaneous
phenotype

To gain insights into the function of DUSP3 in EC under physiologioalitions, we
generatedusp3-deficient mice by targeted homologous recombination.Ousp3 gene was
disrupted in 129/SvJ murine embryonic stem (ES) cells by thecespknt of exon Il with a
neo gene expression cassette (Figure 5A). Four ES clones, conttiritgrgeted disrupted
allele, were obtained and injected into blastocysts of C57Bhid. Germline transmission
was obtained from 2 independent ES cell clones. Southern blot anatysiirmed the
presence of the disrupted exon (Figure 5B). Heterozygous mice dethawtmorphological
abnormalities and were bred to obtain mice homozygous for the digrapiele.Dusp3™~
mice showed no detectable protein immunoreactivity with anti-DU3#Baay in protein
extracts from mouse embryonic fibroblasts (MEFs) compared tbhtyple mice (Figure 5C).
These mice were viable, fertile, developed normally and had naemppar spontaneous
pathology. These finding suggest that DUSP3 is dispensable for emhegogyeadult mice
development and homeostasis. A second alternative could be that anoth& BUS
compensating for DUSP3 deficiency.

Figure 5 Dusp3 deficient mice generation by targeted homologous recombition. (A)
Schematic diagram showing part of thasp3 gene locus, the target&lisp3 construct and
the resulting targeted allele. Recombination events are indibgteghen white boxes and
show the replacement of a 8.2 Rinsp3 genomic fragment containing exon Il by the pPNT-
Neo cassettgB) Southern blot analysis of ES cells genomic DNA following digestigh
Xbal using a 5’ external Probe P as indicate@An The autoradiography revealed the 8.2 kb
(wild-type) and 4.5 kb (targeted) fragments. The stars repréiserES cell lines used for
microinjection of mouse blastocys{€) Western blot analysis of DUSP3 protein expression
in MEF cell extracts from ®usp3"* and 6Dusp3™" mice. GAPDH was used as an internal
control.

DUSP3 deficiency affectsn vivo and ex vivo angiogenesis

The altered expression of DUSP3 in several human cancers [13,14,16] anewtye
discovered role of DUSP3 in EC tubulogenesis prompted us to investigatevo DUSP3
deficiency could also lead to a decrease in neovascularizationngmaj@nesis. We have
used three well established models of angiogenesis, previoustiatedl to assess the
function of different metalloproteinases in angiogenesis [20-22]. Tforpeour comparative
studies and assess the angiogenic response to b-FGF in BUSRBDUSP3™ mice, 500
uL of Matrigel containing human b-FGF (250 ng/mL) and Heparin (0.0138 h)giere
injected subcutaneously to the two flanks of DUSPand DUSP3™ mice (n = 15 mice in
each group). Quantification of plugs vascularization was performed yOatir injection.
As shown in Figure 6A, plugs retrieved from DUSP3nice were clearly less vascularized
compared to the ones harvested from DUSP3nice. This was confirmed after
homogenization of the Matrigel plugs and measurement of their hemoddb)ncontent
(Figure 6B). Indeed, Matrigel from the DUSP3mice showed more then 40% decrease of
Hb compared to the plugs from DUSB3mice. To further confirm these findings, in a
separated experiment, mice were injected with FITC-dextramnSprior to Matrigel plugs
removal. FITC-dextran fluorescence, together with CD31 stawagynext visualized under



epifluorescence microscope and fluorescence was quantified usang suoftware. Matrigels
retrieved from DUSP3 mice showed a minimal vascularization as demonstrated by the
level of FITC-dextran fluorescence intensity (Figure 6C-Dyl &y the CD31 staining
(Figure 6C and E).

Figure 6 DUSP3 deficiency affects in vivo angiogenesis. & DUSP3"* and DUSP3~
mice were injected subcutaneously in the flanks with 0.5 mL ofrig¢httogether with
human b-FGF (250 ng/mL) and Heparin (0,0L188nL). Ten days after injection, mice were
sacrificed and Matrigels were removed. Representative photogreplseiavn in(A) from
eight mice from each grou(B) Quantification of angiogenesis within the Matrigel plugs was
achieved by measuring hemoglobin (Hb) concentration in the Miatrgeogenates and was
reported as mg of measured Hb per mg of Matrigel. Reselisrasented as means = SEM,
=15 in each grougC) FITC-dextran was i.v. injected to DUSP3and DUSP3™ mice 5 min
before removal of subcutaneously implanted Matrigel plugs. Frozerorseatiere stained
using Alexa 594 conjugated anti-CD31 and DAPI and visualized using dhemt
microscope. Representative micrographs of FITC-Dextran (gr€&91 (red), DAPI (blue)
stainings and a merge of all are sho¢{®-E) Quantification of CD31 cells in blood vessel
sections per mMmof Matrigel section(D) and FITC dextran intensity (arbitrary units) in
Matrigel sectiongE) from DUSP3™* and DUSP3™ mice. Results are presented as means *
SEM, n = 10 in each group. Data are presented as mean + SEM from 3 ind#pende
experiments (n = 15 F-H) 10° LLC cells were subcutaneously injected in the flank of
DUSP3" and DUSP3" female mice. 7 days later, tumors were removed and homogenized
for Hb measurement. Representative photographs of the tumors ane ish@% from six

