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Nidogen 1 and Nuclear Protein 1: novel targets of ETV5
transcription factor involved in endometrial cancer invasion
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Abstract Endometrial cancer is the most frequent malig-

nancy of the female genital tract in western countries. Our

group has previously characterized the upregulation of the

transcription factor ETV5 in endometrial cancer with a

specific and significant increase in those tumor stages asso-

ciated with myometrial invasion. We have shown that ETV5

overexpression in Hec1A endometrial cancer cells induces

epithelial to mesenchymal transition resulting in the acquisi-

tion of migratory and invasive capabilities. In the present

work, we have identified Nidogen 1 (NID1) and Nuclear

Protein 1 (NUPR1) as direct transcriptional targets ofETV5 in

endometrial cancer cells. Inhibition of NID1 and NUPR1 in

ETV5 overexpressing cells reduced cell migration and inva-

sion in vitro and reduced tumor growth and dissemination in

an orthotopic endometrial cancer model. Importantly, we

confirmed a significant increase of NUPR1 and NID1 protein

expression in the invasion front of the tumor compared to their

paired superficial zone, concomitant toETV5overexpression.

Altogether, we conclude that NID1 and NUPR1 are novel

targets ofETV5 and are actively cooperatingwithETV5at the

invasion front of the tumor in the acquisition of an invasive

phenotype to jointly drive endometrial cancer invasion.

Keywords ETV5 � NID1 � NUPR1 � Invasion �
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Abbreviations

EMT Epithelial to Mesenchymal Transition

NID1 Nidogen 1

NUPR1 Nuclear Protein 1

H Hec1A cells

HG Hec1A cells transfected with the pEGFP-

C2 vector alone

HGE Hec1A cells transfected with the pEGFP-

hETV5
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HGEshNID1 HGE with downregulation of NID1

HGEshNUPR1 HE with downregulation of NUPR1

HGEshC HE with shControl

ChIP Chromatin immunoprecipitation

RTqPCR Real time quantitative PCR

Introduction

Endometrioid endometrial cancer has a favorable prog-

nostic due to an early diagnosis related with the early ap-

pearance of symptoms [1]. However, 20 % of patients

present myometrial infiltration and/or lymph node affec-

tation at diagnosis. As the initial event in tumor invasion,

myometrial invasion is one of the most valuable prognostic

factors and determines an increase in the rate of recurrence

after the first surgical treatment and a decrease in the

5 year survival follow-up [2]. Thus, unraveling the initial

steps associated with myometrial infiltration may represent

an important improvement in the identification of new

therapeutic targets that prevent cancer dissemination.

The molecular pathology of myometrial invasion corre-

lates with the down regulation of E-cadherin and the in-

duction of an Epithelial to Mesenchymal Transition (EMT)

[3, 4]. EMT is a crucial process in tumor invasionwhere cells

lose their epithelial polarity and cell-to-cell contacts and

acquire mesenchymal properties. EMT involves the loss of

intercellular cohesion and the modification of the cy-

toskeleton, leading to increased motility and invasion.

Transformed cells can detach, penetrate through the base-

ment membrane and infiltrate surrounding tissues [5, 6].

Our group has previously characterized the upregulation

of the transcription factor ETV5 in endometrial cancerwith a

specific and significant increase in those tumor stages asso-

ciated with myometrial invasion [7, 8]. We have shown that

ETV5 overexpression in an endometrial cancer cell line

promotes cell migration and invasion through the activation

of the matrix metalloprotease MMP2 [9]. In addition, we

have demonstrated a role of ETV5 on the induction of EMT

through the upregulation of ZEB1 expression andE-cadherin

repression resulting in the acquisition of migratory and in-

vasive capabilities [10]. To further characterize the initial

steps of myometrial invasion regulated by the ETV5 tran-

scription factor, we analyzed by gene expression microarray

technology those genes whose expression was altered in

Hec1A endometrial cancer cells with stable overexpression

of a fusion GFP-ETV5 protein [10].

In the present work, we have identified Nidogen1

(NID1) and Nuclear Protein 1 (NUPR1) as direct tran-

scriptional targets of ETV5. Both genes mediate some of

the migratory and invasive capabilities induced by ETV5

overexpression in endometrial cancer cells both in vitro

and in vivo. Importantly, NID1 and NUPR1 were

upregulated at protein and mRNA level at the invasive

front of endometrial cancer tissues, concomitant with

ETV5 overexpression.

Materials and methods

Cell lines and tumor samples

The human endometrial cancer cell line, Hec1A, was cul-

tured as previously described by Monge et al. [9]. Tissue

specimens were collected from patients who underwent

surgery for endometrial cancer in the Departments of Gy-

naecological Oncology at the Hospital Vall d’Hebron and

the Hospital del Mar in Barcelona (Barcelona, Spain). The

Institutional Review Boards approved the protocol to per-

form this study and informed consent was obtained from all

patients included. None of the patients had received ra-

diation, hormonal therapy or chemotherapy prior to sur-

gery. A total of 32 endometrial cancer samples were used

to analyze the mRNA expression of NID1, NUPR1 and

ETV5, and 9 paired samples of superficial and deep tumor

were used to analyze the mRNA expression of NID1 and

NUPR1 (Supplementary Table 1). We used a total of 82

paraffin-embedded tissues from endometrial cancer and

controls (Supplementary Table 2), and paired superficial

and deep sections of 116 paraffin-embedded tissues (Sup-

plementary Table 3) to analyze the protein expression of

ETV5, NID1 and NUPR1. Clinico-pathological data of

each tumor is detailed in the indicated supplementary ta-

bles. Histological grading is based with regard to the de-

gree of differentiation of the adenocarcinoma [11]. FIGO

stage classification is based in the revised version pub-

lished in 2009 [12].

