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Lo dispuesto en el DFL. N° 3 de 2006, del Ministerio de Educacién, que aprueba el Texto
refundido, coordinado y sistematizado de los Estatutos de |a Universidad de Chile; la Ley
19.886 y el Decreto Supremo N° 250 de 2004, del Ministerio de Hacienda, que establece

el Reglamento de Compras Publicas; la Resolucién 1600, de 2008, de la Contraloria
General de la Replblica, Decreto Siaper-Tra 309-1421 de 2018, y los Decretos
Universitarios N© 1908 de 2018, 2404 de 2018 y Decreto Supremo N° 180 de 1987 del
Ministerio de Hacienda

CONSIDERANDO:

1. Que con fecha 31 de enero de 2019 |a Investigadora Dra. Verdnica Palma que
pertenece al Departamento de Biologia de la Universidad de Chile, adquirio el
servicio de publicacién del articulo titulado "Downregulation of the Netrin-1 receptor
UNC5b underlies increased angiogénesis in human gestational diabetes mellitus
(GDM)" en la revisa IJMS, impacto ISI 3.68 (2018) revista especializada en tépicos
relacionados con la interaccién con la biologia de células troncales y su aplicacién en
la medicina regenerativa. Al tratarse de una revista especializada, consultada por la
comunidad de colegas que trabajan en este topico, nos aseguramos visibilidad y

amplia difusion y es por esa razén que se eligié publicar con esta editorial ubicada
en Suiza,

2. Que debido a lo indicado en el considerando anterior no se puede cotizar con tres
proveedores distintos segln indica el articulo N° 51 del DS 250, debido a la
especializacién y visualizacidn de la revista en el pais de Suiza.

3. Que, se debié cancelar con anterioridad el monto de USD 1.605,06 (Mil seiscientos
cinco dolares americanos con 06 centavos), equivalente a $1.079.499 (Un millén
setenta y nueve mil cuatrocientos noventa y nueve pesos), los cuales fueron
cancelados con dineros de la Investigadora Dra. Verdnica Palma dado que la
publicacién del articulo se hace efectiva después del pago y dentro del plazo de 5
dias como se indica en invoice N° IJMS-416256.

4. Debido a que el articulo fue aceptado para publicacién el 31 de enero de 2019, la
Dra. Verdnica Palma tuvo que firmar un compromiso de pago que este no excederia
el 19 de abril, luego de conversar con la editora en jefa de la revisa IJMS y dada la
premura, agregando el receso universitario, el hecho de que ducha publicacion
estaba lista para publicaciéon y que la Dra. debia exponer en un congreso
internacional de investigacién (Congreso Internacional GRIVAS, celebrado entre el

4y 6 de abril de 2019 en Chillédn), es que se tuvo que cancelar dicho articulo con
anterioridad al acto administrativo.

5. Que, se debe autorizar dicha contratacién con efecto retroactivo para efectos de
pago, dando cuenta de que los servicios fueron prestados y recepcionados

satisfactoriamente por |la académica, seglin indica en carta adjunta de fecha 08 de
abril de 2019. !
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Que, el monto sefialado anteriormente se refleja en el comprobante de pago tarjeta
internacional de la Investigadora Dra. Verdnica Palma, adjunto a la presente
resolucion.

Que actualmente existe disponibilidad presupuestaria de acuerdo al certificado
adjunto para proceder con la compra indicada, siendo financiada con cargo al
decanato de la Facultad de Ciencias de la Universidad de Chile.

Que, por las razones antes expuestas y por las caracteristicas especiales del servicio
de publicacién del articulo titulado “Downregulation of the Netrin-1 receptor UNC5b
underlies increased angiogénesis in human gestational diabetes mellitus (GDM)” en
la revisa IJMS, impacto ISI 3.68 (2018), se ha concluido que es del todo
indispensable acudir a la contratacién directa, conforme lo autoriza el articulo 8 letra
g) de la Ley N° 19.886, y el articulo 10 N° 5.

Que, de acuerdo a lo anterior, dicto lo siguiente.

RESUELVO:

Autoricese y Regularicese trato directo por la causal del articulo 10 N° 5 del
Reglamento de Compras Plblicas con en la revisa revisa 1JMS, impacto ISI 3.68
(2018) de Suiza, para la adquisicion de un servicio de publicacién del articulo
titulado "Downregulation of the Netrin-1 receptor UNC5b underlies increased
angiogénesis in human gestational diabetes mellitus (GDM)” en la revisa IIJMS,
impacto ISI 3.68 (2018)", pudiendo efectuarse el proceso de compra fuera del
Sistema de Informacién de la Direccién de Compras y Contratacién Plblica, en
virtud del articulo 62 N°6.

Publiquese en el Sitio de transparencia de la Facultad de Ciencias de la Universidad
de Chile.

Reembélsese los gastos efectuados por la académica dando cuenta de que los
servicios fueron prestados y recepcionados satisfactoriamente,

El Financiamiento del reembolso que serd con cargo al Decanato de la Facultad
de Ciencias de la Universidad de Chile. Impltese el gasto correspondiente al Titulo
A, Subtitulo 2, item 2.6 correspondiente al Decreto N° 1183 de 2018 que aprueba
el Presupuesto Universitario.

