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> ORGANIZACION DEL SISTEMA VASCULAR: GLOBAL Y SEGMENTOS
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PARAMETROS

> ORGANIZACION DEL SISTEMA VASCULAR: GLOBAL Y SEGMENTOS

SISTEMA VASCULAR

 Densidad:

Vasos sanguineos totales

5-15um, capilares

20-50um, sinusoides
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Diferenciacion por segmentos:

15-20um, post-capilares / metarteriolas

50-200um, vénulas / arteriolas

>200um, venas / arterias
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TMA vessel segmentation based on color and morphological
features: application to angiogenesis research. Fernandez-
Carrobles MM, Tadeo |, Bueno G, Noguera R, Déniz O, Salido J,
Garcia-Rojo M. Scientific World Journal. 2013 Dec 5;2013:263190

VISILAB, E.T.S.1. Industriales, Universidad de Castilla-La Mancha

> DISENO DE LA HERRAMIENTA
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> APLICACION DE ANGIOPATH A LAS TMA
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< l \ A
Stained /Relative Relativ Area [Length| Wi Peri- \ Round- Peri- Defor- Shape Bran-
Blood vessel segment Density area | density stained Aspi meter
. mity factor ching
(um?) ratio
515 Capillaries 349 10875 2 0867 107 0,3 24
2 15_20 Post-cap/metarterioles| 46 3753 28 0821 473 0,45 33
§ 20 50 Sinusoid-like vessels 46 9160 41 0732 1607 0,66 4
o 50 200 Venules/arterioles 7 2771 53 75 0751 894 4
TOTAL _ Global vascularization | 448 26559 24 0847 374 049
515 Capillaries 370 14013 1,8 0872 106 023
Tg - | 1520 Post-cap/metarterioles| 109 9683 + 15 w 25 0825 380 0,34 3,2
£ 5 20_50 Sinusoid-likevessels | 214 47385 [T S 38 0763 1711 128 39
o 50 200 Venules/arterioles 51 45336 84 0666 11995 15,92
TOTAL Global vascularization | 745 118563 29 0819 1500 1,63
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> APLICACION DE ANGIOPATH A LAS TMAs DE NB
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Servicio de Anatomia Patoldgica, Hospital General de Ciudad Real. Equipo del Dr. Marcial Garcia Rojo



> APLICACION DE ANGIOPATH A LAS TMAs DE NB

n=458
Positive staining Negatlve stalnlng Not evaluable

n=325 (71%) n= 48(105%)  n=85 (18%)

L n= 325 (100%) have capillaries (5-15um), 67.7% of the total vessels.
L. n=319 (98%) have post-capillary venules /metarterioles (15-20um), 8%, “ “.
- n= 319 (98%) have sinusoids(20-50pum), 10% “ “

- n= 268 (83%) have venules and arterioles (50-200um), 1.7% “”.

L. n=55(18%) have veins and arteries (>200um), 0,1% “ “.



> APLICACION DE ANGIOPATH A LAS TMAs DE NB
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INTEGRACION CON LOS DATOS CLINICOBIOLOGICOS

The international Neuroblastoma Risk Group (INRG) classification system: an INRG Task Force report, Cohn et al, J Clin Oncol 2009

INRG Age Histologic Grade of Tumor 11q Pretreatment
Stage (months) Category Differentiation MYCN Aberration Ploidy Risk Group
L1/L2 GN maturing; A Very low
GNB intermixed
L1 Any, except NA B Very low
GN maturing or .
GNB intermixed Amp K High
L2 Any, except No D Low
<18 GN maturing or NA :
GNB intermixed Yes G Intermediate
No E Low
Differentiating NA Yes
218 GNB nodular; . H intarmediate
neuroblastoma Poorly differentiated NA
or undifferentiated
Amp N High
M <18 NA Hyperdiploid | F Low
<12 NA Diploid | Intermediate
12t0< 18 NA Diploid J Intermediate
<18 Amp O High
>18 P High
MS No C Very low
NA .
Z4a Yes Q High
Amp R High
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X1
LSRR S

L

NeuPAT: an intranet database supporting translational research in neuroblastic tumors.