WT and seven DUSP3-KO micgs) Hb measurement in the tumors homogenates shown in
F. (H) Weights of the tumors retrieved from the mice. Data ageqmnted as mean + SEM. *

p < 0.05 (t-student test).

The decrease of Matrigel vascularization in DUSPBice was further confirmed by the
significant decrease of representative endothelial cellscriptss such aBcaml (CD31) and
Cdh5 (VE-Cad/Cd144), and pericytes transcripts, suchAam2 (aSMA) and Pdgfrb
(CD140b) in the Matrigel plugs retrieved from DUSP3compared to the ones from
DUSP3"" mice (Table 1).



Table 1 Representative gene expression profile of different cell populatigr23] in
Matrigel plugs from Dusp3-knockout versus WT

Gene hame Alternative names Ratio Dusp3-KO/WT P value
Endothelial cells
Pecaml Cd31; PECAM-1 0.52 0.045*
Mcam CD146; CD149 0.46 0.060
Tiel TIE; tie-1 0.37 0.059
Cdh5 VECD; Cd144; VE-Cad; 0.35 0.038*
Pericytes
Cspg4d AN2; NG2 0.76 0.25
Pdgfrb CD140b; PDGFR-1 0.66 0.047*
Acta2 a-SMA; alphaSMA 0.29 0.034*
Lymphoid and Myeloid markers
Csflr CD115; CSF-1R 1.2 0.58
Itgam MAC1; Cd11lb; CD11b/CD18 1.1 0.31
Klrblc CD161; NK1.1 11 0.85
Ly6a/e Scal; Ly-6A.2 11 0.56
Ly6cl Ly6c 1.1 0.56
Emrl F4/80 1.0 0.95
Lgals3 Mac-2 1.0 0.58
Csflr CD115; CSF-1R 1.0 0.97

Data presented are extracted from a genome-widearniay dataset obtained using lllumina’s multi prformat Mouse
WG-6 V2 BeadChip. Data are presented as the rétioeocaverage values obtained from 2 pools Bfu8p3-knockout each
on 2 pools of 3 WT mice each and the correspongivgue. (*p < 0.05 determined using unpaired studentést).

We next investigated the angiogenic role of DUSP3 in the cootdaximor development by
using a rapid tumor-induced model. Mice were subcutaneously injedtedl@ of Lung
Lewis Carcinomas cells (LLC) and tumors were removed 7 d las shown if Figure
6F, the Hb content of the homogenized tumor mass from the DUSR8e was reduced by
30% compared to the homogenates from the DUSRgice (Figure 6F-G). LLC tumors
weights were reduced slightly but not significantly in the DBSRcompared to DUSP3
mice (Figure 6F and H). These results demonstrate that the -indumed angiogenic
response is defective in mutant mice.

To further investigate the contribution of DUSP3 in neovessel formadionic explants
issued from DUSP% and DUSP3™ mice were embedded in three dimensional type |
collagen gel in non-complemented medium, autologous serum complemented-BGia
complemented medium (Figure 7A). The microvessel outgrowth were ifiptinby
determining the number of intersections in function to the distamdéet aortic ring as
previously reported [24]. As evidenced by Figure 7, sprout densitysigasicantly reduced
(p < 0,001) in the aortas derived from DUSP&nice when stimulated with b-FGF growth
factor (Figure 7A-B). Furthermore, the measured length achieyaessels was reduced in
the absence of DUSP3 upon stimulation with b-FGF. Indeed, maximseélvgowth for
DUSP3’ aortas was: Lmax (mm) = 0.48 + 0.23 and for DU%P&ortas: Lmax = 1.195 +
0.11 (p Value = 0.021). Differences were not statistically sicgmfi neither in the non-
stimulated nor in the serum-stimulated conditions (Figure 7A-B).