Vicedecana y Ministra de Fe Decano
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'- Con esta fecha el Decano de la Facultad de Cnencuas de Ea Unsversndad de Chile ha dictado
la siguiente resolucidn: T - :

(GDBM)” enla revisa IJMS |mpacto

relacionadas con Ia mteraccmn con. _ 3 it

ta medicina regeneratava Al tratars de ina revzsta eSpemahzada consultada por la
comunidad de colegas cgue traba'an _-e' _:o'plco nos- aseguramos v15|b|E|dacE y

amplia difusién y es por esa razo gue se ellglo“publlcar con esta edltonal ublcada
en Suiza. i : :

2. Que debido a lo indicado en’ eE consaderando antenor no se puede cotizar con tres
proveedores distintos segun- mdica a‘rtlcuio Ne 51 del DS 250, debido a la
especializacién y vnsuahzacmn de la 'ewsta" 'n el pals de Suiza.

3. Que, se debid cancelar con antenor;dad el monto de USD 1.605,06 (Mil seiscientos
cinco doélares americanos: con 06 avos), equwalente a $1.079.499 (Un millén
setenta y nueve mil cuatroc:entos oVénta ¥ ‘nueve pesos), los cualés fueron
cancelados con dinefos: de Ia Investlgadora Dra. Verdnica Palma dado que -a
publicacién del articule se hace éfect:v'a' despues del pago y dentro del plazo de 5
dias como se indica en mvmce N° IJMS 416256

4. Debido a que el artlculo fue aceptado para publlcac:ion el 31 de enero de 2019 la
Dra. Verdnica Palma tuvo que ffrmar un. comprom|so de pago que este no excederia
el 19 de abril, luego de conversar c:on la edltora en jefa de la revisa IIMS y dada fa
premura, agregando e! receso umversatarlo el hecho de que ducha publicacaon
estaba lista para publlcaaon Y- que Ea Dra. debia exponer en un congreso
internacional de mvest:gacmn (Congreso Intérnacional GRIVAS, celebrado entre el

4y 6 de abril de 2019 en_ChlElan), es que se tuvo que cancelar dicho articulo con
anterioridad al acto administrativo.

5. Que, se debe autorizar dicha contratacidén con efecto retroactivo para efectos de
pago, dando cuenta de que los servicios fueron prestados y recepcionados

satisfactoriamente por la académica, seg(n indica en carta adjunta de fecha 08 de
abril de 2019. ¢

~RESOLUCION EXENTA 1306/2018 Pigina3ded -




6. Que, el monto sefialado anteriormente se refleja en el comprobante de pago tarjeta
= internacional de la Investigadora Dra. Verdnica Palma, adjunto a la presente
resolucion.

7. Que actualmente existe disponibilidad presupuestaria de acuerdo al certificado
adjunto para proceder con la compra indicada, siendo financiada con cargo al
decanato de la Facultad de Ciencias de la Universidad de Chile.

8. Que, por las razones antes expuestas y por las caracteristicas especiaies del servicio
de publicacién del articulo titulado “Downregulation of the Netrin-1 receptor UNC5b
underlies increased angiogénesis in human gestational diabetes mellitus (GDM)” en
la revisa IIJMS, impacto ISI 3.68 (2018), se ha concluido que es del todo
indispensable acudir a la contratacidn directa, conforme lo autoriza el articulo 8 letra
g) de la Ley N° 19.886, y el articulo 10 N° 5.

9. Que, de acuerdo a lo anterior, dicto lo siguiente.
RESUELVO:

1. Autoricese y Regularicese trato directo por la causal del articulo 10 N° 5 del
Reglamento de Compras Publicas con en la revisa revisa 1IMS, impacto ISI 3.68
(2018) de Suiza, para la adquisicién de un servicio de publicacién del articulo
titulado “Downregulation of the Netrin-1 receptor UNC5b underlies increased
angiogénesis in human gestational diabetes mellitus (GDM)” en la revisa IIJMS,
impacto ISI 3.68 (2018)", pudiendo efectuarse el proceso de compra fuera del
Sistema de Informacion de la Direccion de Compras y Contratacién Plblica, en
virtud del articulo 62 N°6.

2. Publiquese en el Sitio de transparencia de la Facultad de Ciencias de la Universidad
de Chile.

3. Reembdlisese los gastos efectuados por la académica dando cuenta de que los
servicios fueron prestados y recepcionados satisfactoriamente.

4. EIl Financiamiento del reembolso que serd con cargo al Decanato de la Facultad
de Ciencias de la Universidad de Chile. ImpUtese el gasto correspondiente al Titulo
A, Subtitulo 2, item 2.6 correspondiente al Decreto N° 1183 de 2018 que aprueba
el Presupuesto Universitario.

Andtese, Registrese y Comuniquese,

FDO.DR. RAUL MORALES SEGURA, Decano; DRA. ALICIA LABRA JELDRES, Vicedecana y
Ministra de Fe.