Constructs and stable cell line generation

Hec1A cells either transfected with the pEGFP-C2 vector

alone (HG) or the pEGFP-hETV5 (HGE) were selected

with G-418 as described [9]. To generate stable cell lines

with downregulation of NID1 (HGEshNID1) and NUPR1

(HGEshNUPR1) and control cells (HGEshC), we used

lentiviral vectors carrying a CMV-driven Lac Z gene

packaged with attenuated HIV-derived constructs and

pseudotyped with VSV-G envelope, prepared by transient

transfection of 293T cells, together with pGIPZ against

NID1, NUPR1 or control (ABgene, Thermo FisherScien-

tific). The following short hairpins against NID1 and

NUPR1 were selected to generate stable HGE modified cell

lines: shNID1a, 50-ATCATAGCAGGTTCGCCCG-30, and
shNUPR1b, 50-TCTCTCTTGGTGCGACCTT-30. The

transfection was carried out using Lipofectamine 2000
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(Invitrogen, Life technologies, Carlsbad, CA), following

manufacturer’s instructions. Lentiviral supernatants were

harvested 48 h after transfection and were filtered through

0.45 lm. Cleaned lentiviral medium was used to infect

cells in the presence of 8 lg/mL polybrene. Transfected

cells were selected with Puromycin (InvivoGen, San

Diego, Ca, USA) at 1 lL/mL.

Chromatin immunoprecipitation assay

Chromatin immunoprecipitation (ChIP) on HGE cells was

performed using rAb ERM/ETV5 and the Magna ChIP kit

(Millipore, Billerica, MA), according to the manufacturer’s

instructions and as previously described in Llaurado et al.

[13]. Melting temperatures and specific PCR conditions are

described in Table 1.

Luciferase reporter assay

The human NID1 and NUPR1 promoters (promoter region

comprising nucleotides from -375 to ?3 and from -444

to -30 from Transcription Starting Site, respectively) were

cloned in pGL4.15 luciferase vector (pGL4.15-NID1 and

pGL4.15-NUPR1) (Promega, Madison, WI, USA). H, HG

and HGE cells were split into 24-well plates before trans-

fection and were transfected with a mixture of 370 ng re-

porter luciferase vector, 30 ng renilla luciferase vector and

Lipofectamine 2000 for 5 h with serum-free medium. After

36 h, cells were lysed and luciferase activity was deter-

mined using the Dual Luciferase Assay Kit (Promega,

Madison, WI, USA). Data are presented as relative fold

activation between cells transfected with either pGL4.15-

NID1 or pGL4.15-NUPR1, and the pGL4.15 empty vector.

Three independent replicates were performed per ex-

periment. The assay was performed three times.

Real time quantitative PCR (RTqPCR)

RTqPCR was performed as described previously by Llau-

rado et al. [14]. We used ETV5-Hs00231790_m1, NID1-

Hs00159600_m1 and NUPR1-Hs00202610_m1 probes, for

the analysis of endometrial tumor and control, and superficial

and deep tumor samples. The GAPDH-Hs9999905_m1

probe was used for normalization. For the analysis of en-

dometrial cancer cell lines, we used the 18 s ribosomal RNA

C6_4308329 probe for normalization. All probes were

TaqMan� Gene Expression Assays (Applied Biosystems,

Foster City, CA, USA). Fold change expression values were

calculated with the ddCT-method. Hec1A cells and four

healthy endometrial samples were used respectively as

controls when cell lines or human samples were analyzed.

Protein extraction

Whole cell extracts were prepared using RIPA Buffer and

quantified by BioRad DCTM Protein Assay (BioRad

Laboratories, Hercules, CA. USA). Nuclear and cytoplas-

mic protein was extracted using the NE-PER Nuclear and

Cytoplasmic Extraction Reagents Kit (Cat No. 78835,

Thermo Scientific, USA), following manufacturer’s in-

structions. For medium secreted protein extraction, adher-

ent cells were cultured in a p100 dish with 6 mL of serum-

Table 1 Differentially expressed genes between ETV5 overexpressing cells and control cell line