Figure 7 Ex-vivo microvasculature outgrowth from DUSP3"" and DUSP3’™ mice aortic
rings. (A) Phase contrast micrographs of thoracic aortas from 17 weeksuse®* and
DUSP3" mice grown for 9 days in collagen additive-free (no stimulation2.5% serum
containing collagen gels or in 20 ng/mL of b-FGF-supplemented colladgerMggnification
x25. (B) Computerized quantification of number of microvessel intersectionsnaxnmal
length of vessels from culture conditions shown in A. X axis reptssthe length of the
aortic microvessel outgrowth and Y-axis represents the numbent@fsections of the
microvessels. The arrows in the b-FGF stimulated conditions inditiaéemaximal vessel
growth, Lmax (mm) for DUSP3 and for DUSP3" aortas. *** p <0.001 (t-student test).

All together, these results suggest tivatjivo, DUSP3 plays a key role in neoangiogenesis.

Discussion

The physiological function and possible involvement of the A-DUSPIlyamembers in
cancer is largely unknown. The lack of knockout mice for A-DUSRsabably one of the
major limitations in the determination of the physiological fiorcbf these phosphatases. So
far, out of 19 A-DUSPs, only 3 were disrupted in mice, STYX [25], BU§[26] and laforin
[27]. However, the role of these phosphatases in cancer and angisgevere not
investigated in these mutant mice. Thus, the physiological funofigaDUSPs in cancer
and angiogenesis is still unknown.

We report here the generation of a new mouse strain Iaﬂ(jIB|I7IB gene, encoding for the
atypical dual specificity phosphatase DUSP3. The mutant DUSPg&e develop normally
and do not have any spontaneous evident pathology, making them angawed tool to
investigate the role of DUSP3 in different diseases. By appbjifigrentin vivo andex vivo
models to these knockout mice, we provide evidence for a new physablogie of DUSP3
in neovascularization. We also report that DUSP3 is highly exglresdeuman endothelial
cells and demonstrate its essential rolefiontro primary human endothelial cell angiogenic
sprouting function.

The fact that DUSP3-deficient mice are born displaying no vasdefi@cts under normal
conditions could be explained by a redundant function of DUSP3 shared aethDi SPs.
Indeed, several DUSPs have overlapping substrates specifipggiaty among MAPKSs.
This makes it difficult to assign a specific physiological folea specific DUSP in a specific
tissue. It is conceivable that conditional knockout mice lacking CBUSRly in the
endothelial cells may display a vascular phenotype during embryasaihar development
than the full knockout mice. However, we found that DUSP3-deficieneyepted neo-
vascularisation of Matrigel plugs and LLC xenograft tumors suggesiat DUSP3 plays an
important and non-redundant function in tumor-induced angiogenesis.

Using microarray analysis, we evaluated the expression lezalsDUSPs transcripts in the
Matrigel plugs extracts retrieved form DUSP3and WT mice. We found that among all
DUSPs (typical and atypical), DUSP1/MKP1 and DUSP23/VHZ wegnifcantly
downregulated in Matrigel plugs retrieved RNAs (Table 2) anddwie not observe an
increase in any DUSP in the absence of DUSP3. Altered exmmessDUSP1/MKP1 has
been reported in different human cancer (reviewed in [28]). In amgpsge DUSP1/MKP1
expression is associated with increased invasiveness of NSCLCoda® increased
expression of VEGFC, suggesting that DUSP1 inhibition could be agicadgy to inhibit



tumor invasion and angiogenesis [29]. Therefore, the observed decremseamgiogenesis
in our model could also be due to the decreased DUSP1/MKP1 expressiomthEne
possibility could be that the observed decrease of DUSP1 refihectdecreased number of

endothelial and smooth muscle cells in the Matrigels infiltraf€able 1). As for
DUSP23/VHZ, little is known about this phosphatase function. However, RBISHZ is
highly expressed in several human cancers and could play a k## cycle regulation [30].
The cellular distribution of DUSP23 is not known. Therefore, it isadiff to conclude if, in
our case, the observed decrease of this phosphatase transcript P3DUStrieved
Matrigels is due to DUSP3 deficiency or reflects the deerea&C and smooth muscle cells
infiltration in Matrigels.