Lo que transcribo para su conocimiento
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SR. LEOPOLDO DOMINICREPLEEROCA
Director Econémico y Administrativo
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Facultad de Ciencias
Unidad de Administracion

P. Adquisiciones Mercado Publico Form. 1UA

SOLICITUD DE COMPRA
Ley N° 19.886

Fecha Solicitud: [ miércoles, 10 de abril de 2019 |
Solicitado por: | Departamento  |En cumplimiento con lo establecido en la Ley 19.886 de
compras publicas yo, | Verénica Palma A. | Anexo Ne
Laboratorio [ |
Correo Electrénico: | facibiol@uchile.cl lsolicito se efectue |a adquisicion
mediante la via de | 7 Compra directa extranjero | através del portal www.mercadoplublico.cl,

de lo siguiente:

Describa el bien y/o servicio a adquirir clarament
Publicacion Cientifica en el Extranjero, Revista IJMS, impacto 1S] 3.68 (2018).

En el caso de Licitacién Piiblica incorpore un valor L ] [ g
En el caso de pasajes indique rangos de horarios de referencia Ida ‘:l Regreso I:_l

Si la adquisicidn supera las 3 U, T. M. que establece |a Ley 19,886 los Criterios de Evaluacion, seran los
siguientes:

Precio E Experiencia II‘ Servicio Técnico E:l Post Venta E
Plazo Entrega EI Metodologia II] Recargo Flete II] Comp. Anterior E
Requisitos Técnicos ,II Otros Criterios [II

Definir Otros Criterios
de Evaluacion

Argumente los motivos y necesidad de la compra
Se publico en esta revista por su visibilidad y amplia difusion, puesto que es una revista del area de Biologla Celular.

Fuente de Financiamiento

Diplomado de Wrociencias
\
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/

\

\
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\ Nombre y Fl'r\rta No 'y Firma

Autorizaciolj Presupuestaria "o L ~JefedéUnidad ylo
“~=——Pireclor de Proyecto

Use exclusivo Direccién Econémica

Fecha recepcion MP l'z - q "'l q
dd/mm/aa
vaesoios TN resoucone- (FIGTTT] 10 sese [

CERTIFIGARO
= 1SO 9001:2008
Facultad de Clencias

Nombre y firma
Director Econdmico

Nombre y firma
Vicedecano




J{. DEPARTAMENTO DE BICLOGIA » FACULTAD DE CIENCIAS ¢ UNIVERSIDAD DE CHILE
LAB. DE CELULAS TRONCALES Y BIOLOGIA DEL DESARROLLO (CTYBD) -

Santiago, 8 de abril 2019

Dr. Raul Morales
Decano

Facuitad de Ciencias
Universidad de Chile
PRESENTE

Estimado Dr. Morales,

Junto con saludar escribo solicitando: por favor autorizar pago con cobro al centro
de Costos del Diplomado titulado: Neis encias- fas bases biolégicas del aprendizaje para
costear una publicacion IS, generada cientemente en nuestro laboratorio.

Se trata de un articulo publica la revista 1JMS, impacto IS| 3.68 (2018). Una
revista de area de biologia celular que fahz6 un nimero especial en tépico relacionado
con la biologfa de . célilas “troncales uaplicacién en la medicina regenerativa,
justamente el tema que compete nuestra investigacion en el drea biomédica. Al tratarse
de una revista especializada, consultada por la comunidad de colegas que trabajan en
este tépico; nos aseguramos visibilida y-amplia difusion y es por esa razén que se eligid
publicar con esta editorial, Ubicada en Suiza. El articulo se titula: “Downregulation 'of the
Netrin-1 receptor UNC5b underlies increased ‘angiogenesis in human gestational diabetes
mellitus (GDM)" y figura como primera autora la Stta. Catalina Prieto, quien desarrollara
bajo‘'mi direccién tin proyecto postdoctoral-Fondecyt én nuestra facultad.

Hago notar que se nos invité a contribiir con un articulo para este numero especial

y se nos rebajé en el costo de publicacién. La publicacion en la revista JJMS tuvo un
costofmaldeUSD160506

El trabajo fue aceptado para publicacién el dia 31 de enero del 2019. La editorial
solamente permite. 5 dias para pagar. A esto se suma que en febrero por ser receso
universitario no se’ podia tramitar ninguna peticion de pago. Pese a que logré conversar
con la editora en jefe, y se mostraron muy comprensivos, me exigieron que para efectos
depublicar el articulo final debla estar al dia el pago, e incluso tuve que firmar un
compromiso por escrito ‘que noiba-a exceder el 19 de abril. Dada la premura; sumado al
hecho que el trabajo estaba listo ‘para publicacién y yo iba a exponer en:un’ congreso
internacional esta investigacion para lo cual resultaba indispensable que figurara como ya
publicado (Congreso internacional GRIVAS, celebrado entre el 4-6 de -abril:2019 en
Chillan, comision de servicios'Dra. Palma) es que se tuvo que cancelar con antetioridad al
acto administrative. '

El servicio fuejrébibido_' satisfactoriamente y la publicacién ya se encuentra en linea
en PUbMEd desde el 1ero'de abril del presente afio.

Dra. Veronica Palma A

Profesora Titular R IR

Laboratorio Células Troncales & Biclogia del Désarrotlo

Facultad de Ciencias, Universidad dé Chile, - . L

Las Palmeras 3425 — Casilla 853 = Santiago = Chile ~Teléforo (56-2) 29787221
Email: vpalma@u uchile ¢l / veripalme@email.com .