Gene FC P value Forward Reverse 5 %

DMSO

Annealing

Temp

ANGPT-2 3.18 8.77E-15 50-GAAGTCCTGACCTATTTGTAG-30 50-TCTCCCCAGATCCTACAGTG-30 No 58 �C
PLOD2a 3.16 8.64E-17 50GAAAGAGTCTAAGGCTCTCTTG-30 50-CACTTAGCTTTGGGAGTGGGTT-30 Yes 56 �C
PLOD2b 3.16 8.64E-17 50-AACCCACTCCCAAAGCTAAGTG-30 50-GCAGCTGAGGCTTCACCGTGC-30 Yes 56 �C
NUPR1a 2.8 3.31E-14 50-CATTTGATCCTCTCCCCAAC-30 50-GATTATAGACATCTGCCACC-30 No 54 �C
NUPR1b 2.8 3.31E-14 50-AAGTGTGCTGATATCCCTTC-30 50-CTTCTCCTAACGCTTTGTCT-30 No 51 �C
EFNA5a 2.33 9.33E-10 50-GAGTTGGAGGGATCCATTTG-30 50-GATAGAGGGCTTCGCGCTTG30 No 50 �C
EFNA5b 2.33 9.33E-10 50-ACACAGCTTGGCACCTCTTC-30 50-CATCTCCACGTGCAACATCAC30 No 52 �C
NPR3a 1.78 1.09E-12 50-ATTCCAGCGCAAACCTGCGTG-30 50-GGAGTCTCTCATTAACATTCT30 Yes 58 �C
NPR3b 1.78 1.09E-12 50-CGCTGCCACGCTATTTAAAC-30 50-CAAGAAAGAGCTTGCCCTC30 No 60 �C
NID1a 1.8 1.74E-11 50-GTTTCTTCTCCTCTTCAATGC-30 50-CCAAGTCATCAAAGACATTAG-30 Yes 60 �C
NID1b 1.8 1.74E-11 50-TTTCCACGTCGCCGGCTCTC-30 50-CATGTTCCCGAACTGCGGTC-30 Yes 60 �C
LAMP3a 1.32 2.89E-09 50-CAGCTGAAGAATCCAAGGCTC-30 50-TTTTCTAACAGCTCGGGTACC30 No 62 �C
LAMP3b 1.32 2.89E-09 50-CAGCCTGGCCAATATGGTGAC-30 50-GTTCTGCAGCGTGCGGCGAAG30 Yes 62 �C

Fold change (FC) and P value of genes differentially expressed in the microarray analysis of HGE versus Hec1a cell lines [10]. For each gene,

primers and PCR conditions used for ChIP analysis of their promoter regions. Letters behind the gene name (‘‘a’’ or ‘‘b’’) indicate different

promoter regions for the same gene
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free medium during 48 h. The medium was collected and

1:1 volume of 20 % trichloroacetic acid (TCA) was added

drop by drop with agitation. After 10 min incubation on

ice, the sample was centrifuged at 10,000g for 20 min.

Then, the pellet was resuspended in 6 mL of 10 % TCA

and centrifuged at 10,000g during 20 min. Finally, the

pellet was washed with 3 mL of diethyl ether and cen-

trifuged for 10 min at 10,000g. The pellet was finally re-

suspended in RIPA Buffer.

Immunoblot

Immunoblot was performed as described by Llaurado et al.

[13]. Primary antibodies used in this study were anti-ETV5

(sc-22807, Santa Cruz Biotechnologies, Santa Cruz, CA,

USA), anti-NID1 (anti-hNidogen1, MAB2570, R&D Sys-

tems, Minneapolis, MN USA), anti-Nupr1 [15] and anti a-
tubulin (2125, Cell Signalling, Danvers, MA). NID1 im-

munoblot was performed on secreted proteins isolated from

media.

Tissue microarray and immunohistochemistry

Two tissue microarrays were constructed at the Pathology

Department of the Vall d’Hebron University Hospital and

at the Pathology Department of the Hospital del Mar

(Barcelona, Spain) to study protein expression and local-

ization of NID1, NUPR1 and ETV5 in tumor versus control

tissues, and in superficial versus invasive areas of the same

tumor. Representative areas from the tissue specimens

were carefully selected and marked on individual paraffin

blocks. Two tissue cores of 1 mm in diameter were ob-

tained from each paraffin block and were precisely arrayed

in a new paraffin block. 5 lm sections were obtained from

all tissue microarray paraffin blocks. NID1 and ETV5 were

detected by indirect immunoperoxidase assay with citrate

buffer pH9 for antigen retrieval. Sections were incubated

with primary antibodies for 2 h at room temperature using

1:25 and 1:100 dilutions, respectively. Next, sections were

incubated with peroxidase conjugated goat anti-rabbit and

anti-mouse immunoglobulin (EnVision Dual System,

DAKO, Glostrup, Denmark). The monoclonal anti-Nupr1

was used at 1:200. Sections were incubated with the pri-

mary monoclonal antibody made in rat at 4 �C overnight.

After rinsing in PBS, the specimens were treated with

peroxidase-labelled anti-rat immunoglobulin for 30 min.

Endogenous peroxidase activity was quenched with 3 %

H2O2. Sections were washed, and reactions were developed

with diaminobenzidine, followed by counterstaining with

hematoxylin. Antibodies used for immunohistochemistry

staining were the same as for immunoblot. Two experi-

enced pathologist evaluated the staining of the tissue mi-

croarray and calculated a histoscore based on the

percentage of stained cells and the intensity of the staining

(ranging from 1 –weakly positive- to 3 -strongly positive).

Histoscores were calculated from the sum of (19 % cells

staining weakly positive) ? (29 % cells staining moder-

ately positive) ? (39 % cells staining strongly positive) to

a maximum of 300.