Table 2Dusps genes expression profile from Dusp3-knockout versus WT Matrigplugs

Gene hame Protein names Ratio Dusp3-KO/WT P value
Typical Dusps
Duspl MKP1 0.60 0.041*
Dusp2 PAC-1 1.0 0.96
Dusp4 MKP2 0.48 0.18
Dusp5 DUSP5; hVH3; B23 NP
Dusp6 MKP3 1 0.9
Dusp7 MKPX 0.9 0.6
Dusp8 DUSP8 0.97 0.88
Dusp9 MKP4 ND
Duspl0 MKP5 15 0.23
Duspl6 MKP7 1.2 0.33
Styxl1 MK-STYX ND
Atypical Dusps
Epm2a Laforin ND
Dusp3 VHR ND
Duspll PIR1 1 0.75
Duspl3 MDSP; TMDP; DUSP13 1.8 0.38
Duspl4 MKP6 0.84 0.51
Duspl5 VHY 11 0.56
Duspl8 LMW-DSP20 0.54 0.11
Dusp319 SKRP1; LMW-DSP3 1.3 0.057
Dusp21 LMW-DSP21 ND
Dusp22 JSP-1; JKAP; MKPX; VHX 14 0.078
Dusp23 LDP-3; VHZ 0.85 0.04*
Dusp26 MKP8, NEAP 1.3 0.71
Dupdl DUPD1 25 0.18
Dusp28 VHP 11 0.31
Styx STYX 11 0.43

Data presented in this table are extracted fronereogne-wide microarray dataset obtained using Iha'si multi sample
format Mouse WG-6 V2 BeadChip. Data are presenseheratio of the average values obtained frorodspof 3Dusp3-

knockout each on 2 pools of 3 WT mice each anatineespondingp-value. (*p < 0.05 determined using unpaired student’s
t test). ND: not detected. NP: no probe/not presarthe microarray chip.

In the aortic ring assay, we found that DUSP3 deficiency predehe sprouting in response
to the angiogenic growth factor b-FGF. This finding was furtugaported by the significant
decrease of angiogenic sprouting in the HUVECs spheroid modet aftevitro
downregulation of DUSP3 using RNA interference. Although the underlyiaghanism is
not clear, these findings suggest that DUSP3 plays an impoolanin the b-FGF receptor
signaling pathways. FGF signalings are involved in a plethora aidiall processes leading
to: activation of cell proliferation, inhibition of apoptotic signalstiation of cell migration
in different cell types and promotion of angiogenesis. FGF aeswall proliferation mainly
through the Raf-MEK-ERK MAPK pathway (reviewed in [19]). The faélcat DUSP3



dowregulation in HUVECs did not affect cell proliferation and ERKa¢ttivation suggests
that DUSP3 is dispensable for the b-FGF-induced cell proliferatiiencan also exclude the
involvement of DUSP3 in FGF PI3K/Akt pro-survival/anti-apoptotic pathwwayDUSP3
depletion did not impact HUVECs apoptosis. On the other hand, the phosphorgfatikin
was normally induced in DUSP3-depleted HUVECs. FGF plays alsoacakrole in cell
migration and angiogenesis. This effect is mediated throughPtBE and PLG/PKC
activation pathways [19]. We have indeed demonstrated that DUSP3iatemleHUVECS
affected PKC basal and b-FGF induced phosphorylation. PKCs repeetangie family of
enzyme activated by two secondary messengers, calciud+)@ad diacylglycerol (DAG).
Ca2+ increases the affinity of PKC for lipids and DAG induadsigh affinity interaction
with the membrane leading to its activation [31,32]. To be readsdivation by Ca2+ and
DAG, PKC is first phosphorylated by both phosphoinositide-dependent kinase dnfB8ly
autophosphorylation [34]. The autophosphorylation of PKC on serine 660 residue is
important for the stability of the enzyme conformation and downstsagnal transduction
[35,36]. In absence of DUSP3, we found that this autophosphorylation sig&6Q¥Heas
hyperphosphorylated, suggesting that PKC is in a ready sthi @ctivated. However, the
anti-phospho-PKC Ser660 antibody used detects endogenous levels of BE¢erabforms.
To investigate which PKC isoform is affected by DUSP3 depletiomunoprecipitation of
all the isoforms, followed by immunoblotting with phospho-PKC bll Ser&60equired.
What is clear so far is that DUSP3 is involved in FGF-induced B&t@wation in MAPKs-
independent manner. Upon activation with FGF, DUSP3-depleted celidha very slight
increase in the phosphorylation of the autophosphorylation site of t@ef&Hily proteins
compared to the control. This could be due to the fact the hypetact status of PKC at
basal levels leads to an unresponsive signaling pathway.

We have also investigated if the most recently identified DUSBStiate, EGFR in H1299
cells [10], could be affected by DUSP3 depletion in HUVECs. E@GFR&h important player
in diverse biological processes and is actually targeted fbgratit approaches in various
human malignancies [37]. Tyrosine phosphorylation is an important paostatianal
modification for EGFR-induced signaling after ligand binding. We fainadl EGFR tyrosine
phosphorylation was not affected by DUSP3 deficiency in HUVEG aatither at basal
levels, nor after EGF activation suggesting that DUSP3 is ngettag EGFR in endothelial
cells. These results were compatible with recent study wW&gneret al. showed that
EGFR was not regulated by DUSP3 in the primary NSCLC turalts and in the NSCLC
cell line H460 [15].

