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" SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

" Re: Expediente No. 10.040.510 s

Solicitud de patente a nombre de UNIVERSITE VICTOR SEGALEN-
BORDEAUX 2

Yo, DILIA MARIA RODRIGUEZ D’ALEMAN, identificada como aparece al
pie de mi firma, domiciliada en la catrera 11 A No. 86-53, piso 6, obrando como
apoderada de la sociedad UNIVERSITE VICTOR SEGALEN-BORDEAUX
2, solicitante de la patente de la referencia, en respuesta al oficio No. 16568
notificado por fijacién en lista el 18 de septiembre de 2012, me permito
manifestar:

1. Con fundamento en la facultad que confiere el articulo 34 de la
Decisién 486 al solicitante pata modificar la solicitud de patente en cualquier
momento del trimite, ptesento junto con este memorial una nueva memotia
descriptiva y un nuevo capitulo teivindicatorio, el cual consta de 19
reivindicaciones y reemplaza completamente el capitulo presentado
anteriormente.

En cuanto a estas modificaciones, me permito decit que las mismas no amplian
de ninguna manera la matetia objeto de la presente solicitud y se realizaron con el
animo de superar las objeciones planteadas por el examinador en su concepto
técnico.

2. Reivindicaciones modificadas
La Reivindicacién 1 se ha modificado y se refiere ahora a un medicamento capaz

de tratar hemangiomas, dicho medicamento se caracteriza porque comptrende un
betabloqueador en una dosis que petmite una administracién de 1 a 5 mg de
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dicho betabloqueador por kilogramo de peso corporal por dia de un paciente en
necesidad del mismo.

Esta retvindicacion se encuentra soportada en la descnpc1on PCT presentada
| orlgmalrnente por ejemplo, en la pagina 5, lineas 17 a 19, pagina 7, lineas 92 10y
la pggma 9, lineas 9 a 11.

|

| . .,

Alcance de la invencion

Como se exphco anteriormente, el grupo de reivindicaciones modificadas se
reﬁere ahora a un medicamento propiamente dicho y ya no a un segundo uso
mec}lco o método de tratamiento de una enfermedad. De acuerdo con lo anterior,
la materia objeto reivindicada es patentable a la luz de la Decision 486.

3. | Requisitos de patentabilidad

Comentarios relacionados con los documentos citados:

Dl: W02006/015830

Este documento describe el uso de compuestos que tienen un efecto agonista del
adrenoreceptor B3, y en particular el uso de compuestos que tienen tanto un
efecto agonista del adrenoteceptor B3 como un efecto antagonista del
adrenoreceptor B1/B2 (pagina 4, parrafo 3) para el tratamiento de enfermedades

|
arteriales.

Los hemangiomas no se citan en este documento y son enfermedades que no
tienen vinculo con las enfermedades arteriales.

Este documento no describe que un betabloquedor seria eficiente como un
medicamento para el tratamiento de hemangiomas.

Adicionalmente este documento no describe ni sugiere ningin medicamento
contra hemangiomas, ni que dicho medicamento tenga que estar en una forma
que|permita una administracién de 1 a 5 mg de un betabloquedor pot kilogtamo
de peso corporal por dia de un paciente en necesidad del mismo con el fin de que
sea eficiente.

888 2
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De acuerdo con lo anterior, la materia objeto reivindicada es claramente
novedosa a la luz del documento D1.

Ad1c1onalmente el documento D1 menciona el propranolol entre los
antagomstas de los adrenoreceptores B2 (pagina 14, primer parrafo).

De acuerdo con la ensefianza de D1, el efecto agonista de los adrenoreceptores
B3 y el efecto antagonista del adrenoreceptor $1/B2 estimula la neoanglogema
(vea[se pagina 16, parrafo 4).

|
De :acuerdo con lo anteriot, el documento D1 esta lejos de ensefiar al experto en
la técnica la posibilidad de un medicamento que comprenda un betabloqueadot
para el tratamiento de hemangiomas.

J!

|
Por lo tanto, los expertos en la técnica nunca han tenido en cuenta este

documento cuyo objeto es la estimulacién de neoangiogenia.
|

|
D2: W0O2006122007

|
Es?te. documento describe un método para tratar a un paciente que tiene un
neoplasma que incluye la administracién de una pluralidad de agentes. En
partlcular este documento describe el posible tratamiento de muchas
enfermedades en las que ocurren los hemangioblastomas.

FEl hemangioblastoma es una enfermedad completamente diferente del
hémangioma. En efecto, el hemangioblastoma se refiere a los tumores del
sﬂstema nervioso central que se ongman del sistema vasculat por lo general en el
transcurso de la enfermedad de cincer a mediana edad. Esto no tiene ningun
Vmculo con hemangiomas. Cabe aclarar que todo el mundo sabe eso, sobre todo
e[l experto en la técnica.

}éste documento no describe ni sugiere un medicamento contra los
hemanglomas ni un medicamento que comprenda un betabloqueador como se
ﬁleﬁne en el grupo de reivindicaciones adjuntas.

|

De acuerdo con lo anterior, la materia objeto reivindicada es claramente
novedosa a la luz del documento D2.

|
[
II
|
|
!
|
|

|
| -
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Ad}cionalmente, este documento no desctibe en lo absoluto ni los hemangiomas
ni su tratamiento.
?

De[? hecho, hasta la fecha todos los especialistas en el tema coinciden en que la
fisiopatologia del hemangioma ain es poco conocida y, a fortiori, en la fecha de
pﬁPﬁdad de la solicitud de patente (véase los documentos adjuntos a este
memonal Ritter et al. 2007; SUNDINE et al., 2007; Weibel, 2009; STORCH y
Hoeger 2010, KHAN et al., 2008). Estos documentos muestran claramente que,
a la fecha de prioridad de la solicitud de patente, el otigen de los hemangiomas
1nfantlles y los mecanismos que regulan su crecimiento y su involucion eran
desconoc1dos y controvertidos (véase Ritter et al., abstract y SUNDINE et al., P.
207 parrafo “Etiology”). De acuerdo con lo anterior, para los expertos en la

tefmca, los hemangiomas estin muy lejos de ser retirados de y no se pueden

C(){mparat con, un tumor canceroso como hemangioblastoma.

Ad1c1onalmente las estirpes neoplasicas estin muy lejos de ser retiradas del
hemanglorna cuyo otigen celular son citoblastos mesenquimales pluripotentes
(vease KHAN et al, ptimero y ultimo parrafo de la descripcion). Un
hemangmma es un tumot benigno que se obsetrva solamente en bebés y es
potenc1almente auto-regresivo, lo que para los expettos en la técnica, lo hace
estar muy lejos de ser retirado de y no se puede compatat con, un tumor
Canceroso (véase Ritter et al. Pagma 4, columna izquierda y pagina 12, columna
1zqulerda SUNDINE et al., pagina 206, columna izquierda, 2° parrafo).. Un
hemangioma, pot otta patte, se desctibe como una “enfermedad de angiogenia
to neoplasica” por SUNDINE et al. (Véase pagina 207, parrafo “Etiology”).

De acuerdo con lo anterior, los expertos en la técnica nunca habrian tenido en

| ) ) A ,
cuenta este documento, cuya materia objeto es el tratamiento del cancer

‘ L 4 14 b
tumoral, ya que no hay relacion entre el cancer tumoral y el hemangioma.

|
I

Mejora en la técnica de la presente invencion:

|

2}1) Avance de la invencién

En el 2008, no existian medicamentos aprobados por la FDA para el tratamiento
de los hemangiomas y otros tratamientos tenian una telaciéon beneficio/riesgo,
r.que era de pobre a aceptable (por ejemplo, altas dosis de corticosteroides,
[‘mterferén) :

|
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El descubrimiento del posible tratamiento de IH mediante propranolol por los
presentes inventores en 2008 (Véase documento anexo Léauté-Labreze et al.
2008) ha sido reconocido internacionalmente por los expertos de los
hemangiomas como un gran avance.

En esa ocasion, la sefiora Léauté-Labréze recibié el premio ISSVA “Robert
Schobinger Award” en reconocimiento al mejor trabajo clinico presentado
durante el 17 Taller Internacional sobre anomalias vasculares.

|

En los tres afios siguientes a su descubrimiento por parte de los inventores, mas
de 140 articulos han replicado el informe inicial usando propranolol u otros beta-
bloqueadores en el tratamiento de IH, lo que confirma en particular, el dramatico
efecto de este tratamiento en situaciones graves y potencialmente letales
!(afectacién visual, visceral y de las vias respiratorias superiores).

Este descubtimiento fue calificado como “casual” por muchos expertos (Véase
documentos anexos Itinteang et al. 2011, Frieden et al, 2011, Gteenbetger y
| Bischoff, 2011).
/ Weibel (2009) clasifico los resultados del uso de propranolol en el tratamiento de
f IH como “tesultados sensacionales, en comparacién con otros tratamientos”, y
| que tienen “una gran acogida en todo el mundo”. Weibel sefiala que un gran
’ nimero de centros internacionales especializados en el tratamiento de las
anomalfas vasculares en los nifios, han adoptado exitosamente desde el 2008 el
propranolol para el tratamiento de los hemangiomas problematicos.

Storch (2010) calific6 el uso de propranolol en el tratamiento de los
hemangiomas como de “eficacia impresionante”.

El Dr. Frieden y el Dr. Bischoff, dos expertos de reconocido prestigio en el
campo de los hemangiomas han calificado el uso del propranolol como una
“terapia innovadora para los hemangiomas infantiles” y “como ptimera opcion
de tratamiento para los hemangiomas infantiles complicados desde su
descubrimiento en el 2008”.

En un reciente artculo del 2011, Greenberger y Bischoff concluyen, sobre la base
del descubtimiento por parte de los inventores del método de tratamiento
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reivindicado: “La apaticién de propranolol como un nuevo producto terapéutico
que es a la vez seguro y eficaz proporciona una terapia alternativa crucial para
atrofiar y, en ocasiones, acabar los hemangiomas”.

Antes de su descubrimiento por los inventores en el 2008, ninguna publicacion

habia mencionado nunca la posibilidad de utilizar propranolol para el tratamiento
de IH.

b) El uso de propranolol para el tratamiento de hemangiomas clatamente
propotciona una eficacia supetiot en muchos casos mas que las terapias utilizadas
anteriormente

“El Propranolol proporciona una eficacia clatamente superior en muchos casos,
‘no s6lo en detener el crecimiento del hemangioma, sino provocar una
disminucién del volumen con notable eficiencia mas que los corticosteroides u
" otras terapias utilizadas antes del descubrimiento del tratamiento en el 2008.

~ Adicionalmente, el propranolol tene un menor perfil de efectos secundarios que
" los corticosteroides o todas las otras terapias en el mercado.

Un primer estudio tetrospectivo (Véase documento anexo Rossler et al,, 2011)
mostré que el propranolol es superior a la terapia con corticosteroides. En este
estudio se revisaron las historias clinicas de 30 pacientes con 38 IH, tratados con
prednisona, asi como histotias clinicas de 30 pacientes tratados con propranolol
con 39 IH. La conclusién es que este “estudio propotrciona un fundamento
sélido para continuar utilizando propranolol como tratamiento de primera linea
en la proliferacion de IH”.

Un segundo estudio retrospectivo (Véase documento anexo Bertrand et al,
2011), compard la eficacia clinica del propranolol oral con la de la prednisona
oral en el tratamiento de TH. Este estudio concluye que “el propranolol parece
supetior a la prednisona oral al inducir mejoria clinica mas ripida y en mayor
medida” (véase tresumen). Los autores sefialan que esta “experiencia se
cortelaciona con los informes iniciales de los Léauté-Labreze et al.” (Véase p.
652, col. 1, “Discussion”, 1° parrafo).

Un tercer estudio que compara la eficacia del propranolol y la de los corticoides
es el de Price et al. (2011) (Véase documento anexo). Los autores concluyen que
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“la terapia con propranolol fue clinicamente mas eficaz y mas rentable que los
cotrticosteroides orales en el tratamiento de IH. También dio lugar a un menot
numero delintetvenciones quirurgicas y han demostrado una mejor tolerancia,
con un m1n1mo de efectos adversos, en comparacién con los corticosteroides
orales. Por!lo tanto, el propranolol debe ser considerado un agente de primera
linea dada su seguridad y eficacia en el tratamiento de IH”.

|
c) Falta de terapias eficaces pata el tratamiento de hemangiomas antes del
descubrimiento de la utilizacién de propranolol

|
En el 2008, no existian medicamentos aprobados por la FDA pata el tratamiento

de los hen:langiomas infantiles.
[

Es por eslo que en el 2007, la Administracion de Farmacos y Alimentos concedio
el estado Ide designacidn para la vincristina de medicamento sin interés comercial
(NCT00555464 - estudio sobre el uso de vincristina vs prednisolona para el
ttatarmento de los hemangiomas infantiles). El objetivo del programa de
otorganqento de designaciéon de fiarmaco sin interés comercial de la FDA es
apoyat el desarrollo clinico de productos pata uso en enfermedades o afecciones
raras donde no existe tratamiento actual o cuando el producto propuesto setd
superiorg a las tetapias existentes. Por lo tanto, la designacién de farmaco sin
interes fcomercial para el estudio de vinctistina era pot si mismo una buena
evidencia de las limitaciones de las otras terapias existentes.

F :
El grupo de expertos a cargo de este estudio fue la HIG (Grupo Investigador del

Hemangloma) un grupo de dermatSlogos pediatras dedicados a avanzar en el
conocu{‘mento con tespecto a los hemangiomas infantiles y mejorar los resultados
para n,mos afectados a través de investigacion, colaboracidn, educacion y
promocion (http: / /wrarwr. hemangiomaeducation.org/index html). Este consorcio
agrupa a los principales centros de los Estados Unidos que estudian
hemaqgiomas.

I

Sin embargo un afio después del momento de inicio de dicho estudio, se publicd
el traba]o inicial de los inventotes que desctiben el uso de propranolol en el
tratamiento de los hemangiomas infantiles (2008). Teniendo en cuenta la eficacia
y la seguridad relativa del propranolol descrito en esa publicacién, asi como los
mformes postetiotes, pronto quedd claro a las autoridades estadounidenses de
que el ptopranolol es una terapia supetior a la prednisolona y a la vincristina, de

i
!
[
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|

tal manera que la vinculacién continua de sujetos al estudio con vincristina vs
predmsolona ya no podra ser justificado y se suspendid la vinculacién de de

pacientes para el estudio.

En matcado contraste, la publicaciéon de Jirousek en 1997 no solicita una
invesltigacién en el area del tratamiento de IH. Esto demuestra que la petsona
expérta en la técnica no considera las ensefianzas de Jirousek, incluso combinadas
con Sozzani y con Duzendotfet, como una publicacién relevante en el campo del

]
tratamiento de 1H.

/
d) El uso de propranolol para tratar hemangiomas fue sorprendente e inesperado

A |pesar de la ausencia de medicamentos aprobados por la FDA para el
ttatarmento de hemangiomas y la ausencia de terapias eficaces de buena relacion
beneficio/ tiesgo para el tratamiento de hemangiomas, ninguna publicacion ha
considerado, ni mucho menos sugiete, un posible uso de propranolol en el
tratamiento de hemangiomas infantiles antes del descubrimiento de los presentes

in;!ventores en el 2008.

|

A’ este respecto, lamamos la atencién del Examinador en cuanto a la declaracion
anexa a este memorial, en donde el Dr. Frieden, un reconocido experto en el
clampo de IH, ha declarado: “(...) en el momento de la publicacién inicial de la
eﬁcac1a del propranolol, no lo habtia considerado para el tratamiento de los
hemang10mas infantiles. En mi concepto (formado por afios de estudio y trabajo
en el campo), no habia nada en la técnica médica que le hubiera sugerido esta
utilidad del propranolol sobre la base de su uso para el tratamiento de
hipertensién atterial, catdiopatia isquémica, arritmias, trastornos endoctinos y
neuroldgicos, y trastornos oculares. Mi concepto al respecto no ha cambiado
después de leer las referencias que se han aplicado en contra de la solicitud 266
| en la Accion Oficial emitida el 15 de abril, 2011. “(Véase declaracion adjunta).

|
Esto se debe a que los efectos del propranolol en IH fueron descubiertos pot

| casualidad (véase Storch et al., 2010). Weibel (2009) califica el tratamiento de IH

/’ por los inventores como una “observacion fortuita”.

I

| En efecto, el propranolol como tratamiento farmacolégico para IH fue reportado
por ptimeta vez en el 2008, en dos nifios que mostraron regresiéon rapida de la
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afec[cién/ enfermedad IH grave cuando fueron tratados con propranolol por
sintomas de enfermedades cardiopulmonares (Leaute-Labreze et al. 2008).

Como lo recuerdan muchos expertos, entre ellos el Dr. Frieden y el Dr. Bischoft:
(1) el mecanismo de accién del propranolol en el tratamiento de los hemangiomas
infantiles es, incluso ahora, claro, y (i) la patogenia de IH en si, no se entiende

I
completamente.

Dado que la patogenia del IH, en si, no se entiende completamente, el expetto en
la técnica no tenia otra opcién que probar cada molécula candidata de una en una
pata' probar su eficacia.

Los| inventores sorprendentemente han obsetvado que la administracién de
propranolol, iniciada en el tratamiento de enfermedades del corazon, tenia un
efecto dramatico en el hemangioma infantl.

El descubr1m1ento de los efectos del propranolol en el IH no es resultado de
ded}lcaones légicas basadas en tefetencias bibliograficas, sino a partir de
- observaciones clinicas fortuitas y calificadas.

|
i

4. | Conclusiones

En yista de lo anterior, se solicita respetuosamente que se tengan por superadas
las objeciones realizadas en el Oficio objeto de este memorial, ya que la presente
1nvénc1on es patentable en vista d ela legislacion vigente en Colombia y ademas
cumple con los requisitos de novedad y nivel inventivo in vista del estado del arte
c1tado por el Examinador.

Habiendo atendido cabalmente las objeciones presentadas por ese despacho,
atentamente solicitamos se conceda el privilegio de patente de invencién a la
solicitud en estudio o si el examinador considera que subsisten razones pata
obu‘etar la presente invencién rogamos expedir otro examen de fondo con los
debldos motivos y razones que sustenten su objeciéon con el fin de que nuestro
mandante tenga la posibilidad de exponer sus argumentos con base en la
1nterpretac1on de los articulos 45 de la Decision 486 -el cual otorga la facultad al
exarmnador para emitir los examenes de fondo-, 35 y 59 del Cédigo Contencioso
Administrativo que sefiala que: “habitndose dado oportunidad a los interesados para

excpresar sus opiniones, y con base en las pruebas e informes disponibles, se tomard la decision
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que serd . motivada al menos en forma sumaria si afecta a particulares”y “(..) deberd proferirse

la decifi?'n definitiva. Esta se_motivard en sus aspectos de hecho y de derecho, y en los de

conventencia si es el caso”, tespectivamente (El subrayado es nuestro).

En consecuenc1a solicitamos a ese despacho pronunciarse en relacién con todos
los argumentos ptesentados en este memorial dando estricta aplicacion al

prmc1p1o del debido proceso consagrado en el articulo 29 de la Constitucion
Nacional.

CC. 41.654.882
TP 20824 CSJ

!

notificaciones@clarkemodet.com.co

\
|
\
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REIVINDICACIONES

l
E 1. Un medicamento para el tratamiento de los
|
| . . . .
hemangiomas, dicho medicamento capaz de administrar un beta
l

|
bloqueante a un paciente en una concentracién de entre 1 y 5

mg/dia por kg :del peso corporal de dicho paciente.
|

|

|

\ 2. E1 medicamento de acuerdo con la reivindicacién
\

|

1, en donde el beta bloqueante se selecciona del grupo Jue
l

‘i, comérende un beta bloqueante no selectivo, un beta
.- l

bloqueante selectivo beta 1, wuna mezcla de antagonistas
I

adrénérgicos alfa-1/beta, un beta bloqueante selectivo beta 2

y uga mezcla de dos o méds beta blogqueantes.

|
|
|
\‘
\ 3. El1 medicamento de acuerdo con la reivindicacién
|
\

1, en donde el beta bloqueante es un beta Dbloqueante no

selectivo.

|
I

;.’. \ 4. El medicamento de acuerdo con la reivindicacién 3,
. en d:onde el beta bloqueante no selectivo se selecciona del
grup% que comprende alprenclol, bucindolol, carteolol,
carv%dilol, labetalol, 1levobunolol, medroxalol, mepindolol,
metigranolol, nadolol, oxprenolol, penbutolol, pindolol,

propafenone, propranolol, sotalol, timolol, sus sales

aceptables para uso farmacéutico y sus mezclas.

% 5. El medicamento de acuerdo con la reivindicacidén 1
|

o 2, en donde el beta bloqueante es un beta blogqueante

selec#ivo beta 1.

|

| boo 1)

»
|
l
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6. El medicamento de acuerdo con la reivindicacién 5,

en donde el beta blogueante selectivo beta 1 se selecciona

por ejemplo del grupo que comprende acebutolol, atenolol,

betaxolol, bisoprolol, celiprolol, esmolol,
|
|

nebivblol.
|

metoprolol,

! .
' 7. El medicamento de acuerdo con la reivindicacidn
|

1, eh donde el beta blogueante tiene una

actividad
|

. ‘ 3 . P . . sz
simpaticomimética intrinseca.
|

i
|
|
|
|
|

P8, El medicamento de acuerdo con la reivindicacidn
|

|
|

\donde el beta bloqueante se selecciona del grupo que

P

7, en

compreﬁde acebutolol, betaxolol, carteolol, carvedilol,
b

|
labetalol, oxprenolol, penbutolol, pindolol, propranoclol

\

%
\ . .
. 9. El medicamento de acuerdo con la reivindicacion
|

\
1, en dpnde dicho beta blogueante es propranolol o una de sus

sales farmacéuticas.
i 4

|
ElO. El medicamento de acuerdo con cualquiera de las

I

1
reivindicaciones
|

|

hemangiomas capilares y/o hemangiomas capilares infantiles.
L

1-9, en donde dichos henangiomas son

11. El medicamento de cualquiera de las

reivindicaciones 1-10, en forma de
|

inyectabie.

jarabe o una solucidn

2. E1 medicamento de cualquiera de las

(S

reivindicaciones 1-10, para administracién oral seleccionado

del grupo que comprende una formulacién liquida, una forma de
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dosis oral efervescente, un polvo oral, un sistema de

maltiples particulas, una forma de dosis bucodispersable

13. El medicamento de acuerdo con la reivindicacidn
12, en donde dicho medicamento en formulacién liquida estd
seleccionado del grupo que comprende un solucidn, un jarabe,

una suspensién, un emulsidén y gotas orales.

14. E1 medicamento de cualquiera de las

reivindicaciones 1-10, para las vias bucal y sublingual.

15. El medicamento de cualquiera de las
reivindicaciones 1-10, para la administracidn toépica-
transdérmica.

16. E1 medicamento de acuerdo con la reivindicacidn
15, en donde dicho medicamento para administracién toépica se
selecciona del grupo gque comprende ungientos, crema, gel,

locién, parche, espuma.

17. E1 medicamento de cualqguiera de las

reivindicaciones 1-10, para administracidén nasal.

18. E1 medicamento de cualquiera de las

reivindicaciones 1-10, para administracidén rectal.

19. E1 medicamento de cualquiera de las

reivindicaciones 1-10, para la administracidén parenteral.
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Hemangiomas: An Overview

Michael J. Sundine, MD, FACS, and Garrett A. Wirth, MD

;
i
Introduction

and vascular malformations is of paramount
importance to the plastic surgeon. The fre-

quency ‘of these lesions would almost dictate that every
plastic surgeon would be involved in the treatment
of a patlent with some sort of vascular birthmark.

He}nanglomas are vascular lesions that demon-
strate a characteristic pattern of rapid postnatal
glrowth| followed by slow involution. Vascular mal-
formatlons are simply collections of excess vascular
channels that grow proportionately with the child.
Because of the predilection of these vascular birth-
marks |for the head and neck and the variable
growth!of these lesions, which may result in grotesque
deformity, it is extremely important that plastic
surgeons comprehend the biologic behavior of
these lesnons It is also important to know when to
mtervene and treat the patients who have vascular
blrthmarks

Vascular birthmarks have been described through-
out the history of mankind and many famous figures
through history have been known to have vascular
birthmarks.! Mulliken' reviewed in detail the con-
cept of maternal impression, where influences on a
mothet’s emotional state may influence the pheno-
type of her unborn fetus. He further describes that
these birthmarks were often thought related to
maternal cravings for various fruits such as currents,
strawbemes, and raspberries. For the reader who is
further interested in this topic, one should review
Mulliken's excellent chapter.

Understanding the behavior of hemangiomas
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Significance of the Problem

Hemangiomas are the most common tumors of
infancy’ and are also the most common tumors
of the head and neck in infancy.? The incidence of
hemangiomas in the first 3 days of life is 1.1% to
2.6%** and increases to 8.7% to 12.7% between the
ages of 1 month and 1 year of life.*® Amir et al® found
that the incidence of hemangiomas increased with
prematurity. In infants with birth weights of less than
1500 grams, the incidence of hemangiomas was
15.6%, and as the birth weight decreased below
1000 grams, the incidence of hemangiomas increased
to 22.9%. Holmdah?® did not observe any difference
in the incidence of hemangiomas between prema-
ture and mature infants; however, a review of his
study shows that the birth weights of the infants
were much greater than those of Amir et al.® A
review of 830 patients examined by a single pediatric
dermatologist during a 3-month period found vascu-
lar lesions to be the most common, with 44% of
infants having these lesions.'®

Hemangiomas are more frequent in girls than
boys, ranging from a 3:1 to 5:1 ratio.'"'* They are
thought to be more common in white patients than
in blacks; however, Pratt® noted an 1% incidence of
hemangiomas in black infants. Most series show an
increased incidence of hemangiomas in the head
and neck region, followed by the trunk and then the
extremities.'>'* The incidence of hemangiomas in
infants whose mothers underwent chorionic villus
sampling is 10 times greater than those infants whose
mothers did not undergo the procedure.'* Approxi-
mately 20% of infants will present with more than
I lesion.'¢

Most hemangiomas occur sporadically; however,
a family history of hemangioma has been noted to be
present in up to 10% of patients with heman-
giomas.'? Recently, Blei et al'” were able to identify
6 families that demonstrated autosomal dominant
transmission with moderate-to-high penetrance of
hemangiomas. The female-male ratio was 2:1,
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rather than the usual 3:1 or 4:1 ratio. Cheung et al'®
performed a study examining the incidence of
hemanglomas in monozygotic and dizygotic twins.
The concordances between the 2 twin pairs did not
reach statlstlcal significance, and they concluded
that heredltary factors were not prmc1pa! causes of
hemangloma
r

Etioloéy

At this point, the etiology of hemangiomas remains
unknown. According to Cheung et al,'® there are
basically 2 hypotheses to explain the development of
hemangiomas. The first theory proposes that the
hemangiomas “arise by recrudescence of dormant
cmbryomc angioblasts." %2 The second theory pro-
poses that hemangiomas are “tumors of neoangio-
genesis.”"*?'2 Folkman?? believes that hemanglomas
are al non-neoplastic disease of angiogenesis.”

Vasculogenesis refers to the appearance of new
blood )vessels, whereas, angiogenesis refers to the
sprouting of vessels from pre-existing vessels.?* This
angxogenesw is thus dependent on various growth
factors that may stimulate or inhibit the angiogene-
sis process * These tumors may then be susceptible
to hormonal influences to cause further growth.?2¢

Classification

Much of the previous confusion surrounding
vascular birthmarks was related to the classifica-
tion jsystems used to categorize these lesions. The
lesnons were classified by the histologic appearance
of the vascular or lymphatxc channels, or by embry-
ologac classification.?” These classification systems
did not, however, predict the biologic behavior of
the |various vascular birthmarks. In a landmark
report, Mulliken and Glowacki®® examined a series
of pauents with vascular birthmarks from a clini-
cal, histologic, and autoradiographic point of view.
They were able to divide vascular birthmarks into
the 2 categories of hemangiomas and vascular
malformations.