Cell proliferation assay

For the determination of cell proliferation, 1 9 105 cells

were plated in triplicate on p96 plates in complete or in

serum free medium. After 48 h, 20 lL of CellTiter 96�

AQueous reagent (Promega, Madison, WI, USA) was added

to the medium. After 90 min, the absorbance of the plate

was measured at 490 nm. All experiments were done in

triplicate. Proliferation assays were performed a minimum

of three times.

Transwell migraton assay

A total of 2.5 9 105 H, HG, HGE, HGEshC, HGEshNID1

and HGEshNUPR1 cells were seeded on a 8 lm pore size

transwell (BD Bioscience, Franklin Lakes, NJ, USA) on

serum free media in triplicate and incubated for 48 h. The

cells were fixed by 4 % paraformaldehid and after washing

the non-migratory cells, cells were stained with 1 % violet

cresyl. The stained membranes were cut and violet cresyl

was dissolved with acid acetic 10 % dilution and measured

by 590 nm absorbance. All experiments were done in

triplicate. Migration assays were performed a minimum of

three times.

Cell inverted invasion assay

Invasion assay was performed as previously described by

Muinelo-Romay et al. [16]. Briefly, cells were seeded at

5 9 105 cells/mL directly onto the opposite face of the

8 mm size pore membrane transwell (Corning, Lowell,

MA, USA) and incubated for 5 h before turning right-side-

up. Diluted matrigel (BD Bioscience, Franklin Lakes, NJ,

USA) was placed over the upper well. Inserts were placed

in serum-free medium while 10 % FBS complemented

medium was applied on top of the Matrigel. Living cells

were stained with 4 mM of calcein-acetoxymethyl ester

(Invitrogen) and visualized by confocal microscopy after

15 days. Images were scanned every 5 lm intervals using a

10 9 objective. To quantify the rate of invasion, mRNA

was extracted from cells invading into the matrigel and

GAPDH mRNA levels were measured by using TaqMan�

Gene Expression Assays (Applied Biosystems). All ex-

periments were done in triplicate. Invasion assays were

performed a minimum of three times.
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Adhesion assay

A total of 5 9 104 cells were seeded into laminin- and

colagen I-coated coverslips and allowed to adhere for 20

and 40 min, respectively. Adherent cells were fixed and

stained with 1:1,000 dapi and 1:200 phalloidin. Fifteen

fields per coverslips were manually quantified using the

FSX100 microscope (Olympus). All experiments were

done in triplicate. Measurements were made in at least

three independent experiments. Quantification of 15 fields

is plot in bar graphs showing media and standard deviation

of three independent experiments (t-Student’s test,

**P = 0.001; *P = 0.05).

Orthotopic animal model

Six-week old female athymic nude mice (Charles River

Laboratories, Inc, Wilmington, MA) were used in this

model. All the procedures regarding experimentation and

animal care were performed according to the guidelines of

the Spanish Council for Animal Care. The Ethics Com-

mittee for Animal Experimentation of our institution ap-

proved the protocol of this study. A total of 45 mice were

inoculated by transmyometrial injection of HGEshC,

HGEshNID1 and HGEshNUPR1 cells (n = 15 per group)

as described by Cabrera et al. [17]. Mice that developed

peritoneal metastases without showing tumor growth in the

uterus were discarded. Mice were sacrificed seven weeks

after the injection. During necropsy, a macroscopic

evaluation was performed as described [17]. The fluores-

cence emitted from the cells was detected by the IVIS-

Spectrum, digitalized and electronically displayed as a

pseudo color overlay onto a gray scale animal image. Re-

gions of interest (ROIs) from displayed images were drawn

automatically around the primary tumor fluorescent signals

and quantified as calibrated Radiant Efficiency units. All

tissues were formalin-fixed and processed for routine his-

tological examination. Hematoxilin-Eosin (H&E) staining

was performed using routine histological procedures. His-

tological examination was carried out by an experienced

pathologist.

Statistical analysis

Statistical analyses were performed using the Statistical

Package for Social Science (SPSS, IBM, USA) version

16.0. Kolmogorov–Smirnov test was used to evaluate

normality of the data, and accordingly, parametric and non-

parametric tests were performed for each comparison.

Parametric Student t-tests were performed to compare

ETV5, NID1 and NUPR1 mRNA expression and percent-

age of stained cells between invasive and non-invasive

tumors. A paired T test was used to compare the percentage

of stained cells between the superficial and the invasive

front of the tumor. A non-parametric paired test (Wilcoxon

test) was used to compare dCT between the superficial and

the invasive front of the tumor. Mann–Whitney U test was

used to compare means in cell migration, invasion and

proliferation assays. The Spearman’s rho test was applied

to analyze the correlation between ETV5, NUPR1 and

NID1 expression in human tumor samples. Differences

between the groups were considered significant if the

P value was lower than 0.05.