DEPARTAMENTO DE BIOLOGIA-;G PACULTAD DE CIENCIAS U'N"IVE SIDAD : E CI—]ILE
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e un :proyecto' de mvestzgaczon

Dra Veromca Palma Alvarad 5
- Profesora tltular

Dra. Verodnica Paima A

Profesora Titular

Laboratorio Células Troncaies & Biologia del Desarrollo

Facultad de Ciencias, Universidad de Chile.

Las Palmeras 3425 — Casilla 653 — Santiago — Chile —Teléfono (56-2) 29787221
Emeil: ypalmai@u uchile.cl / veripalma@gmail .com
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Int. J. Mol Sci. 2019, 20, 1408 ' 20815

It is well established that an imbalance in angiogenesis is implicated in different pregnancy
disorders. In GDM, as a consequence of a dysfunction of the feto- -placental unit, an increased
angiogenesis, due to an increase in the mean number of redundant connections per villus compared to
those in conirol subjects, has been reported [3-5]. However, the participation of canonical angiogenic
molecules, such as vascular endothelial growth factor (VEGF) and basic Fibroblast Growth Factor
{oFGF) and their receptors in this placental adaptation is unclear [1,5,6]. Thus, to date it is still unknown
which signalling molecules promote abnormal activation of the endothelial cell, contributing to this
pathological condition.

Netzrin-1 is a secreted protein, which was first described as a neuronal guidance factor [7].
More recently, Netrin-1 has been shown to act as multifunctional protein involved in many cellular
events, including cell polarity, adhesion, migration and angiogenesis. Interestingly, Netrin-1 has been
involved in the regulation of placentation and, consequently, could play an important role in foetal
growth {8]. Due to the fact that GDM has significant consequences in metabolic programmmg for
womern and their offspring, for both short and longer-term periods and considering that Netrin-1 .
governs growth and angiogenesis of various non-neuzonal tissues, we reasoned that Netrin-1 signalling
might be relevant in this context.

Netrin-1 has been associated to promotion or repression of anglogenesis in diverse vascular beds,
depending on its association to at least 8 different receptors: Deleted in Colorectal Cancer ({DCO),
Neogenin-1, the Uncoordinated5 (UNC5) family comprising UNC5a-d and «634 and «384 integrins [9,10].
-Classically, Netrin-1 dependent chemoattraction is mediated by the DCC receptor, while the UNC5
receptors mediate axonal repulsion {11,12]. ‘Recently, we showed that the Netrin-1 signalling pathway

- modulates angiogenesis in the human umbilical cord and that members of the UNC5 family are
o _expressed in primary cultures of HUVEC {13]. However, in both foetal endothelium and stromal cells, *
- we did not detect any expression of DCC [13]. Borh Netrmwl and UNCSb'are expressed by placental
- ‘and endothelial cells during development and are jmportant for proper placental vasclar growth [8].
The latter suggests that a potential activation 6f UNCS receptcns by Net—rm-l could inhibit sprouting
‘angiogenesis in the foetal-placental vasculature, -

The connective tissue of the umbilical cord, called Wharton s Jelly (W]), surrounds the foetal vessels
and is thought to prevent compression, torsion arid bendmg (4] This tissueis rich in mesenchymai
sterni cefls (W]-MSC), which secrete a broad set of molécuiles that participate in xmgratLon, inflammatory
response, angiogenesis, tissue repair and coagulation (5] -Ambng the : a.no’logemc factors, WI-MSC secrete

“canonical pro- and anti-angiogenic molecules [15],/as well as non—canorucal profangiogenic factors like -

“Netrin-1." Here, we intended to charactetize the role of the Netrm 1 szglalhng pathway nGDM by -

: evaluatmg Netrin-1 secretion in W]-MSC and its 1eceptors profﬂmg in HUVEC. In order to Trimic the

- hyperglycaemic environment observed in GDM, we performed the expenments exposmg ‘both healthy
and GDM WI-MSC and HUVEC cultures to physiological (5 mM <90 mg/dl blood glucose) or }ugh g

{25 mM ~ 450 mg/dL blood glucose) D-glucose conceniranon for up: to 48 h{16]. : .

The present study highlights the part1c1pauon new’ 51gna].hng pathway, Ne*:nn 1/ UNCSb, :
that could be involved in the pathogenesis of GDM, wﬁ:h pos51b1e therapeutzc relevance -

2. Results

2.1. Healthy and GDM WJ-MSC Express arid Secrete Szm:lar Ammmts of.Nei-rm- S

VEGF and other canonical pro- angwgeruc protems (such as bFGF) have not been involved in the
increased angiogenesis observed in' GDM pathology and thizs do not represent teliable candidates for
early detection nor risk factors to develop GDM Indeed concordantly with previous data, we found
that VEGE protein expression was similar arfionig healthy dnd GDM W]-MSC, with comparable protein
levels even when cells were exposed to 25 mM D-glucose redia (thus mimicking the diabetic niche)
for 2448 h. Regarding to non-canonical pro- angogemc proteins siich as Netrin-1, we did not find any
difference in its expression levels in heaithy versis GDM W]-MSC, neither when exposed to 5 mM
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Figure 1. Netrin-1 expression and secretion do not change in healthy versiis GDM W]-MSC. (A} Scheme
of the experimentai procedures, WJ-MSC primary cultures were maintained for 10 days-at the indicated
glucose concentration in 10% FBS and then incubated for up *o 2 more days in ‘either5 mM or 25 mM
plus 2% FBS. Samples were collected at indicated times for analysis: The vertical arrow indicatés
initiation of differential D-glucose treatment. (B) Whole cell lysates wéré:evalu'atéd by Western blot for
Netrin-1 expression in W]-MSC from healthy and GDM cultizes. 'VEGF_-%as used as a positive control
and f-actin was used as internal loading control. Exposure to diffetént d-glicose concentration as
indicated. (C) Data represent the mean of indeperident biological r‘eph’éates +'SEM (healthy n = 12,
GDM n = 6). (D) Quantitation of Netrin-1 by Elisa analys1s CM from healthy and GDM WI-MSC was
obtained to evaluate Netrin-1, CM was obtamed with dlfferent D~°‘1ucose treatment at indicated Hme

peints (1 = 4).