)Hemangiomas could be characterized clinically
as those lesions that exhibited a period of rapid post-
natal growth, followed by a period of slow involu-
tlon In the proliferating phase, hemangiomas
demonstrated increased endothelial cellularity, with
the formation of syncytial masses with and without
lumens. They also found alkaline phosphatase to be
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localized to the areas of hypercellularity as well as in
mature vessels, and factor VIII antigen was present
in the endothelial cells of the hemangioma and also
in normal adjacent vessels. Autoradiography showed
uptake of [*H]thymidine in proliferating lesions.
Electron microscopy demonstrated the presence of
multilaminated basement membranes under the
areas of proliferative endothelium. In the involuting
phase, there was noted to be a diminished cellular-
ity of the lesions with areas of fatty deposits, which
were intermingled with fibrous tissue. The involuting
phase lesions did not show uptake of [?’H}thymidine.?

Vascular malformations were characterized as
lesions that were present at the birth of the child
and grew commensurately with the child. Vascular
malformations histologically showed “flat ‘mature’
endothelium” with alkaline phosphatase and factor
VIII antigen localized to the endothelium of the vascu-
lar channels. The vascular channels were surrounded
by normal reticulin networks, and autoradiography
of the vascular malformations did not demonstrate
endothelial proliferation.?®

From these observations, Mulliken and Glowacki®
defined vascular birthmarks that demonstrated prolif-
erative activity to be hemangiomas, and those vascular
birthmarks that did not demonstrate proliferative
activity and grew commensurately with the child
were defined as vascular malformations. Subsequent
application of this classification system has shown
its validity.2*°

In 1996, the International Society for the Study
of Vascular Anomalies adopted a classification that
accounts for the clinical presentation and behavior
of these lesions as well as the histologic appearance.
Vascular birthmarks are divided into 2 distinct groups:
vascular tumors and vascular malformations!'®*®
(Table 1), The vascular malformations can be fur-
ther classified by flow characteristics and vessel type
within the malformation.?!

Several changes are noted when the old ter-
minology is applied to the current classification
system. The strawberry hemangioma, juvenile
hemangioma, and the capillary hemangiomas are
simply just hemangiomas. The cavernous heman-
gioma is also just a hemangioma that is deeper in the
dermis, fat, or muscle, and therefore has a deeper
blue hue.* The port-wine stain, which is present at
birth and will grow commensurately with the child,
is now a capillary malformation. The previous lym-
phangioma and cystic hygroma are now identified as
lymphatic malformations.*
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Table 1. Classification of Vascular Anomalies

A. Vascular Tumors
Hemangiomas
Proliferating
[nvoluting
Kaposiform hemangioma
Tufted angioma (angioblastoma)
Angiosarcoma
Congenital hemangiopericytoma/infantile myofibromatosis
Eccrine angiomatous hamartoma
B. Vascular malformations
High flow
Arterial malformation-aneurysm, ectasia, stenosis, etc.
Arteriovenous fistula
Arteriovenous malformation
Low flow
Capillary malformation-Port-wine stain
Telangiectasias
Venous malformation
Lymphatic malformation
Macrocystic
Microcystic
Complex combined
i Slow flow: Klippel-Trenaunay syndrome (capillary
lymphatic venous malformation)
Fast flow: Parkes Weber syndrome (capillary arterial
venous malformation)

Natural History

Hemangiomas may be present at birth, but most
develop in the first few weeks after birth.'? The
hemangiomas may manifest as a pale patch, a telang-
iectasia surrounded by a pale halo, a bruise-like
macule, or an area of simple erythema.**?* Payne
et al** noted the appearance of telangiectasias in the
pale area followed by the development of the irregu-
Jar pebbly characteristic hemangioma.

The hemangioma grows rapidly in the first 3 to
6 months of life, and then the tumor becomes quies-
cent and grows at approximately the same rate as the
child for the next 6 to 12 months. The maximum size
of the hemangioma is usually reached at age 6 to
12 months. Involution generally begins at approxi-
mately 18 months of age.’? Pasyk et al* have divided
the life cycle of hemangiomas into 7 clinical stages,
of which the first 4 deal with the growth phase (from
birth to approximately 20 months of age), and the
next 3 stages are related to phases of involution.

The earliest sign of regression of a hemangioma
is a fading of the color of the lesion from a bright red
to a dull red or pink color. Next, a gray-white hue
develops at the center of the lesion and this spreads
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Figure 1. Involuting phase hemangioma showing gray-whitc
discoloration over surface of hemangioma.

to the periphery. The tenseness of the lesion is then
reduced, followed by a reduction in the volume of
the lesion'? (Figure 1).

Multiple authors reporting on the natural history
of hemangiomas indicate that the rate of involution
is relatively consistent. Approximately 50% of heman-
giomas will have completely resolved at age 5, with
about 70% being completely resolved at age 7. Sub-
sequent improvement may occur in the remaining
lesions from age 10 to 12.7!112:36.37

In addition to examining the rate of involution of
hemangiomas, Bowers et al'! also examined the influ-
ence of multiple other factors on the involution of
hemangiomas. They found that the size of the lesion
did not affect the rate or the completeness of involu-
tion. The sex of the infant had no effect on the reso-
lution of the hemangioma, nor did the site of the
lesion. They did note, however, that lesions of the lip
did tend to resolve more slowly than the others. The
presence of multiple lesions was also of no prognostic
significance. Interestingly, Bowers et al'' and Lister®
noted that those lesions that did not have a period of
rapid growth also did not resolve, thus noting the dif-
ference between a vascular malformation and a
hemangioma before it was clarified by Mulliken.”

Although almost all hemangiomas develop post-
natally, some infants are born with fully developed
hemangiomas. Boon et al*® presented a series of 31
infants with these so-called congenital heman-
giomas. The infants had a 1:1 female-male ratio,
rather than the 3:1 ratio that is usually seen in
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hemangiomas that develop postnatally. Most of the
lesions|were in the craniofacial area or the lower
extremilties The hemangiomas presented in 3 differ-
ent conﬁguratlons (1) a raised violaceous tumor
with large radial veins, (2) a hemispheric shaped
tumor covered with telangiectasias and surrounded
by a pale halo, and (3) a pink-to-violaceous tumor,
firm to| palpation, that was usually located in the
lower extremlty

Routme antenatal ultrasound was performed in
23 of the 31 infants; however, the antenatal ultra-
sound demonstrated the hemangioma in only in 3
infants. .Of interest was that the infants with these
congemtal hemangiomas demonstrated an acceler-
ated rate of involution. Twelve of 24 infants demon-
strated \involution before 7 months of age, and
spontaneous involution occurred by 14 months of
age in 24 of the 31 infants who did not require some

.|
sort of IFtewentlon (corticosteroids or surgery).

Histollogy

The hlstologlc appearance of hemangiomas fluctu-
ates w:th the stage of the life cycle of the tumor and
essentxally can be separated into the proliferative
phase or the involuting phase.

The |light microscopic appearance of prolifera-
tive phase hemangiomas shows a proliferation of
endothehal cells. These cells form syncytial masses
and may or may not form lumens. A limiting retic-
ulin membrane surrounds these syncytial masses,
and perlodnc acid-Schiff staining demonstrates a
thlckened basal lamina underneath the endothelial
cells. The nuclei show occasional mitotic figures but
no pleomorphlsm Later in the proliferative phase,
the vascular channels become more obvious. Plump
endothehal cells line these capillary channels. As the
hemangloma matures, the tumor is organized into
lobular éompartments that are separated by fibrous
septa with large feeding and draining vessels.””*

Prohferat:ve hemangiomas demonstrate uptake
of tntnated thymidine into the DNA of replicating
endothehal cells. Alkaline phosphatase is found
within cytoplasrmc granules in the endothelial cells,
and the endothehum produces factor V11, demon-
strated by fluorescent antibody and peroxidase tech-
niques. The number of mast cells is increased
30-fold t([) 40-fold compared with normal skin, vas-
cular malformatxons or involuted hemangiomas,***°

Electron micrographic findings demonstrate a
plump endothehum with characteristics of intracellular

|
|
|
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activity. These findings include swollen mitochondria,
convoluted nuclear membrane, membranes of rough
endoplasmic reticulum, and clusters of free ribo-
somes. The electron microscopic hallmark of the
proliferative phase hemangioma is multilamination
of the basement membrane.?’*

The involuting phase hemangioma demonstrates
diminished cellularity with flattening of the lining
endothelial cells. As the endothelium flattens, there
is a relative dilation of the vessels supplying the
tumor and also progressive deposition of perivascu-
lar, intralobular, and interlobular fibrous tissue. The
number of vascular channels diminishes as the
fibrosis proceeds.?”*

The electron microscopic findings of the involut-
ing hemangioma show endothelial cell discontinuity
along with vessel degradation. The lumens of the ves-
sels reveal endothelial cell debris. The basement cell
membrane is still multilaminated. Few mast cells are
present, and they do not show the cell-to-cell interac-
tions seen in proliferative phase hemangiomas.?”**

Molecular Biology

Much progress has recently taken place in discover-
ing the molecular biology of these lesions.!'®***!*¢ In
addition to the life cycle that is seen clinically and
histologically, there is a profile of different immuno-
histochemical cellular markers that correspond to
the life cycle of the hemangioma. The angiogenesis
process is the result of a balance between factors
that are responsible for endothelial cell proliferation
and migration and those that inhibit of blood vessel
formation.*’ Growth factors that stimulate angio-
genesis include basic fibroblast growth factor (bFGF),
vascular endothelial growth factor (VEGF), tumor
necrosis factor-ot (TNF-at), and interleukin-8 (IL-8).
Antiangiogenic growth factors include tissue inhibitor
metalloproteinase (TIMP-1), transforming growth
factor-B (TGF-B), interferon-a, and platelet factor-4.*

Takahashi et al*> examined tissue samples of
hemangiomas that were removed at 3 different stages
of development: proliferating lesions (defined as
those obtained from children 0-12 months old), invo-
luting lesions (12-60 months), and involuted lesions
(>61 months). The hemangioma specimens were
then tested for the presence of 9 markers that have
been implicated in the control of angiogenesis.
Proliferating cell nuclear antigen (PCNA), VEGF,
and type IV collagenase all preferentially stained those
sections from proliferating phase hemangiomas.
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Table 2.

Gene Marker Profile for Hemangiomas

} Proliferating Phase

Involuting Phase involuted Phase

PCNA Elevated
VEGF Elevated
Type EV collagenase Elevated
bFGF Elevated
Urokinase Elevated
TiMP| Elevated
CD31 Elevated
vWF Elevated
SMC-actin Elevated

Decreasing None
Decreasing None
Decreasing Low
Elevated—decreasing None
Elevated—decreasing None
Elevated Low
Elevated Decreasing
Elevated Decreasing
Elevated Decreasing

. Note: ' PCNA = proliferating cell nuclear antigen; VEGF = vascular endothelial growth factor; bFGF = basic fibroblast growth factor;
'I'lMP = tissue inhibitor metalioproteinase; vWF = von Willebrand factor; SMC = smooth muscle actin.
Source: Adapted from Takahashi et al. Cellular markers that distinguish the phases of hemangioma during infancy and childhood.

] Clin Invest. 1994;93:2357-2364.

f

Sectlons from proliferating and involuting phase
hemangnomas had higher concentrations of bFGF,
urokmase, CD31, and von Willebrand factor (vWf).
In the involuting phase, TIMP-1, a-smooth muscle
cell actin (SMC-actin), and mast cells were all
mcreased compared with the proliferating and invo-
luted phase. The vessels from various types of mal-
formations showed little to no immunoreactivity to
thé same set of markers. The authors were able to
show that immunohistochemical markers can also
be used to separate the 3 clinical stages in the life
cycle of hemangiomas (Table 2).

The data of Takahashi et al*® are consistent with

those of Folkman,?* who found high levels of bFGF
1n , proliferative phase lesions. This urinary bFGF can
be useful in distinguishing vascular malformations
from hemangiomas and in monitoring the response
of a hemangioma to pharmacologic therapy. Similarly,
the Takahashi et al*® data are also consistent with
those of Chang et al,* who found that cells from
prohferatnve hemangiomas had increased messenger
RNA for bFGF and VEGF compared with involuted
hemangiomas.
f The glycoprotein E-selectin, an endothelial cell
adhesxon molecule produced by endothelial cells
after stimulation with TNF-o and IL-1, is also
upregulated in the proliferative phase, as is mono-
cytic chemoattractant protein.*’** The extracellular
matrix surrounding hemangiomas also changes.*
Jang et al*® found extensive deposition of vitronectin
in the subendothelial space in proliferating heman-
giomas. No vitronectin deposition was found in
regressing hemangiomas or venous malformations.

Recent evidence seems to indicate that apopto-
sis (programmed cell death) is responsible for the

involution that is observed in hemangiomas.’®?
Razon et al*® found that apoptosis was low in prolif-
erative phase hemangiomas but increased 5-fold in
involuting phase hemangiomas. Normal skin speci-
mens demonstrated consistently low apoptosis.
Mancini and Smoller®' found that the bel-2 proto-
oncogene, which inhibits programmed cell death,
progressively decreased with increasing age of the
hemangioma. Their findings appear to indicate that
the growth of hemangiomas is related to the degree
of inhibition of apoptosis as well as to the prolifera-
tive activity of the cells.

Diagnosis

The diagnosis of hemangioma is normally made on
clinical findings. Foremost in characterizing these
lesions is the history. The birthmark generally is not
present at birth and grows rapidly in the first few
weeks after birth. If the hemangioma is in the upper
dermis, it may have a scarlet color that deepens with
time. Hemangiomas that are deeper may have a darker
hue. Vascular malformations tend to have a persistent
vascular hue depending on the components of the
malformation. Palpation of a hemangioma will reveal a
fleshy tumor that does not empty completely when
compressed. Venous malformations are easily com-
pressible and deflate with elevation. Hemangiomas are
rarely associated with skeletal deformities.?”

Several variations have been noted in the pres-
entation of hemangiomas in addition to the classic
cutaneous hemangioma (strawberry hemangioma).'®>
Martinez-Perez et al*? described 4 unusual presenta-
tions for hemangioma: (1) deep hemangioma with

000 18



|
|

normal overlymg skin, previously referred to as cav-
ernous hemangxoma, (2) macular hemangioma with
an appearance similar to a port-wine stain, (3) bossed
hemangmma with telangiectasia, and (4) hemangloma
with persnstent fast flow. There are also hemangiomas,
which are present at birth, so-called congenital
hemanglomas that were reviewed previously.

As noted previously, most hemangiomas can be
dlagnosed on clinical grounds. Occasionally, an
lmagmg study, usually an ultrasound or magnetic
resonance imaging (MRI), or rarely, a biopsy speci-
men may be necessary to rule out other tumors. The
differential diagnosis includes tufted angioma (con-
genital| form), neuroblastoma, embryonic rhab-
domyosarcoma, fibrosarcoma, hemangiopericytoma,
and infantile myofibrosis.*’

!
Imaglj'ng

Imagmg studies may be very useful in the assess-
ment of vascular birthmarks. The study may be used
to conflrm or establish the diagnosis, determine the
extent of the lesion, assess other possible associated
anomalles, and may also be used therapeutically.
Many, different modalities are available to evaluate
these [lesions, with MRI as probably the single best
modahty to characterize vascular birthmarks. Plain
film rad;ographs of a hemangioma will typically
eveal a soft tissue mass but usually does not yield
much more information.™

Doppler ultrasonography is considered to be the
most|cost-effective imaging technique for the evalua-
tion of hemangiomas.** Its added advantage is that it
is a nonmvaswe technique. As with other radiographic
techmques, the appearance of hemangioma will dif-
fer, dependmg upon whether it is in the proliferative
or mvolutmg phase. A proliferating phase Doppler
ultrasound scan will demonstrate nonspecific echo-
gem’mty with increased color flow and a high-flow
pattern with an arterial and venous component.
Nun!1erous vessels are visualized (>5/cm?) with a high
Doppler shift (>2 kHz) and low resistence.”*** Using
the lcriteria of high vessel density (>5/cm) and a high
Dol’)pler shift (>2 kHz), Dubois et al*® were able to
achieve a sensitivity of 84% and a specificity of 98%
in the diagnosis of hemangiomas.

The computed tomography (CT) appearance of
hemangmmas also fluctuates with the life cycle of
the tumor. Proliferating hemangiomas have a homo-
geneous mass that enhances uniformly after the
administration of intravenous contrast material,*'"*>

|
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Prominent enhancing vessels may be seen on CT with
the use of CT angiography. The appearance of phle-
boliths and calcifications are not features of heman-
gioma, and a different diagnosis should be considered
if they are seen.’’ Deep seated hemangiomas may
cause erosion of adjacent bone, but hemangiomas
rarely invade bone or arise in bone.”’” In the involuting
phase, the hemangiomas become heterogeneous
masses with fatty infiltration and less intense staining
on the administration of intravenous contrast.>

Proliferating phase MRIs demonstrate well-
defined, lobulated soft-tissue masses. They are
isotense-to-hypotense relative to muscle on Tl
weighted images, and hypertense relative to muscle
on T2 weighted images. Flow voids are seen within
and around the lesions on spin echo images. Magnetic
resonance angjograms will show high-flow vessels at
the center or around the periphery of the hemangioma
with an intense and uniform enhancing parenchymal
mass on the introduction of intravenous contrast.
With involution, there is decreased size of the tumor,
diminished vascularity, decreased enhancement, and
progressive fibrofatty infiltration of the tumor. This
fibrofatty infiltration is demonstrated by high-intensity
foci within the tumor on T1 weighted imaging.3'*57-58

Angjography will demonstrate a well-circumscribed
mass with intense straining and lobular architec-
ture.’? Dilated feeding and draining vessels may sur-
round the mass.?' Arteriography of hemangiomas
should be considered only if endovascular emboliza-
tion is contemplated.

Complications of Hemangiomas

Although most hemangiomas resolve completely
without any sequelae, several potential complica-
tions are associated with hemangiomas, most com-
monly in the proliferative phase of growth of the
hemangioma. An estimated 10% to 20% of heman-
giomas may be so-called alarming hemangiomas that
may threaten life or an important visceral function.®
Important complications of hemangiomas include
ulceration, bleeding, infection, obstruction (visual
axis, auditory canal, airway), congestive heart fail-
ure, skeletal distortion, and aesthetic deformity.
Ulceration, a common complication of heman-
giomas, occurs in approximately 5%.'* This is
thought to be due to a proliferation of the heman-
gioma through the epidermal basement membrane
and most commonly occurs in the proliferative
phase of the hemangioma.”” The most commonly
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involved areas are the anogenital area and the lips.
The anogenital area is especially problematic owing
to the |frequent friction associated with diaper
changes and also the associated bacterial contami-
nation.| These ulcerated areas may then bleed and
also may become secondarily infected. The bleeding
resultmg from these ulcerations is usually minimal
and easily controlled with pressure. Deep ulcera-
tions may result in scarring. Moist antimicrobial
ointments are used to.treat these ulcerated areas.
Treatment with the flash-lamp pulsed dye laser has
been lrlecommended for an ulcerated hemangioma,
especially in the perineal region.*'

Bleedmg from most hemangiomas is inconse-
quentxal It is usually a result of ulceration and is
easily controlled with pressure. Kasabach-Merritt
syndriomc or bleeding associated with thrombocy-
topema and hemangioma, has now been found to be
assoc1ated with several,other vascular tumors but is
not associated with hemangioma.

l'nfectlon is a less common complication of heman-
glomas and is usually associated with ulceration of the
hemangloma Systemic antibiotics are indicated when
the area of ulceration is associated with cellulitis.*

Proliferation of a hemangioma in the periorbital
area can be especially problematic. Uncontrolled

.gro‘wth of a hemangioma, especially of the upper

eyelid that obstructs the visual axis, can lead to dep-
rwatxon amblyopia and the lack of development of
bmocular vision. A review by Hiak et al*? found that
80% of patients with eyelid or orbital hemangiomas
had complications and 60% of patients had ambly-
opxa Another series found a 54% complication rate
thh 41% of patients having amblyopia and 36% hav-
mg strabismus.®* Refractive errors, both astigmatic
and myopic, can be produced by pressure effects
from an expanding mass on the cornea.”” Other late
ffects of periorbital and adnexal hemangiomas
mclude globe proptosis, asymmetric refractive error,
blepharopt051s and optic atrophy.?"%
| Hemangiomatous proliferation may also affect
aimy area along the respiratory tract, including the
nares, larynx, and subglottic area. Infants are obli-
gate nose breathers for at least the first 3 months of
life, and any proliferation that may obstruct the nares
may result in significant respiratory compromise.
Subglottic hemangiomas are insidious and can be
life threatening. They usually appear in infants between
6 and 12 months of age as biphasic wheezing (inspi-
ratory and expiratory phase) in an afebrile child. The
child may have a cough that resembles croup. The res-
piratory stridor is progressive. Endoscopic findings
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reveal a characteristic red or blue lesion in the sub-
glottic area.®® Approximately 50% of these subglottic
hemangiomas will have associated cutaneous
hemangiomas in the “beard distribution.”* Many dif-
ferent modalities have been used to treat subglottic
hemangiomas, including corticosteroids, interferon,
carbon dioxide laser, radiation therapy, cryotherapy,
electrocautery, and surgery.*” Tracheostomy may be
necessary to preserve the child’s airway.

Auditory canal obstruction may result from pro-
liferation of a hemangioma in the parotid region and
may result in a conductive hearing loss. If the lesion
is bilateral and persists beyond a year, when intact
hearing is required for speech development, treat-
ment should be considered.*

Skeletal distortion resulting from hemangiomas is
rare. More commonly, skeletal distortion is associated
with vascular malformations. There may be erosion or
scalloping of the bone adjacent to the hemangioma,
which is thought to be due to a pressure effect.

Hemangiomas have been associated with conges-
tive heart failure. This is usually seen in cases of large
hepatic hemangiomas or bulky cutaneous heman-
giomas without hepatic involvement. The blood flow
through the hemangjoma creates a hyperdynamic
state leading to increased cardiac output, ventricular
output, and increased pulmonary vascularization.®?

Associations With Hemangiomas

A number of associated anomalies or syndromes
include hemangiomas. Among the more commonly
cited associations is Kasabach-Merritt syndrome. In
1940, Kasabach and Merritt reported a case of
thrombocytopenic purpura associated with a giant
capillary hemangioma. Kasabach-Merritt syndrome
has a reported mortality of 20% to 30%.%* Recent
evidence has demonstrated that Kasabach-Merritt
syndrome is associated with kaposiform heman-
gioendothelioma and not with the more common
hemangioma of infancy.*®’® A number of features
clearly distinguish between hemangiomas and
Kaposiform hemangioendotheliomas (Table 3).

The association of hemangiomas with posterior
fossa brain malformations and other anomalies has
been recently described.”"’? The acronym PHACE
syndrome has been coined to characterize the major
features of this association, including posterior fossa
malformations, hemangiomas, arterial anomalies,
coarctation of the aorta and cardiac defects, and eye
abnormalities.”
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Table 3. Characteristics of Hemangioma of Infancy Versus Kaposiform Hemangioendothelioma
Hemangioma Kaposiform Hemangioendothelioma
Sex ratio (F:M) 3:1 ~1:1
Location Cervicofacial (2/3 of cases) Predilection for trunk, extremities, and retroperitoneum
Multifocal ~20% None
Present at birth Rare ~50%
MRI findings Well defined, homogenous, enhancing, Poorly defined margin, involving multiple contiguous

soft-tissue mass with fast-flow vessels

within and around tumor

tissue layers, small feeding/draining vessels relative
to tumor size, presence of signal voids without
flow-related enhancement

Note: MRI = magnetic resonance imaging.
‘Source: Adapted from Sarkar et al. Thrombocytopenic coagulopathy (Kasabach-Merritt phenomenon) is associated with Kapasiform

hemangioendothelioma and not with common infantile hemangioma. Plast Reconstr Surg. 1997,100:1377-1386.7

Table 4. Factors Affecting Decision to Treat

Hemangiomas

" Location of hemangioma
_ Depth of lesion within the skin

Age of patient

- Presence or likelihood of complications

Availability of treatment modality
Expertise of treating physician

« Parental preference

Source: From Drolet et al. Hemangiomas in children. N Engl

. ] Med. 1999;341:173-181.?

The most common central nervous system
anomalies are Dandy-Walker malformation, but
cerebellar atrophy and arachnoid cyst with cerebel-
lar hypoplasia have been reported. These patients
typically have large facial hemangiomas that may be
unilateral or bilateral and appear to be at high risk
for developing airway hemangiomas.

Reported vascular anomalies include coarctation
of the aorta, persistent trigeminal artery, absence or
hypoplasia of the carotid or vertebral arteries, aneurys-
mal dilatation of the carotid artery, dilated cerebrovas-
cular vessels, and aberrant left subclavian artery. The
reported cardiac anomalies have included cor triatria-
tum with partial anomalous pulmonary venous return,
tricuspid and aortic atresia, patent ductus arteriosus,
and ventricular septal defect. The ocular findings have
included microphthalmia, optic nerve hypoplasia,
cataracts, and increased retinal vascularity.’?

Hemangiomas of the lumbosacral area have been
associated with spine, urogenital, and anorectal anom-
alies. Albright et al” reported a series of 7 children
with lumbar cutaneous hemangiomas. All had teth-
ered spinal cords, 4 showed intraspinal lipomas, and
2 had tight fila terminalia. Goldberg et al’* reported

a series of 5 infants with sacral hemangiomas who
also had associated anomalies. Three each had an
imperforate anus, an abnormal sacrum, renal anom-
alies, and lipomeningoceles; 4 had skin tags, and 4
had fistulae. The hemangiomas in these cases are
described as superficial, and they cross the midline,
often with a central membranous defect. Imaging of
the spine is indicated in these cases.?

Orlow et al*® have described the association
between hemangiomas that occur in a beard distribu-
tion (right or left preauricular region, chin, anterior
neck, and lower lip) and symptomatic hemangiomas
of the upper airway or subglottic region. In a series of
16 patients with cutaneous hemangiomas in a beard
distribution, 63% had symptomatic airway involvement,
and 40% required a tracheotomy for airway protection.
Thus, cutaneous hemangiomas in this distribution
should call attention to the possibility of airway
compromise.”

Management

The management of hemangiomas remains a subject
of considerable controversy.®’¢# There are certain
clear indications for operative therapy, but these are
limited to a small population of lesions. On the
other hand, the natural history of hemangiomas is
involution after a period of rapid growth, and many
physicians emphasize an approach of careful obser-
vation with limited intervention.'? Studies from the
1940s and 1950s demonstrated worse results from
excisional treatment than from observation alone,
leading many experts to advocate leaving the tumors
untreated.? Many factors should be taken into con-
sideration in the decision to treat a hemangioma
(Table 4). '
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Table 5. Goals of Management of Hemangiomas

1. To prevent of reverse any life-threatening complications of hemangiomas

2. To prevent permanent disfigurement left by residual skin changes following involution

3. To minimize the psychosocial distress from the presence of hemangiomas for both patient and family

4. To avoid overly aggressive, potentially scarring procedures or toxic therapies for the treatment of those hemangiomas that are

likely to have an excellent prognosis without therapy

5. To prevent or adequately treat uicerated hemangiomas so that scarring, infection, and pain are minimized

Source: From Frieden IJ. Which hemangiomas to treat-and how? Arch Dermatol. 1997;133:1593.1595.7*

Table 6. Tenets of Conservative Management of Hemangiomas

1. Avoidance of overzealous active treatment

2. Careful observation and measurements at frequent intervals to assess rate of growth

3. Accurate description of the lesion: size in 3 dimensions, degree of compressibility, and whether or not blanching can be
effected. Photographs should be made of lesions on cosmetically important areas

4, Determination of parents’ reaction to the birthmark and use of “before and after” photographs to assure thern of the probability

of spontaneous involution

5. Observation of the patient for several years to continue counseling

Source: From Margileth AM, Museles M. Cutaneous hemangiomas in children. JAMA. 1965;194:523-526."

'

. The tremendous psychosocial consequences of
an untreated hemangioma on the affected child and
the family should not be underestimated, however.
This is especially true with facial hemangiomas that
cannot be hidden from view by clothing. Tanner
et al®? have reported that reactions of fear, disbelief,
and mourning, were common in parents of children
with facial hemangiomas greater than 1 cm in diam-
eter, and these reactions were similar to those par-
ents whose children had permanent deformites.’
Thus, the physician who recommends a course of
nonintervention in a patient with a hemangioma
should be prepared to provide active support for the

“parents and the child. Photographs should be taken
" at periodic intervals to help the parents see the
" regression of the lesion over time.*

The overall goals in the management of heman-
giomas have been outlined by Frieden™ (Table 5).
Central to these goals are the principles of minimiz-
ing the psychosocial distress caused by the lesions
while also minimizing any morbidity related to the
treatment of the lesions. We would add that an
attempt should be made to normalize the child’s
appearance before entering school.