Results

Identification of NID1 and NUPR1 as direct targets

of ETV5 in Hec1A cells

In a previous work, gene expression profile of Hec1A en-

dometrial cancer cells with overexpression of GFP-ETV5

(HGE) was compared to Hec1A control cells using mi-

croarray technology [10]. Based on the relative fold change

(FC[ 1.3) and putative ETS binding sites in their 50 pu-
tative promoter regions, seven selected genes (ANGPT-2,

PLOD2, NUPR1, EFNA5, NPR3, NID1 and LAMP3) were

analyzed by chromatin immunoprecipitation (ChIP) to de-

termine whether ETV5 interacted with their 50 promoter

regions (Table 1). ChIP analysis demonstrated that ETV5

did bind to the proximal promoter region of two of those

genes, NID1 and NUPR1 (Fig. 1a). In order to further

confirm ETV5 transcriptional regulation on NID1 and

NUPR1, we analyzed whether ETV5 was able to induce the

expression of a luciferase reporter gene under the control of

NID1 or NUPR1 promoter regions. We found an increase

in luciferase expression using both promoter regions when

ETV5 was overexpressed, indicating that ETV5 directly

regulates both genes at transcriptional level (Fig. 1b).

Furthermore, ETV5 upregulation in Hec1A cell line was

directly associated to an increased expression of NID1 and

NUPR1 at mRNA level and NID1 at protein level (Fig. 1c,

d). Upregulation of NID1 protein level was detected when

analyzing the fraction of secreted proteins in the cell media

but not in whole cell extracts. Altogether, we showed that

ETV5 directly regulates NID1 and NUPR1 expression by

binding to their 50 promoter regions.

Inhibition of NID1 and NUPR1 in HGE cells reduces

cell migration and invasion in vitro

Previous work in our lab showed that ETV5 overexpression

in Hec1A endometrial cancer cells induced an EMT phe-

notype and consequently, those cells improved their ca-

pabilities in cell scattering, migration and invasion both
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in vitro and in vivo [9]. In order to understand the role of

NID1 and NUPR1 under ETV5 regulation in a context of

myometrial invasion, we knocked down NID1 and NUPR1

in HGE cells. HGE cells were transduced with three dif-

ferent short hairpin sequences to assess the best working

short hairpin against both genes. We selected the mix

population with highest inhibition of NID1 or NUPR1 at

mRNA level that maintained unaffected ETV5 mRNA

levels (HGEshNID1a and HGEshNUPR1b, respectively).

Selected short hairpins reduced 86 and 91 % the expression

of NID1 (HGEshNID1) and NUPR1 (HGEshNUPR1), re-

spectively, compared to HGE cells transfected with a

scramble short hairpin (HGEshC) (Supplementary Fig. 1a).

We confirmed reduction of NID1 protein levels in the se-

lected HGEshNID1a cells (Supplementary Fig. 1b) and

checked that ETV5 protein levels had not been affected in

HGE modified cells. (Supplementary Fig. 1c).

In relation to ETV5-dependent functions, we assessed

changes in cell migration, invasion and proliferation in

HGE cells with NID1 or NUPR1 downregulation. HGE

cells with NID1 downregulation showed reduced cellular

invasion using an inverted cell invasion assay (Fig. 2a).

Inhibition of NID1 also affected cell migration although

the reduction was not significant (Fig. 2b). In contrast,

HGE cells with NUPR1 downregulation exhibited reduced

cell migration, as measured both by transwell assay

(Fig. 2b) and videomicroscopy (data not shown), but they

failed to show reduced cell invasion (Fig. 2a). In order to

determine if effects of migration and invasion were due to

reduced proliferation on modified cell lines, we examined

the effect of reducing NID1 and NUPR1 on cell prolif-

eration in the presence and absence of serum after 48 h. No

changes were seen in the proliferation capacities of

HGEshNID1 or HGEshNUPR1 cells compared to controls

(Supplementary Fig. 2).

Previous work has shown that NID1 can bind to laminin

and collagen IV with high affinity [18]. Moreover, we have

previously reported that overexpression of ETV5 in Hec1A

cells increases cell adhesion to laminin and collagen I [10].

For this reason, we checked the adhesion properties of

HGEshNID1 cells to laminin and collagen I. Our results

showed that adhesion to laminin was reduced in HGEsh-

NID1 cells (Fig. 2c), compared to HGEshC cells. In con-

trast, adhesion to collagen I is not affected suggesting that

increased adhesion to laminin in HGE cells is mediated by

NID1 but not to collagen I.

Fig. 1 ETV5 transcriptionally regulates NID1 and NUPR1 mRNA in

Hec1A endometrial cancer cells. a On the left, RTqPCR of ChIP

assay shows specific binding of ETV5 to the promoter region of NID1

and NUPR1 compared to controls. IgGs and antibodies against

acetylated histone 3 (AcH3) are shown as negative and positive

controls, respectively. On the right, immunoprecipitated sequence of

NID1 and NUPR1 promoter regions. Putative ETS binding sites 50 to
the transcriptional start site (TSS) are shown in bold and TSS is

shown in bold and underlined. b Hec1A GFP (HG) and Hec1A GFP-

ETV5 (HGE) cells were transiently co-transfected with the pGL4.15

luciferase reporter vector cloned with the NID1 and NUPR1 promoter

regions. Relative luciferase activity is shown (*P = 0.05;

**P = 0.001). c RTqPCR of NID1 and NUPR1 in HGE, HG and

Hec1a (H) cell lines (***P = 0.001). 18S was used to normalize

mRNA levels. d Analysis of NID1, endogenous ETV5 and GFP-

ETV5 protein levels by immunoblot. NID1 immunoblot was

performed on media secreted proteins. Ponceau staining was used

as a loading control. ETV5 immunoblot was performed on total cell

extract
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Altogether, these results confirmed that NID1 and

NUPR1 are important downstream effectors to permit

ETV5-dependent functions in a controlled in vitro model

derived from Hec1A endometrial cancer cells. NID1 is

associated to invasion of extracellular matrix with special

affinity towards the laminin component, while NUPR1 is

not involved in invasion but in the acquisition of migratory

capabilities of HGE cells.