In the DUSP3™ mice, we also found that the activity of ERK1/2 and JNK1/2 wee
affected by DUSP3 deficiency in B cells, T cells, macrophagek platelets (unpublished
observations). However, we failed in testing this in micengry endothelial cells as the
purification of sufficient number of these cells without affecting basal activity of MAPKs
was challenging. This is not the first time that previouslyrattarized DUSP substrate
specificity is not confirmed in a knockout mice model. Indeed, defigieh®USP2/PAC1, a
known phosphatase for ERK and p38, does not lead to enhanced ERK and p38
phosphorylation but rather causes an enhanced JNK phosphorylation, sﬂgggastbsstalk
between the different MAPKSs that contribute to the observed chan@&$3RZ™ mice [38].
Similarly, knockout of DUSP10/MKP5, a phosphatase known to target p38, doesuset ca
p38 hyperphosphorylation [39]. These inconsistencies are probably dueusetbén vitro
overexpression/downregulation systems during previous characterizatiorBUBS'’s
substrate specificity, which may not faithfully reflect the combes from DUSP-deficient



primary cells. Alternatively, the lack of a particular DRI$nay be compensated by other
DUSPs.

Conclusions

Taken together, the present study provides evidence for an unexphgtedlogical role of
the dual specificity phosphatase DUSP3 as new key mediatoeafascularization by
affecting at least the b-FGF-induced endothelial cell sprouting probably via the PKC
pathway. However, further investigations are required to sheditighthe role of DUSP3 in
angiogenesis and the molecular mechanism in the b-FGF-induced, angspstiex receptor
signaling pathways, involved in angiogenic sprouting.

Methods

Generation of DUSP3 knockout mice by disruption oDusp3 locus

The DUSP3 knockout (KO) mouse was generated by replacing the Ewih the Neo gene
by homologous recombination. A 2.3 Kb fragment containing Exon | and a 4if@a¢thent
containing the 5’ region of Intron Il of tHBusp3 gene were cloned inside the plasmid pPNT
and the plasmid was transfected into the 129/SvJ embryonic stein céiSline by
electroporation. G418 and Ganciclovir resistant ES clones werensedrédy PCR using a
forward primer located in thBusp3 gene, outside the 2.3 kb fragment cloned in the plasmid,
and a reverse primer located in the Neo gene. The proper homologousbrgation was
verified by Southern hybridization analysis, detecting an additionaK@.sragment after
Xbal digestion and hybridization with a probe located in the 5 region oDtisp3 gene.
Two recombinant ES cell lines were injected into blastocystS853BL/6 mice producing
chimeras that were mated with C57BL/6 mice to generate hetgrazyfounders. ES
transfection and blastocyst injection were performed at the M@aeser Center/Transgenic
and Gene Targeting core facility at UCSD. http://cancer.ucsdRedaarch/Shared/tgm/
default2.asp. Heterozygous mice were mated to generate +/+aitterfidtes to be used for
experimentation. Mice were weaned and ear-marked at day 2leekt 4y 2 mm of tail was
cut for genotyping using a surgical blade. Total DNA was exddaftom tail tip using High
Pure PCR template preparation kit (Roche, Vilvoorde, Belgium)Gahgg was used as a
template in 50ul of a final reaction mixture which contained tHausp3 primers
5GTGTGAGCTGCACTTTCCAA3 and B3GGTGACTGGGTGAAGAATGG3 together
with the Neo primer 9 TGCCAAGTTCTAATTCCATCAGA3. The reaction generates a
456 bp fragment from the VHR gene and a 365 bp fragment from the recombinant construct.

Ethical statement

All mice experiments and procedures were carried out followinggthdelines and in
agreement with the animal ethics committee of the Universitigde. All the work was
covered by the ethical licence: 858 “understanding the role of DUSP3 in angisjene