The principles of “conservative” management of
hemangiomas have not changed substantially since
they were proposed more than 40 years ago'? (Table 6).
In an update, Margileth® states that in his 37-year
experience, only 2% of hemangiomas ever require
operative therapy.

A contrary view has been espoused by Waner
and Suen.®®’® They cite their own experience, along
with that of Finn et al,' indicating that approxi-
mately 50% of all children with hemangiomas will
require operative therapy. They also believe that the
tremendous psychosocial impact of these disfiguring
lesions has been underestimated in the literature.
Indeed, Frieden has stated “results considered cos-
metically acceptable in 1955 are not necessarily
acceptable in 1995.”¢° They are thus prepared to
actively treat any “cosmetically significant” lesion.
The ultimate goal of this treatment is the normaliza-
tion of appearance before the child enters school.
This approach is similar to that taken in children
with cleft and craniofacial anomalies for the similar
reason of normalization of appearance before the
child begins school.

The treatment course that has been advocated
by Waner and Suen® includes a period of early
aggressive intervention, followed by a period of
benign neglect, and then a period of aggressive
intervention after approximately 3% years of age.

In the early proliferative period when the lesion
is flat, Waner and Suen® recommend flashlamp
pulsed dye laser treatment at 4- to 6-week intervals
until the red (ie, superficial) tissue is removed. For
darker blue color underneath the lesion, indicating a
deeper subcutaneous component, they begin oral
corticosteroid treatment for at least 4 weeks, fol-
lowed by a tapering over 2 weeks. For this treatment
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to be effective, it must be initiated very early before
any substantial bulk of the hemangioma occurs.

In ‘the late proliferative period, the lesion has
usually acquired enough thickness that the pulsed
dye laser will not penetrate deep enough to treat the
full thickness of the lesion. Thus, in this period they
advocate oral corticosteroids for most lesions,
reserving interferon-a-2a for complicated or life-
threatening lesions. Hemangiomas in the period of
early involution are managed expectantly. Finally,
they again advocate active treatment in the phase of
late /involution. Treatment alternatives include the
use of the flashlamp pulsed dye laser for the treat-
ment of telangiectasia, use of carbon dioxide laser
resurfacing for epidermal atrophy, and surgical
resection for residual skin and fibrofatty tissue.*

. There are several clear indications for surgical
therapy of hemangiomas. Early surgical therapy may
be necessary for eyelid or periorbital hemangiomas
that may compromise the visual axis, leading to ambly-
opia, and for large lesions obstructing the larynx,
nasal airway, or the ear canal. Surgical therapy may
also be considered for gastrointestinal lesions asso-
ciated with bleeding or in those cases where there is
congestive heart failure secondary to large hepatic
hemangiomas. Surgery may also be considered early
for large deforming lesions of the nose or lips. Late
surgical therapy is generally reserved for removal of
atrophic skin or fibrofatty tissue that remains after

.involution of the hemangioma.

In 1967, Zarem and Edgerton® reported their

observations on the use of corticosteroids to treat

hemangiomas of infancy. This followed the

- serendipitous observation of accelerated improve-

ment of a large hemangioma in an infant with
thrombocytopenia who was given steroids.* There
have been numerous other réports on the use of cor-
ticosteroids in children with hemangiomas. 76828592
To date, the exact mechanism of action of cortico-
steroids causing regression of hemangiomas is
unknown. Corticosteroids are not uniformly success-
ful in resolving hemangiomas, however. Enjolras et
al®® found that there was not a uniform response to
corticosteroids in their series of patients, in which
approximately 30% of patients were clear respon-
ders, approximately 40% of patients were doubtful
or equivocal responders, and 30% of patients were
clear nonresponders.

Corticosteroids may be administered locally or
systemically. Locally administered corticosteroids
have typically been used for periorbital and localized
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facial lesions. Local injections have normally used a
mixture of 40 mg of triamcinolone acetonide (1 mL)
and 6 mg of betamethasone acetate (1 mL) that are
injected directly into the tumor®”® with a small
diameter needle. Mulliken® advocates compression
around the lesion with a finger or the finger ring of
a surgical instrument while injecting. No more than
3 to 5 mg/kg of triamcinolone should be injected at
a single session. The injections are repeated at inter-
vals of 6 to 8 weeks for a total of 3 to 5 injections.
Serious complications have been associated with
periorbital steroid injections, including skin atrophy,
reversible linear atrophy of the subcutaneous fat,
transient eyelid depigmentation, hematomas, tem-
porary cutaneous discoloration caused by deposits of
injected material, eyelid necrosis, and occlusion of
the central retinal artery with resulting blindness.?¢’
However, Kushner®® believes that this treatment is
very safe and effective for the treatment of perior-
bital hemangiomas.

Most authors use systemic oral corticosteroids
rather than local administration for large and poten-
tially disfiguring hemangiomas. Treating heman-
giomas with corticosteroids should begin in the
proliferative phase of growth. The prescribed daily
dosage of prednisone or prednisolone is 2 to 5 mg/kg.
However, most authors use daily dosages of 2 to 3 mg/kg,
with increased complications noted in those children
who received 5 mg/kg per day.®® The corticosteroids
are typically given as a single moming dose for 4 to
6 weeks. They are then gradually tapered over 2 to
3 months. Many authors recommend a shorter dura-
tion of treatment with the corticosteroids; however,
rebound growth of the hemangioma is possible in
these cases.

Corticosteroids are generally well tolerated for
the treatment of hemangiomas. Boon et al’' per-
formed a comprehensive review of complications
due to corticosteroids in a series of 62 children who
received a full course of corticosteroids for the treat-
ment of hemangiomas. They found no long-term
side effects and only transient side effects in those
children that received less than 3 mg/kg per day of
corticosteroids for 1 month that was then tapered
over 2 to 3 months.

A transient decrease in gain in height was
observed in one quarter to one third-of patients. This
was 4 to 5 times more likely in children in whom
corticosteroids were started before 3 months of age.
They also found that these children exhibited “catch-
up” growth after the steroids were stopped, and the
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growth cur\les returned to normal by 16 months
after stoppmg steroid therapy in all patients treated
with 3 mg/kg daily or less of corticosteroids.

Personality changes (depressed mood, euphoria,
insomnia, restlessness, irritability) occurred in 29%
of their fpatlents These personality changes
occurred thhm 2 weeks of initiating treatment and
then dlsappeared with stopping the drug. There
were gastromtestmal complaints in 21% of their
patients. These resolved with antacid therapy in all
patients, Jand no problems with gastrointestinal
bleeding were noted. The rate of bacterial infections
did not inlcrease in their patients secondary to the
steroids, but they did report 4 cases of oral and/or
perineal yeast infections and 4 children with viral
otitis media. Cushingoid facies were seen in 71% of
patients. These facies appeared within I to 2 months
after starting therapy and resolved spontaneously as
the comr:ostermds were tapered and stopped.

Interferon o-2a and interferon-at-2b have gained
recent gttentlon for the treatment of heman-
giomas.?>'"* Interferon-a-2a was initially conceived
as an antmral agent. During the course of clinical
trials in patients with AIDS, regression of Kap051
sarcoma lesions was observed in treated patients.”
The us‘e of interferon-a-2a was then extended to
panents with pulmonary hemangiomatosis® and
then to patients with life-threatening heman-
glomas} % The use of either interferon--2a or a-2b
appear to be equally effective.'” The exact mecha-
nism of action of interferon-a-2a2 on hemangiomas
is unclear Reported potential mechanisms include
mhnbmon of endothelial cell motion and prolifera-
tion, inhibition of collagen synthesis, fibroblast pro-
hferatlon growth factor release, and smooth muscle
prohferatlon

Treatment of hemangiomas with interferon-o-2a
or a-2b has generally been reserved for those lesions
that fare believed to be life-threatening or possibly
causing function-impairing sequelae or severe cervi-
cofacial disfigurement.”'% It has been particularly
used for those lesions that appear to be resistant to
corticosteroids. The usual starting dosage is 1 mil-
lion units given subcutaneously nightly. This dosage
is lﬂcreased weekly until a target dosage of 3 million
units per day. It has been reported that treatment at
an |early age is an important factor to improve the
efﬁcacy of interferon treatment of hemangiomas.'®
Treatment for 9 to 14 months appears to be neces-
sary for optimal results. Rebound growth was noted
in|lesions where there was earlier withdrawal of the
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drug.®? Common side effects of treatment with inter-
ferons include flu-like symptoms, fatigue, lethargy,
anorexia, and weight loss. Proteinuria has been reported
in up to one fifth of patients receiving interferon
therapy. Other laboratory abnormalities described in
patients receiving interferon include neutropenia
and elevation of liver transaminases, which usually
disappears after the interferon has been discontin-
ued.”® A particularly troublesome complication of
interferon-a treatment of hemangiomas has been
the reported development of spastic diplegia.’”!%%102-1*
It has been recommended that pretreatment and
continual neurologic examinations be obtained in
patients who are treated before 1 year of age.'™
There is probably no more controversial area in
the treatment of hemangiomas than the role of
lasers for the treatment of these lesions. The initial
laser used for treatment of hemangiomas was the
argon laser.'””'” This laser had a peak absorption
in the blue-green spectrum at 480 to 521 nm.'”" It
was not very selective for vascular tissue and pene-
trates approximately 2 mm into the tissue.'® Another
laser that has been used to treat hemangiomas is
the neodynium:yttrium-aluminum-garnet (Nd:YAG)
laser.'?1%9'1! This laser has a peak absorption at
1064 nm. Because of the longer wavelength, the
Nd:YAG laser is capable of penetrating deeper into
the tissue, with a depth of approximately 8 mm.'™
The nonselective laser-tissue interaction of both of
these lasers has caused problems with changes in
skin texture, pigmentation changes, and scarring.
The flashlamp-pumped pulsed dye laser has a
wavelength of 585 nm. This laser is able to take
advantage of the absorption peak of oxyhemoglobin
at 577 nm and thus selectively target the vascular
tissue. These principles of “selective photothermoly-
sis” have been outlined by Anderson and Parrish.''?
The pulsed dye laser has been widely reported for the
treatment of hemangiomas.®®'"*'!? Because of the
limited depth of penetration of the pulsed dye laser
(1 mm), there would appear to be a limited role for
the use of this laser in hemangiomas. Potential indi-
cations for the use of the pulsed dye laser in heman-
giomas have been offered by Garden and Bakus''?
(Table 7). Scheepers and Quaba''’ report that the
pulsed dye laser is effective in treating red flat
lesions, and it also seemed to speed up the healing
of ulcerated lesions. They did not find any effect of
the laser on the deep component of larger heman-
giomas. Other authors have also confirmed this
finding. The pulsed dye laser is also useful for the
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Table 7. Criteria for Consideration for Use
| of a Laser for Hemangiomas

. Potential for functional impairment
2. Risk of ulceration-

Rapid en]?’rrgement

Recurrent trauma

Moist area
3. Cosmetlc’drsﬁgurement

Highly vmble lesion

Extensive surface area
|

Source: From Garden JM, Bakus AD. Laser treatment of port-wine
stains and hemangiomas. Dermatol Clin. 1997;15:373-383.'3

treatment of telangiectasias after the hemangioma
has mvoluted 60,76

Another laser that has been reported for the sur-
face treatment of hemangiomas is the copper vapor
laser.!'® Thrs laser has a wavelength of 587 nm,
which corresponds very closely to the absorption
peak of oxyhemoglobin at 577 nm. Further reports
will be néeded before this laser achieves widespread
usage for the treatment of hemangiomas.

A recent development in the use of laser tech-
nology for the treatment of hemangiomas has been
the use of intralesional potassium titanyl phosphate
(KTP) or Nd:YAG lasers.'"” 2> Achauer et al'?' used
the mtra]esmnal KTP laser in a series of 12 patients
with fac1al hemangiomas and were able to achieve
greater than 50% reduction in the size of the lesion
at 3 moinths. Achauer et al'?? also reported the use
of intralesional KTP or Nd:YAG laser for the treat-
ment of periorbital hemangiomas. They were able to
achleve a 50% or more reduction in the size of the
lesion within 8 months. Ulceration of the lesion was
commo'n in both reports (17%-25%). Perhaps the
development of newer technologies such as surface
cooling will allow for the laser treatment of thicker
hemangromas without the risk of injury to the epi-
dermls and subsequent scarring.'?

Many other modalities have been used for the
treatm‘ent of hemangiomas, including cryosurgery,
chemotherapy agents, embolization, and radiation
therapy Cryosurgery has been used in South America'
and Europe but not widely in North America owing
to concerns about scarring.2 Cremer,'>* however, dis-
putes' this concern and uses cryotherapy for single
elevated “classic” hemangiomas with a regular
circumference

Several different chemotherapeutic agents have
beenr used for the treatment of hemangiomas,
including cyclophosphamide,'” bleomycin,' and
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vincristine.'?”” The exact role of chemotherapy in

treating hemangiomas remains unclear at this time.

Therapeutic embolization has been reported for
the treatment of life-threatening hemangiomas.*
Embolization can be useful in the treatment of large
liver hemangiomas with an associated hyperdynamic
cardiac state. Only trained teams should perform this
procedure.

Radiation therapy was one of the first therapeu-
tic modalities for the treatment of hemangiomas.
However, concerns of radiation dermatitis, growth
retardation, and secondary neoplasms have rele-
gated this treatment to one of historical interest.®®

The discovery of substances such as endostatin
by O'Reilly et al'*® may make Mulliken's plea for a
“biological approach to treatment of hemangiomas
of infancy” realized.*?
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Research article

Multipotential stem cells recapitulate
human infantile hemangioma
In immunodeficient mice

Zia A. Khan,! Elisa Boscolo,! Arnaud Picard,! Sarah Psutka,! Juan M. Melero-Martin,’
Tatianna C. Bartch,' John B. Mulliken,? and Joyce Bischoff!

*Vascular Biology Program and Department of Surgery, and 2Department of Plastic Surgery, Children’s Hospital Boston,
Harvard Medical School, Boston, Massachusetts, USA.

Infantile hemangioma is a benign endothelial tumor composed of disorganized blood vessels. It exhibits a
unique life cycle of rapid postnatal growth followed by slow regression to a fibrofatty residuum. Here, we have
reported the isolation of multipotential stem cells from hemangioma tissue that give rise to hemangioma-like
lesions in immunodeficient mice. Cells were isolated based on expression of the stem cell marker CD133 and
expanded from single cells as clonal populations. The CD133-selected cells generated human blood vessels
7 days after implantation in immunodeficient mice. Cell retrieval experiments showed the cells could again
form vessels when transplanted into secondary recipients. The human vessels expressed GLUT-1 and merosin,
immunodiagnostic markers for infantile hemangioma. Two months after implantation, the number of blood
vessels diminished and human adipocytes became evident. Lentiviral expression of GFP was used to confirm
that the hemangioma-derived cells formed the blood vessels and adipocytes in the immunodeficient mice.

Thus, when transplanted into immunodeficient mice,
evolution of infantile hemangioma — the formation of
summary, this study identifies a stem cell as the cellular
we believe is the first time an animal model for this co

- Introduction _
. Infantile hemangioma (IH) is a vascular tumor that occurs in

5%-10% of infants of mixed European descent (1). A hallmark of

" IHis its life cycle, which is divided into 3 stages. The proliferating
" phase spans the first year of postnaral life and is characterized by
* cellular masses of endothelium without a defined vascular archi-
- tecture. The involuting phase begins around 1 year of age and
. continues for 3-$ years as blood vessels become more obvious

and even enlarged. The involuted phase is reached by 5-8 years
of age, at which poinrt blood vessels are replaced with a fibrofacry

" residuum and capillary-sized channels. Intrinsic (2, 3) and extrin-
© sic (4, 5) factors have been hypothesized to contribute to the rapid

growth and che slow, yet spontaneous regression. Nevertheless,
che cellular origin of TH and the biologic signals for the uncon-
trolled growth remain elusive.

Histological analyses of TH in the early proliferating phase have
generated a number of developmental theories suggesting an
embryonic or primitive cell origin of TH. Virchow (6), Pack and
Miller (7). and Malan (8) described IH as sequestered embryonic
mesoderm and/or acrivated dormant angioblasts. The presence
of CD34-positive cells in the interstitial compartment of TH led
Smoller and Apfelberg to postulate a primirive vascular progeni-
tor cell giving rise to both ECs and pericytes in the cumor (9). In

Nonstandard abbreviarions used: BM-MSC, BM mesenchymal scromal cell; cbEPC,
cord blood EPC; EBM-2. endothelial basal medium 2; EPC, endochelial progenitor
cell: GFAP, glial fibrillar acidic protein; HDMEC, human dermal microvascular EC;
HemEC, hemangioma EC; HemEPC, hcmnngioma EPC; HemSC, hemangioma-
detived stem cell; 1H, infancile hemangioma: MVD, microvessel density; NHDF, nor-
mal human dermal fibroblasr; SC, stem cell.

Conflict of interest: The authors have declared chat no conflict of interest exists.

Citation for this article: /. (li. Invest. 118:2592-2599 (2008). dot:10.1172/)CI133493.

hemangioma-derived cells recapitulated the unique

blood vessels followed by involution to fatty tissue. In
origin of infantile hemangioma and describes for what
mmon tumor of infancy.

vitro studies have suggested that ECs isolated from IH have an
immature fetal phenotype (10). We have shown that hemangi-
oma ECs (HemECs) are clonal (3), indicating that the HemECs
might originate from a single stem or progenitor cell. We also
used human srem cell (SC) marker CD133 (also krnown as ACL33
and prominin-1) (11) to detect (12) and isolare (13) hemangioma
endothelial progenitor cells (HemEPCs). Our demonstration that
HemECs and HemEPCs are more similar to normal human cord
blood EPCs (cbEPCs) than marure human dermal microvascular
ECs (HDMECs) (13) provides further support to the carlier histo-
logical studies thar first suggested hemangioma is composed of
immature vascular progenitor cells.

Herein we report on less-differentiated SCs in hemangioma
specimens — referred to as hemangioma-derived SCs (HemSCs).
The HemSCs exhibited robust proliferative and clonogenic capac-
ity and differentiated into cells of multiple lineages. Importantly,
clonal HemSC populations expanded in vitro from single cells
produced human GLUT-1-positive microvessels in vivo. Over
time, the human blood vessels diminished and human adipocytes
became evident, reminiscent of the involuted phase of IH. In sum-
mary. our findings provide evidence fora SC origin of ITH, which is
in contrast to the long-held view that IH arises from ECs (14).

Resuits

Isolation and characterization of HemSCs. Anti-CD133-coared magnet-
ic beads have been used to isolare scem/ progenitor cells from blood
(15) and from human cumors (16, 17). We isolated CD 133" cells
from proliferating phase TH using this methodology and found
that approximately 0.2% of the hemangioma cells were selecred
with anti-CD133-coated beads (n = 28; age 11 £ 1.47 months,
CD133" cells, 0.2% £ 0.027%). The CD133-selected cells, referred
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Figure 1

HemSCs express VEGF-Rs and mesenchymal cell marker CD90.
Each cell type was grown in the EBM-2/20%
antibodies. Black lines show isotype-matched
tied out following saponin permeabilization of

(A) Flow cytometric analysis of HemSCs, BM-MSCs, NHDFs, and HDMECs.
FBS and assayed at passage 6. Gray histegrams show cells labeled with FITC- or PE-conjugated
control FITC- or PEconjugated antibodies. Incubation with anti-CD31 and anti-VEGF-R2 was car-
HemSCs, BM-MSCs, and NHDFs, (B} RT-PCR analysis of Oct-4 and AML1 in 2 different HemSCs,

Hem 106 and 109, with BM-MSCs and NHDFs shown for comparison. Ribosomal S9 (rS$9) served as a control.

to hereafter as HemSCs, were expanded in an endothelial growth
medium (endothelial basal medium 2 [EBM-2}/20% FBS). Hutnan
umbilical cbEPCs (18), HDMECs, BM-mesenchymal scromal cells
(BM-MSCs), and neonatal human dermal fibroblasts (NHDFs)
were cultured under idenrical conditions and used for compari-
son. Flow cytometric analyses for endothelial and mesenchymal
cell-surface markers showed that HemSCs were most similar to
BM-MSCs and NHDFs (Figure 1A). HemSCs expressed CD90, a
mesenchymal cell marker, and proteins thar are displayed on ECs.
such as VEGF-R1, VEGF-R2, neuropilin-1 (NRP-1), and CID146,
but none of these are exclusive to the endothelial lineage. Hence,
the cell-surface markers on HemSCs indicate a mesodermal or
mesenchymal cell phenotype. Phase contrast images of HemSCs in
culture are shown in Supplemental Figure 1 (supplemental mate-
rial available online with this article: doi:10.1 172/]C133493DS1).

RT-PCR analyses showed that HemSCs expressed the embryonic
SCranscription factor Oct-4 (Figure 1B), which is known to play
a pivotal role in SC specification (19). HemSCs were also positive
for AMLLI (Figure 1B), a transcription factor required for defini-
tive hemartopoiesis (20) and expressed in hemogenic endothelium
(21). Expression of Oct-4 and AMLI in HemSCs indicates thar
HemSCs are multipocent.

We next compared the growth parameters of HemSCs with
normal mesenchymal cells and ECs. HemSCs grew to 3-4 times
greater density than normal control endothelial and mesenchymal
cells. which included HDMECs, cbEPCs, NHDFs, and BM-MSCs
(Figure 2A). The proliferarive response to serum. basic bFGF, and
VEGF-A was determined after cells were serum and growth factor

The Journal of Clinical Investigation  htrp:/fwwwjciorg  Volume 118 Number 7 July 2008

starved for 6 hours (Figure 2B). HemSCs and NHDFs proliferated
in response to serum and bFGF, although the response of HemSCs
was stronger, as was the basal proliferation. HemSCs, BM-MSCs,
and NHDPFs did not show increased proliferation in response to
VEGF-A. a well-studied endothelial growth and survival factor,
while cbEPCs and HDMEC:s proliferated, as expecred.
HemSCsdisplay in vitvo clonogenic and multilineage differentiation ability.
To study cellular differentiation, we prepared clonal popula-
tions from the HemSCs from 3 different proliferating phase IH
specimens. This was done by diluting a single-cell suspension of
HemSC ro 3 cells/ml and plating 100 u!l in each well of a 96-well
plave: thereafter, wells were inspected to verify that only 1 colony
was presentin the well. Clonally expanded cells were necessary for
mulrilineage assays of differentiation and later for in vivo studies
to exclude the possibility that mixed populations of unipotential
cells were responsible for the phenotypes of cells observed follow-
ing the induction. HemSCs showed in vitro clonal expansion, with
efficiency ranging from 6%-30% (6% for Hem9S, 23% for Hem97,
and 30% for Hem106). BM-MSCs and NHDFs failed to produce
clonal populatiens under identical condirions. To induce cell dif:
terentiation toward specific lineages, culrure conditions reported
in the literature were employed. For endothelial differentiation,
HemSCs were seeded at high density on fibronectin-coared plates
in serum-free medium with VEGF-B (22, 23). Clonal HemSCs dif-
ferentiated into ECs, shown by expression of the EC markers CD31
{also known as PECAM-1) and VE-cadherin (Figure 2C). Treat-
ment with nerve growth factor and trans retinoic acid (24. 25)
induced morphological changes, expression of che glial cell marker
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glial fibrillar acidic protein (GFAP), and the neuronal marker
fi-tubulin T (Figure 2D). Finally, mesenchymal differentiation
into adipocytes, osteocytes, and chondrocytes was also seen (Figure
2E) when subjected to well-established protocols (26). BM-MSCs
differentiated into fac, bone, and cartilage as expected, where-
as NHIFs failed to differenriate into any other cell type in the
same inductive medium (daca not shown). Interestingly, HemSC-
derived ECs exhibited an intracellular localization of CD31 and
VE-cadherin (Figure 2C), reminiscent of an carlier study of hem-
angioma-derived and feral ECs (10}. These findings indicate that
other signals or factors may be required to fully differentiace the
HemSCs into mature ECs with the expected localization of adhe-
sion molecules at the cell surface. Some IH blood vessels coexpress
myeloid markers (27), furcher iHustrating the u nique phenorype of
IH endothelium. As hematopoietic cells and ECs arise from a com-
mon progenitor during development (28), we rested to determine
whether HemSCs would produce hemaropoietic colonies in vitro.
Incubation of clonally expanded HemSCs in MethoCulr medium
did not yield hemaropoicric colonies (dara not shown).

HemSCs form hemanginma-like Glur-1* blood vessels in immunodeficient
mice. We rested to determine whether HemSCs would form hem-
angiomas in immunodeficient nu/nu mice. Clonally expanded
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aled into endothelial (C), neuroglial (D}, and
mesenchymal (E) cells. Scale bars: 50 um.
Insets in C show CD31 and VE-cadherin
immunostaining of cells induced in the
absenco of VEGF-B. All experiments were
carried out with cells at passages 6-9.

i

e

HemSCs or normal control cells were
resuspended in Matrigel, a solubilized
basement membrane preparation chac
has been shown to support angiogen-
esis and vasculogenesis (18, 29, 30). Cells
were injecred s.¢. into 6-weck-old mice
(1.5 x 10% cells/200 pl Macrigel/animal),
H8E staining of secrions showed numer-
ous rbe-filled vascular channels 7 and 14
days after implantation. After 28 and 56
days in vivo, vessels were still present,
bue large lipid-filled cells became promi-
nent (Figure 3A). Similar results were
obtained with nonclonally expanded
HemSCs from 4 differenc hemangioma
specimens (data not shown). Blood ves-
sels were not detected when HemECs (3),
HemEPCs (13), hemangioma-derived
mesenchymal SCs (HemMSCs) (31),
BM-MSCs, cbEPCs (18), or NHDFs were
implanted as single-cell types into mice under identical conditions
(Supplemental Figure 2).

To verify that the newly formed blood vessels were composed of
human ECs, we performed indirect immunofluorescence using an
antibody specific for human CD31, Immunostained sections were
examined by confocal microscopy. Human CD31 was dececred in
blocd vessels formed from clonal HemSCs, indicating endothelial
differentiation and vasculogenesis (Figure 3B). The specificity of the
anti-human CD31 was confirmed by lack of staining in mouse cis-
sues (dara not shown) and has been demonstrated in other studies
(18, 32). We next determined whether the human CD31-positive ves-
sels expressed the GLUT-1-positive immunop henotype, which has
been shown to be a specific signature of IH (33). The bload vessels
formed from HemSCs in Matrigel were found to coexpress CD31
and GLUT-1 (Figure 3B). High magnification images with DAPI-
stained nuclei are shown in Figure 3B to highlight the coexpression
of CD31 and GLUT-1. A second marker of the hemangioma phe-
notype. merosin (34), was also found expressed in the hemangioma
lesions formed in mice from HemSCs (Supplemental Figure 3).

To further examine human CD31 expression in the Matrigel
model, cells were reisolated from the explants by digestion with a
collagenase/dispase solution. Flow cytometry was performed with-
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HemSCs form CD31+GLUT-1- blood vessals in vivo, {A) Clonal HemSCs were suspended in Matrigel and injected s.c. inlo nude mice, H&E
seclions of explants at 7, 14, 28, and 56 days with insets showing explants at the corresponding time points. Scale bar: 50 um. Passage 9
clonal HemSCs were used, (B) immuncfluorescent staining of day 7 explants, Human CD31 (red) is shown on the left, followed by GLUT-1
{green), a merged image, and a phase contrast image, In the merged image, arrows point to cells along the lumen of the biood vessel that
are double-labeled for human CD31 and GLUT-1. rbe in the lumen are also positive for GLUT-1 (green). In the phase image, arrows point to
endothelial nuclei. The bottom row shows higher magnification images. Scale bars: 50 nm {top row); 10 um (bottom row). {C) Flow cytometry of
cells reisolated from Matrigel explants after 7 and 14 days in vivo, Cells were labeled with anti-human CD31 without permeabilization to detect
surface-localized CD31, HemSCs before implantation were negative for CD31 (left panels). HDMECs and mouse ECs are shown as positive
and negative control cells. (D) Retrieved CD31+ colls formed blood vessels in secondary recipient mice, Matrige! implants were removed after 14
days, sectioned, stained with H&E (top panel), and immunostained with anti-human CD31 {bottorn panal). Vessel density was 78 = 35 rbe-filled

lumens/mm2. Scale bars; 50 uM.

out permeabilizacion of the cells with anti-human CD31 (Figure
3C). Afrer 7 and 14 days in vivo, 23%-28% of the retrieved cells
were found to express human CD31 on the surface. This is consis-
tent with funcrional endothelial differentiacion, demonstrared by
blc}od vessel formarion (Figure 3. A and B), and provides additional
evidence for the differenriation of HemSCs inro ECs.