Int. [, Mol. Sci. 2019, 20, 1408

3

Tubule formation
Branch poinis per feld

TUbidé farmation -

-~ Branch .p.Cli'ﬂt'S._ per fleld

%]

Fold change of tubufe formation
(GOM { Healtthy)
(GOM ! Healthy)

Fold change of branch points per fiefd 9%,

ig; Netrm 1 produced by healthy WJ-M5C promotes angiogenesis in GDM HUVEC
fdép endently of D»glucose conditior. {A-C) Representative images of ? Matrigel tubule formation
-and_b;:anch pomts pet field of either normal HUVEC (A) or GDM HUVEC (B) exposed 4 h to DMEM,
EGM or' CM (48 hy fromi WI-MSC grown in D- -glucose as indicated and in absence or presence of 255

2 ug/m{.) Scale bar = 15 i A Quiantified ‘data correspond to the mean + S.EM. (CM W]-MSC

andheal%hyHUVEC n-—S * p < 0.05 vs; DMEM; By < 0.05 vs. EGM, vp < 0.05 va. CM 25 mM).
(B) Quanhﬁed data correspcmd to the mean + S EM. (CM W]-MSC and GDM HUVEC, n =3, * p < 0.05
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2.3. Dowmregulation of the Anti-Angiogenic LINC5b Receptor Could Explain the Increased Angiogenesis
Observed in GDM HUVEC

Although HUVEC secrete canonical and non-canonical angiogenic trophic factors (Supplementary
Figure $3) an autocrine secretion of Netrins does not induce a significant angiogenic response
in vitro {13]. Considering that the influence of secreted Netrin-1 by WE-MSC in either 5 mM or 25 mM
D-giucose is positive, resulting in a pro-angiogenic stimulus, we next focused on the expression of
classical Netrin-1 receptors in HUVEC. As previously described, DCC is not detected while Neogenin-1
is expressed at low levels in these cells [13]. Interestingly, when evaluating the expression of the
anti-angiogenic UNC5b receptor we found, that its expression was sigﬁjﬁcant réduced in GDM HUVEC
regardless of culturing in 5 mM or 25 mM D-glucose (Figure 3A). We corroboratéd this phenomenon
even in GDM HUVEC of early passages (0-1) (Figure 3B). Noteworthy, ancther member of the family,
the UNC5c receptor, does not change its expression levels in heaithy versus GDM HUVEC and when

cultured under different D-glucose treatments _(_‘Figﬁre’SA)L R

A
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Figure 3. The classical anti-angiogenic Netrin-1 receptor UNCSb is decreased in GDM HUVEC,
{A) Upper panel shows a representative Western blot for UNC5b and UNCS5¢ protein expression lovels
in healthy and GDM HUVEC cell lysates. -actin was used as {nternal loadirig control. D-glticose
concentration and time points as indicated. Graphs below show quiantified results ‘corresponding to
the mean & SE-M. (healthy n = 3, GDM n =3).'* p'<.0.05 vs: héalthy. (B) Different HUVEC from
Fresh umbilical cords randomly selected are indicated 4s #1-6. Western Blot revealing UNC5b protein
expression levels in primary cell cultures (0-1 passages) of | healthy and GDM HUVEC. f-actin was
used as internal loading control. Graph below shaws reéeptdfe)cpréséion per zeplicate, labefled #1, %2,
#3 for healthy and #4, #5, #6 for GDM HUVEC. e

2.4 Ouverexpression of the Anti-Angiogenic LINC5b 'Rgbéﬁto‘f R_éduces Angiogenesis In Vitro

Since the anti-angiogenic receptor UNC5b was décreased in GDM HUVEC, we asked whether
high levels of UNCSb may be inhibitory for angiogenesis. To test that, we transfected healthy HUVEC
with an UNCSb construct. As reported [18], HUVEC are difficult to transfect; with our protocol,




|

: :_.me_mcreased:angm _nes;' observed_' GDMHUV‘EC de

~risks .GDM is usually détected in the late 2nd gestational trimester or third trimester. Its diagnosis and :
- treatmienit are under continuous. debate. Howaver, despite this controversy, there is substantial ev1dence
: 'that there ot only one nsk factor to address t‘cus pathology {201 -
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_Data correspond to the mean % S EM (heaithy = 3). Scale bar = 15 pm. * p < 0.05 vs.