Antibodies and reagents

Anti-Von Willebrand Factor (VWF) antibody was from Dako (Dako, HeassriBelgium).
Anti-DUSP3 antibody used for immunohistochemistry, basic-Fibroblaswty factor (b-
FGF) and heparin were from R&D (R&D Systems, Minneapolis, MN). Anti-DUSRBady



used for western blots, as well as the anti-CD31, Matrigel aspaBe were from BD
Biosciences (BD Biosciences, San Jose, CA). Anti-phosphotyrositedyt(4G10) was
from Millipore (Millipore, Overijse, Belgium). Anti-phospho-ERK1/2 (fB92/Tyr204), anti-
ERK1/2, anti-cJun, anti-pospho-Akt (Ser473), anti-Akt, anti-EGFR, anti-phosikBogan
(Ser660) antibodies and SAPK/INK kinase assay kit were all fgeth Signaling (Cell
Signaling, Danvers, MA). HRP conjugated anti-mouse and anti-rabluhdaxy antibodies
and enhanced chemiluminescence kit (ECL) were from GE Healtl{GiteHealthcare
Europe GmbH, Diegem, Belgium). Double stranded siRNA used as-targeting control
(siCTL) was from Dharmacon (Thermo Scientific-Dharmacon, Baagem-Aalst,
Belgium). Double stranded siRNAs used for DUSP3 silencing weym fEurogentec
(Eurogentec, Seraing, Belgium) and sequences were siDUSP3-1
(GGCAGAAGAUGGACGUCAA), siDUSP3-2 (GGUCCUUCAUGCACGUCAAAnNti-rat
Alexa 594 secondary antibody were from Life Technology (Life hhietogy, Gent,
Belgium). Gené&ransll was from Mo Bi Tec (Mo Bi Tec, Gottingen, Germany). [3H]
thymidine was from Perkin Elmer (Perkin Elmer, Zaventem, Betyi Anti-GAPDH
antibody and Fluorescein isothiocyanate-dextran (FITC-Dextrarg fiem Sigma (Sigma-
Aldrich, Diegem, Belgium). Collagen R was from Serva (Serva, Heidglermany).

Cell culture and siRNA transfection and cellular proliferation

Human Umbilical Vein Endothelial Cells (HUVEC), EBM medium anGNE Singlequot
were purchased from Lonza (Lonza, Basel, Switzerland). HUVEE€ waintained in EGM
(EBM + EGM Singlequot). Earlycell passages (2 to 6) weaasfiected with non-targeting
SiCTL (150nM) or with 2 different DUSP3 targeting siRNA (150nkging Genéransll
transfection reagent as a vehicle (3L%1 mL). HUVEC were used for experiments 72 hours
after transfection. Cellular proliferation was measured as quski reported [11,17]. The
Lewis Lung Carcinoma (LLC) cells were cultured in DMEM (LanBasel, Switzerland)
supplemented with 10% heat-inactivated fetal bovine serum in a humiidiirrosphere of
5% CO2 at 37°C.

Immunohistochemistry

Human cervix carcinoma paraffin embedded serial sectionsndwere incubated during
one hour in the oven at 60°C, deparaffinized and rehydrated using suededhs as follow:
2 x 5 min in xylol, 2 x 2 min in 100% ethanol 100%, 1 x 1 min in 95%nethd % 2 min in
70% ethanol and 2 x 2 min in dBl. Antigen retrieval was performed using Target retrieval
solution (Dako) for 40 min at 99°C. After 20 min at room temperature, (Bidogenous
peroxydases were inhibited using Peroxydase blocking solution (Dakoy dir min at RT.
Background staining was reduced by incubating the slides in 10% normal goafP&suiow
30 min at RT. Sections were then subsequently incubated with theryprana-DUSP3
(dilution: 1/50) or anti-vWF (dilution: 1/200) antibodies for 1 h at RT théth whe HRP
conjugated anti-mouse or anti-rabbit secondary antibody at 1/200 dititrorg 1 h at RT.
Staining was revealed using 3'3'diaminobenzidine (DAB) chromogen #ddsswere
counterstained with haematoxylin.

Tubulogenesis Matrigel assay

To perform tube formation assay, 20D of Matrigel were put in 24 well culture plates and
incubated for 2 hour at 37°C to allow gelling. Dissociated (3% HQVEC were diluted in
the appropriate medium and added onto the Matrigel layer. 2dtdr, tube formation was



visualized using phase-contrast microscopy. Total tube length and nomimeersections
were quantified using Image J software (National Institutes of HealtheSia, MD).

Time-lapse video microscopy

siCTL and siDUSP3 transfected HUVEC {lgells) were seeded on gellified Matrigel layer
in 2 wells Lab-Tek chamber slides (Thermo Fisher ScientWaltham, MA, USA) and
transferred to the stage of a Nikon A1R microscope (Nikon, Wavigiug® equipped with
X, y and z axes and maintained at 37°C and 12 hours. Images were@deyery 10 minutes
using Nis Elements software (Nikon, Wavre, Belgium) and savedDdgsfiles. Individual
files were then combined and processed into AVI Movies using Naméiits software.
Representative snap shots were taken from siCTL and siDUSP3 cosditi different time
intervals.