To further test the stem/progenitor nature and vasculogenic
potential of these cells, the CD31-positive cells retrieved from
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the Matrigel were expanded in virro in EBM-2/20% FBS, verified
as human cells by immunostaining for a human nuclear antigen
(Supplemental Figure 4), and injected into secondary recipient
nude mice. After 14 days, Macrigel explants were removed, sec-
tioned, and analyzed by H&E to quantify rbe-filled lumens and
immunostain for human CD31 (Figure 3D). Vessel densiry was
78 = 35 vessels/mm?, which was grearter than rhar observed in pri-
mary recipients. The ability to retrieve HemSCs thar had undergone
Volume 118 Number 7
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endothelial differenciation in vive and ro obtain hemangioma-like
blood vessel formation in secondary recipients demonstraces the
robust blood vessel-forming potential of the HemSCs.
GFP-labeled HemSCs farm blood vessels. To track the cellular Fare of
the HemSCs in our in vivo model, HemSCs were infected with a len-
tiviral construct encoding turbo GEP. GFP-positive cells were shown
by flow cytometry to be greater than 90% positive for GFP expression
(Supplemental Figure 5). The cells were further expanded in vitro
for 1 passage and implanted into nude mice under conditions iden-
tical ro those used in the previous experiments (Figure 3). Matrigel
implants were harvested ar 2 weeks and analyzed for GFP, human
CD31, and GLUT-1. GFP and CD31 were colocalized in lumenal
structures indicative of blood vessels (Figure 4A). GFP-positive cells
lining vessels were also positive for the hemangioma vesscl marker
GLUT-1 (Figure 4B). Controls to rule on nonspecific staining with
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Figure 5

Figure 4

GFP-labeled HemSCs form hemangioma blood
vessels in vivo. (A) TurboGFP-expressing HemSCs
were injected in Matrigel into mice, explanted at day
14, and localized by staining for TurboGFP {green),
CD31 (red), and DAPI {blue). (B) Sections were also
stained for TurboGFP (green), GLUT-1 (red). and
DAPI (blue). Asterisks mark the lumen of the blood
vessels in panels A and B, Scale bars: 50 uM,

the anti-GFP antibody are shown in Supplemental
Figure 6. These data combined with thac shown in
Figure 3B demonstrare thac vessels formed when
HemSCs were implanted into nude mice were
composed of human ECs; the vessels were not the
result of infiltration by murine ECs,

In vivo differentiation of HemSCs to adipocytes. Our
next objecrive was ro determine whether Hem-
SCs recapirulaced the involuting and involuted
phases of IH. After 28 days in vivo, HemSC-formed lesions had
diminished microvessel density (MVD), and adipocytes emerged
between 28 and 56 days (Figure 5A and Figure 3A). Morphomet-
ric quantification showed 25 vessels/mm? ar days 7, 14, and 28,
which decreased to 15 vessels/mm?at 56 days (Figure 5A), consis-
tent with the reduced number of vascular channels seen during the
evolurion of [H. It has been reporced thar Marrigel supplemented
with bFGF induces adipogenesis in vivo (35-37). However, no
exogenous bFGF is included in our assay. We tested to determine
whether the adipocytes in the Marrigel were host derived (murine)
or human and had differentiared from the clonal HemSCs. To do
this. GFP-HemSCs were implanted, as described in Figure 4, and
removed after 2 months in vivo for analysis of GFP and perilipin A
(38). Perilipin A encircled the lipid storage droplets in adipocyres,
as expected (Figure SB). GFP and perilipin A colocalizarion was

HemSCs form adipocyles in vivo. (A) Clonal HemSCs were suspended in Matrigel and injected s.c. into nude mice lor 7,14, 28, and 56 days, as
shown in Figure 3A. Blood vessels, identified in H&E sections as luminal structures containing rbe, were quantified a the 4 time points, “P < 0.05

GFP and the adipocyte marker perilipin A. Right panel shows the merged image, middle panel shows GFP (green), and right panel shows perilipin A

{(red); all panels were stained with DAP. {C) Sections from the 28-day time point were immunostained with an anti-human nuclear antigen antibody
lusing an HRP-conjugated secondary antibody and a diaminabenzidine substrate, Mouse hear tissue sections showed no immunostaining while
nuclei in human hemangioma lissue were uniformly positive, confirming the specificity of anti-human nuclear antigen, Scale bars: 50 HM.
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seen in che scant cytoplasm of che lipid-filled adipocyres (Figure
5B). Controls to rule our nonspecific sraining wich the anti-GEp
and anti-perilipin A anribodies are shown in Supplemental Fig-
ure 6. As an alternative approach to follow HemSC adipogen-
esis in vivo, secrions were immunostained with an anri-human
nuclear antigen antibody (Figure $C). The human nuclear anrigen
was detected in the nuelei of adipocyres in the HemSC Matrigel
implants. Mouse heart tissue secrions served as anegative concrol,
and human hemangioma tissue secrions served as a positive con-
trol (Figure 5C). Some adipocytes negative for the human nuclear
antigen were evident, suggesting that recruitment of murine cells
into the Matrigel microenvironment may have occurred. These
results with ragged, GFP-labeled HemSCs and the anti-human
nuclear anrigen antibody indicate that HemSCs form adipocytes
at time points subsequent to vessel formation. The signals that
determine whether and when a HemSC becomes an EC or an adi-
pocyte are unknown,

Discussion

For whart we believe is the firse tume, we have shown that CD133-
selected HemSCs recapitulace human TH in a murine in vivo model.
Clonal HemSCs produced human GLUT- 1-positive microvessels ar
7-14days; after 28 days in vivo, human adipocytes were also detected.
FlemSCs thar had differentiared into endothelium in vivo, as deter-
mined by cell-surface CD31 expression, could be retrieved and
implanted into secondary recipients, where the cells formed blood
vessels once more. This indicates the robust vasculogenic poten-
tial of these hemangioma-derived cells. GEP-labeled HemSCs were
shown to form vessels and adipocyrtes at 14- and 56-day time points,
respectively, confirming chat cthe vessels and adipocytes were not
host derived. Using in vitro cellular activity assays, we showed that
HemSCs are highly proliferative and able to differendae into mul-
tiple cell types, including adipocytes. These resulrs demonstrace
that HemSCs are the cellular precursors of TH.

CD133 has been used to idenify tumor-initiating cells from
medulloblastomas, glioblastomas, and proscate and colon car-
cinomas (16, 17, 39-42), Xenografting CD133" tumor cells in
immune-compromised mice has also been shown to generate a
primary tumor (16, 17). In a similar fashion, we demonstraced thac
the CD133-selected cells from IH formed GLUT-1 -positive blood
vessels and, at larer time poincs, differentiated into adipocytes, the
prominent cellular compartments of proliferating and involuting
phase hemangioma, respectively. For the secondary transplan-
tation experiment (Figure 3, C and D), we reimplanted human
CId31-selecred cells because (a) these cells had shown vasculo-
genic activity in the primary implant and {b) the level of CID133
expression in the CD31-positive and CD31-negative popularions
recovered from the primary implant was very low, which would
have made reselecting CD1 33-posirive cells difficult. The human
CD31-selecred cells showed a robust degree of blood vessel forma-
tion (78 vessels/mm?) upon secondary transplantation, a finding
that supports the vasculogenic potential of chese cells.

To dare, there are no animal models that truly reflect che human
hemangioma phenatype and life cycle. Although murine heman-
gioendothelioma cells have been studied (43). these do not pheno-
copy IH or provide 2 hemangioma model because che tumors do
not regress and are fatal within 3 monchs. In addirion, polyoma
middle T antigen-transformed cells used in animal models resulr
in “cavernous hemangioma” lesions, more akin ro malignant vas-
cular tumors, which are also faral within 3-10 months (44). Hem-
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angioma tissue fragments xenografted into nude mice have been
shown to undergo an initial period of necrosis followed by approx-
imately 2-fold enlargement and then subsequent regression (45),
which may provide a model for testing new cherapies for IH. Ourin
vivo model is unique in thac we ave able ro produce [H lesions with
a small number of purified pritnary cells suspended in Macrigel
butwithout exogenous growth factors or supplements. These find-
ings implicate a preset genetic or epigeneric program in the Hem-
SCs chat direces the cells to recapitulate the TH tumor, including
endothelial and adipocytic differentiation. An important fucure
experiment will be to implant hemangioma-derived CD133¢ cells
that have not undergone in vicro expansion to determine whether
HemSCs lose or gain hemangioma-forming potential during the
in vitro culeure, It is still not understood what triggers rhe adipo-
genesis thar characterizes the involuting and involured phases of
IH. Iris likely cthat changes in the microenvironment, such as levels
of circulating EPCs, immune cells, and growth factors. initiate the
regression of the tumor,

I is well established char hemangioma endothelium expresses
GLUT-1, merosin, Lewis Y antigen (CD174), and Fcy receptor II
(CD32) inall 3 phases of the life cycle (34). These mackers are also
expressed by placental microvessels. This immunohistochemical
similarity suggested the hypochesis that [H is formed from embol-
ic placental ECs (34), Microarray analyses have supported chis
link between placenta and hemangioma (46). [t is also possible
that che progenitor cells reside in fetal and neonatal tissues or
come from the BM and express a transcriptional program similar
to that of placenta. To date, placenca-derived cells with in vitro
clonogenic and difterentiation abilities similar co HemSCs have
not been described.

In conclusion, we have idencified the hemangioma-initiacing
cell. We show that a single multiporential cell (HemSC) produces
GLUT-1-positive microvessels and thar this lesion undergoes an
involutive process by differentiation into adipocytes, This could be
aresult of a somatic muracion within a stem or progeniror cell and
subsequent expansion/differenriation, It is also plausible thar a
normal SC in the contexc of the postnatal infancile microenviron-
ment becomes disrupted or delayed in its differentiative program,
resulting in an accumularion of early progeniror cells. Such a clon-
al popularion could then undergo ill-timed or abnormal differen-
tiation, which subsequently resolves. Understandi ng the cellular
origin of IH provides an avenue for deciphering the mechanisms
of EC differentiation and delineating targers for adjuvanc therapy.
Ourinvirro and in vivo models of IH offer powerful tools to evalu-
ate potential therapeutic modalities and insight inco the biology
of de novo formation of blood vessels,

Methods

Celt isolation and culture. Specimens of proliferari ng IH were obrained from
the Department of Plastic Surgery at Childeen’s Hospital Boscon under a
human subjecr protocel thar was approved by the Committee on Clini-
cal [nvestigation. The clinical diagnosis was confirmed in the Department
of Pachology at Children’s Hospital Boston. Informed consent was pro-
vided for the specimens, according to the Declaration of Helsinki, Single-
cell suspensions were prepared from the proliferating phase specimens as
described previously (13). HemSCs were selecred using anti-CD133-coared
magnetic beads (Miltenyi Biotec), CD133-selecred cells were cultured on
fibronectin-coared (1 pg/em?) plates with EBM-2 (CC-3156; Cambrex).
EBM-2 was supplemented with 20% FBS, endochelial growth media-2
SingleQuor (CC-4176: Cambrex), and Ix PSF (100 U/ml penicillin,
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100 pgfinl strepromycin, 0,25 jgz/ml amphorericin; Invitrogen). Hereafter
this supplemented medium is called EBM-2/20% FBS.

Neonatal foreskin and umbilical cord blood were obrained with insti-
rutional research board approval from Brigham and Women's Haospiral,
Boston, Massachuserts, USA. HDMECs were isolared as deseribed (13),
Human umbilical cbEPCs were isolaced with anti-CID 133 -coared magnetic
beads (Milrenyi Biotec). In addition, BM-MSCs and NIHDFs were obrained
commercially (Cambrex) and cultured on fibronectin-coared plates in
EBM-2/20% FBS under condirions identieal to those used for the HemSCs.
For in vivo experiments and in vitro differentiation srudies, individually
expanded clones of HemSCs were prepared by a limiting dilution rech-
nique in which cells were diluced in EBM-2/20% FBS media o 3 cells/ml
and dispensed at 100 ul per well in 96-well dishes. After plating and until
colonies were harvested, wells were inspecced to insure thar only 1 colony
per well was present.

To obrain GFP-expressing cells, 1.6 x 10* HemSCs were plated into
wells of a 96-well plare. After 24 hours. fresh medium containing § pug/ml
hexadimethrine bromide (Sigma-Aldrich) was added and cells were
then infected with 10 ul lentiviral-based particles containing TurboGFEP
encoding veeror (Mission TurboGFP Control Vecror: Sigma-aAldrich). To
obrain srable GFP expression, cells were mainrained in 2 ngiml puromy-
cin medium (Sigma-Aldrich),

Flow cytometry, Cells were labeled with FITC-conjugated mouse anti-
human CD31 (Ancell). PE-conjugared mouse anti-human CD34 {(Mile-
enyi Biotec), FITC-mouse anti-human CD1.16 (Millipare}, PE-mouse
anti-human CDY0 (Millipore), and PE-mouse anti-human neuropilin-1
(NRP-1: Miltenyi Biotec). Cells were also incubared with rabbiranti-human
VEGF-R1 {Sanra Cruz Biotechnology Inc.} and mouse anci-human VEGE-
R2 (Clone KDR1I: Sigma-Aldrich) antibody followed by FITC-conjugated
secondary antibody (Vector Laboratories), VEGF-R1, VEGE-R2, and CD34
labeling were carried outafter permeabilizacion of the cells with 0.5% sapo-
nin (Sigma-Aldrich). Flow cytometry was performed on a BD FACScan.
Data were analyzed using Flow]o software,

RT-PCR. Total RNA was extracted from cultured cells using RNeasy Mini
Kit (QIAGEN). Purity of the RNA samples was assesscd by determining the
optical densiry ac 260:280 nm, Three micrograms of toral RINA was used for
€DNA synthesis using iSeripr cDNA Synthesis Kic {Bio-Rad). Primers for
Oce-4 (47), AMLI (48), and ribosomal $9 (13) were used. Al reactions were
performed for 30 cyeles with the following remperarure profiles: 95°C for
3 minutes (initiation; 30 s/cycle chereafter): 55°C for 45 seconds (anneal-
ing); and 72°C for 45 seconds (extension). Size of the PCR produces was
confirmed by running 10 pl of the reaction product on 3% agarose gel.

In vivo murine model of TH. All experiments were carried our wich 1.5 % 106
cells per animal. Cells were trypsinized, counted, and resuspended in phe-
nol red-free Matrigel (BD Biosciences). The cell/Matrigel mixture (200
Rlfanimal) was injected s.c. into the backs of 6-week-old male acthymic
nu/nu mice (n = 4/group; Massachusetes General Hospiral, Boston, Massa-
chusetes, USA). The animals were monitored for weight gain and Marrigel
plug size ac 7-day incervals throughout the period of the study. Animals
were sacrificed and Matrigel plugs harvesced at 7, 14, 28, and 56 days. The
Marrigel plugs were then either fixed in 10% neutral buffered formalin for
immunochistochemistry (described below) or used immediately for cell-
recrieval experiments. Cell rerrieval was performed by incuba ring the Matri-
gel explants in DMEM medium supplemented with 2% FBS and 4x PSE for
L hour. The explants were chen digested with 0.2% collagenase A and 2.5
U/ml dispase (BD Biosciences). e were lysed by incubating the cell sus-
pension with chilled NH.Cl {StemCell Technologies). The cells were labeled
|with FITC-mouse anti-human CD3{ antibody as described above, Mouse
dermal ECs (kindly provided by Michael Klagsbrun, Children’s Hospital
Baston) were used to decermine the specificity of the CD31 antibody.
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Immunobistochemistry. Immunohistochemistry was performed on for-
malin-fixed/paraftin-embedded Matrigel plugs. The sections were depa-
raffinized in xylene and hydrarted through sequential ethanol gradient.
H&E images were eaprured with Axiophar I1 fluorescence microscope
(Zeiss) equipped with AxioCam MRcS {Zeiss). Ancigen recrieval was car-
ried our by hearing the secrions in cirrate-EDTA buffer (10 mM cirric
acid, 2 mM EDTA. 0.05% Tween-20, pH 6.2) or Tris-EDTA buffer (10
mM Trizma-base, I mM EDTA, 0.05% Tween-20, pH 9). The secrions
were blocked for 30 minutes in 3% serum and incubated wich rabbic
anti-human GLUT-1 anrtibody (1:50; A3536, Dako) or mouse anti-
human GLUT-1 antibody (1:25: ab40084, Abcam), followed by FITC
or Texas red-labeled secondary antibody (1:200; Vector Laboratories).
The sections were washed and blocked again for 30 minuces, Human-
specific CD3 1 monoclonal antibody (1:50: M0823 clone JC/70A, Dako)
followed by Texas red anti-mouse sccondary antibody (1:200; Vecror
Laborarories) was used for derection of hu man-specific microvessels,
Sections were also stained for mevosin (1:50; MAB1922 clone SH2, Mil-
lipore), human-specific nuclear anrigen (HuNuc, 1:25: MAB 1281 clone
235.1. Millipore), and rabbit anti-human perilipin A {pera, 1:100; P1998,
Sigma-Aldrich) or goar anti-human perilipin A (1:200;ab6 1682, Abcam).
The human nuclear anrigen staining was performed using an HRP-con-
jugared secondary antibody followed by incubation with diaminobenzi-
dine solution (Vector Laboratories). GFP expression was detecred with
anti-TurboGFP antibody (1:2000; AB511, Evrogen). The sections were
counterstained with DAPI (Vector Laboratories). All Fluorescent images
were taken with a Leica TCS SP2 Acousto-Oprical Beam Spliccer confo-
cal system equipped with DMIRE2 inverted microscope (diode 405 nm,
argon 488 nm, HeNe 594 nm: Leica Microsystems).

MVD. For the assessment of MVDD, 4 fields from mid-Matrigel H&E sec-
tions of each of the 4 animals in the group were used. Microvessels were
quantified by counting luminal structures containing rbe. MVD was cal-
culared as vessels/mm?,

Assiys for in vitro celfular activity. HemSCs were subjected ra cellular activ-
ity assays thar measured cell growth, proliferation in response to groweh
factors, and differentiation. Growth parameters were assessed by seeding
the cells ac 5000 cellsfcm? on fibronectin-coated 48-well plates (4000 cells;
growth surface, 0.8 cm?2) and culturing in EBM-2/20% FBS. The cells were
counted every day using a hemocytometer, and the medium was chanyped
every 2 days. For proliferarion experiments, cells were placed as described
above. Following arrachment (24 hours), plating efficiency was determined,
medium was removed, and cells were serum starved for 6 hours, Prolifera-
tion was assessed after 24 hours in cells exposed to serum-free medium,
10 ng/ml VEGF-A (R&D) Systems), 10 ng/ml VEGF-B (R&D Systems),
5§ ng/ml bFGF (Roche Applied Science), or 5% FBS.

To study multilineage differentiarion, cells were treated with induction
media for 14 days. Mesenchymal differentiation of the cells was carried
out with adipogenic media (OMEM/10% FBS, 5 pg/mlinsulin, | uM dexa-
methasone. 0.5 mM isobutylmethylxanchine, 60 tM indomethacin. and
Ix PSF), osteogenic media (DMEM/10% FBS, 1 uM dexamethasone, 10
mM R-glycerophosphate, 60) M ascorbic acid-2-phosphate, and 1x PSF),
and chondrogenic media (DMEM high glucose, 1x insulin-transferrin-
selenium, 1:5000 linoleic acid-albumin, 1 pM dexamethasone, 100 pM
ascorbic acid-2-phosphate, 10 ng/ml TGF-1, and 1x PSF). EC differencia-
tion was carried out in serum-free medium conraining VEGF-B (EBM-2,
Ix insulin-transferrin-selenium, 1:5000 linoleic acid-albumin, | pM
dexamethasone, 60 pM ascorbic aci d-2-phosphare, 10 ng/m! VEGF-B).
For neurogenic differentiation, cclls were exposed to iniriatin g medium
{(DMEM/10% FBS, | mM B-mercaproethanol) for 24 hours. Neurogenic
induction medium (DMEM, 0.1 tM dexamethasone, 0.25 ug/ml insulin,
5 UM cAMP. 0.5 mM isobutylmethylxanthine, 5 uM trans-retinoic acid,
Velume 118

Number 7 July 2008

N00 36



0.25 mM L-glutamine, and 25 ng/ml nerve growth factor) was then used
for 14 days. Hematopoicric acriviry was assessed in MechoCule medium
(StemCell Technologies) at 1 x 10Y, 1 x 10%, [ x 10% and 1 % 10* cells per
35-mm dish. Mesenchymal differentiation was assessed by oil red O (lipid
droplets), alkaline phospharase inducrion (substrace-based activity) and
Von Kossa (mineralization). and collagen type 2staining. Immunofluores-
cent analysis of cells was carried out using goat anti-human CD3| {Sanra
Cruz Biotechnology Inc.), mouse anti-human VE-cadherin (Immunotech),
mousc anti-human tubulin B-tubilin 111 {Millipore), and goat anti-human
GFAP (Dako} antibodies. FITC- and PE-conjugated sccandary antibodies
(Vector Laba rarories) were used for antigen detection. Images were taken
with a Nikon Eclipse TE300 (Nikon) using SPOT Advanced 3.5.9 sofowvare
(Diagnostic Instrumencs [ne.) and a x20/0.45 objective lens.

| Statistics. The data were expressed as means + SEM and analyzed by
ANOVA followed by Student’s two-railed ¢ test where appropriate. Differ-
ences were considered significantar P < 0.05.
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Infantile hacrnangiomas (IH) are the most common benign tumours of infancy.
Although most IH are innocuous and 85-90% regress spontaneously, some may
become life- or function-threatening and require immediate treatment. Previous
standard therapentic oprions include physical measures (laser surgery, cryosur-
gery) and systemic corticosteroids, in severe cases also vincristine, #-interferon
or cyclophosphamide, all bearing the risk of scrious side-effects. Oral propranolol
Is a very recent therapeutic option for complicated [H with impressive efficacy
and generally good tolerance. The effects of propranolol on IH were discovered
by chance, and very litde is known about its mechanisms of action in IH. Here
we present a summary of current knowledge of how propranolol interferes with
endothelial cells, vascular tone, angiogenesis and apoptosis. Early, intermediate
and long-term effects of propranclol on IH can be attributed to three different
pharmacological targets. Early cffects (brightening of the hacmangioma surface
within 1-3 days after start of therapy) are atributable to vasoconstriction duc w
decreased release of nitric oxide. Intermediate cffects are due to the blocking of
proangiogenic signals (vascular endothelial growth factor, basic fibroblast growth
factor, matrix metalloproteinase 2/9) and result in growth arrest. Long-term
effects of propranolol are characterized by induction of apoptosis in proliferating
endothelial cells, and result in tumour regression.

Haemangiomas are the most common benign tumours of
infancy, affecting 5~10% of all infants, and up to 30% of
premature babies.! They can be differentiated from vascular
malformations by their dynamic growth and spontancous
regression (Fig. 1a). Although 85-90% of all infantile haeman-
giomas (IH) eventually undergo spontancous involution, they
can still cause disfigurement and serious complications depend-
ing on their location {obstruction of airways and vision), size
(cardiac insnfficiency, hypothyroidism), and speed of regres-
sion, which can he associated with painful ulcerations and
hacmorchage.  Standard  treatment options  for complicated
hacmangiomas include oral steroids, laser surgery, cryosurgery,
or vineristine, interferon or cyclophosphamide in life-threaten-
ing cases. Each of these options has its restrictions and/or side-
effects. In 2008, Léauté-Labréze o al.? described their serendipi-
tous observation of an antiproliferative effect of propranolol on
[H. Propranolol has since become the first choice of therapy for
complicated IH. even though randomized controlled studies
have not been finished yet and a generally accepted cuncept of
how propranolol actually works in TH does not exist,

© 2010 The Authors

Here we present a summary of current knowledge of how
propranolol interferes with endothelial cells, vascular tone,
angiogenesis and apoptosis. Propranolol is a nonselective beta-
adrenergic antagonist, which competitively inhibits f§,- and
f3:-adrenoceptors with the same affimity. Propranelol is a pure
antagenist without partial agonistic effects. On account of its
lipophilic properties propranoclol also exbibits certain mem-
brane-stabilizing characteristics. o -adrenaceptors  are  not
antagonized by propranolol.’
pharmacodynamic
discussed in this review as possible mechanisms of action of

The  following characteristics  are
propranolol in IH: vasoconstriction, inhibition of angiogenesis
and induction of apoptosis.

Vasoconstriction

The vascular tone is controlled by a complex imterplay of vari-
ous endogenous factors. The autonomic nervous system plays
& key role in the control of the vascular tone: adrenaline can
cause vasoconstriction (by activating «,-receptors) as well as
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Flg 1. (a) Growth and regression of infaniile haemangiomas (1H),
(b) Moleeular markers characterizing individual phases of [H, PCNA,
proliferating cell nuclear antigew; VEGE, vascular endnthelial growth
Factor; BFGE, basic fibroblast growth factor; TIMP, tissue inhibitor of
metalloproteinases; GLUT-1, glucose transporter type 1.

vasadilation (by activating fi;-receptors). Depending on the
partial pressures of oxygen and carhon dioxide, respectively,
the vascular tone 1s either increased or decreased. Tt js ficther
regulated by transinitters which cither Jead to vasoconstriction
{c.g. endothelin-1, angiotensin I, vasopressin} or to vasodila-
tion [e.g. prostacyclin, nitric oxide {NO), dopamine].

The wvasodilatory effect of adrenaline by activating f3,-
adrenoceptors is mediated by a cascade of signals® (Fig. 2);
[l-adrenoceptors helong to the group of Gg-protein-conpled
receptors” and are expressed on endothelial cells.® As soon as
an agonist binds to the receptor, adenylate cyclise is activated
by the e-subunit of the stimulatory G-protein. The adenylate
cyclase converts adenosine triphosphate into cydlic adenosine
monophosphate {cAMP), which acts as a second nessenger
and diffuses into the cytosol where it activates the cAMP-
dependent protein kinase A (PKA). PKA can in turn phosphory-
lawe imracellular proteins and thus modulate their activity. In
endothelial cells the activation of PKA leads to an activation of
the endothelial NO synthase, which results in the formation
and release of NO. NO diffuses into the vascular smooth
muscle cell. where it leads to an activation of the soluble
guanylate  cyclase resulting in the formation of cyelic

Journal Compilation @ 2010 British Associ

guanosine monaphosphate (¢cGMP), which in wrn activates
protein kinase G (PKG, cGMP-dependent protein kinase), This
Activation of PKG finally induces relaxation of the vaseular
smooth muscle and vasodilatation.

Beta blockers without 3-antagonistic effects such as pro-
pranclol inhibit the vasodilation mediated by adrenaline via
B-receprors and thus lead to vasoconstriction,® In haemangio-
mas, vasoconstriction of supplying capillaries  caused by
propranolol induces a reduction of blood flow within the
haemangioma which is associated with 4 visible change in
colour and a palpable sofiening of the haemangioma. These
effects can be observed within -3 days afier the onset of
|her.1py: (Fig. 3).