Villamén E, Piqueras M, Meseguer J, Blanquer |, Berbegall AP, Tadeo |, Hernandez V, Navarro S, Noguera R.

o MR *ik*h Comput Biol Med. 2013 Mar;43(3):219-28
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» RESULTADOS
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» RESULTADOS
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» RESULTADOS

Supervivencia libre de evento (EFS)
Vascularizacion global

. | Post-capilares/metarteriolas
|| variable | HR(95%CI) | p-value
BEEEEY] NON-INFORMATIVE || Variable | Wald | HR(95% CI)

Capilares Stage 22.04 0.000
| variable| hr (o5 c) | pvaiuc | s S
“ NON-INEORMATIVE wi.dth . 7.7 1.4(1.1-1.7) 0.005
Genomic profile 4.9 2.5(1.1-5.7) 0.027

Vasos tipo sinusoide length 44 07(05-097 0.035
|| variable | Wald | HR (95% cI) | p-value | MYCN 133  2.8(1.6-50) 0.000
Stage 20.1 0.000 perimeterratio 10.6 0.0 (0.0-0.03)» 0.001

MYCN 16.4 3.2(1.8-5.8) 0.000 11q 9.1 2.2(1.3-3.8) 0.003

length 86 0.8(0.7-0.9)» 0.003 Age 58 2.0(1.1-35) 0.016

11q 81 22(1.2-3.9) 0.004 area 55 1.02(1.0-1.03) 0.018

MYCN 241 43(24-7.7) 0.000 Venulas/arteriolas

11q 17.1 3.0(1.8-5.1) 0.000 " | vVariable | Wald | HR(95%Cl) | p-value

length 8.0 0.8(0.7-09)» 0.004

Age 53 19(1.13.2) 0021 B stee 20 i

. ] MYCN 17.4  3.9(2.0-7.5)  0.000
Venas/arterias ] 11q 6.36  2.1(1.1-3.8) 0.012
-mm . relativearea  6.35 0.9 (0.95-0.99)» 0.012
B - E MYCN 240 4.9(26-94)  0.009
relative 8.3 11q 160 3.2(1.8-58)  0.000

area 1,03 (1.01:4.05)) | 10,004 - relativearea 8.9 0.9 (0.94-0.98)» 0.037

B myen 68  6.4(15257) 0009 | Age 6.8  22(1.2-41)  0.009
B aspect 40  13(1.0-17) 0.044 [ length 43 1.0(1.00-1.04) 0.037



» RESULTADOS
Supervivencia global (0S)

Vascularizacion global Post-capilares/metarteriolas

——wrry T verabie | waia |55 )| patue_
i = -
Capilares MYCN 18.4 4.0 (2.1-7.7) 0.000
Age 7.3 2.6 (1.3-5.4) 0.007
|| variable | HR(95% C1) | p-value | width 7.2 14(1.1-1.8)  0.007
|__a,b - 11q 6.4 22(1.2-40) 0011
leneth a3 0.7 (0.5-0.9)A 0.037
Vasos tipo sinusoide Venulas/arteriolas
C1 Variable | Wald| HR(95%CI) [p-valuel] | _ Variable | Wald | HR(95%C) | p-value
MYCN 24.1 5.0(2.6-9.5) 0.000 B MYCN 281 | 7.9(3:6-17.1) 0.000
Stage 19.9 0.000 BN  stage 9.9
length 98 0.8(0.7-09)A 0.002 L 11q 71 26(1.353)  0.007
relative density 6.6 1.0(1.0-1.1) 0.002 I relative o7 sae (0.94-0.99)A  0.010
11q 56 2.1(1.1-4.0) 0.017 stained area
MYCN 27.3 5.9(3.0-11.5) 0.001 || shapefactor 3.9  1.0(1.00-1.02) 0.048
length 10.2 0.8 (0.7-0.9)» 0.001 . % stained area 3.7 1.4 (0.9-2.1) 0.053*
11q 10.1 2.6 (1.4-4.9) 0.001 b MYCN 326  8.5(4.0-17.8) 0.000
Age 88 28(1455 0003 o 11q 9.7  3.0(1559)  0.002
relative density 4.5 1.0(1.0-1.1) 0.033 I Relatve 71 0.96(0.93-0.99)" 0.007
3 stained area
Venas/arterias " shapefactor 63  1.0(1.00-1.02) 0.012
|| variable | HR (95% CI) | p-value | & Age 5.2 2.3 (1.1-4.9) 0.022
m = - % stained area 4.5 1.5 (1.0-2.3) 0.032



» RESULTADOS

Vascularizacion global
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» RESULTADOS

Luis M. Escudero

Instituto de Biomedicina de Sevilla, Hospital Universitario Virgen del
. s , . Rocio/CSIC/Departamento de Biologia Celular de la Universidad de Sevilla
Integracion topoldgica
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» RESULTADOS

Integracion topoldgica
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HISTOPATOLOGIA COMO MODELO INTEGRADOR