GDM 15.a metabo]zc d1sc>rder ina heterogeneous g-roup of women that develop pregnancy—assoc:iated
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Feto-placental angiogenesis predominates during the third trimester of pregnancy [3]. This mechanism
occurs as new capillaries are formed by sprouting of already existing villous vessels, allowing the
development of mafure intermediate and terminal villi [21]. Thus, GDM may have an impact on placental
processes occurting in later stages of pregnancy, such as microvascular remodelling and will not affect
developmental events that occur in early pregnancy, such as vasculogenesis. It is important to mention
that, although GDM is responsible for fewer birth defects than pre-gestational diabetes, is well known that
the mean number of redundant connections per villus is increased in GDM. The latter can lead to foetal
complications, such as macrosomia and hypoglycaemia, as well as maternal comphcattons including
hypertension, preeclampsia and an increased risk of Caesarean delivery in GDM [3] At preserit, the cellular
and molecular mechanisms that trigger and prediet the evolution of this disease remain mostly unlmown.

Proper feto-placental developmenit depends on_ different sugnalhng factors, however the
endothelial signalling machinery that mediates the: estabhshment of the placental vasculature is largely
unclear [22]. Netrin-1 has been described as a key moleculéi in many dlfferent contexts, fanging from
cancer progression [23], branching and membrane extenswn on ohgodendrocytes [24],-4xon outgrowth
in neurons [25] to osteoclast chfferermatlon inbone [26];and angiogenesis [10]. Remarkably, as per
our knowledge, this is the first study shomng a charaetermahon of the b1oact1v1ty of & rion-canonic
pro-angiogenic factor liké Netrin<1 and 1ts receptors durmcr preo-nancy a.nd the1r potennai involvement
in the GDM pathclogy. i St

We have shown previously that both Netnn 1and
healthy HUVEC and W}'—MSC [13]. Slrmlar results - found i HUVEC or’ WI MSC from GDM
exposed to different D-glucose concentrations. Nettir: ecreted: byi:W]—MSC from healthy and GDM
and both expression-and secretion of the 11gand do no «:hantre'wﬁh dlstmct expenmental glucose
conditions. This restilt is in disagreement with prevmus tuches performed of; other types of diabetes,
where researchers have reported that the levels of Netrm»i are 'educed in human ty-pe 2 chabetes

“mellitus [27] or in streptozotocin-induced type 1 dzabetes in mi 'e':{28] :
‘Despite of not finding differences:in terms "'f_:.Nemn 1 secretlon we observed swm_ﬁcant
differences in the GDM HUVEC angiogeric response versus healthy HUVEC whe#' exposed to
healthy W]-MSC CM. This pro- anglogenic effect of the hcand in GDM HUVEC could be fotnd in all
experimental conditions tested but was parttcularly notonous in'the relat:ve basal angmgemc response.

- Netrin-1's effect in healthy HUVEC was in‘agreement with another report showing the same
effect [24]. Noteworthy, using a recombinant antL—Netrmal a.ntlbody (2F5), we detected that Netrin-1 -
pro-angiogenic contribution was more significant i in healthy (~70%) than in GDM (~40%) HUVEC. _
Importarnitly, this is the first time that antibody mediated blockage of Netrin-1 was used in the context
of the GOM pathology, lowering GDM HUVEC's angiogenic response.

Given that a differential pro-angiogenic contributicr of Netrin-1 was not enough to explaun the
increase in basal angiogenesis observed in GDM compared to healthy HUVEC, we evaiuated apossible .
differential response of the endothelial cells, in particidar focusing on the d1fferent dasszcal receptors -
for Netrin-1. Netrin-1 acts as a chemorepulsant and inhibits angiogenesis by actwahon of its receptor L

ts receptors are dlfferentlaliy expressed in

UNCSD. Interestingly, we recently reported that healthy HUVEC express the: anh-anglogemc receptor SR

UNCS5b [13]. Hence, UNCEb emerged asa possﬂole candidate to explain the differential angwgemc e
response that could coniribute to initiation and/or taintenance of this pathology durmg pregnancy. -

In fact, when we evaluated the total UNC5b expressior in eridothelial cells we found a decreased

expression of this receptor in GDM versus healthy HUVEC. Along this line, it has been. prewously "

shown that, at full-term pregnancy, UNC5b is observed in human decidual cells, which are located - -
in the maternal side with less expression in extravillous cells located on the foétal side [8] Recently, - -

it has been demonstrated in rodents that the formation of the placental labyrinith, which is’ important
in adequate gas and nuirient exchange at the interface between the foetus and ‘the mother, requires
endothelial Fibronectin Leucine-Rich Transmémbrane protein (2FLRT2) acting as a repulsive ligand
of UNC5b signalling [22]. However, is it is uaknown if 2FLRT? is expressed “in humtan placenta.
If expressed, it could act in collaboratlon with Netrin-1 for a fine-tuning of these processes. Besides,




’r__mn' 1 s:.gna.lh_n' :md ces UNCSB :"edlete dov\mstream achvauon of 51gna111n0
ERK and oth un.kno_wn pathw ]

‘paracrine recul 3O ef angzocrenesns and- signals mdependent of the RhoA/ ROCK signailing

-'._pathway [13]; Here we fu:cther extended fhe observahon that Netrin-1:is hlghly expressed by WJ-MSC
'_.and inds to its: : ad]ac:ent endothelial cells; which has a lower
" expressior , it ran ition develop this patholocry (Figure 5). Therefore,
_ fto con 3 der that the stromal/ endothehal mche is essennal to preserve functional placental
ang1ogene51 for: I:he mamtenance of normal foetal development and that matetnial diet/exercise as
treatment of GDM is not sufficient to change the foetal metabollc derangement during pregnancy,
%Jecause ‘the 'foetal pro gramming is maintained. '