Inhibition of angiogenesis

Impact on the expression of proangiogenic growth
factors (vascular endothelial growth factor and basic
fibroblast growth factor)

In the proliferative phase of IH endothelial cells exhibit in-
creased expression of proliferating cell nuclear antigen, lype
IV collagenase, and proangiogenic factors, in particular vascu-
lar endothelial growth factor (VEGF) mose than basic fbro-
blast growth factor (bFGF)*™'' (Fig. 1b). VEGF could be
detected in various cell types both on the protwin level
(immunohistochemistry) and at messenger RNA level (by
reverse tmanscription-polymerase chain reaction): endothelial
cells  (so-called hemangioma-derived  endothelial cells,
HemEGs), pericytes and connective tissue cells, bFGE was also
identified in mast cells.'® Serum levels of VEGE are elevated in
infants during the proliferative phase of Jp1.™!2:13 Conversely,
expression of VEGF and bFGF is significanily reduced during
the involution phase as well as in completely regressed
haemangiomas (involuted phase).”"'%!? Transforming growth
factor-B. an inhibitor of endothelial growrth,'* is expressed
only at a relatively low level both in the proliferation phase
and the involution phase,” and tissue inhibitor of metallopro-
teinases  (TIMP), also an inhibitor of angingenesis,” s
expressed only during the invelution phase.!" These and other
findings are evidence that IH resull from a dysregulation of
angiogenesis, characterized by an imbalance between pro- and
antiangiogenic factors.” The expression of VEGF is regulated
by the transcription rare and changes in the stability of the
wRNA.'* Physiologically, hypoxaemia leads to increased
expression of VEGF, This effect is mediated by the transcrip-
tion factor hypoxia-inducible factor (HIF)-1a: oxygen defi-
ciency leads to an increase of the intracellular concentration of
HIF-1% in its active form. HIF-1o induces the transcription of
the VEGF gene. As a result, VEGF is secreted from the cell,
diffuses inte the surrounding ussue and induces proliferation
of adjacent endothelial cells, which in wrn leads 1o secretion
of proteases necessary for reorganization of the extracellular
matrix [e.g. matrix metalloproteinases (MMPs); see below],
and the coordinated differentiation of vascular cells (endo-
thelial cells, smooth muscle cells, pericyres) into functional
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Fig 2. Molecular processes in infantile hacmangiomas (TH) that may be affected by propranclol. The figure depicts the pathaphysiological
sitwation in [H in the shience of a beta-adrenergic antagonist, (13 Control of vasculur tone. Beta -adrenergic agonists (black tiangle) lead 10 vasodilation via
release of NO. Conversely, bera adrencrgic antagontsty like propranolol lead 10 vasaconstriction (through inhibition of NO synthesis and NO
release). (2) Angiogenesis. Bera-adrenergic agonisis (black triangle) stimulate the synthesis of proangiogenic faciors [erowth factors (VEGF and bFGF)
and marrix metalloproteinases (MMP-2 and MMP-9)] and activate preangiogenic cascades (ERK/MAPK cascade) thereby promoting angiogenesis.
In contrast, bewa blockers like propraneiol lead 1o 2 downregulation of these proaugiogenic proreins aud to an inlibition of the ERK/MAPK
cascade thus repressing anglogenesis. (3) Apoptosis. Beta-adrenergic agonists (black wiangle) inhibit apopiosis via sre/MAPK. In contrast, beta
blockers induce apoptosis. Continuous arrows indicate activation; dashed arrows indicate inhibition; broad arrews indicate pharmacadynamic
effects; T indicares upregulation. . v, 2, three subunits of the stimulatory G-protein (heterotrimer); ATP, adenosine triphoxphate; cAMP, cydlic
adenosine monphosphate: PKA, protein kinase A (cAMP.dependent protein kinase); ERK, extracelllar signal-related kinases: MAPK, mitogen-
activated protein kinases; VEGF, vascular endothelial growih factor: EGE, basic fibroblast grewth factor; MMP, matrix metalloproteinase; eMOS,

endothelial nitrie oxide synthase; NO, nitrie oxide; HIE. I, hypoxia-inducible factor 1.

Fig 3. Effect of propranolal on proliferating infantle haemangiomas. (a) Age 8 weeks, before start of therapy; (b) age 9 weeks, | week afier start
of therapy with propranalal 2 ing kg™" daily: {c) age 8 months, afier 6 months of treatment.

vessels (angiogenesis). The newly fonmed vesscls improve ological factor in IH,'"” increased production of HIF-1 and
local oxygen supply, which in turn leads to decreased intracel- consecutively VEGF (as has been shown in proliferating [H'?Y)

llar concentration of the active form of HIF-1q and, as a
result, reduces the expression of VEGF. Thus, under physio-
Ingical condilions, angiogenesis is strictly controlled,'™'® As
perinatal bypoxaemia has been identified as an important acti-

@ 2010 The Authors

seems a ‘logical’ consequence.® %17

There is evidence {rom recent publications that the cxpres-
sion of VEGF is not only controlled by the oxygen partial
pressure in the tissue (via HIF-19), but also by adrenergic
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stimulation (Fig. 2): as demoustrated in different in vitro and
in vivo models catecholamines such as adrenaline and noradren-
aline can induce the expression of VEGE*" ** Sre is a media-
tor downstream 1o PKA™" which belongs o a [amily of
cytoplasmic tyrosine kinases involved in the control of diverse
molecular processes. Tt activates the extracellular signal-related
kinases  (ERK)/mitogen-activated  protein  kinases (MAPK)
cascade.™ ERK and MAPK are serine/hreonine kinases phos-
phorylating nuclear transcription factors, thus regulating the
expression of multiple genes involved in the control of
cell proliferation. VEGF uisell exerts its proangiogenic effects,
at least partially, by activating the ERK/MAPK cascade,?'"?®
Thus, the proliferation of endothelial cells is stimulated via
f:-adrenoceptors by two different mechanisms: (i) stmulation
ol Bj-adrenaceptors directly leads 1o an  activation of
ERK/MAPK (probably via src as mediator'®) and (i) it also
induces increased release of VEGF, which itself can activate the
ERK/MAPK cascade. !5

Conversely, heta blockers like propranolol lead o a reduced
expression of VEGF and thus to an inhibition of angiogene-

JOIEILE Burthermore, it has been demonstrared in animal

sis
experiments that carvedilel, also a nonselective beta-antagonist
like propranolol, reduces the cxpression of HIF-1e, 2"
Assuming that dysregulation of endothelial cell proliferation
represents an important pathogenctic factor for IH, the anti-
VEGF activity of beta blockers would explain their remarkable
effect an proliferating haemangiomas. Interestingly, a similar
effect has recently heen demonstrated for corticosteroids, 1"
which have heen the mainstay of IH therapy until now.

Impact on the expression of matrix metalloproteinases

MMPEs are a family of soluble and membrane-anchored
proteinases involved in degradation and transfermation of
extracellular matrix proteins. They play a key role in different
physiological and pathophysiological processes, e.g. cell proli-
feration, migration and adhesion, embryogenesis, wound
healing and also in angiogenic processes relevant for tumour
growth and metastasis.*® Under physiological conditions the
activity of MMPs is striciy regulated on different levels: trans-
cription, activation of inactive precursors (cymogens), inter-
action with components of the extracellular matrix and
inhibition by endogenous inhibitors such as TIMPs,?'

Elevated concentrations of MMP-2 and MMP-9 were [ound
In tissue samples and in the blood of infants in the prolifera-
tive phase of haemangiomas.”?? MMP-9 is important for the
migration of endothelial cells and tubulogenesis.®* It has been
shown that inhibition of MMP-9 impedes angingenesis of
human microvaseular endothelial cells,?*

There is ample evidence that the expression of MMP-9
and  MMP-2 s B-adrenoceptors®? 343535
(Fig. 2). P-adrenoceptor agonists such as adrenaline or nor-
adrenaline increase the expression of MMP-2 and MMP-9;
this effect can be inhibited by propranolal. 23343325 pogiced

regulated  via

expression of MMP-9 by proprauclo) leads to an ivhibition
of wbulogenesis of endothelial cells’® and thus also provides

2 conclusive mechanism for the antiangiogenic effect of
proprannlol,

Induction of apoptosis in capillary endothelial cells of
haemangiomas

Apoptaosis is stricily regulated via a complex interplay of caspas-
es, procaspases and proteins of the B-cell lymphoma 2 (bel-2)
family. During the proliferative phase the rate of apoptosis is
low in TH. However, during the involution phase it increases
by a factor of § while the expression of the apoptosis-inhibiting
protein bcl-2 decreases in parallel.’® Only about one-third of
the apoptotic cells are of endothelial arigin.’’ Blockade of
B-adrenoceptors by propranolol can induce a poptosis of differ-
ent cell types (Fig. 2) in vitro, ¢.g. endothelial cclls*® or pancreas
carcinoma cells,*” respectively. The Bi-adrencceptor was iden-
tified as probable receptor, as the PBj-selective beta blocker
metoprolol showed significanily lower apoptosis-inducing
effects, and the B;-selective beta blocker butoxamine exhibited
a considerably stronger induction of apoptosis compared with
propranolol.*® The authars hypothesize that heta-adrenergic
antagonists are capable of disengaging the inhibition of apopto-
sis caused by beta-adrenergic agonists (mediated by sre, MAPK
and caspase cascade), resulting in an increased apoptosis rate.””
Induction of apoptosis thus represents another possible
mechanism of action of propranolal in the treatnient of 14,

Conclusion

The striking effect of propranolol on growing IH can be
Atmibuted to three molecular mechanisms: vasoconstriction,
inhibition of angiogenesis, and induction of apoptosis. They
correspond to early (brightening of hacmangioma surface),
intermediate (growth arrest), and long-term (regression) clini-
cal abservations. Apoptosis is not complete, as partial regrowth
of haemangiomas after discontinuation of propranolol has been
observed. Propramolol has been used in young infanis for a
variety of indications (such as hypertension, congestive heart
supravenuricular tachycardia, long QT-syndrome,
thyrotoxicosis), at doses up to 8 mg kg™ daily.*® During
40 years of extensive clinical experience no serious cardiovas-
cular event was recorded for children on chronic beta-blocker
therapy. ™!
reported so far (hypotension, sinusbradycardia, hypoglye-
acmia)*? were not life-threatening, but certainly warrant
careful monitoring of all infants with IH before and during
propranolol therapy. These effects appear, however, minor
compared with the serious side-effects of more ‘conventional’

failure,

Complications of propranolol treatment of IH

antiangiogenic agents such as interferon-et, which is associated
with spastic diplegia in up o 25%,** or the serious side-effects
of systemic corticosteroid therapy. Based on case reports and
uncontrolled studies the cffective dosage for propranolol for
IH is 2 mg kg™ daily in three divided doses, and treatment
should be continved until the end of the proliferation
¢ However, to assess optimal dose and duration of
treatment further studies are required.

phase.

© 2010 The Authors
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What's already known about this topic?

* Propranolol s 3 pew therapentie option with impressive
efficacy for dife o funciion threatening - infanrile

lactnangiomas {1H7,

What does this study add?

® This review swimnmarizes the cugrent aiowledgpe on the-
possibiv pharmacological targets of propranclol i 114

and presents a eonclusive model of the different molecir-

lar mechamsing of action involved.
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Pathogenesis of infantile haemangioma:
new molecular and cellular insights

Matthew R. Ritter?, Ross A. Butschek', Martin Friedlander® and
Sheila F. Friedlander!?*

Infantile haemangioma is the most common tumour of infancy, yet the origin of
these lesions remains controversial and the predictable life cycle is poorly
understood. Much new information on infantile haemangiomas has emerged
over the past decade, but experts continue to debate fundamental features,
including cell of origin, nonrandom distribution, and mechanisms regulating
the sometimes explosive growth and slow invoiution. The development of
useful laboratory models has been difficult, in turn restricting the development
of treatment options available to the clinician. Despite this, new research and
creative thinking has spawned several hypotheses on the origin of these
tumours and their interesting clinical behaviour, including suggestions of an
intrinsic defect in local endothelial cells, a contribution of circulating
endothelial progenitors or haemangioblasts, embolisation of shed placental
cells and developmental field defects. While no single hypothesis seems to
describe all features of infantile haemangioma, continued research seeks to
integrate these ideas, create a better understanding of these important
tumours and bring new treatments to the clinic.

new molecular and cellular insights

Pathogenesis of infantile haemangioma

Infantile haemangiomas are vascular tumours that
exhibit a generally predictable life cycle consisting
of rapid growth in the first months of life followed
by a variable period of involution spanning
months to years. Occasionally, these tumours can
cause significant cosmetic deformity or even
induce life-threatening complications. There is
no uniformly safe and effective treatment option
for these problematic tumours. A better
understanding of the pathophysiology of these

lesions, and vascular anomalies in general, is
needed in order to develop appropriate
therapies. Progress in this field has been
hampered by lack of a clear and accurate
nomenclature to distinguish between different
types of vascular lesions as well as lack of an
animal model that faithfully mimics the human
condition. Fundamental information such as
incidence, commonly estimated at 10%, is based
on older studies that may have included lesions
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other than infantile haemangiomas. In 1982,
Mulliken and Glowacki proposed a classification
scheme that has been generally accepted and
also promoted the use of common terminology
in this field (Ref. 1). The Interational Society for
the Study of Vascular Anomalies (http://www.
issva.org) has adopted this nomenclature and
has raised awareness within the medical
community about the important distinctions
between various lesions, as well as advancing
our understanding of the clinical and biological
characteristics of vascular anomalies (Table 1).
Infantile haemangiomas possess interesting and
complex characteristics that hold relevance to the
fields of vascular biology, stem cell biology,
oncology, immunology, dermatology and others.

Clinical characteristics
Infantile haemangiomas are at least three times
more likely to develop in females than in males,

and premature infants are at significantly
higher risk (Refs 2, 3). Those of Caucasian
heritage appear more likely to develop
haemangiomas, as are infants whose mothers
suffered from placental abnormalities during
gestation or delivery (Ref. 4). Haemangiomas
vary both in age of onset and clinical
characteristics (Fig. 1). The classic presentation
is that of a completely normal examination at
birth with subsequent development of a red
spet on the head or neck during the first few
weeks to months of life. However, a small
fraction of haemangiomas are ‘fully formed’ at
birth. These congenital lesions have been shown
to differ from infantile haemangioma and thus
likely represent a distinct vascular tumour.
Infantile haemangiomas may initially exhibit a
‘precursor lesion’, which appears as a blanched
area of pallor, sometimes with superimposed
telangectases. A bright red patch subsequently

Table 1. Classification and features of vascular birthmarks®

Birthmark Other terms

Vascular tumours
Infantile haemangioma
haemangioma

Kaposiform
haemangicendothelioma

Tufted angioma

Pyogenic granuloma
Haemangiopericytoma

Vascular malformations®

lymphatic-venous.

Juvenile, strawbermry, orcapillary

Lobular capillary haemangioma

Capillary Port wine stain

Venous

Lymphatic Lymphangioma or cystic
hygroma

Arteriovenous

“The table is adapted from Ref. 108 [Hand, J.L. and Frieden, l.J. (2002) Vascular birthmarks of infancy: resolving
nosologic confusion. Am J Med Genet 108 (4), 257-264] (Copyright © 2002 Wiley-Liss, Inc.), with permission of
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.

"Weil-defined combined malformations: capillary—lymphatic—venous {so-called CLVM — includes mostcases of
Klippel Trenaunay); capillary—venous (includes many milder cases of Klippel Trenaunay); capillary—venous with
arteriovenous shunting and/or fistulae (Parkes—Weber syndrome); cutis marmorata telangiectatica congenita;

Notable features

Perinatal presentation, growth and
involution phases

Associated with Kasabach-Merritt
phenomenon

Associated with Kasabach-Merritt
phenomenon

Found in all age groups

Prasent at birth

Present at birth; static or slow growth;
thin, distended vessels

new molecular and cellular insights
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develops within this area, followed by rapid
growth of a papular or nodular mass over the
next weeks to months.

The clinical significance of haemangiomas
varies greatly, and is often linked to their
location, size and type (Ref. 5). Although they
can present anywhere on the body, they have a
predilection for the head and neck regions,
where they have the potential to obstruct the
visual axis or interfere with breathing and
eating. Genital lesions are at higher risk for
erosion and pain, as are any lesions that develop
in an area where friction may occur. Lesions
located in the lumbosacral area may be a marker
for spinal dysraphism, and haemangiomas
that involve the ‘beard’ area (neck, chin, pre-

Haemangiomas present with varying
appearances

Expert Reviews in Molecular Medicine 2007
© 2007 Cambridge University Press

Figure 1. Haemangiomas present with varying
appearances.

auricular area) may indicate the presence of
airway haemangiomas (Ref. 6). In each of these
circumstances, appropriate evaluations to rule
out such possibilities should be performed.

Haemangiomas are generally categorised
based on certain morphological characteristics,
and antiquated terms such as ‘strawberry’ and
‘cavernous’ have been supplanted by more
accurate terms such as ‘superficial’, ‘deep’ or
‘mixed’. Superficial lesions usually consist of
red lobulated papules, plaques or nodules that
appear on the surface of the skin. Deep lesions
are usually less defined, located beneath the
skin in subcutaneous fat, and may possess a
blue tint. A ‘combined’ lesion will possess both
deep and superficial qualities. Others have
further subdivided lesions as localised,
segmental, indeterminate and multifocal
(Ref. 7). Segmental haemangiomas are generally
larger, plaque-like lesions (Refs 8, 9), and are
more likely to be associated with underlying
syndromes such as PHACES (Refs 10, 11), a
constellation of findings including posterior
fossa cranial anomalies, haemangioma, arterial
and cardiac defects, eye and sternal anomalies.
Segmental morphology is also more likely to
portend complications and need for active
intervention and therapy.

Figure 1. Hasmangiomas present with varying
appearances. (a) Superficial focal haemangioma;
(o) combined haemangioma. These types of
lesions may leave a parchment-like scar but will
not cause significant deformity. (¢) Congenital
haemangioma. This lesion involuted during the
first year of life. (d) Ulcerated haemangloma.
This location is associated with significant pain
and risk of infection. (e} Large ulcerated facial
haemangioma obstructing the visual axis. This
case Is a medical emergency necessitating
intervention. (f) Segmental haemangioma associated
with PHACES ('posterior fossa cranial anomalies,
haemangioma, arteral and cardiac defects,
eye and stemal anomalies’). {(g) Subglottic
haermangioma associated with (h) ‘'beard-like’
haemangioma  distribution. () Lumbosacral
haemangioma associated with tethered cord. (j)
Large haemangioma obstructing vision and
displacing eyelid and orbit; this requires immediate
intervention. Images were obtained from patients
being treated at The Children's Hospital and
Health Center (San Diego, CA, USA) and were
reproduced with consent.
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The majority of haemangiomas progress
through a sequential life cycle that begins
with a rapid proliferative phase lasting
approximately 6 months, followed by continued
slower growth during the first year of life
{Fig. 2). The proliferative phase is followed by
what appears clinically to be a more quiescent
or ‘plateau” phase where cellular proliferation
and apoptosis offset each other. When cell
death outpaces proliferation, this marks the
transition to a longer period of involution that
can last months to years: 10% of haemangiomas
have completely regressed at 1 year of age, 50%
by S years of age, 70% by 7 years, and so on.
Following involution, some patients are left
with an area of redundant cutaneous and/or
fibrofatty tissue, while others manifest a central

area of thin, parchment-like tissue, sometimes
with superimposed telangectasia.

Histopathological evaluation of haemangioma
tissue reveals findings dependent on the phase
of the haemangioma life cycle (Ref. 12). Early
proliferating lesions show compact areas of
uniform-appearing endothelial cells arranged in
cords and nodules. Endothelial-cell-lined
lumena, if present, are subtle in early lesions, but
become more apparent in lesions at later points
in development, often displaying thickened,
multilaminated basement membranes. In older,
involuting lesions the lumena become narrower
and the presence of fibrofatty tissue is often
observed,

The treatment of haemangiomas is predicated
on the degree of functional compromise, either

Proliferation
1st weeks to months

- "]
&

Endothelial cells
rapidly divide

Circulating progenitor
amests {(or local cell
proliferates)

structures form

Involution
1 year to several years

Cells
slowly die

Fibroadipose
tissue is left

Capillary-like

[ Haemangioma endothelial cell Perlcyte/haematopoietic cell Adipocyte I

Model of haemangioma natural history

Expert Reviews in Molecular Medicine @ 2007 Cambridge University Press

Figure 2. Model of haemangioma natural history. Recent evidence suggests that haemangiomas originate
from the clonal expansion of a progenitor cell. The progenitor cells may be of placental origin or blood-borne
endothelial progenitor cells. Attematively, local cells under the influence of unusual conditions may serve as
progenitors. The haemangioma progenitor cell may embolise or extravasate and begin dividing under
appropriate conditions. The growing tumours comprise haemangioma endothelial cells (red) as wall as
nonendothelial cells, including haematopoietic cells and pericytes (blue). The early lesion is largely a
featureless mass of cells, but sometime later in the proliferative phase, lumenised capillary-like structures
are organised. The involution phase is characterised by increased apoptosis and the regression of both the
endothelial and nonendothelial compartments. After involution, adipocytes may be found at the site along
with a fibrous matrix.
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present or predicted. ‘Watchful waiting” is
appropriate in the majority of cases, when the
size, type and location of the lesion indicate that
functional impairment or significant cosmetic
concerns are unlikely to occur. Ulcerated lesions
may require topical antimicrobials and
antifungal agents, barrier agents such as zinc
oxide formulations, pain relief, and laser
treatment if the aforementioned therapy fails to
lead to improvement. Oral corticosteroids are the
standard of care for lesions that cause functional
impairment or significant cosmetic deformity
(Ref. 13). Topical and intralesional corticosteroids
are occasionally useful, while interferon and

vincristine therapy are reserved for refractory, Aaicgenesis ptiogeanes
life-threatening lesions. Recently, becaplermin

gel [recombinant human platelet-derived growth kP:o!ifaratIngf f

factor (PDGF)) (Ref. 14) and imiquimod (Refs 15, migrating EC e BG
16, 17} (see later) have been used to freat eC o Circulating EPC

haemangiomas.

Aetiology: angiogenesis, vasculogenesis
or neither?

Infantile haemangiomas appear, in some respects,
to be the product of disorganised and rapid
growth of blood vessels. In fact, there are a
number of similarities between normal blood
vessels and the structures found in these benign
infantile tumours. Haemangiomas are primarily
composed of endothelial cells possessing
components of a basement membrane, such as
type TV collagen, and associated pericytes
(Ref. 18). During proliferation, both normal
endothelial cells and haemangioma endothelial
cells express angiogenesis-related receptors
E-selectin (Ref. 19) and integrins avp3 and a5B1
(Ref. 20). Factors previously associated with
normal angiogenesis have also been reported to
be expressed in haemangiomas, such as basic
fibroblast growth factor (bFGF) (Refs 18, 21, 22).
Earlier studies reported expression of vascular
endothelial growth factor (VEGF) in proliferating
haemangiomas (Refs 22, 23), but more recent
investigations show that VEGF levels are
relatively low (Refs 20, 24), suggesting a limited
role for VEGF in haemangiomas.

Normal blood vessels typically arise from
one of two processes: angiogenesis or
vasculogenesis (Fig. 3). Angiogenesis is defined
as the growth of new blood wvessels via
extension and remodelling from existing
vasculature (Ref. 25), while vasculogenesis
involves the development of wvessels that

Angiogenesis and vasculogenesis

Expert Reviews in Molecular Medicine
© 2007 Cambridge University Press

Figure 3. Angiogenesis and vasculogenesis.
Nommal blood vessels grow by one or a
combination of thesea mechanisms. During
angiogenesis, existing vessels branch and are
extended through the action of local endothelial
cells that proliferate and migrate in response to
angiogenic factors. Vasculogenesis, in contrast,
relies on progenitors, either circulating or in situ, as
a source of new endothelium. EC, endothelial cali;
EPC, endothelial progenitor cell.

differentiate from precursor cells in situ. While
numerous studies have attributed
haemangioma pathogenesis to angiogenesis,
more recent investigations suggest that
vasculogenesis may have an important rele in
haemangioma development.

The first endothelial structures to form in the
embryo are the endocardium and great vessels
(Ref. 26); both are examples of vasculogenesis.
The cells of these structures originate from
mesoderm-derived haemangioblasts, which are
believed to function as progenitors to both
haematopoietic and endothelial cells (Ref. 27).
This is relevant to understanding haemangioma
pathophysialogy since endothelial cells from
haemangiomas coexpress haematopoietic and
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endothelial cell markers (see section ‘Progenitor
cells in haemangioma’). Angiogenesis is active
later in development and occurs in the normal
adult under certain conditions such as in the
endometrium during the female reproductive
cycle and during wound healing. Angiogenesis
plays an important role in many pathological
conditions, including solid-tumour growth,
arthritis and diseases of the eye (Ref. 28).
While some aspects of angiogenesis and/or
vasculogenesis are likely operational in the
growth of haemangiomas, the growth of these
tumours differs in several important ways from
typical angiogenesis or vasculogenesis.

Haemangioma pathogenesis:
assembling the clues

Intrinsic defect hypothesis

Although no universal consensus exists, a
number of hypotheses regarding haemangioma
aetiology have emerged and some have gained
significant support (Refs 29, 30). One
hypothesis predicts that the basic defect in
haemangiomas is a genetic mutation of the
endothelial cell, or its progenitor. Linkage
studies have identified six families that appear
to have a predisposing genetic mutation and
high incidence of haemangioma and/or
vascular anomalies (Ref. 31). In these families,
haemangiomas segregated as an autosomal
dominant trait and a subsequent study
established a linkage to chromosome 5g31-33
(Ref. 32), which harbours the genes for FGF
receptor 4 (FGFR-), PDGF receptor beta
(PDGF-RB), and FMS-related tyrosine kinase 4
(FLT-4). These genes have known roles in
regulating angiogenesis, but it remains to be
determined if abnormalities in these genes can
contribute to haemangioma pathogenesis. These
genetic studies, while important, do not
address the common sporadic form, leaving the
causative defect in the majority of
haemangiomas a mystery.

While previous investigations have presumed
that haemangioma growth is the result of
uncontrolled, disorganised angiogenesis, other
studies support the hypothesis that
haemangiomas result from a somatic mutation
in a single endothelial (or progenitor) cell
(Ref. 33). This hypothesis predicts that
haemangiomas should be clonal in nature
and suggests that mechanisms other that
angiogenesis may be involved. These studies

used the X-linked human androgen receptor
gene assay (HUMARA) (Ref. 34), which
exploits the fact that, in females, cells generally
inactivate one copy of the X chromosome (to
maintain appropriate gene dosing} in a random
fashion. When a tissue or sample of isolated
cells shows a bias towards inactivation of one
allele, this is an indication that these cells may
have been derived from a single parent cell.
The first study used haemangioma endothelial
cells isolated from seven heterozygous female
patients. Cells grown in culture from all seven
patients showed a skewing toward a single
allele (Ref. 35). A subsequent study analysed
intact tissue with no selection of cells and
similarly found some degree of allelic loss in 12
of 14 samples (Ref. 36). Thus, two independent
investigations suggest that haemangiomas may
arise as a consequence of clonal expansion from
a single cell. It remains possible, however, that
sampling constraints biased these results. Since
it is usually only possible and/or practical to
sample a portion of the lesion, it is conceivable
that clonality accounts for only portions of
the lesion. When considering segmental
haemangiomas, it would seem unlikely that this
variety could arise from a single cell since the
plaque-like nature of these lesions would
require large numbers of cells spread over the
region to expand simultaneously. Despite these
limitations, the evidence of clonality in
haemangiomas significantly impacts how we
think of these lesions and may help focus
future investigative efforts. These and other
studies clearly suggest that haemangioma
growth does not come about by typical
angiogenesis,

Also predicted from the intrinsic defect
hypothesis is that cells harbouring a mutation
affecting their growth properties should behave
abnormally when isolated from the tumour
milien. In one report, it was shown that
haemangioma cells had higher expression of the
angiopoietin 1 receptor TIE2 and increased
response to angiopoietin 1, while angiopoietin 2
mRNA was downregulated in response to
serum in endothelial cells from haemangiomas
but not in normal endothelial cells (Ref. 24). In
another report it was demonstrated that
haemangioma endothelial cells differ from
normal endothelial cells in their proliferation
rates and migration in vitro (Ref. 35).
Haemangioma cells proliferated two to three
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times faster and manifested enhanced migration
in response to VEGF compared with
normal dermal microvascular endothelial
cells, In addition, treatment with the angiostatic
collagen XVIII fragment endostatin increased
migration of haemangioma endothelial cells
rather than inhibiting migration as seen with
normal cells.