Tumor growth and dissemination are reduced

upon inhibition of NID1 and NUPR1 in vivo

We used an endometrial orthotopic mouse model to ana-

lyze the effects of inhibiting NID1 and NUPR1 in HGE

cells as this murine model represents a more realistic ap-

proach towards the process of dissemination of endometrial

cancer. Thanks to this model, tumor cells are localized in

the same microenvironment of the original tumor, so we

could understand the process of tumor growth and my-

ometrial infiltration under endometrial stimuli [17]. We

inoculated 15 nude mice per experimental condition with

one million HGEshC or HGEshNID1 or HGEshNUPR1

cells. Occurrence of endometrial tumor and metastasis

occur in every group as we observed peritoneal implants,

lymphatic dissemination and haematogenous metastasis in

the three groups of mice. In order to verify that inhibition

of NID1 and NUPR1 were maintained through all the ex-

periment, three representative sections of primary tumors

and metastases were analyzed by immunohistochemistry

against ETV5, NID1 and NUPR1 antibodies. As expected,

we found expression of ETV5, NID1 and NUPR1 in

HGEshC mice, whereas in HGEshNID1 and HGEsh-

NUPR1 mice, ETV5 was expressed and NID1 and NUPR1

protein levels were reduced, respectively, compared to

HGEshC (Supplementary Fig. 3a, b). Microscopically, all

tumors showed an infiltrative phenotype, and necrotic areas

probably as a consequence of tumor growth (Fig. 3c).

We quantified tumor size of primary tumors using the

GFP fluorescence signal detected by the IVIS system, as all

clones expressed GFP. Mice inoculated with HGEshNID1

cells developed smaller primary tumors than mice

inoculated with HGEshC and HGEshNUPR1 (Fig. 3a).

Interestingly, mice injected with HGEshNID1 and

HGEshNUPR1 cells generated less metastases per mice

compared to mice in the control group (Fig. 3b).

Specifically, the number of haematogenous metastasis,

corresponding to lung metastases, which are considered the

most aggressive type of metastasis in patients, were lower

in HGEshNID1 and HGEshNUPR1 mice than in control

mice. Altogether, these results confirmed that in vivo, both

Fig. 2 Inhibition of NID1 and

NUPR1 in Hec1A endometrial

cancer cells with GFP-ETV5

overexpression reduces cell

migration and invasion in vitro.

a On top, serial slides in a

confocal microscopy of the

inverted cell invasion assay.

Optical sections were scanned at

5 lm intervals moving up from

the underside of the membrane

(bottom) into the Matrigel�

(top). Calcein was used to stain

cells in the matrigel. On bottom,

RTqPCR of GAPDH mRNA

levels of cells invading into

Matrigel� were used to quantify

the rate of invasion

(*P = 0.05). b Quantification of

fluorescent cells that migrate

through a transwell well

(*P = 0.05). c Hec1A cells,

HGEsh control and

HGEshNID1 were plated onto

coverslips coated with collagen

I and laminin to quantify cell

adhesion. Quantification of 15

fields is plot in bar graphs

showing media ± sd of three

independent experiments

(*P = 0.05)
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NID1 and NUPR1 maintain a role in distant dissemination

associated to ETV5-dependent regulation and that NID1

could be also associated to tumor growth, probably related

to its capability of remodeling the surrounding extracellular

matrix.

Expression of NID1 and NUPR1 in human

endometrial tumor samples

In order to evaluate the importance of these findings, it was

crucial to translate our results in clinical relevant samples. To

do that, we firstly verified whether an increase of ETV5 was

associated with an increase in NID1 and NUPR1 during

endometrial tumor invasion in human endometrial samples.

We measured by RTqPCR the expression levels of NID1,

NUPR1 and ETV5 in tumor endometrial samples corre-

sponding to different FIGO stages.As expected,we observed

significantly higher ETV5 mRNA expression levels in in-

vasive tumors (FIGO stage IB and beyond, which are tumors

that invade more than a half of the myometrium) compared

with non invasive tumors (FIGO stage IA) (Fig. 4a). We

found that NID1 mRNA levels were also higher in invasive

tumors with a difference close to significant (P = 0.071).

Interestingly, mRNA levels of both molecules were sig-

nificantly correlated in our set of tumor samples (Fig. 4b).

These results highlight the importance of both molecules in

tumor progression and associate the expression of both

molecules at the invasive front. By contrast, we could find

neither a correlation between NUPR1 and ETV5 mRNA

expression levels nor any association between NUPR1

mRNA levels and FIGO stage.