At the momenit, we cannot rule out that in addmon toa reduced anti-angiogenic UNC5b receptor
presence i HU’VEC other key angiogenic receptors parﬂapate in this altered endothelial phenotype.
Recent data: suggest that GDM is associated with rediiced expression of VEGF receptor Fit-1 but
ihcrease KDR expressmn levels in GDM placentas thus supporting a proangiogenic state in GDM [36].
In lme with this; the same study reported a s1gn1f1cant increase in cell migration in GDM HUVEC
when compared to healthy HUVEC. Altogether the final angiogenic imbalance in GDM could thus be
the result 0f more than orie'signalling cascade; a matter that deserves further investigation.

A decrease of Netrm-lszgna]mg in placenta of patients with pre-eclampsia has been postulated as

one of the: p0551b1e reasons for the reduction of placenta vascular density [37]. Moreover, Qian-Hua etal. - 3

ciemonstrated that Netrln-l expression was 51gn1f1cant1y reduced in placenta from women bearing T
£oetuses w1th growth réstriction when compared to’ pregnant control women [38]. These data provide /i i

adciztional arga:.ments to'deepen studies regardmg Netrin-1 signalling as a potential target for the' i

5development of Tiew tlterapeehc strategies in placentalwasculah.ue related diseases.
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Figure 5. Working Model. Model integrating the prb—ang;lcige'rﬁc effect of Netrin-1 secretion by WI-MSC,
Endothelial cells express both classical UNC5b and UNC5c; 45 well as non-classical fecéptors (Tntegrins)
for Netrin-1. Considering that UNC5b'is an anh-an«uogemc receptor it1is feasible that loss of UNCSb
in endothelial cells promotes alterations in placenitdl anigiogenesis, as observed in GDM.

4. Materials and Methods

4.1. Isolation and Cell Culture of WJ-MSC and HUVEC

The diagnosis of GDM was based on criteria from the World Health Organization (WHO) and
performed by clinical staff from Dr. Luis Tisné Brousse Hospital, Santiago, Chile: Exclusions inciuded
(1) patients prescribed any oral hypoglycaernic’ acren’{s or insulin, (2) impaired glucose tolerance
or impaired fasting glucose, (3) a history of acute’ diabetic complications (4) severe uncontrolled
hypertension, (5) any acute inflammation or inféction (6) current or a history of significant comorbid
diseases. The healthy group had normal glucose tolerance at the baseline examination and offered
to participate voluntarily in this study. Healthy pregnancies were stablished as: non-smokers,
normotensive, normal cholesterol levels, not having pre-eclampsia, pre-gestational nor GDM, no farnily
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e vascular dlseases and no regular consumptzon of medjcation [16] Independent
om Umversxty of Chille, Dr. ‘Luis Tisné Brousse Hospital and Servicio de Salud
(SSMO) approved ‘the' study Written informed consent from -all patients
be enrolled: and’ samples obtamed within 2-24 h after caesarean delivery.
] mographlc samples for healthy donors and GDM pa’uents is'shiowr in Table 1.

_ Tabie 1 Demographlc character;sncs of study populatlon

BE _V_a_nabIes___ : N _.Health'y (n_--_- 40) o GDM (2 =25)
iAee(years) : BT nE7
. He1ght (m) 154 0.04 . 155045
We1ght (kg) SRR ¥ : 63743
j j%_;._ T8EOL ',2&4&02

S IEERT e 78337
Postprandmibiood@lucose (Zh) 99&167 L C151+9.6%

parameters were expressed as mean t SD p < 05 Ve healthy cont-roi group.

’

ot 241 at 37 °C; 5% CO,. Adherent cells
every 2.3 days. All ; primary cultures of
' ere_ used ‘oetween passages 2—5 H[NEC wer obtamed from fu11~tenn umb:.hcal cords as

: 7 digestion and cu}fured (37 °C,/5% COZ) in primary cell
. medxum_ (P M) composed by mechum 199 (M199 _G1bco by Life Technologles, Carlsbad CA; USA)
._'_";supplement i W1th 10% NBCS (GleO by Llfe Techn_

: “eck —giutanu.ﬁe (S1grna, st Loms, MO, USA) and
> 100 U / mlt emcﬂlm-streptomycm (Thermo Sc1enhﬁc, Waltham, MA USA). The meditim was changed
y.2:days snhl conﬂuence was reached A}l prlmary cultures of: HUVEC were used between
_-fpassaoes 255, ER .