A subsequent study compared endothelial
progenitor  cells  (EPCs) isolated from
haemangiomas to similar cells purified from
normal cord blood (Ref. 37). (See section
‘Progenitor cells in haemangioma” for more on
EPCs.) Haemangioma EPCs and cord blood
EPCs, like haemangioma endothelial cells,
displayed increased adhesion, migration and
proliferation in response to endostatin, a protein
that typically inhibits these processes in normal
adult endothelial cells. Furthermore, it was
shown that these two types of cells shared a
common profile when 113 cell adhesicn genes
were analysed. Interestingly, a previous report
of differential effects of endostatin suggested
that differentiation status may determine
the response: migration of mature umbilical-
vein-derived endothelial cells was inhibited
by endostatin, whereas migration of endothelial
cells derived from embryonic stem cells
was unaffected (Ref. 38). The fact that
haemangioma endothelial cells have altered
responses to this factor might reflect the
immature nature of these cells rather than the
presence of a mutation or intrinsic defect.
Could other differences between haemangioma
endothelial cells and normal endothelial
cells, such as wunusual surface marker
expression profiles (Ref. 39), be attributed to
the fact that they are not fully differentiated
or mature cells? Further comparison of
haemangioma endothelial cells to immature
progenitor-derived endothelial cells should
clarify this issue.

The placenta connection

Multiple lines of evidence point to an
involvement of the placenta in haemangioma
pathogenesis, An increase in haemangioma
incidence has been associated with transcervical
chorionic villus sampling (CVS), but not with
amniocentesis (Refs 40, 41), although a more
recent study found no association with CVS
(Ref. 4). It has been reasoned that the trauma of
CVS could increase the number of placental

cells released into the circulation and thus
increase the likelihood that these cells might
embolise to fetal vascular sites. Similarly,
placental abnormalities, such as placenta
praevia and preeclampsia, might also lead to
higher risk of shed cells and haemangioma
formation. Infants bom prematurely have a
higher risk of developing haemangiomas, and
the incidence increases with lower birth weight
(Refs 3, 42). Prematurity can be associated with
placental complications as well, strengthening
the link to the placenta.

Additional support for the idea of placental
origin was provided in a report demonstrating
that placental vasculature and haemangioma
endothelium share expression of several surface
markers (Refs 43, 44). Tt was shown that both
tissues expressed merosin, Lewis Y, FcyRII
(CD32) and glucose transporter 1 (GLUT-1, also
expressed on endothelium of blocod-brain
barrier and red blood cells). None of these
markers was found in other vascular anomalies
or on nonhaemangioma tumour vasculature.
Another study assessed whether haemangiomas
were derived from trophoblasts, the invasive
progenitor cells that mediate implantation
into the uterine wall. Twelve haemangioma
specimens were uniformly negative for a panel
of trophoblast markers including human
placental  lactogen,  placental  alkaline
phosphatase and cytokeratins 7, 8§ and 17
(Ref. 45). While these data might suggest that
there is no relationship between placental and
haemangioma tissue, the markers used in this
study label undifferentiated trophoblasts,
leaving open the possibility that haemangiomas
may, in fact, be derived from these cells, but
have differentiated and down-regulated
expression of the markers studied.

More recent support for a placental connection
was provided by theresults of a study using large-
scale genomic analysis (Ref. 46). This
experimental approach uses DNA microarrays
to measure mRNA levels of nearly the entire
human genome, representing a powerful tool
for highly detailed comparisons between
different tissue types. In this study intact
tissues from placenta, haemangioma, normal
skin, lung and brain, pulmonary tumours and a
sclerodermal  specimen  were  compared,
accounting for genes expressed in endothelial
cells as well as numerous nonendothelial cells
within these samples. Each of the tissues used
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for comparison had at least one feature in
common with haemangioma and/or placenta.
For example, the lung tumours used have high
levels of cell proliferation and are highly
vascular, Clustering analysis showed that
placenta and haemangioma were as similar as
normal lung and lung tumours, raising the
interesting possibility of viewing the placenta as
‘tumour’ and haemangioma as ‘metastasis’.
When comparisons were restricted to genes
with known expression in endothelial cells, the
similarities were even higher; haemangiomas
were more similar to placental samples than
placental samples were to each other. These
observations regarding similarities between
haemangiomas and placenta are provocative
and have gencrated new ideas about the origin
of haemangiomas.

Nonrandom distribution of haemangiomas
on the face

Clinical observations have contributed to our
understanding  of  haemangiomas, as
exemplified in a study that provided data
supporting the long-held belief that sites of
haemangioma occurrence on the face are not
random (Ref. 8). The authors first described two
distinct types of haemangiomas: the more
common focal, tumour-like type; and the less
common segmental, or plaque-like, type. They
found that focal haemangiomas had a
nonrandom distribution, and identified 22 sites
of occurrence on the face. Interestingly, these
sites can be linked to boundaries between the
different developmental units of the face,
suggesting a rationale for haemangioma
distribution. Haemangiomas were found near
lines of fusion between mesenchymal growth
centres (‘placodes’), or between placodes and
facial ectoderm (Fig. 4). Perhaps these
boundary areas are more likely to sustain
haemangioma growth due to the presence of
higher secreted levels of particular growth
factors or a more favourable extracellular
matrix composition. A similar study of
segmental haemangiomas demonstrated that
while lesions on the lower face conformed to
locations previously described as
developmental units, those found on the upper
face did not (Ref. 9). Thus, when formulating a
hypothesis  regarding  the origin  of
haemangioma, one must take into account that
these lesions are often not randomly
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Figure 4, Nonrandom distribution of infantile
haemangioma on the face, Focal sites of
occurrence superimposed on the embryological

map of facial placodes demonstrating the
predilection for haemangioma formation at
boundaries between  developmental units.

Reproduced, with permission, from Ref. 8 [Waner,
M. et al. (2003) The nonrandom distribution of
facial hemangiomas. Arch Dermatol 139, 869-875]
(Copyright @ 2003 American Medical Association.
All Rights reserved.).

distributed, but in fact may be tied to early
developmental events that determine where,
and perhaps how, they are formed.

Progenitor cells in haemangioma

Recent evidence suggests that several different
types of progenitor cells may have roles in
haemangioma progression. Normal bone
marrow and  peripheral blood contain
progenitor cells that can differentiate into
endothelial cells (Refs 47, 48). New wvessel
growth in the adult was long thought to
depend on sprouting from existing vessels (i.e.
angiogenesis), but more recent findings support
a role for circulating bone-marrow-derived
EPCs in this process. This concept was applied
to haemangiomas where an increase of
circulating EPCs was identified in patients with
these lesions (Ref. 49). The precise identity of
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EPCs has been controversial. Most agree that
EPCs cannot be identified by expression of a
single marker, but studies have shown that cells
expressing both CD34 and AC133 (CD133) can
differentiate into endothelial cells in wvitro
(Ref. 50). Analysis of peripheral blood samples
from five haemangioma patients averaging just
over 2 years of age revealed a 15-fold average
increase in circulating CD34*CD133™ cells,
versus five control subjects with an average age
of 38 months.

A second study used samples from four
haemangioma specimens to show that
proliferating lesions contain mRNA for CD133,
while involuting and involuted haemangiomas,
haemangioma-derived endothelial cells, normal
skin and normal endothelial cells did not
contain CD133 mRNA (Ref. 51). Combining
antibodies against CD133 and CD34 to identify
EPCs using flow cytometry, it was shown that
11 of 12 proliferating haemangiomas contained
cells positive for both markers. Positive
samples contained 0.1-29% CD133*CD34*
cells with one lesion showing a remarkable
21.4% double-positive cells. Although no EPCs
were detected in control samples from venous
or lymphatic malformations, the lack of cells
coexpressing these markers in one of the
haemangioma specimens studied suggests that
EPCs may not be important in all
haemangiomas. If EPCs could be shown to
contribute directly to formation of haemangioma
tissue, this would have significance for our
understanding of the aetiology of these tumours.

Following haemangioma involution, the tissue
at the site of the lesion is often composed of
fibroadipose tissue, and a new study indicates
that progenitor cells may have a role in the
generation of this tissue. Mesenchymal stem
cells were observed in haemangiomas more
frequently than in normal skin, and their
numbers were highest during the proliferative
phase (Ref. 52). The cells recovered from
haemangiomas were found to have many of the
characteristics of mesenchymal stem cells from
other tissues, including surface marker
expression and multilineage differentiation
potential, and it was suggested that these cells
may contribute to the generation of adipocytes
during haemangioma involution. This study is
among the first to shed light on the nature of
the residuum left behind after haemangiomas
regress.

The involvement of a haematopoietically
derived endothelial progenitor would seem
consistent with the finding that haemangioma
endothelial cells express haematopoietic
markers (Ref. 53). Specifically, haemangioma
cells were found to express a subset of myeloid-
specific markers, which leads to the speculation
that perhaps this cell type could serve as a
haemangioma progenitor. Supporting this
idea, several reports have demonstrated that
peripheral myeloid cells (monocytes) are
capable of differentiating into cells with
endothelial characteristics (Refs 54, 55, 586).
Alternatively, coexpression of haematopoietic
markers on haemangioma cells could be an
indication of a common progenitor between
haematopoietic cells and endothelium, such as
the haemangioblast. This concept has been
discussed above, and may be an indication of
the immature nature of the endothelial cells in
haemangiomas, as suggested in a recent report
showing that haemangioma endothelial cells
express lymphatic endothelial hyaluronan
receptor 1 (LYVE-1), a marker usually
associated with the endothelium of lymphatic
vessels (Ref. 57). This, combined with the
finding that haemangioma cells also express
endothelial markers CD31 and CD34, but not
another lymphatic-specific protein, Prox-1,
suggest that endothelial cells in haemangiomas
are arrested in an early state of differentiation,
and display features of both blood vascular and
lymphatic endothelium. A follow-up study,
however, reported that haemangioma
endothelial cells were negative for LYVE-],
showing that LYVE-1 expression is restricted to
perivascular cells expressing human leukocyte
antigen DR (HLA-DR) with characteristics of
dendritic cells (Ref. 58). Such conflicting reports
that rely solely on immunohistochemistry leave
this issue open and raise the need for further
investigation.

If not serving as precursor cells, the myeloid
component of haemangiomas may still play a
role in either stimulating initial proliferation or
subsequent involution of haemangiomas. As
discussed  below, hypoxia has been
hypothesised to have a role in haemangioma
pathophysiology (Refs 53, 59, 60), and it is
well established that myeloid cells such as
macrophages can profoundly promote the
growth of new vessels under low oxygen
conditions.
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A role for hypoxia in haemangioma
development?
While the vast majority of infantile
haemangiomas remain insignificant clinically, a
fraction of these lesions demonstrate rapid
growth in the first months of life. This
sometimes alarming rate of growth could
represent an exuberant response to one of the
mechanisms driving cellular proliferation.
Several pieces of evidence, at the molecular,
cellular and clinical levels, suggest a possible
role for hypoxia in hacmangioma pathogenesis.
Hypoxia, or low levels of oxygen, is sensed by
cells, which then respond by modifying gene
expression. These modifications can enhance
the ability of the cell to survive low oxygen
conditions as well as induce expression of
factors that promote the growth of new blood
vessels, These new blood vessels then
ultimately increase perfusion and oxygenation
of the tissue. Hypoxia is a component of many
disease states, but also has an important role in
normal development and physiology (Ref. 61).
Hypoxia-inducible factor la (HIF-la) is a
transcription factor that serves as a major
regulator of the cellular response to hypoxia.
HIF-1« is involved in several cellular processes,
including regulation of differentiation and
myeloid cell function (Ref. 62), regulation of
genes involved in angiogenesis, erythropoiesis,
energy metabolism, inflammation, and cell
survival decisions (Ref. 61). With respect to its
role in angiogenesis, HIF-1a has been shown to
regulate the expression of numerous factors
including VEGF-A, angiopoietin 2, placental
growth factor and PDGFB (Ref. 63). It is
interesting to note that GLUT-1 and insulin-like
growth factor 2 (IGF-2), two proteins shown to
be present in haemangioma at relatively high
levels, are both under the control of HIF-1a and
induced by hypoxia (Refs 64, 65), but VEGF is
not found at high levels. The mechanisms
regulating the high expression of IGF-2 were
investigated recently in a study addressing the
idea that a disruption in the epigenetic
regulation of IGF-2 might be responsible for its
high expression (Ref. 66). IGF-2 expression is
under the control of imprinting, a mechanism
of silencing the maternal copy of a gene under
normal conditions to maintain appropriate
expression levels (Ref. 67). A loss of imprinting
can result in overexpression and contribute to
pathogenesis, as has been shown in several

tumours including Wilms tumour where IGF-2
is overexpressed (Ref. 68). In haemangiomas, a
normal pattern of imprinting was found in all
15 informative cases, indicating that a loss of
imprinting is not involved and leaving open the
possibility that an abnormal response to
hypoxia could explain the high levels of IGF-2
in these lesions. Alternatively, high IGF-2 levels
suggest another parallel to the placenta, where
IGF-2 is also expressed (Ref. 69).

Some clinical features of haemangiomas
suggest that reduced blood flow could be an
important trigger in the growth of these lesions
(Ref. 59). During delivery, the infant is likely to
experience some degree of hypoxia as a
consequence of the birthing process. Systemic
hypoxia could alter the levels of circulating
factors and trigger or promote growth of cells
overly sensitive to high levels of these factors. It
is also possible that microenvironmental
changes could promote the observed cellular
proliferation, alone or in combination with
systemic factors. Prior to the rapid growth that
characterises haemangiomas, a pale or blanched
area of skin may be observed that is
subsequently found to define the borders of the
lesion that will develop. Although the nature of
this phenomencn is not known, it suggests that
a local interruption or reduction of blood flow
has occurred to the area. This event could
represent the growth stimulus for normal or
mutated cells residing in the area or for ectopic
cells that have embolised to this site from other
tissues such as the placenta. Alternatively, this
hypoxia could signal circulating progenitor cells
to deposit in the area and begin to proliferate,
as has been shown in other systems (Ref. 70).
The cause of this putative interruption in blood
flow would then become important to identify.
Perhaps microanatomy exists on the boundaries
between developmental units where vascular
coverage is incomplete. Such a site could serve
as a relatively hypoxic environment where
circulating progenitor cells localise and proliferate.

Hypoxia has also been associated with tumours
during pregnancy. Chorangioma, a proliferative
lesion of the placenta, has some features in
common with haemangioma. Both are
primarily made up of endothelial cells (Ref. 71),
and hypoxia has been reported to have an
important rtole in the pathogenesis of
chorangioma (Ref. 72). Another association
between these two lesions is the fact that
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pregnancies complicated by the presence of
chorangiomas have a higher incidence of
infants that develop haemangiomatosis
(Ref. 73), a condition characterised by multiple
congenital haemangiomas, most often limited to
the skin (Ref. 74). Could hypoxia, or a systemic
defect in oxygen sensing or response, be at the
root of both haemangiomas and chorangiomas?

What is causing involution?

Despite an increase in information relating to
the biology of haemangiomas, and new
evidence-based hypotheses on their origin, the
precise cellular and molecular mechanisms
underlying haemangioma pathogenesis remain
unclear. Perhaps even more enigmatic than the
aetiology of the tumours are the events that
stimulate and govern the regression of these
lesions. Apoptosis appears to be a major
mechanism of cell death in the regressing
tumour (Refs 75, 76, 77), but the events that
trigger the apoptotic programme remain
obscure, Two general routes to haemangioma
involution have been proposed. The first might
be termed ‘passive invelution’ where inherent
properties of the haemangioma endothelial cells
place limits on their proliferative lifespan. It is
also possible that the microenvironment
supporting haemangioma growth/maintenance
exists for a limited duration, perhaps being tied
to neonatal development. The placenta has a
clearly defined life cycle, and is designed to
function solely for the period of gestation,
Perhaps haemangioma cells alse share this
programmed lifespan (Refs 78, 79). Another
form of passive involution could involve the
loss of a critical factor that supports
proliferation and/or survival. IGF-2 is highly
expressed in proliferating haemangiomas, but
not in other vascular anomalies and could
represent such a factor (Refs 20, 66). mRNA
levels of this factor decrease dramatically as
haemangiomas begin to involute, suggesting a
role for IGF-2 in haemangioma growth.
However, IGF-2 levels appear to decrease as
endothelial content decreases, raising the
possibility that the observed decrease is related
to the loss of the cellular source and may not, in
fact, be critical for driving growth (Ref. 66).

The second way of thinking about
haemangioma involution involves the action of
other cells, and may be thought of as ‘active
involution’. The immune system would be a

likely candidate to elicit a reaction leading to
involution. Haemangioma cells, possessing
abnormal surface marker expression, could be
targeted by the immune system, which can be
exquisitely sensitive to abnormal cells. Large
numbers of CD8% T cells have been found
within haemangioma tissue (Ref. 80). This
subtype of T cell is cytotoxic and capable of
inducing apoptosis in target cells. There was no
strong correlation, however, with the phase of
the haemangioma lesion and the number of
CD8" T cells, which might be observed if these
cells were, in fact, responsible for mediating
involution. This study also described a possible
role for indoleamine 2,3-dioxygenase (IDO) in
haemangioma and showed, using large-scale
expression analysis, that IDO was highly
expressed in proliferating haemangiomas
(Ref. 80), while a second study similarly
described a possible role for IDO (Ref. 81). This
enzyme has an important role in preventing
maternal rejecion of the placenta through
inhibition of T-cell function (Ref. 82). IDO
catalyses the degradation of the amino acid
tryptophan (Ref. 83), an essential compound for
optimal T-cell activity (Ref. 84). Is the tumour-
killing function of the CD8* T cells in
haemangioma suppressed by the action of IDO?
Perhaps this would explain the slow regression
of these lesions, where it is not until IDO levels
fall sufficiently that T cells can function
effectively encugh to induce apoptosis of
haemangioma cells,

T cells are the major effectors of the adaptive
immune response, but cells of the innate
immune system may also have roles in
mediating haemangioma regression. Mast
cells are present in haemangioma and may play
a role in haemangioma evolution (Refs 85,
86). The increased number of these cells
during involution suggests a functional role

in regression. Furthermore, haemangioma
mast cells stain positively for clusterin/
apolipoprotein ] (Ref. 87), a secreted

protein that may induce apoptosis in other
cells. It is known from other work, however,
that mast cells act directly and indirectly
to promote angiogenesis (Ref. 88), so
understanding the precise role for these cells
in haemangioma evolution will require further
investigation.

Additional support for a role of the immune
system in haemangioma regression comes from
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a series of studies examining the effect of the
immune-response modifier imiquimod (Refs 15,
16, 17). When combining the results of three
reports, topical administration appeared to
accelerate involution in 12 of 13 patients
treated. Although these are small, uncontrolled
studies, it supports the idea that the immune
system may be involved in haemangioma
involution.

A better understanding of the mechanisms
regulating haemangioma involution will
provide opportunities to design treatments to
accelerate this process. It is also possible that
these findings might be applicable to other
areas of vascular biology where regression of
proliferating blood vessels is desirable.

The future: new models

Potential regulators of haemangioma progression
discussed in this arficle are summarised in
Table 2. New information gathered from basic
research will support efforts to develop better
treatments for haemangiomas. A major
impediment to the advancement of new
therapies, however, has been the absence of
useful models. The availability of an animal
model that reproduces the major features of
infantile haemangioma would provide a means
by which potential therapeutic interventions
could be tested, and permit an opportunity to
better understand how existing therapies work.
In vitro culture models will facilitate the
development of high-throughput assays to
screen candidate compounds.

There are numerous reports in the literature
describing models for ‘haemangioma’, but most
have limited utility. Models of endothelial
tumours differing in important ways from
infantile haemangioma include a spontaneously
arising, immortalised haemangioendothelioma
cell line (EOMA) (Ref. 89) and cells carrying
polyoma virus middle T antigen (Ref. 90).
Tumours generated using these cell lines have
more malignant characteristics, are not
obligately perinatal and do not spontaneously
regress. While potentially useful as tools for
investigating some endothelial tumours, caution
should be used when extrapolating findings
generated in these models to infantile
haemangioma.

An ex vivo culture system has been described
that has the advantage of using intact human
haemangioma tissue and permits biochemical

manipulation (Ref. 91). The drawbacks of this
model include loss of cellular features of
haemangioma endothelial cells, such as GLUT-1
expression (Ref. 92), and a mechanism of
growth involving sprouting. Purified cultures of
haemangioma-derived cells have been used to
demonstrate their unusual behaviour in terms
of growth and migration (Refs 24, 35), but this
system, lacking the typical environmental milieu,
removes potentially important soluble and
insoluble molecules, such as growth factors and
various extracellular matrix components, as well
as any direct influence from surrounding cells.

It is possible that the complexity and
multifactorial nature of haemangiomas may
preclude the development of a faithful animal
model. Numerous investigators have reported
repeated failure at attempts to create models
using a wide variety of approaches including
the implantation of cells and tissues from
haemangioma and placenta (Ref. 93). A recent
report combined the hypothesis of an
involvement of hormones in haemangioma with
an attempt to create a mouse model (Ref. 94).
Using nude mice, which have severely
compromised adaptive immunity and allow
grafting of foreign tissues, fresh haemangioma
tissue from a single patient was implanted
subcutaneously into 16 mice. Weekly injection
of 0.1 ng oestradiol was administered to eight
mice and the growth of the implanted tumours
was measured over the course of 90 days.
Modest growth, or at least maintenance, of the
tissue was reported in the animals receiving
oestradiol, but none of the control animals.
This study is of interest both as a possible
indication of a requirement for oestradiol for
haemangioma growth, and as a possible long-
sought animal model. Follow-up confirmation
of this work is needed, but if verified, it is an
example of the insight that may be needed to
generate a- useful model of infantile
haemangioma.

Clinical implications/applications
Several therapeutic approaches for haemangiomas
have been suggested over the past decade.
Interferon a has been used successfully in the
treatment of complicated haemangiomas
(Refs 95, 96), but its use is associated with the
development of spastic diplegia (Ref. 97) and is
generally limited to life-threatening cases
without other viable opticns. Initial reports
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Table 2. Potential regulators of haemangioma progression
Regulator Function Refs
Molecular: proliferation
Angiopoietin/TIE2 Vessel maturation/stability 24
bFGF Growth factor 18, 21,22
E-selectin Endothelial/leukocyte adhesion 19
IGF-2 Growth factor 20, 66
Integrin avp3 ECM receptor 20, 106
Integrin a531 ECM receptor 20
Mutated VEGFR2/3 Growth factor receptor a6
VEGF Growth factor 21,22,23
Molecular: involution
Clusterin/Apa.J Associated with apoptosis 87
Cytochrome b Mitochondrial protein 107
Interferon B Angiogenesis inhibitor 21
10O Degrades Trp; inhibits T cells 80, 81
TIMP-1 Enzyme inhibitor 22
Cellular
Apoptosis Increased during involution 75,77
Dendritic/myeloid cells Source of growth factors? 53, 106
Endothelial progenitor cells Might contribute to haemangioma tissue 37,49, 51
Hypoxia Might promote proliferation 53, 60
Mast cells Contribute to proliferation and for involution? 85, 86
Mesenchymal stem cells Possible precursors to adipocytes present in lesion residuum 52
Hormonal
Oestradiol Might be related to haemangioma proliferation 94, 103
Oestrogen receptors Might be related to haemangioma proliferation 104
Abbreviations: ApoJ, apolipoprotein J; ECM, extracellular matrix; bFGF, basic fibroblast growth factor; IDO,
indoleamine 2,3-dioxygenase; IGF2, insulin-like growth factor 2; TIMP-1, tissue inhibitor of metalloproteinase 1;
Trp, tryptophan; VEGF(R), vascular endothelial growth factor (receptor).

indicated that the neurological effects were
irreversible, but a subsequent study showed
that these effects can resolve over time {Ref. 98).
Perhaps new therapies would employ
angiostatic compounds already in use in other
areas of medicine. A concern with this class
of drugs is their use in the growing child
where new vessel growth may be ongoing,
highlighting the need for more targeted options.

Currently, the first-line therapy for troublesome
infantile haemangiomas is corticosteroids. These
drugs, while efficacious in many patients, carry
undesired side effects such as temporary
growth retardation, increased risk of infection
and psychological changes (Ref. 99).
Corticosteroids have known anti-inflammatory
activity, but their action in haemangioma is
poorly understood. The finding that

proliferating haemangiomas harbour large
numbers of haematopoietic cells of the myeloid
lineage (Ref. 53) suggests a possible mechanism
whereby corticosteroids inhibit the speculated
growth-promoting function of these cells, The
idea of boosting the adaptive immune response
against the tumour is worth exploring and
has some limited experimental and clinical
support. The discovery of IDO expression in
haemangioma (Refs 80, 81) supgests that
inhibiting this enzyme and/or supplementing
local tryptophan could lead to an increased
T—ell response against the tumour. Further
exploration of imiquimod or other compounds
that modify the immune response is warranted
(Ref. 15).

The impact of large haemangiomas has been
shown to extend beyond simple mass-related
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effects such as encroachment of vital structures
and disfigurement. Severe hypothyroidism in
children with large haemangiomas was found
to result from high type 3 iodothyronine
deiodinase activity in the haemangioma tissue
(Ref. 100). The finding that large haemangiomas
can have far-reaching effects highlights the
need to find effective means to limit their growth,

Research in progress and outstanding
research questions
The collective efforts of haemangioma researchers
have raised numerous questions regarding the
mechanisms behind the growth and regression
of these tumours. The similarities and
differences between haemangioma-derived
cells, normal cells and immature normal cells
should be further studied while exploring the
intrinsic defect hypothesis. The evidence
suggesting a connection to the placenta
heightens interest in exploring the impact of
placental complications such as placenta
praevia, preeclampsia and chorangioma on
haemangioma incidence and biology. One
interesting hypothesis was recently removed
from consideration by two studies investigating
maternal-fetal chimaerism that showed
haemangiomas were exclusively derived from
the child, with no evidence of maternal origin
(Refs 101, 102). Possible clues into
haemangioma  pathogenesis include the
increased incidence in the head and neck
regions and the predilection for the skin.
Dermal haemangiomas come in two general
forms: the plaque-like segmental form and the
tumour-like focal form. This curious dichotomy
begs the question of how these two types of
lesions differ at the cellular and molecular
levels. Speculation regarding the differences in
segmental and focal haemangiomas suggests
that segmental lesions may be derived from
implantation ~ of  circulating  placental/
trophoblastic  cells  relatively early in
development, whereas the focal variety arise
from the same cells arriving late in
development via the amniotic fluid (Ref. 45).
Only rarely are the segmental lesions
candidates for surgical excision, leading to a
paucity of this tissue for study. In fact, the
limited supply of any haemangioma tissue is an
ongoing concern. A centralised tissue bank for
haemangiomas and other vascular anomalies
would be of great value to the research

community, making available these and other
rare specimens that have been collected and
stored using standardised protocols (Ref. 93).
Based on evidence from varying sources, the
idea of hypoxia as a trigger and driving force
behind haemangioma growth deserves further
study. Animal models incorporating hypoxia
are available (Ref. 70), and instrumentation is
available to measure tissue oxygen levels in the
clinic; thus, addressing this question would
seem feasible. Another clue before us is the
higher rate of haemangioma occurrence in
females. Elevated levels of 17B-oestradiol
(Ref. 103) and oestrogen receptor (Ref. 104)
have been reported in children with
haemangiomas. It was also speculated that
corticosteroid treatment may negatively affect
oestradiol action (Ref. 103). Higher levels of
angiogenic factors have been demonstrated in
females, pointing to another  possible
explanation for the higher incidence in females
(Ref. 105). These findings support further
investigations into possible hormonal regulation
of haemangioma growth and the differences in
factor expression between genders.