We further explore the role of NID1 and NUPR1 in

tumor invasion by comparing the expression of these

molecules in two areas of invasive tumors. Those two areas

were macroscopically dissected by a pathologist and cor-

responded to a deep section of the tumor, which is the

tumor in contact with the myometrial wall and were in-

vasion takes place, and a superficial section. We only

evaluated the expression of NUPR1 and NID1 genes as

ETV5 has been described as specifically upregulated in the

deep area of endometrial tumors in our previous work [10].

Now, we proved that NUPR1 is also increased in the deep

Fig. 3 Inhibition of NID1 and NUPR1 in HGE cells reduces tumor

growth and dissemination in an orthotopic endometrial cancer model.

a GFP fluorescence was used to quantify uterine primary tumour

growth. GFP intensity was measured in radiant efficiency units within

labelled ROIs (regions of interest) (*P = 0.05). On top of each group,

a representative primary uterine tumor photographed by the IVIS

system to detect the GFP fluorescence. b Number of metastasis found

in mice injected with HGEshC, HGEshNID1 and HGEshNUPR1 cells

(*P = 0.05; **P = 0.001). c H&E staining of the orthotopically

endometrial tumors showing the interface between the tumor and the

myometrium (20 9). The head arrow indicates the infiltrating tumor

while the black arrow indicates necrosis as a consequence of tumor

growth
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area of endometrial tumors, and hence, its expression is

localized in the areas of invasion of endometrial cancer

(Fig. 4c).

Finally, we studied NID1, NUPR1 and ETV5 expression

at protein level in two human tissue microarray that in-

cluded a total of 82 and 116 tissue specimens. Our analyses

confirmed a significant correlation between ETV5 and

NID1 in endometrial cancer samples (Pearson’s r = 0.351)

and specifically, ETV5 showed correlation with NID1 and

NUPR1 at the invasion front of endometrial tumors

(Fig. 4d). Concomitant with ETV5 protein overexpression

[10], we found a significant increase of NUPR1 and NID1

protein expression in the invasion front of the tumor

compared to their paired superficial zone (Fig. 4e). To sum

up, we proved that NID1 and NUPR1 are localized in areas

were invasion takes place that are associated to ETV5

overexpression, and hence, we could speculate that NID1

and NUPR1 might be two key mediators of ETV5-depen-

dent invasion in a realistic scenario.

Discussion

Endometrial cancer is the most frequent infiltrating tumor

of the female genital tract, with myometrial invasion rep-

resenting an increase in the rate of recurrences and a de-

crease in survival. Myometrial invasion represents the

change in tumor FIGO classification from stage IA to stage

IB, which is associated with tumor spread and relapse after

primary treatment, resulting in a reduction in patient sur-

vival from 95 to 75 %.

Our group described the upregulation of ETV5 tran-

scription factor in endometrial cancer associated to a

phenotype that increase the ability of tumor cells to migrate

and infiltrate the myometrium [8]. Specifically, we have

been able to show that overexpression of ETV5 in Hec1A

cells, which are derived from an endometrioid endometrial

tumor stage IA, results in an Epithelial to Mesenchymal

Transition [10]. In the present work we aimed to further

characterize the molecular events involved in myometrial

Fig. 4 NID1 and NUPR1 expression in human endometrial tumor

samples. a NID1, NUPR1 and ETV5 mRNA expression levels are

plotted as DCT (target gene–endogenous gene) according to tumor

invasiveness, measured as tumor stage IA (non invasive) versus tumor

stage IB (invasive). GAPDH was used as endogenous gene. b Cor-

relation between NID1 and ETV5 mRNA expressions in tumor

samples (Pearson’s r = 0.46, P = 0.008). c RTqPCR analysis of

NID1 and NUPR1 in superficial and deep sections of tumors are

plotted (**P = 0.008). d Immunohistochemistry of NID1 and

NUPR1 in superficial and deep tumors. e Quantification of the

percentage of NID1 and NUPR1 stained cells of a tissue microarray

that includes the superficial and the invasive front of the tumor

(**P = 0.001)
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invasion regulated by ETV5 transcription factor as we

identify new molecules involved in cell migration and in-

vasion in endometrial cancer.

We have found that ETV5 can bind to NID1 and

NUPR1 promoter regions by ChIP assay and is able to

induce the expression of a luciferase reporter under the

control of NID1 or NUPR1 promoter regions, indicating

that NID1 and NUPR1 are transcriptionally regulated by

ETV5 in endometrial cancer cells through direct binding to

its promoter regions. Its binding activates the expression of

both genes at mRNA level, and NID1 at protein level.

Importantly, we found that expressions of NID1 and ETV5

were correlated in human endometrial tumor samples at

mRNA and at protein level, and specifically NID1 and

NUPR1 were correlated with ETV5 at the deep tumor,

where invasion takes place. Overexpression of three

molecules was localized in the invasion front of the tumor

at mRNA and protein level compared to their paired su-

perficial zone. Altogether, we probed in vitro that NID1

and NUPR1 are directly regulated by ETV5, and we be-

lieve that this mechanism occurs in patients as both

molecules are highly correlated with ETV5, especially at

areas where tumor invasion occurs.