Estudio del armazdn arquitectdnico y del sistema vascular de los tumores neuroblasticos
Tesis doctoral D2 IRENE TADEO CERVERA (depositada el 11/09/2014. Dpto. Patologia, UV para su defensa )

» Organizacion global y diferenciacion por segmentos del sistema vascular sanguineo
» Disefio de la herramienta Angiopath

» Aplicacién a las TMAs

» Interaccion con los datos de Neupat

» Mecanismos de vascularizacion tumoral y factores implicados

» Relaciones del compartimento vascular con la MEC
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> MECANISMOS DE VASCULARIZACION TUMORAL Y FACTORES IMPLICADOS

@ Endothelial coll

) Lymphatic endothelial coll
@ Endothelial progenitor cell
/@ ) Tumor cell

@ Dedifterentiated tumor cell

Tumour vascularization: sprouting angiogenesis and beyond.
Hillen F, Griffioen AW.
Cancer Metastasis Rev. 2007 Dec;26(3-4):489-502. Review.
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1. Angiogénesis por gemacion
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2. Angiogénesis por intususcepcion
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3. Angiogénesis por reclutamiento de células progenitoras endoteliales
CD105 . - {3
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4. Angiogénesis por cooptacion

o
&
(@)
o+
(7]
L
O
(@)
S
>
- Q
=2




> MECANISMOS DE VASCULARIZACION TUMORAL Y FACTORES IMPLICADOS

5. Mimetismo vasculogénico

Tunica intima con mosaicismo Mimetismo endotelial completo
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6. Linfoangiogénesis
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> RELACION DE LA MORFOLOGIA VASCULAR CON MEC TUMORAL
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(Mucopolisacaridos acidos)

Ac antiCD7 Ac antiALK Ac antiSOX2
Células linfoides Células neuroblasticas Células madre
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» RELACI

Vasos tipo sinusoidal en NB

Sinusoides en glandula suprarrenal
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Quantitative modeling of clinical, cellular, and extracellular matrix variables suggest prognostic indicators in cancer: a model in neuroblastoma.
Tadeo |, Piqueras M, Montaner D, Villamdn E, Berbegall AP, Caiiete A, Navarro S, Noguera R.
Pediatr Res. 2014 Feb;75(2):302-14.

Biotensegrity of the extracellular matrix: physiology, dynamic mechanical balance, and implications in oncology and mechanotherapy.
Tadeo |, Berbegall AP, Escudero LM, Alvaro T, Noguera R.
Front Oncol. 2014 Mar 4;4:39.

Nornﬁalized Inadequate

Normalizing tumor vasculature with anti-angiogenic therapy: A new paradigm for combination therapy
Rakesh K. Jain

Nature Medicine 7,987 - 989 (2001)



http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24216542
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363
http://www.ncbi.nlm.nih.gov/pubmed/24624363

Multipotencialidad terapéutica

FAVORABLE DESFAVORABLE

—
A ‘._’
\‘ \
‘ ! \
\ |
“.\ >/
W A7 e
A / ' :
)\
\

y /
M/

- ‘-';,}\ Schwann cell = Sinusoid-like vessel
@ Neuroblast ~—— Reticulin fiber
@ Migrating neuroblast L+ Proteoglycan

@ = Capillary WM Collagen type |



Multipotencialidad terapéutica

ALTO RIESGO RIESGO ULTRA ALTO

- -\ Schwann cell C & Capillary
@ Neuroblast =, Sinusoid-like vessel
~— Reticulin fiber ". Venules/arterioles



AGRADECIMIENTOS

® El Laboratorio de Patologia ® El Laboratorio de
Molecular (DP-UV):

® Ana Berbegall

Inmunohistoquimica
(Hosp. Clinico):

Irene Tadeo ® Samuel Navarro

Susana Martin ® Alejo Sempere

Maite Blanquer ;:,:i{i 13 Pk ® Cristina Armengod
Victor Zufiga = '

© ©® ® ®

® Instituto de
Biomedicina de
Sevilla, Hospital
Universitario Virgen
del Rocio

® Elisa Alonso
@ VISILAB, E.T.S.I.
Industriales. U. Castilla
La Mancha.

® Gloria Bueno ® Luis M. Escudero

® Mila Fernandez ® Daniel Sanchez
® Financiacion: ® Mila Fernandez

VIVERSITNI
1D VALERNCOCIAN L

® Los clinicos

ik . Sgood
FUNDACION Cheseaton e S z% N
i 5 ~™ MINISTERIC
ISCIII (RD06/0020/0102 Carlos 11l

FAECC (369/2009) RD12/0036/0020) P110/0015 y PI14/01008