S order_ to mmuc ¢ the hypercrlycaerruc rrucroenvuomnent observed in GDM, both GDM and
_healthy cells were culi:ureci at all times using -an acute or chronic experimental treatment of D- -glucose.
jF_or_expenmental procedures, WI-MSC and HUVEC, were miaintained in physiological (5.mM ~ 90 mg/dL
blood: ‘gliicose) or h1g§1 {25 miM ~ 450 mg/dL blood gliucose) D-glucose concentration for up to 48 h [28]
(F1gur 1A) :

4 2 Tube Pormatwn Assa i

:_ A tube forma‘aon assay was used to evaluate endothelial migration in healthy or GDM HUVEC.
_"(BD Ma’mgel BD Biosciences Co., Bedford, MA, USA) was thawed overnight at 4 °C and .
admu:ustered by cold tips in 50 L per well in'cold 95+ ‘well cell culture plates. Matrigel made a thin

gel layer after incubation at 37 °C for 1 h 55,000 cells were seeded on each Matrigel-coated well and L
after 4 h, network: formahon was'evaluated urider a ilght microscope counting tube formation and i
'rarmﬁcahons pomts Expemnental conditions mduded condmcmed media ({CM} from healthy W]—MSC-. gy

culf:ured in either 5° mM or 25 mM D glucose fordg b, in absence/presence of 2F5, a: neutrahzmg'-_ ;
Netrin-1 an’abody (2 fg/mL; Adlpogen, Epa}mges, SW1tzerland) Ot'its isotypic control. In order to
_mh1b1f basal secretion of Netrin-1, HUVEC were ‘cultured 1 h with 2F5 prior to each expenment. :
Resul‘cs represent experunents carried out in d.uphcate a’c least three’ times. e
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4.3. Western Blot

Primary cell cultures from healthy and GDM HUVEC or W]-MSC were harvested in 5 mM or
25 mM D-glucose for 24-48 h. Cell homogenates were suspended in SDS lysis buffer with added
' protease and phosphatase inhibitors at 4 °C. 60 pg of protein were separated by 8-12% SDS-PAGE,
followed by Western blotting using overnight primary antibodies for anti-Netrin-1 {66 kDa) and
-4 (70-75 kDa) (R&D Systems, aneapohs MI, USA), ant-VEGF {4345 kDa) and anti-UNC5c
(103 kDa) {Abcam, Cambridge, UK}, anti-DCC {180-190 kDa) (BD Transducton Laboratones, CA,
USA), anti-UNC5b (130 kDa) (Cell Signalling, Danvers, MA, USA) anid anti-Neogenin-1 (175 kDa).
Monocional mouse anti-f actin (42 kDa) (Sigma, St. Louis; MO, USA) antibody was used as loading
control. Membranes were washed in Tris buffer salme (TBS) with 0. 1% Tween and incubated {1h,
22°C) in TBS/0.1% Tween containing | horserad1sh peromdase~con]ugated goat ariti-rabbit, anti-sheep
or anti-mouse secondary antibodiés. Bands were wsuahzed usinig enhzmced chemiluminescence (ECL;
Amersham Biosciences, Little Chalforit, UK) Western bIot Lmagmg was obtamed with a UVITEC
Imaging system (UVITEC Ldta Cambndge UK) el :

4.4, Netrin-1 Defermingtion i m Condltzoned Medm { CM)

In order to evaluate the secretlon of Netrm—i by W] MSC CM were collected after 24—48 hinin
serum starvation in either 5 mM or 25 mM of D~crlucose culture media and’ immediately thawed in

liquid nitrogen and stored ~80°C. The CM was used: to evaluate Netnn 1 levels through ELISA assay
(USCN Life Science Inc., Huston, TX USA) SO

4,5, Overexpression of LINCSb and Tube Pormatzon Assay,

250,000 HUVEC were plated into eadfé : rell plate cAfter 24 h ceHs were: transfected using the
Turbofect® protocol, with UNCS5b or Mock overexpressmg coristructs:(1 ag/well, kindly provided -
by Dr. Mehlen, Université de Lyon,: Centre Léon Berard Lyon, France) Overexpressmn of UNCSb -
was evaluated by Western Blot. The tibe formation’ assay in-absence or. presence of recombinant
human Netrin-1 (thNetrin-1, R&D Systems, 100 nw/ mL, aneapohs, MI, , USA) versus Endothelial

Basal Media (EBM), along with the mtemal posmve control Endothehal Growth Medlurn (EGM),
was performed as described abave. : : . :

4.6. Statistical Analysis

Values are mean: = SEM., where ni mdlcates number of mdependent ce]l cuitures 1solated from -
different umbilical cords {n = 3~7). Comparisons bet'ween ‘two and more groups were performed by
means of Student’s unpaired t-test and analysis of variarice (ANOVA), respechvely If the ANOVA
demonstrated a significant interaction between’ vanables, post hoc a.halyses wete performed by
multiple-comparison Bonferroni correction test, All ¢ e:"determmatmns ‘were carned outin triplicate.
The software GraphPad Prism 5.0b (GraphPad Software Inc, San D1ego CA USA) was lised for data
analysis. p < 0.05 was corsidered stanstically s1gm.f1cant '- R R

5. Conclusions

Here we show that W]-MSC's Netrin-1 secrehon does nat account for the mcreased angmgenesm in -
GDM, although UNC5b decreased protein’ abundance in GDM HUVEC might explain'this phenotype.
Despite of not finding differences in terms of Netnn 1 produchon and sécretion; we observed significant
differences in the GDM HUVEC angiogenic response versus healthy HUVEC when exposed to healthy

WI-MSC’s conditioned media. Thus, the stromal / endothelial niche-is’essential to maintain functonal
placental angiogenesis.

Supplementary Materials: Supplementary materials can be found af http:/ / www.mdpi. com/ 1422006772076/
1408 /51,
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