In vivo Matrigel angiogenesis assay and LLC cells injectio

DUSP3" and DUSP3™ mice were subcutaneously injected in the two flanks with 5@
Matrigel supplemented with b-FGF (250 ng/ml) and Heparin (0.0138 md@en)days later,
Matrigel plugs were carefully harvested, weighted and didestih Dispase for 1 h at 37°C.
The hemoglobin content was determined by a colorimetric assay Dsabkin’s reagent
(Sigma-Aldrich). In separated experiments, 5 min prior micifgze, freshly prepared
FITC-Dextran (100 mg/kg) was injected in the tail vein. Matrigkigs were frozen in
Tissue-tek for subsequent immuno-fluorescence analysis.

For LLC tumor cells injection, mice were subcutaneously injectetd flanks with 1DLLC
cells. Seven days later, tumors were carefully harvestedghteei and mechanically
grounded using a homogenizer. The hemoglobin content was determinedDusirkin’s
reagent colorimetric assay.

Immunofluorescence staining

For immunofluorescent staining of frozen Matrigel plugs, sectionsuof Wwere fixed in ice-
cold acetone for 2 min then in methanol (4°C) for 5 min. After blockinBBS containing
10% normal goat serum for 30 min at RT, slides were incubated for one hour with &iti-CD
Slides were then washed. Immunoreactivity was revealed usingaeAlexa 594 secondary
antibody. CD31 staining and injected FITC-dextran fluorescence wisualized under
Olympus Vanox AHBT3 epifluorescent microscope (Olympus, AartseBelgium). The
number of CD31 blood vessels sections and total FITC-Dextran fluorescenceitgterse
qguantified using Imaris software (Imaris, Bitplane, Zurich, Switnella

Mouse aortic ring assay

Mouse aortic ring assay was performed as previously describedgd8]ly, 1 mm long

mice aortic rings explants were cultured in collagen gel (1,5ngThe aortic rings were
either non-stimulated, stimulated with autologous serum or stimukated20 ng/ml of b-

FGF. The explants were cultured for 9 Days at 37°C and 5% C02 and pipbtedrusing
Zeiss Axiovert 25 (Zeiss, Zaventem, Belgium). Microvessel iattisns number and
maximal length of vessels outgrowth were quantified with tpbefon 3.2 software from
Adsis (Meythet, France).



Spheroid sprouting assay

To generate the spheroids, we proceeded as previously reportedBftly, HUVECs
resuspended in EBM containing 0.24% high viscosity methyl celluligen@-Aldrich) were
seeded in 96 well round bottom non-adherent plates and cultured overnight aE3chC.
spheroid contained f@ells. Single spheroids were collected, embedded in rat t&igeol
type 1 gel (Corning, Seneffe, Belgium) and cultured for 48 hours at 37°2%0 FBS
supplemented EBM with 75 ng/ml phorbol-12 myristate 13-acetate (RMAD ng/ml b-
FGF. To quantify the sprouting, the mean number of sprout in each condition was counted.

Cell lysates, immunoprecipitation, western blot andSAPK/JNK Kinase assay

For western blot experiments, cells were stimulated for theateti time points and lysed
using RIPA buffer (50mMTris-HCI (pH = 8.0), 150 mM NaCl, 1% NP-40, 0£&8dium
deoxycholate, 0.1% SDS, 1 mM orthovanadate, complete protease inhibiton| daieis
EDTA free and 1 mM phenylmethylsulfonyl fluoride) on ice duringv@@utes. Lysates were
next clarified by centrifugation at 21000 g during 20 min at 4°C24@00 g. The resulting
supernatants were collected and protein concentrations were de@rmising the
colorimetric Bradford reagent (Bio-Rad, Nazareth, Belgium). Sasnwkre next denaturated
at 95°C in Laemmli buffer. To investigate the SAPK/JNK activitg, used the SAPK/IJNK
kinase assay kit following the instructions of the manufactuneefli3 cells were stimulated
for the indicated time and lysed with the cell lysis buffer pravid€ell lysates were
incubated overnight at 4°C with Phospho-SAPK/IJNK Rabbit mAb sephaross bt
constant agitation. Kinase assay was performed by adding edambinant protein and
ATP to the beads with 1x Kinase buffer and incubated for 30 min at 3b¥Creaction was
stopped by adding SDS Laemmli buffer and boiled at 95°C for 5 min. Samwwglre then run
on SDS-PAGE gel and transferred to Hybond-nitrocellulose membraodsock the non-
specific binding sites, membranes were incubated for one hoursibdffiered saline-Tween
20 containing 5% of non fat milk or 3% BSA. Membranes were next itedbaith anti-
Phospho-c-Jun and anti-c-Jun. Immunoprecipitations of EGFR were carriddllowing
previously reported protocols [42]. To evaluate the efficiency of AiRfdnsfection, the
phosphorylation of ERK1/2 and Akt, cell lysates from transfectetbtelial cells were
resolved by SDS-PAGE and transferred onto nitrocellulose mensbrdine membranes
were next immunoblotted with anti-DUSP3, anti-phospho-ERK1/2 and anti-phodqho-A
antibodies. Membranes were next stripped, blocked and immunoblotted wHBAGPDIH,
anti-Akt and anti-ERK1/2 antibodies for normalization. Immunoreactivig then revealed
using HRP conjugated secondary antibodies. The blots were developeshhbypced
chemiluminescence (Amersham, Gent, Belgium) according to thewufawurer's
instructions.