Despite the perception of some that infantile
haemangiomas are merely birthanarks that will
quietly regress without major complication, a
significant number of children suffer physically
and emotionally as a result of living with a
haemangioma. For some, these lesions pose life-
threatening complications that severely impact
on their early years, while for others a
permanent disfiguring scar leaves a constant
reminder of these usually benign lesions.
Further investigations will not only hopefully
lead to better treatments, but also teach us
more about endothelial biclogy and the
basic processes of blood vessel growth and
regression,

Acknowledgments and funding
We thank the reviewers of this article for their
thoughtful critiques and suggestions, as well
as those that have contributed to our
haemangioma work, including Josh Ney, David
Friedlander, Dana Copeland, Jeff Rubens, Mike
Dorrell, Stacey Moreno and John Reinisch.
Research in our laboratory is supported by a
grant from the National Eye Institute (RO1
EY11254, to M.E) as well as by the MacTel
Foundation and the V. Kann Rasmussen
Foundation. M.RR. was supported for a

| it o N e 2 T A PG 8 XD R T P TR A A Y ) 0T A 1 D s TR N Y T AR R R D S O S e
Accesslon information: DOI: 10.1017/S1482239940700052X; Val, 9; Issue 32; November 2007

© 2007 Cambridge University Press

Pathogenesis of infantile haemangioma

14

new molecular and cellular insights



http://www.oxpertreviews.org/

portion of this work by a Kirschstein National
Research Service Award from the National Eye
Institute. S.EE. was supported by the Skaggs
Scholar in Clinical Science Program.

References
Mulliken, ].B. and Glowacki, J. (1982)
Hemangiomas and vascular malformations in
infants and children: a classification based on
endothelial characteristics. Plast Reconstr Surg 69,
412-422
2 Finn, M.C., Glowacki, J. and Mulliken, J.B. (1983)
Congenital vascular lesions: clinical application of
a new classification. ] Pediatr Surg 18, 894-900
3 Amir, |. et al. (1986) Strawberry hemangioma in
preterm infants. Pediatr Dermatol 3, 331-332
4 Haggstrom, A.N. et al. (2007) Prospective study of
infantile hemangiomas: demographic, prenatal,
and perinatal characteristics. | Pediatr 150, 291-294
5 Haggstrom, A.N. et al. (2006) Prospective study of
infantile hemangiomas: clinical characteristics
predicting complications and treatment. Pediatrics
118, 882-887
6 Orlow, 5.]., Isakoff, M.S. and Blei, F (1997)
Increased risk of symptomatichemangiomas of the
airway in association with cutaneous
hemangiomas in a "beard” distribution. ] Pediatr
131, 643-646
Chiller, K.G., Passaro, D. and Frieden, 1.]. (2002)
Hemangiomas of infancy: clinical characteristics,
morphologic subtypes, and their relationship to
race, ethnicity, and sex. Arch Dermatol 138,
1567-1576
8 Waner, M. etal. (2003) The nonrandom distribution
of facial hemangiomas. Arch Dermatol 139,
869-875
9 Haggstrom, A.N. et al. (2006) Pattemns of infantile
hemangiomas: new clues to hemangioma
pathogenesis and embryonic facial development.
Pediatrics 117, 698-703
10 Frieden, L]., Reese, V. and Cohen, D. (1996)
PHACE syndrome. The association of posterior
fossa brain malformalions, hemangiomas, arterial
anomalies, coarctation of the aorta and cardiac
defects, and eye abnormalities. Arch Dermatol 132,
307-311
11 Metry, D.W. et al. {2006) A prospective study of
PHACE syndrome in infantile hemangiomas:
demographic features, clinical findings, and
complications. Am ] Med Genet A 140, 975-986
12 North, PE. et al. (2006) Vascular tumors of infancy
and childhood: beyond capillary hemangioma.
Cardiovasc Pathol 15, 303-317

—

|

expert reviews

in molacular medicine

13 Bennett, M.L. etal. (2001) Oral corticosteroid use is
effective for cutaneous hemangiomas: an
evidence-based evaluation. Arch Dermatol 137,
1208-1213

14 Metz, B.]. et al. (2004) Response of ulcerated
perineal hemangiomas of infancy to becaplermin
gel, a recombinant human platelet-derived growth
factor. Arch Dermatol 140, 867-870

15 Martinez, M.L et al. (2002} Infantile hemangioma:
clinical resolution with 5% imiquimod cream. Arch
Dermatol 138, 881-834

16 Welsh, O, et al. (2004) Treatment of infantile
hemangiomas with short-term application of
imiquimod 5% cream. ] Am Acad Dermatol 51,
639-642

17 Hazen, P.G. et al. (2005) Proliferating hemangioma
of infancy: successful treatment with topical 5%
imiquimod cream. Pediatr Dermatol 22, 254-256

18 Tan, S.T. et al. {2000} Cellular and extracellular
markers of hemangioma. Plast Reconstr Surg 106,
529-538

19 Kraling, B.M. et al. (1996) E-selectin is present in

proliferating endothelial cells in human

hemangiomas. Am J Pathol 148, 1181-1191

Ritter, M.R. et al. (2002) Insulin-like growth factor 2

and potential repulators of hemangioma growth

and invelution identified by large-scale expression

analysis. Proc Natl Acad Sci US A 99, 7455-7460

21 Bielenberg, D.R. etal. (19%9) Progressive growth of
infantile cutaneous hemangiomas is directly
correlated with hyperplasia and angiogenesis
of adjacent epidermis and inversely correlated
with expression of the endogenous
angiogenesis inhibitor, IFN-beta. Int ] Oncol 14,
401-408

22 Takahashi, K. et al. (1994} Cellular markers
that distinguish the phases of hemangioma
during infancy and childhood. J Clin Invest 93,
2357-2364

23 Chang, J. et al. (1999) Proliferative
hemangiomas: analysis of cytokine gene
expression and angiogenesis. Plast Reconstr Surg
103, 1-9

24 Yu, Y. et al. (2001) Increased Tie2 expression,
enhanced response to angiopoietin-1, and
dysregulated angiopoietin-2 expression in
hemangioma-derived endothelial cells. Am ]
Fathol 159, 2271-2280

25 Carmeliet, P. (2005) Angiogenesis in life, disease
and medicine. Nature 438, 932-936

26 Drake, C.J. and Fleming, P.A. (2000)
Vasculogenesis in the day 6.5 to 9.5 mouse embryo,
Blood 95, 1671-1679

20

o T e R I A R B S SRS e e e e S S ms mm m gsmesizn By N o
Accessian information: DO 10.1017/5146239240700052X; Vol 9; Issue 32; Novernber 2007

© 2007 Cambridge University Press

Pathogenesis of infantile haemangioma

new molecular and cellular insights

. 000 58§



ntip:/fwww.axportroviews.org/

expert reviews

in molecular medicine

27 Choi, K. et al. (1998) A common precursor for
hematopoietic and endothelial cells. Development
125, 725-732

28 Ferrara, N. and Kerbel, R.5. (2005) Angiogenesis as
a therapeutic target. Nature 438, 967-974

29 Friedlander, S.E, Ritter, M.R. and Friedlander, M.
(2005) Recent progress in our understanding of the
pathogenesis of infantile hemangiomas. Lymphat
Res Biol 3, 219-225

30 Bauland, C.G. et al. (2006) The pathogenesis of
hemangiomas: a review. Plast Reconstr Surg 117,
29e-35¢

31 Blei, F et al. (1998) Familial segregation of
hemangiomas and vascular malformations as an
autosomal dominant trait. Arch Dermatol 134,
718-722

32 Walter, ].W. et al. (1999) Genetic mapping of a
novel familial form of infantile hemangioma. Am
] Med Genet 82, 77-83

33 Bischoff, J. (2002) Monoclonal expansion of
endothelial cells in hemangioma: an intrinsic
defect with extrinsic consequences? Trends
Cardiovasc Med 12, 220-224

34 Allen, R.C. et al. (1992) Methylation of Hpall and
Hhal sites near the polymorphic CAG repeat in the
human androgen-receptor gene correlates with X
chromosome inactivation. Am ] Hum Genet 51,
1229-1239

35 Baoye, E. etal, (2001) Clonality and altered behavior
of endothelial cells from hemangiomas. J Clin
Invest 107, 745-752

36 Walter, ].W. et al. (2002) Somatic mutabion of
vascular endothelial growth factor receptors in
juvenile hemangioma. Genes Chromosomes
Cancer 33, 295-303

37 Khan, Z.A. et al. (2006) Endothelial progenitor
cells from infantile hemangioma and
umbilical cord blood display unique
cellular responses to endostatin. Blood 108,
915-921

38 Schmidt, A., Addicks, K. and Bloch, W. (2004)
Opposite effects of endostatin on different
endothelial cells. Cancer Biol Ther 3, 1162-1166;
discussion 1167-1168

39 Li, Q. etal. (2003) Differential expression of CD146
in tissues and endothelial cells derived from
infantile haemangioma and normal human skin.
J Pathol 201, 296-302

40 Kaplan, P. et al. (1990) Malformations and
minor anomalies in children whose mothers

had prenatal diagnosis: comparison bebween
CVS and amniocentesis. Am ] Med Genet 37,
366-370

41 Burton, B.K. etal. (1995) An increased incidence of
haemangiomas in infants born following
chorionic villus sampling (CVS). Prenat Diagn 15,
209-214

42 Powell, T.G. et al. (1987) Epidemiology of
strawberry haecmangioma in low birthweight
infants. Br ] Dermatol 116, 635641

43 North, PE, et al. (2001) A unique microvascular
phencotype shared by juvenile hemangiomas and
human placenta. Arch Dermatol 137, 559-570

44 North, P.E., Waner, M. and Brodsky, M.C. (2002)
Are infantile hemangiomas of placental origin?
Ophthalmology 109, 633-634

45 Bree, A.F et al. (2001) Infantile hemangiomas:
speculation on placental trophoblastic origin.
Arch Dermatol 137, 573-577

46 Bames, C.M. et al. (2003) Evidence by molecular
profiling for a placental origin of infantile
hemangicma, Proc Natl Acad 5¢ci U 5 A 102,
19097-19102

47 Asahara, T. et al. (1997) Isolation of putative
progenitor endothelial cells for angiogenesis.
Science 275, 964-967

48 Yoder, M.C. et al. (2007) Redefining endothelial
progenitor cells via clonal analysis and
hematopoietic stem/progenitor cell principals.
Blood 109, 1801-1809

49 Kleinman, M.E. et al. (2003) Increased circulating
AC133+ CD34+ endothelial progenitor cells in
children with hemangioma. Lymphat Res Biol 1,
301-307

50 Peichev, M. et al. (2000} Expression of VEGFR-2
and AC133 by circulating human CD34(+) cells
identifies a population of functional endothelial
precursors. Blood 95, 952-958

51 Yu, Y. et al. (2004) Endothelial progenitor cells in
infantile hemangioma. Blood 103, 1373-1375

52 Yu, Y. et al. (2006) Mesenchymal stem cells and
adipogenesis in hemangioma involution. Stem
Cells 24, 1605-1612

53 Ritter, M.R. et al. (2006) Myeloid cells in infantile
hemangioma. Am J Pathol 168, 621-628

54 Fernandez Pujol, B. et al. (2000) Endothelial-like
cells derived from human CD14 positive
monocytes. Differentiation 65, 287-300

55 Havemann, K., Pujol, B.F. and Adamkiewicz, J.
(2003) In vitro transformation of monocytes and
dendritic cells into endothelial like cells, Adv Exp
Med Biol 522, 47-57

56 Bailey, A.S. et al. (2006) Myeloid lineage
progenilors give rise to vascular
endothelium. Proc Natl Acad S5ci US A 103,
13156-13161

Accession Information: DO 10.1017/S146239940700052X; Vol. 9; Issue 32; November 2007

© 2007 Cambridge University Press

Pathogenesis of infantile haemangioma

new molecular and cellular insights

- 000 38



57

58

59

61

62

67

68

69

71

http://www.expertreviews.org/

Dadras, 5.S. et al. (2004} Infantile hemangiomas
are arrested in an early developmental

vascular differentiation state. Mod Pathol 17,
1068-1079

Nguyen, V.A. et al. (2006) Infantile hemangioma is
a proliferation of LYVE-1-negative blood
endothelial cells without lymphatic competence.
Mod Pathol 19, 291-298

Hamlat, A, et al. (2005} Pathophysiclogy of
capillary haemangioma growth after birth. Med
Hypotheses 64, 1093-1096

Kleinman, M.E., Blei, E and Gurtner, G.C.

(2005) Circulating endothelial progenitor cells
and vascular anomalies. Lymphat Res Biol 3,
234-239

Semenza, G.L. (1999) Regulation of mammalian O2
homeostasis by hypoxia-inducible factor 1. Annu
Rev Cell Dev Biol 15, 551-578

Cejudo-Martin, P. and Johnson, R.S. (2005) A new
notch in the HIF belt: how hypoxia impacts
differentiation. Dev Cell 9, 575-576

Manalo, D.]. et al. (2005) Transcriptional regulation
of vascularendothelial cell responses tohypoxia by
HIF-1. Bloed 105, 659-669

Feldser, D. et al. (1999) Reciprocal positive
regulation of hypoxia-inducible factor lalpha and
insulin-like growth factor 2. Cancer Res 59,
3915-3918

Loike, ].D. et al. {1992) Hypoxia induces glucose
transporter expression in endothelial cells. Am ]
Physiol 263, C326-333

Yu, Y. et al. (2004) Genomic imprinting of

IGF2 is maintained in infantile hemangioma
despite its high level of expression. Mol Med 10,
117-123

Bumns, ].L., Jackson, D.A. and Hassan, A.B. (2001)
A view through the clouds of imprinting. Faseb ]
15, 1694-1703

Ogawa, O. et al. {1993) Relaxation of insulin-like
growth factor Il gene imprinting implicated in
Wilms’ tumour. Nature 362, 749-751

Constancia, M. et al. (2002) Placental-specific
IGF-11 is a major modulator of placental and

fetal growth. Nature 417, 945-948

Ceradini, D.J. et al. (2004) Progenitor cell
trafficking is regulated by hypoxic gradients
through HIF-1 induction of SDF-1. Nat Med 10,
858-864

Ogino, 5. and Redline, R.W. (2000} Villous
capillary lesions of the placenta:

distinctions between chorangioma,
chorangiomatosis, and chorangiosis. Hum Pathol
31, 945-954

72

74

75

76

85

expert reviews

in molecular medicine

Reshetnikova, O.5. et al. (1996) Increased
incidence of placental chorioangioma in high-
altitude pregnancies: hypobaric hypoxia as a
possible etiologic factor. Am J Obstet Gynecol 174,
557-561

Bakaris, S. et al. (2004) Case of large

placental chorioangioma associated with diffuse
neonatal hemangiomatosis. Pediatr Dev Pathol 7,
258-261

Metry, D.W. and Hebert, A.A. (2000) Benign
cutaneous vascular tumors of infancy: when to
worry, what to do. Arch Dermatol 136, 505-914
Iwata, J. et al. (1996) High frequency of apoptosis
in infantile capillary haemangioma. J Pathol 179,
403-408

Mancini, A.J. and Smoller, B.R. (1996)
Proliferation and apoptosis within juvenile
capillary hemangiemas. Am ] Dermatopathol 18,
505-514

Razon, M.]. et al. (1998) Increased apoptosis
coincides with onset of involution in infantile
hemangioma. Microcirculation 5, 189-195
Halperin, R. et al. {2000) Placental apoptosis in
normal and abnormal pregnancies, Gynecol Obstet
Invest 50, 84-87

Smith, 5.C, et al. {2000) Apoptosis is a rare event in
first-trimester placental tissue. Am J Obstet
Gynecol 183, 697-699

Ritter, M.R. et al. (2003) Identifying potential
regulators of infantile hemangioma progression
through large-scale expression analysis: a possible
role for the immune system and indoleamine 2,3
dioxygenase (IDO) during involution. Lymphat
Res Biol 1, 291-299

North, PE. et al. (2004) High expression of
indoleamine 2,3 deoxygenase in infantile
hemangioma: evidence for immune tolerance.
Mod Pathol 17(S1), 97A (Abstract)

Mellor, A.L. etal. (2001} Prevention of Tcell-driven
complement activation and inflammation by
tryptophan catabolism during pregnancy. Nat
Immunol 2, 64-68

Takikawa, O. et al. (1986) Tryptophan degradation
in mice initiated by indoleamine 2,3-dioxygenase.
] Biol Chem 261, 3648-3653

Frumento, G. et al. (2002) Tryptophan-derived
catabolites are responsible for inhibition of T and
natural killer cell proliferation induced by
indoleamine 2,3-dioxygenase. ] Exp Med 196,
459-468

Glowacki, J. and Mulliken, ].B. (1982) Mast cells in
hemangiomas and vascular malformations.
Pediatrics 70, 48-51

T T T A e o L I e
Accassion information: DO 10.1017/3146239940700052X; Vol. 9; lssue 32: November 2007

© 2007 Cambridge University Press

Pathogenesis of infantile haemangioma

17

000

new molecular and cellular insights

=¥



httpi//www.expertreviows.org/

expert reviews

in molecular medicing

86 Tanm, S.T. et al. (2004} Mast cells and hemangioma.
Plast Reconstr Surg 113, 999-1011

87 Hasan, Q. et al. (2000) Clusterin/apo] expression
during the development of hemangioma. Hum
Pathol 31, 691-697

88 Meininger, C.J. and Zetter, B.R. (1992) Mast cells
and angiogenesis. Semin Cancer Biol 3, 73-79

89 Obeso, ], Weber, |. and Auerbach, R. (1990) A
hemangioendothelioma-derived cell line: its use as
a model for the study of endothelial cell biology.
Lab Invest 63, 259-269

90 Bautch, V.L. ¢t al. (1587) Endothelial cell tumors

develop in transgenic mice carrying polyoma virus

middle T oncogene. Cell 51, 529-537

Tan, 5.T. et al, (2000) A novelin vitro human model

of hemangioma. Mod Pathol 13, 92-99

92 North, PE. et al. (2003} Ex vivo hemangiogenesis
in fibrin gels: a morphological and
immunohistochemical analysis. Lab Invest 83,
18A (Abstract)

93 Frieden, L]. et al. (2005) Infantile hemangiomas:
current knowledge, future directions. Proceedings
of a research workshop on infantile hemangiomas,
April 79, 2005, Bethesda, Maryland, USA. Pediatr
Dermatol 22, 383-406

94 Peng, Q. et al. (2005} The establishment of the
hemangioma model in nude mouse. ] Pediatr Surg
40, 1167-1172

95 Ezekowitz, R.A., Mulliken, ].B. and Folkman, J.
(1992) Interferon alfa-2a therapy for life-
threatening hemangiomas of infancy. N Engl ] Med
326, 1456-1463

96 Chang, E. et al. (1997) Successful treatment of
infantile hemangiomas with interferon-alpha-2b.
J Pediatr Hematol Oncol 19, 237-244

97 Barlow, C.F. et al, (1998} Spastic diplegia as a
complication of interferon Alfa-2a treatment of
hemangiomas of infancy. ] Pediatr 132, 527-530

98 Greinwald, [.H., Jr. et al. (199%) An update on the
treatment of hemangiomas in children with
interferon alfa-2a. Arch Otolaryngol Head Neck
Surg 125, 21-27

9

o

R D e e e U e e T Iy 18

99 Boon, LM., MacDonald, D.M. and Mulliken, }.B.
(1999) Complications of systemic corticosteroid
therapy for problematic hemangioma. Plast
Reconstr Surg 104, 1616-1623

100 Huang, S.A, et al. (2000} Severe
hypothyroidism caused by type 3 iodothyronine
deiodinase in infantile hemangiomas. N Engl ]
Med 343, 185-189

101 Pittman, K.M. et al. (2006) No evidence for
maternal-fetal microchimerism in infantile
hemangioma: a molecular genetic investigation.
] Invest Dermatol 126, 2533-2538

102 Regnier, S. etal. (2007) Endothelial cells in infantile
haemangiomas originate from the child and not
from the mother (a fluorescence in situ
hybridization-based study). Br ] Dermatol 157,
158-160

103 Sasaki, G.H., Pang, C.Y. and Wittliff, J.L. (1984)
Pathogenesis and treatment of infant skin
strawberry hemangiomas: clinical and in vitro
studies of hormonal effects. Plast Reconstr Surg
73, 359-370

104 Lui, W. et al. (1997) Sex hormone receptors of
hemangiomas in children. Chin Med ] (Engl) 110,
349-351

105 Malamitsi-Puchner, A. et al. (2000) Changes in
serum levels of vascular endothelial growth
factor in males and females throughout life. | Soc
Gynecol Investig 7, 309-312

106 Nguyen, V.A. et al. (2004) Infantile hemangioma
is a proliferation of beta 4-negative endothelial
cells adjacent to HLA-DR-positive cells
with dendritic cell morphology. Hum Pathol 35,
739-744

107 Hasan, Q. et al. (2001) Altered
mitochondrial cytochrome b gene
expression during the regression of hemangioma.
Plast Reconstr Surg 108, 1471-1476; discussion
1477-1478

108 Hand, ].L. and Frieden, L.J. {2002) Vascular
birthmarks of infancy: resolving nosologic
confusion. Am ] Med Genet 108, 257-264

Accession information: DO 10.1017/5146239840700052X%; Vol. B; Issue 32; November 2007

© 2007 Cambridge University Press

000

Pathogenesis of infantile haemangioma

new molecular and cellular insights

61



expert reviews

httpi//www.expertroviews,org/ in molecular medicine

Further reading, resources and contacts

Publications
Mulliken, J.B. and Young, A.E. (1988) Vascular Birthmarks: Haemangiomas and Malformations, W.B. Saunders
Co., Philadelphia, PA, USA

Waner, M. and Suen, J.Y., eds (1999) Hemangiomas and Vascular Malformations of the Head and Neck, Wiley-
Liss, New York, USA

Shannon, L. and Marshall, C. with Waner, M. (1997) Birthmarks: A Guide to Hemangiomas and Vascular
Malformation, Women's Health Publishing, Minden, NV, USA

Websites
The Intemational Society for the Study of Vascular Anomalies (ISSVA.) is a worldwide organisation of medical
specialists with special interest in vascular tumours and congenilal vascular malformations:

http:/ fwww.issva.org

Vascular Birthmarks Foundation is a comprehensive resource network for families affected by vascular
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hitp:/ fwww.birthmark.org

Features associated with this article

new molecular and cellular insights

Figures

Figure 1. Haemangiomas present with varying appearances.

Figure 2. Model of haemangioma natural history.

Figure 3. Angiogenesis and vasculogenesis.

Figure 4. Nonrandom distribution of infantile haemangioma on the face.

Tables
Table 1. Classification and features of vascular birthmarks.
Table 2. Potential requlators of haemangioma progression.

Pathogenesis of infantile haemangioma

Citation details for this article

Matthew R. Ritter, Ross A. Butschek, Martin Friedlander and Sheila F Friedlander (2007) Pathogenesis of
infantile haemangiorma: new molecular and cellular insights, Expert Rev, Mol. Med. Vol. 9, Issue 32,
November 2007, DOI; 10.1017/5146239840700052X

P Tt A B T L S T R T 2 o e P S AP TR DT % o P i 3 3o S et S I 0 s PP e 19
Accesslon Information: DOL: 10.1017/5146239240700052X; Vol, g; Issue 32: November 2007
© 2007 Cambridge University Press

000 62



Training

PAEDIATRICA Vol. 20 No. 2 2009

Propranolol — a new treatment of haemangiomas of infancy

Lisa Weibel, Zurich"
Translation: Rudolf Schlaepfer, La Chux-de-Fonds

Introduction

With a prevalence of 10% in the first year of life, haemangiomas are not only the
most common vascular tumours, but the most common tumours full stop during
infancy”. Haemangioma growth is characteristic: 1. invisible at birth; 2. proliferation
phase from 2-6 weeks old with rapid growth for 3-9 months; 3. plateau phase and 4.
spontaneous regression starting from about the second year, for several yearsz’.
Despite this favourable spontaneous progression, some infantile haemangiomas can
cause considerable functional and aesthetic prejudices. Until very recently, systemic
corticosteroids were the first-choice treatment for problem haemangiomas. Other
options are topic or intralesional corticosteroids, imiquimod, a-interferon, vincristine,
cryotherapy, laser therapy and surgical excision. However, these treatments have
limits because of the potential risks and partly owing to the lack of evidence of their

efﬁcacy”.
The discovery of propranolol for treating haemangiomas

On 12 June 2007, Léauté-Labréze et al.,, of the Paediatric Clinic of Bordeaux,
published for the first time, in the New England Journal of Medicine®, their
‘observations concerning the treatment of complex haemangiomas in 11 infants with
propranolol, a non-selective P-blocker. It was a fortuitous observation which

0 for the Swiss Grand Round for Vascular Anomalies in Childhood* and the Swiss Group

for Pediatric Dermatology**

i Swiss Grand Round for Vascular Anomalies in Childhood: T. Berberich, Basél; D.
Cholewa, Bern; P. Esslinger, Lucerne, J. Hohlfeld, Lausanne, D. Klimalange, St. Gall; G. La Scala,
Geneva, K. Scherer, Basel, C. Schiestl, Zurich; L. Weibel, Zurich

™ Swiss Group for Pediatric Dermatology: A-M. Calza, Geneva;, S. Christen-Zaech,
Lausanne; D. Hohl, Lausanne; J. Izakovic, Basel; K. Kenland, Berne; M. Lacour, Geneva; L. Weibel,
Zurich
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prompted the authors to test the treatment of haemangiomas with propranolol. A
baby had been freated with corticosteroids for a large haemangioma of the nose.
The growth of the haemangioma had stabilized, but the child developed an
obstructive cardiomyopathy requiring the introduction of the B-blocker propranolol
from the age of 4 months. In the days following the beginning of this treatment, a
rapid paling and a reduction in the volume of the haemangioma were observed. By
the time the propranolol treatment was stopped at the age of 14 months, the
haemangioma had virtually disappeared. After having observed the same effect in a
second child, the authors treated 9 other children, who had problematic
haemangiomas, with propranolol (2 mg/kg/day). In all cases, the haemangiomas
turned pale within 24 hours and decreased in volume during the months following the
beginning of the treatment.

How can the effect of propranolol be explained?

The mechanism of action of propranolol on haemangiomas of infancy is so far
unclear. Haemangiomas are a complex cluster of clonal endothelial cells in
combination with pericytes, dendritic cells and mast cells”. Only very little is known
about the regulators of haemangioma proliferation and involution. During the growth
phase, angiogenesis is stimulated by basic fibroblast growth factor (bFGF) and
vascular endothelial growth factor (VEGF). In this proliferation phase, the histology
'shows active interstitial and endothelial cell division; during the involution phase, on
the other hand, apoptosis of these cell groups is noted”. The following explanations
can be envisaged for the effect of propranolol on haemangiomas of infancy: a)
vasoconstriction (the haemangiomas rapidly become pale and soft); b) reduced
expression of the VEGF and bFGF genes by down-regulation of the RAF-mitogen-
activated protein kinase pathway (which would explain the reduction in the volume of
the haemangioma): ¢) induction of capillary endothelial cell apoptosis®.
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Fig. 1: Infant of 3.5 months with a large Fig. 2: 6 weeks after the beginning of the

segmental haemangioma of the right cheek  ireatment with propranobol, 2 mg/kg/day, a
and of the right infraorbital region before clear paiing and a decrease in volume of

treatment with propranolbl. Tumefaction of the haemangioma, and also a normally
the lower eyeld, leading fo shrinking of the ~ opened and symmetrical pajpebral

occular fissure and the risk of a mitation fissure, are noted. :
of the visual axis, is noted. (patient of Dr C. Schiestl, Zurich)

What is currently known about the use of propranolol for treating
haemangiomas?

The sensational results, compared with the other treatments, had a great response
throughout the world. A large number of international centres specializing in the
treatment of vascular anomalies in children have since successfully adopted
‘propranolol for the treatment of problematic haemangiomas. Publications are to date
still infrequent. In ltaly, Bonifazi et al. have recently described 5 children aged 8 to 12
‘weeks, treated for a haemangioma, and confirm the favourable effect of
‘propranolol®. The French group of Bigorre et al. presented, at the 17th International
Workshop on Vascular Anomalies in June 2008 in Boston, 4 children in whom the
haemangioma rapidly regressed following treatment with the selective B-blocker
" acebutolol®. In the context of the same conference, Léauté-Labréze et al. presented
32 children who all experienced a rapid involution of their haemangioma with
propranolol treatment”. The personal communications of a large number of
international experts in paediatric dermatology confirmed these observations; for
many centres, propranolol is the first-choice treatment for treating complex
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haemangiomas of infancy. Since the publication of these data, several children with
problematic haemangiomas have also been successfully treated with propranolol in
Switzerland; to date, we are aware of 21 cases (example: figures 1 and 2). Current
knowledge is limited to proliferation-phase haemangiomas and the effect of a later
use (age > 1 year) is unknown. It is also necessary to know whether any controlled
study regarding the use of propranolol exists to date. The publication of further data
on the efficacy and tolerance of B-blockers in the treatment of haemangiomas can
however be expected.