Tumor heterogeneity has been largely described. In

particular, the invasive front is one of the areas of a tumor

tissue where gene and protein expression has been ob-

served to be dynamically adapted. Changes associated with

the phenotype of the epithelial cells that become invasive

have been described as well as tumor modifications in-

duced by the microenvironment [19–22]. We suggest that

NID1 and NUPR1 may mediate ETV5 induction of an

invasive phenotype and in the modulation of the stroma to

jointly drive cancer invasion.

NUPR1 (also called p8 and com-1) is a small protein

related to the high mobility group of transcriptional

regulators. It is involved in different biological functions

such as endoplasmic-reticulum stress response, pro-

grammed cell death, cell cycle progression and the control

of gene expression by regulating chromatin accessibility

[23]. Knockdown of NUPR1 expression in ETV5 overex-

pressing cells (HGE) resulted in a decrease migration ca-

pability compared with control cells. Similar results have

been reported by Sandi et al. who described that NUPR1

expression controls pancreatic cancer cell migration. Un-

like Sandi et al. we could not find a decrease in cell in-

vasion in HGE cells with downregulation of NUPR1

suggesting that in HGE cells invasion is mainly mediated

by other ETV5 downstream molecules. [15]. Overexpres-

sion of NUPR1 in the invasion front may be related to other

roles of NUPR1 in cell invasion such as tumor survival.

NUPR1 has been shown to protect cells from stress-in-

duced death by inhibiting apoptosis [24]. NUPR1 has been

found to be overexpressed and to play a role in pancreatic,

pituitary, breast and thyroid cancer [25]. However, in

prostate and bladder cancer NUPR1 appears to have tumor

suppressive activity [26, 27]. In endometrial cancer, we

showed that expression of NUPR1 is associated to the

process of carcinogenesis as it is overexpressed at the in-

vasive front of the tumors and is associated to migration

in vitro.

NID1 is a glycoprotein located at the basementmembrane

that is secreted by mesenchymal cells and deposited at the

cell surface and at cell junctions. Its major biological func-

tions include extracellular matrix assembly, a role in

homeostasis and wound healing, enhancement of cell at-

tachment, chemotaxis and phagocytosis [18]. Overexpres-

sion of ETV5 results in the acquisition of amesenchymal cell

phenotype and increase in cell invasion. Knockdown of

NID1 in ETV5 overexpressing cells showed a significant

decrease in cell invasion. Cell invasion is a multistep pro-

cess, which requires adhesion, proteolysis of extracellular

matrix components and migration. We found a significant

decrease in the adhesion to laminin and a moderate decrease

in cell migration in cells with ETV5 overexpression and

NID1 inhibition. The major role of NID1 is extracellular

matrix assembly through its interaction with laminin and

collagen IV [28, 29]. Recent studies have demostrated that

NID1 and other extracellular matrix proteins play important

roles within the tumor microenvironment. Deposition of

extracellular matrix proteins such as collagen I and IV, fi-

bronectin, laminin and matricellular proteins leads to matrix

remodelling and subsequent release of proteases such as

metalloproteinases (MMPs) and cathepsins, which degrade

the basement membrane and initiate a pro-invasion pro-

gramme for tumour cells [30].

Finally, we showed in an orthotopic endometrial cancer

model that tumors with NID1 inhibition were smaller than

controls. In contrast, we did not observe an effect on the

proliferation of cellswithNID1 inhibition in vitro suggesting

that secreted factors produced by the tumor cells and the

microenvironment influence tumor growth in vivo. The av-

erage number of metastases was decreased when NID1 or

NUPR1 were inhibited confirming our in vitro results.

Similarly, it has been shown that mice injected with NUPR1

overexpression cells produced tumors whereas the mice in-

jected with NUPR1-silenced fibroblasts did not [31]. Con-

sistently, Sandi et al. described that xenograft pancreatic

tumor development is dependent onNUPR1 expression [15].

In summary, our results show that ETV5 transcription

factor regulates NID1 and NUPR1 transcriptionally and

activates their expression. NID1 regulation by ETV5 en-

hances cell invasion and cell adhesion to the extracellular

matrix, while NUPR1 regulation by ETV5 enhances cell

migration in endometrial cancer. The increase in ETV5,

NID1 and NUPR1 expression is preferentially at the in-

vasion front of the tumor, where tumor cells infiltrate the
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myometrium. To our knowledge this is the first study that

describes a role of NID1 and NUPR1 in endometrial cancer

carcinogenesis in vitro and in vivo. The data presented here

contributes to the elucidation of the molecular mechanisms

involved in endometrial cancer invasion. Limitations of

this study included the lack of additional clinico-patho-

logical parameters and follow-up of the patients, so further

studies are needed to unveil the relation between NID1 and

NUPR1 with other prognostic factors. The identification of

NID1 and NUPR1 in endometrial tumor invasion may be

useful to improve new therapeutic strategies in endometrial

cancer aiming to increase the survival rate in endometrial

cancer patients.
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13. Llauradó M, Majem B, Castellvı́ J et al (2012) Analysis of gene

expression regulated by the ETV5 transcription factor in OV90

ovarian cancer cells identifies FOXM1 overexpression in ovarian

cancer. Mol Cancer Res MCR 10:914–924. doi:10.1158/1541-

7786.MCR-11-0449
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