Microarray analysis and gene expression profiles

Total RNA was isolated from b-FGF containing Matrigel plugseeed from DUSP3" and
DUSP3" mice 10 days after sub-cutaneous injection. RNA was prepared usizg T
reagent (Roche). The yield of the extracted RNA was detednisiag spectrophotometer by
measuring the optical density at 260 nm. The purity and quality afxtiacted RNA were
evaluated using the Experion RNA StdSens Analysis kit (Bio-Raubtatories, Hercules,
CA). High quality RNA with RNA Quality Indicator (RQI) sa®greater than 8 was used for
microarray experiment. Gene expression profiling was performed) Udumina’s multi-
sample format Mouse WG-6 V2 BeadChip containing 45281 transcripts antegraik



samples simultaneously on a single chip (lllumina Inc., San Dieg{, % each sample,
250 ng of total RNA was labeled using lllumina Total Prep RNA Afieption kit (Ambion,
Austin, TX) according to the manufacturer’s instructions. Briefly, doublad®&@ cDNA was
synthesized using T7-oligo (dT) primers and followed byrawitro transcription reaction to
amplify antisense RNA (aRNA), while biotin was incorporated ihi® $ynthesized aRNA
probe. The aRNA probe was then purified and quantified using a NanoDrop
spectrophotometer (Thermo Fisher Scientific, Waltham, MA).

Biotinylated cRNA probe was hybridized to the Mouse WG-6 V2 BéaguCArray
(lumina). Labeled aRNA (1500 ng) was used for hybridization tohearray. The
hybridization, washing and scanning, were performed according to timefaoturer’s
instructions. The arrays were scanned using a BeadArray Réladain@). The microarray
images were registered and extracted automatically duhegscan according to the
manufacturer's default settings. Raw microarray intensitya da¢re analysed with the
Genome Studio software normalized using the quantile normalizatidtrodhaccording to
the manufacturer's recommendation. The probes were considered assexpby filtering
data on Detectiop-value lower than 0.05. Data are presented as the ratio of the average
values obtained from 2 separate pools of Matrigels retrieved fr@3P3’~ mice on 2
separate pools of Matrigels retrieved from 3 DU%SP8ice and the correspondimgvalue
was determined using unpaired student®st. A value ofp < 0.05 was considered as
statistically significant.

Statistical analysis

The student-test was used to assess statistical differences betliféement groups. Results
were considered as significant if p-value < 0.05. Results areerpgegs £ SEM. Prism
software (GraphPad, San Diego, CA) was used to perform staltigtialysis. * = p < 0.05,
** =p<0.01, * =p<0.001.
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Additional files

Additional_file_1 as AVI

Additional file 1 DUSP3 downregulation affects HUVEC cells angiogenic sprouting. 72

hours after transfection with siCTL, HUVECs were trypsinized and 7.5 frdf each

transfection condition were seeded on Matrigel solidified matrix in Labelfaknber slides.
Chambers were immediately transferred to the stage of a Nikon A1R noijgeoand

maintained for 16 hours at 37°C and 5% CO2 culture conditions. Images were acquired every
10 minutes using Nis Elements software and saved as ND?2 files. Individualdileshen
combined and processed into AVI. Representative movie for siCTL (movie 1) condition are
shown.

Additional _file_2 as AVI
Additional file 2 DUSP3 downregulation affects HUVEC cells angiogenic sprouting. 72



hours after transfection with siDUSP3-1, HUVECs were trypsinized and 7.5frofiDeach
transfection condition were seeded on Matrigel solidified matrix in Labelhaknber slides.
Chambers were immediately transferred to the stage of a Nikon A1R noijgeoand

maintained for 16 hours at 37°C and 5% CO2 culture conditions. Images were acquired every
10 minutes using Nis Elements software and saved as ND?2 files. Individualdileshen
combined and processed into AVI. Representative movie for sSiDUSP3 (movie 2) condition
are shown.
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