Is the use of propranolol for treating haemangiomas safe?

The adverse effects mentioned by Léauté-Labréze et al. at the 17th International
Workshop on Vascular Anomalies were all infrequent, not very serious and
temporary. Slight arterial hypotension occurred in one of the 32 children,
acrocyanosis occurred in one case, and an obstructive respiration occurred in
another®. The data listed in Switzerland regarding the side effects of propranolol in
infants with haemangiomas are very positive: no treatment has had to be interrupted
because of an adverse effect. B-Blockers have been used in infants for more than 40
years without there having been observed any complications endangering the life of
the child or potentially dangerous cardiovascular diseases”. The possible adverse
effects of B-blockers are well known, in particular transient bradycardia and arterial
hypotension, which is why close monitoring is indicated at the beginning of
treatment. Bronchospasm is in principle observed only in children with pre-existing
bronchial hyperreactivity; a full history is therefore important. B-Blockers inhibit
lipolysis, glycogenolysis and gluconeogenesis and therefore predispose to
hypoglycaemia; their use will consequently be avoided during the first two weeks of
life®,

Current recommendations for the ftreatment of problematic
haemangiomas with propranolol

The indication for treatment with B-blockers should be set out by a centre
specializing in treatments for haemangiomas of infancy, in order to obtain a precise
diagnosis and indication for treatment with propranolol. To be excluded are the

4
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differential diagnoses of haemangioma of infancy: vascular malformations
(particularly venous, lymphatic and capillary malformations), other vascular tumours
in children (kaposiform haemangioendothelioma, tufted angioma, pyogenic
granuloma), malignant tumours (rhabdomyosarcoma, fibromyosarcoma), nasal
glioma and dermoid cyst?. Congenital haemangiomas should also be differentiated,
since they present histological and biological particularities different from
haemangiomas of infancy. To date, there is no experience regarding the treatment of
congenital haemangioma with propranolol. In the presence of a segmental
haemangioma of the head, a PHACES (posterior fossa malformations,
haemangioma of the face/head, arterial anomalies, cardiac anomalies, eye
anomalies, sternal defects) syndrome should be excluded?.

The mere fact that propranolol is available should not lead to a broadening of the
treatment indications. Most haemangiomas of infancy do not pose problems and only
about 10% (especially head lesions) require a specific treatment.

The use of propranolol for haemangiomas is still an off-label treatment, which
requires appropriate information. In accordance with the published data, the
consensus of the International Society for the Study of Vascular Anomalies (ISSVA)
and the recommendations of paediatric cardiologists, we currently propose the

following guidelines for the treatment of haemangiomas of infancy in Switzerland®:
6).9).

1. Indications

° Large haemangiomas of the face

s Haemangiomas with problematic localization (eyes, nose, lips, ears, genital
region)

. Large segmental haemangiomas of the thorax and of the extremities

2. Beginning of treatment

. As soon as possible during the proliferation phase

3. Contraindications

° Premature babies before the age corresponding to the calculated full term

. Newborns during the first 2 weeks of life

. Congenital heart malformations with B-blocker contraindication

. 000 B7
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Infants with episodes of obstructive bronchitis
Central nervous system diseases
Reduced renal function

Propranolol dosage
On the first day, 1 mg/kg/day in 3 doses
From the second day, 2 mg/kg/day in 3 doses

Monitoring

Monitoring in hospital for the first 48 hours

Before treatment: measurement of heart rate and of arterial blood pressure in
the four limbs, 12-lead ECG and echocardiography, renal functions and blood
glucose

During the first 2 days: ECG monitoring during sleep and 1 hour after
administration of propranolol, arterial blood pressure 3 x/day, blood glucose
tests if additional risk factors

Before leaving hospital: 12-lead ECG

After leaving: heart rate and arterial blood pressure after 1 and 4 weeks, then
every 8 weeks

Duration of treatment
According to the age of the child and the 4-8 month progression. A gradual
reduction in dose is not necessary.

These guidelines are directed towards the current data, which are still limited,
concerning the use of propranolol for treating haemangiomas of infancy. Further data
will require these guidelines to be adapted.

References:
See German text.
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negative predictive value.® Jt should be noted that
plasma levels of imatinib in patients given high
doses of the drug exceed those of the no-effect
level in the study of rat fertilicy. We also disagree
with the specific reservations expressed by the
correspondents. The time relationship was rea-
sonable, with oligomenorrhea occwrring a few
manths after the increase in the dose of imatinib.
Thete were no other exposures, and no alterna-
tive causes were found on routine investigation of
amenorrhea, Finally, the hypothesis of an edolog-
iclink berween imatinib and ovarian insufficiency
is biologically plausible, since pathways involving
kinases rargeted by imatinib appear to play criti-
cal roles in the survival and maturation of folli-
cles and oocytes. 24

Constantinos Christopoulos, M.D., Ph.D.
Vasiliki Dimakopeuiou, M.D.
Evangelos Rotas, M.D.

Amalia Fleming General Hospital
15127 Athens, Greece
cgchristopoulas@yahoo.gr

I Gureir-Corrés M, Lucena M, Lachkoria K, Borrar v, Hidulgo
R, Andrade R). Evaluation of Nuranjo Adverse Drug Reactions
Probubiliry Seale in causality assessment of drug-induced liver
injury. Aliment Pharmacol Ther 2008;27:780-9.

1 Hutt KJ, McLaughlin EA, Holland M. Kit ligard and oKit
bave diverse roles during mammaliin cogenesis and folliculo-
genesis. Mol Hum Reprod 2006;12:61-9.

3. Nilsson EE, Detzel C, Skinner MK, Platelet-derived growth
factor modulates the primordial to primary follicle transition.
Reproduction 2006;131:1007-15.

4. Carsson 1B, Laitines MD, Scom JE, eral. Kit ligand and c-Kir
are ‘expressed during eatly buman avatian follicular develop-
ment and their jnteraction is required for the survival of follicles
in lopg-termy ctlture. Repraduction 2006;131:641-9.

Propranolol for Severe Hemangiomas of Infancy

TO THE EpiToRr: Despite their selflimited course,
infantile capillary hemangiomas can impair vital
or sensory functions or cause disfigurement. Cor-
ticosteroids are the first line of treatment for
problematic infantile capillary hemangiomas®>;

, other options include interferon alfa® and vin-

cristine.! We have observed that propranolol can
inhibit the growth of these -hemangiomas. Our
preliminary data from 11 children are summa-
rized in Table 1 in the Supplementary Appendix,
available with the full text of this letter at www,
nejm.org.

The first child had a nasal capillary heman-
gioma, Despite corticostercid treatment, the le-
sion was stabilized but obstructive hypertrophic
myocardiopathy developed, so the patient was
treated with propranolol. The day after the initia-
tion of treatment, the hemangioma changed from
intense red to purple, and it softened. The corti-
costeroids were tapered, but the hemangioma
continued to improve. When the corticosteroids
were discontinued, no regrowth of the hemangi-
oma was noted. When the child was 14 months
of age, the hemangioma was completely flat.

The second child had a plaque-like infantile
capillary hemangioma involving the entire right
upper limb and part of the face (Fig. 1). At 1 month
of age, a subcutaneous component developed,
and despite corticosteroid treatment, the hem-
angioma continued to enlarge. Magnetic reso-
nance imaging revealed intraconal and extra-

conal orbital involvement, as well as an
intracervical mass causing compression and tra-
cheal and esophageal deviation (see the Supple-
mentary Appendix). Ultrasonography showed
increased cardiac output, and treatment with
propranolol, at a dose of 2 mg per kilogram of
body weight per day, was initiated. Seven days
later, the child was able to open his eye sponta-
neously, and the mass near the parotid gland was
considerably reduced in size. Prednisolone was
discontinued at 4 months of age, without any
regrowth of the hemangioma; at 9 months of
age, the eye opening was sadsfactory, and no
major visual impairment was noted,

After written informed consent had been ob-
tained from the parents, propranolol was given

to nine additional children who had severe or -

disfiguring infantile capillary hemangiomas (see
Table 1 in the Supplementary Appendix). In all
patients, 24 hours after the initiation of treat-
ment, we observed a change in the hemangioma
from intense red to purple; this change was as-
sociated with a palpable softening of the lesion.
After these initial changes, the hemangiomas
continued to improve until they were nearly flat,
with residual skin telangiectasias. Ultrasound ex-
aminations in five patients showed an objective
regression jn thickness associated with an in-
crease in the resistive index of vascularization of
the hemangioma (Table 1 in the Supplementary
Appendix). .
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Infantile capilfary hemangiomas are composed
of a complex mixture of clonal endothelial cells
associated with pericytes, dendritic cells, and
mast cells.* Regulators of hemangioma growth
and involution are poorly understood. During the
growth phase, two major proangiogenic factors

are involved: basic fibroblast growth factor (bEGE)
and vascular endothelial growth factor (VEGF);
histologic studies have shown that both endo-
thelial and interstitial cells are actively dividing
in this phase. During the involution phase, apop-
tosis has been shown. Potential explanations for
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Figure 1 (facing page}. Photographs of Patient 2 _l':efnge

'zr[i_i after Treatment with'Prapranelal.- - o

Panel A shows the patient at 9 weeks of age, before

treatment with propranolol, after 4 weeks'of receiving

. systemic corticosteroids {at a dose 53 mg per kilogram
of body weight per day for-2 weeks and atadose af S mg.
pc};kilcgram per day far 2 weeks). Panél B shows the
patient'at 10 weeks of age, 7 days after the initiation of

" propranofol treatmerit at a dose of 2 mg per kilogram

: pel_: day while prednisolone treatment was tapéred to-
{3 mgper kilogram per. day. Spontaneous opening of

' the yewas.possibfe because of a reduction inthe size
16f the subcutaneous ‘component of the hemangioma,
‘Panel G-shows the patient at 6 monthis-af age; while . ;
he was still receiving 2 mg of propranolol per kilogram,
per. day, Systemic Corticosteroids had becn discon'giri!.}é_a:
at 2 months-of age. No subcutarieous companerit of ;

| the.hemangioma was noted, and the cutaneaus com.--
ponent had considerably faded: The child-had no visual

| impairihént. Pancl.D shows ihe child at 9 months of .

| agé._fhc hemangioma had :oﬁ;inugd to imprave, and

{ the.propranclol treatment was discontinued. -

the therapeutic effect of propranolol — a nonse-
lective beta-blocker — on infantile capillary hem-
angiomas include vasoconstriction, which is im-
mediately visible as a change in color, associated
with a palpable softening of the hemangioma;
decreased expression of VEGF and BFGF genes
through the down-regulation of the RAF-mito-
gen-activated protein kinase pathway* (which ex-
plains the progressive improvement of the hem-
angioma); and the triggering of apoptosis of
capillary endothelial cells.s
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Eric Dumas de la Reque, M.D.
Thomazs Hubiche, M.D.

Franck Boralevi, M.D., Ph.D.
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Summary

Background Infantile haemangioma (IH) is a tumour of the microvasculature com-
posed predominantly of proliferating endothelial cells, It expresses markers asso-
ciated with endothelial, haematopoietic and mesenchymal lineages. We have
previously shown that the cells forming the capillary endothelium of proliferating
IH express cell surface markers and transcriptions factors consistent with it being
a haemogenic endothelium,

Obijectives We wished to determine whether the expression of transcription factors
associated with the erythroid lineage was of physiological relevance and sufficient
for TH tissue cultured in vitro to undergo erythropoiesis.

Methods Tmmunohistochemical staining of paraffin-embedded sections of prolifer-
ating IHs was undertaken and expression of the embryonically associated haemo-
globin { (HBZ) chain and the erythropoietin receptor (EPO-R) was determined.
Relative expression of mRNA encoding these proteins was determined by quanti-
tative reverse transcription—polymerase chain reaction using snap-frozen biopsy
samples. Differentiation towards erythrocytes was investigated using freshly
resected tissue cultured as explants in Matrigel.

Results The endothelium of the microvessels, but not the pericyte layer, was
strongly immunoreactive for the EPO-R and the embryonically associated HBZ
chain. Abundant cxpression of transcripts encoding these proteins was also
detected, corroborating the immunohistochemical staining. When tissue was
grown in culture the cells emanating from IH explants were able to generate
enucleated erythrocytes in vito. The erythrocytes were immunoreactive for the
erythrocyte-specific marker glycopherin A.

Conclusions The microvessels in IH are a functional haemogenic endothelium that
expresses the embryonically associated HBZ chain and is able to form erythrocytes
in vitro. TH thus represents a possible extramedullary site for tumour-associated
primitive erythropoiesis.

Infantile hacmangioma (IH) is a tumour of the microvascula-
ture characterized by excessive angiogenesis during infancy.
It affects about 10% of white infants with predilection for
female, white and premature infants.'? It typically undergoes
rapid | postnatal growth (proliferative phase) followed by
spontancous involution over a period of up to 10 years, leav-
ing a fibrofatty residuum with a few mature capillaries.”™

The emerging evidence for the role of primitive mesoderm®
and its haemogenic endothelium derivative® in proliferating
IH has led us to investigate the ability of IH to form cells of
the hacmatopoietic lincage.

Erythropoiesis is the process through which multipotential
haematopoietic stem cells differentiate to form enucleated

@ 2011 The Authors
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erythrocytes.” Primitive erythropoiesis originates from primi-
tive mesodermal cells that develop into a haemogenic endo-
thelium, which sequentially give rise to blast colony forming
cells, erythroblasts, reticulocytes and definitive enucleated ery-
throcytes as development progresses.” ' The stages of in utero
erythropoiesis have been appropriately termed, in chronologi-
cal order, mesoblastic, hepatic and myeloid stages correspond-
ing with each subsequent major site of haematopoiesis.''
Haemoglobin production also involves three corresponding
developmental switches. The initial (L2e2)
haemoglobin switches to fetal (x2y2) haemoglobin from
about 6-7 weeks gestation, and to predominantly adult
(¢2p2) haemoglobin at birth.'?

embryonic
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| Here we report that IH expresses mRNA and protein for
crythropoietin receptor (EPO-R) and embryonic haemoglobin
¢ (HBZ), proteins associated with primitive erythropoiesis,
and that cells that emanate from IH explants* are able to gen-
erate erythrocyctes in vitro. IH thus represents a possible extra-
medullary site for tumour-associated primitive erythropoiesis.

Materials and methods

Immunolabelling

Four-micrometre paraffin-embedded sections of IH biopsies
were obtained from 12 patients aged 3—10 months {mean 6),
according to a protocol approved by the Wellington Regional
Ethics Committece. Immunohistochemistry and immunocyto-
chemistry were performed as previously described.™*'* All
primary antibodies were obtained from Abcam (Cambridge,
MA, US.A), and were used at the following dilutions:
glycophorin A (1 : 200), CD34 (1 : 300), smooth muscle
actin (SMA; | ; 400), EPO-R (1 : 200) and HBZ (1 : 200).
Negative controls included staining of paraffin sections of
tissue (human uterine fibroid) not expected te be immunore-
active with the same series of antibodies, and also by omission
of the primary antibodies when staining proliferating THs
excised from three patients. These controls showed the
expected staining pattern consistent with the previous reported
specificity for the antibodies used®® (data not shown).

Quantitative reverse transcription-polymerase chain
reaction

RNA was extracted from fresh proliferating IH biopsies of five
patients aged 3-8 months (mean 5), and quantitative reverse
transcription—-polymerase chain reaction (qRT-PCR) was per-
formed using primers specific for EPO-R and HBZ. Expression
relative to that for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) is reported as ACt value. Primers for HBZ and GAPDH
have been previously reported.'* Primers for EPO-R were: for-
ward CTCATCCTCGTGGTCATCCT, reverse GCTGGAAGT-
TACCCTTGTGG. Amplification was achieved using an iQ gPCR
system (Bio-Rad Laboratories, Hercules, CA, US.A.) with an
initial denaturation at 95 °C for 3 min, followed by 35 cycles
of denaturation at 95 °C for 15 s, annealing at 60 °C for 20 s
and extension at 72 °C for 20 s. Data were collected during
the cxtension step and melt-curve analysis and agarose gel
clectrophoresis performed to confirm the specificity of ampli-
fication (data not shown).

Cell culture

Fresh proliferating IH biopsies from five patients aged
3-8 months (mean 5), and two patients with involuted IH,
aged 8 and 10 years, were cultured using an in vitro explant
model as previously described by Tan et dl.* For all experi-
ments fibrin was replaced with Maurigel (Becton Dickinson,
Auckland, New Zealand). Erythrocytes formed in culture were

imaged using an Olympus IXS1 inverted microscope
(upgraded to IX71) fitted with phase contrast objectives and a
Colour View 1 camera (Olympus, Tokyo, Japan). Peripheral
blood from each patient was also cultured in parallel as a con-
trol. Erythrocytes were collected and processed for immuno-

cytochemistry as previously described.®

Results

The capillary endothelium of haemangioma expresses
erythropoietin receptor and haemoglobin {

The production of erythrocytes depends on the interaction
between EPO-R and its ligand, erythropoietin.'® The process
of erythropoiesis is intricately linked to haemoglobin produc-
tion and the expression of HBZ is associated with embryonic
haemoglobin production during the first trimester of preg-
nancy.'® Figure la shows that immature capillaries of prolifer-
ating IH consist of an inner endothelial layer that expresses
CD34 (green) and an outer concentric pericyte layer that
expresses SMA (red). Figure 1b shows that the cells of the
capillary endothelium express EPO-R (green), whereas the
cells of the outer pericyte layer that express SMA (red) do not.
Figure lc shows that the cells of the endothelium are immu-
noreactive for both EPO-R (green) and HBZ (red). qRT-PCR
of mRNA isolated from tissue confirmed the abundant expres-
sion of both HBZ and EPO-R transcripts relative to that for the
control reference gene GAPDH (mean + SEM: HBZ ACt =
45 * 0-8; EPO-R ACt = 102 * 4).

Proliferating haemangioma explants generate
erythrocytes in vitro

The functional capacity of proliferating IH to generate erythro-
cytes was revealed following in vitre growth as explants. On
initial culturing of explants there were no cells visible within
the Matrigel (Fig. Sla; see Supporting Information) and
following 2 wecks in culture outgrowths could be seen in
most of the explants of proliferating IH (Fig. S1b; see Sup-
porting Information). Consistent with observations of Tan
¢t al.,’ no visible outgrowths were seen in the involuted IH
explants (data not shown). We have previously shown that
the cells that form the explant outgrowths express haemato-
poietic-associated markers,® and here we report that following
1 month in culture blast-like cells can be seen arising from
these outgrowths (Fig. Slc; see Supporting Information), that
then go on to form blast colonies after 3 months in culture
(Fig. §1d; sec Supporting Information). Following extended
periods of culture (5 months) biconcave cells resembling ery-
throcytes were visible within the Matrigel culture (Fig. 1d, e,
arrows) of proliferating TH lesions. The biconcave cells were
present only in regions of Matrigel that had previously con-
tained regions of outgrowth. These biconcave cells were con-
firmed to be erythrocytes by the expression of the
erythrocyle-specific marker, glycophorin A (Fig. le, botlom,
green). Peripheral blood obtained from the same patient

@ 201! The Authors

BJD © 2011 British Association of Dermatologists 2011 164, ppl097-1100

000 75



Erythropoiesis In infantile haemangioma, T. ltinteang et al. 1099

Fig 1. Erythropoiesis in proliferating infantile hacmangioma (TH), {a—c) Representative immunochistochemical staining of proliferating IH.

(2) The immature capillarics of TH consist of a CD34+ endothelium (green) surrounded by a concentric layer of pericyte-like cells that are
immunoreactive for smooth muscle actin (SMA: red). (b} The endothelium is immunoreactive for erythropoictin recepror (EPO-R; green) but the
SMA+ pericyte layer (red) is not. () The EPO-R+ cells (green) of the endothelium are also immunoreactive for haemoglobin £ (red). (d) After
S months in culture biconcave cells morphelogically similar to erythrocytes are observed (black arrows). (¢} The boxed region containing
biconcave cells presented in (d) is shown enlarged; the cells are enucleated and are immunoreactive for the erythrocyte-specific protein
glycophorin A (green; bouom). (a—c, ¢) Counterstained with 4°,6-diamidino-2-phenylindole (blue) to identify ccll nuclei. Scale bar (e), 10 pm.

cultured under identical conditions showed no surviving ery-
throcytes after 3 weeks (data not shown), confirming that ery-
throcytes that stained positively for glycophorin A were
formed de novo during culture of proliferating IH lesions rather
than originating from carry-over of peripheral blood contami-
nating the tissue piece.

Discussion

The capillaries of IH consist of an inner cndothelial layer,
characterized by the expression of endethelial markers, and an
outer concentric layer, characterized by the expression of
SMA.*®'* We have recently shown that this endothelial layer
of the capillaries reflects a primitive mesodermal phenotype,
with the expression of brachyury,® and with potential haemo-
genic capacity, through the expression of TAL-1, GATA-2,
angiotensin-converting enzyme (ACE), CD133 and CD34.°

The concept of haematopoiesis originating from an endo-
thelial phenotype forms the basis of the concept of the haemo-
genic endothelium.'”™"” Here we demonstrate the expression
of erythopoietic-associated proteins by the endothelium of the
capillaries of proliferating IH. It is intriguing that the expres-
sion of EPO-R, a receptor for the ligand erythropoietin,'®
which is the major haematopoictic asscciated growth factor
responsible for the proliferation, survival and differentiation of
erythroid progenitor cells,’® is present on the endothelium of
proliferating IH. Reports have confirmed the expression of
EPO-R in extra-embryonic yolk sac blood islands,® the site of
primitive haematopoiesis during the first trimester of preg-
nancy where HBZ is also expressed.’®?!

© 2011 The Authors
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The morphological appearance of blast colony forming
units, the precursor to erythroblasts, after 3 months in culture
of TH explants, provides further evidence of the presence of
another crucial lineage in the overall process of erythropoiesis.
We have previously isolated and confirmed the formation of
this blast phenotype from IH, by the expression of CD34, vas-
cular endothelial growth factor receptor-2, CD133 and ACE,"
and here we show the functional ability of cultured IH
explants to form enucleated erythrocytes in vitro. To the best of
our knowledge, our report is the first to show that IH is a
potential site of extramedullary erythropoiesis,. We have also
previously speculated that it is the cells of the endothelial layer
in proliferating IH that form the cells in the explant out-
growths, This suggestion is consistent with the expression of
primitive mesoderm-associated proteins by the endothelium
and the cells of the outgrowths, but not the cells of the peri-
cyte layer.® We have now demonstrated that these cells have
the capacity to undergo functional extramedullary erythropoie-
sis,  although mechanism and pathway
involved require further investigation. Similarly, whether the
observed extramedullary erythropoiesis observed in culwure
takes place in vivo within proliferating IH, and if it contributes
to the patient’s circulating erythrocytes, are yet to be deter-
mined.

the molecular

We infer that the haemogenic endothelium of proliferating
IH has the capacity to form cells of the hacmatopoietic line-
age. Given the evidence for formation of erythrocytes and
myeloid cells during primitive blood island formation,*” it is
also exciting to speculate that cells of the myeloid lineage, e.g.
mast cells, found in abundance within IH® may be
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downstream progenitors of the process of primitive hacmato-
poictic differentiation.

This paper contributes to an emerging body of evidence
pointing to IH as a tumour invelving the proliferation and
eventual differentiation of primitive mesodermal cells. This
finding gives new insights into the pathogenesis of IH, as a
possible extramedullary site of haematopoiesis, and may form
the basis for a novel model for investigating the process of
human haematopoicetic ontogeny.

What’s already known about this topic?

e Cells of the endothelial, hacmatopoietic and mesenchy-
mal lineages have been identified in infantile haeman-
gioma (IH).

* The capillary endothelium of IH expfcsses transcription
factors associated with haematopoiesis.

What does this study add?

* We demonstrate that the endothelium of IH expresses
the embryonically associated haemoglobin { chain and
the erythropoietin receptor.

» When cultured in vitro explanted IH tissue can be differ-
entiated to form enucleated erythrocytes.
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Supporting Information

Addirional Supporting Information may be found in the online
version of the article:

Fig §1. (a—d) A representative proliferating infantile hae-
mangioma (TH) explant culture. (a) No cells are visible in the
Matrigel at the edge of the IH explant culwure at day 0. (b)
After 2 weeks in culture cellular outgrowths are clearly visible
emanating from the IH explant. (¢) Following | menth in cul-
ture blast-like cells are visible arising from the cellular out-
growths, (d) After 3 months in culture multiple blast colonies
are clearly visible.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.
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Infantile hemangioma (IH), a benign vascular tumor, is the most common tumor of infancy,
with an incidence of 5%—10% at the end of the first year. The tumor displays a distinctive life
cycle consisling of a proliferating phase, occurring in the first months of life, followed by an
involuting phase. Thus, IH represents a unique model of postnatal vasculogenesis, angiogen-
esis, and vessel regression. Traditionally, corticosteroids were the drug of choice when treat-
ment of IH was indicated. In recent years, beta-blockers, most specifically propranolol, have
serendipitously been shown to be an effective pharmacological treatment. This article will
focus on the mechanism of action of these two drugs, the old and the new treatments, in
slowing the growth and accelerating involution of 1H.

nfantile hemangioma (IH), a benign vascular

tumor, is the most common tumor of infancy,
with an incidence of 5%-10% at the end of the
first year. There is increased risk in premature
neonates under the weight of 1500 g (Amir
et al. 1986), in females and in Caucasians
(Haggstrom et al. 2007). The tumor displays a
distinctive life cycle that can be separated,
both clinically and histologically, into three
phases (Enjolras and Mulliken 1993; Frieden
et al. 2005). The proliferating phase starts
within a few weeks from birth and ends within
the first year of life, with the most growth occur-
ring during the first 4—6 months of life (Fig. 1)
(Chang et al. 2008). In the proliferating phase
the tumor is composed of densely packed cells
that express endothelial and pericytic markers,

with features of immature vessels such as plump
endothelium and high nuclei/cytoplasmic
ratio. Multipotent progenitor-like cells reside
outside of the vessels (Khan et al. 2008; Boscolo
and Bischoff 2009). The involuting phase typi-
cally begins at 1 yr of age. Clinically, the infantile
hemangioma shrinks centrifugally from the
center of the lesion, changes color to less red,
and softens. The vascular channels appear
more mature, with flattened endothelial cells,
an organized perivascular layer, and basement
membrane. There is a prominent apoptosis,
some occurring in endothelial cells (Iwata
et al. 1996; Razon et al. 1998; Dosanjh et al.
2000), and an increase in the number of mast
cells. Finally, at the involuted phase, tumor
growth has stopped and the tumor has
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ed sections from each phase. (A) Proliferating phase is highly cellular with immature vessels, (B)

Figure 1. Proliferating, inveluting, and involuted phases of infantile hemangioma. Hematoxylin and eosin stain

(H&E) stain
involuting phase contains well-formed blood vessels with endothelial and perivascular layers, and (C) involuted

phasc contains adipocytes, fibrous deposits,
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regressed. The regression is either complete or,
more often, leaves scar tissue, telangiectasia,
or redundant or anetodermic skin (Jackson
1998). When viewed in histological sections,
fat, fibroblasts, and connective tissue replace
the vascular tissue at this stage, with few large
feeding and draining vessels evident.

IH is a benign tumor, and in most patients
no specific treatment is required. However, in
10% of cases IH is problematic or even endan-
gering to the child, owing to its location or
owing to excessive growth. In these circum-
stances that carry the risk of irreversible disfig-
urement, airway obstruction, or decreased
vision, treatment is indicated. Corticosteroids
have been the first-line treatment for IH for
more than 40 years (Zarem and Edgerton
1967; Cohen and Wang 1972). In recent years,
beta-blockers, most specifically propranolol,
have serendipitously been shown to be an effec-
tive pharmacological treatment of proliferating
IH. Other, less common medications are in-
terferon-2a and vincristine (Maguiness and
Frieden 2010). This article will focus on the
mechanism of action of corticosteroids and
propranolol, the old and the new treatments,
in slowing the growth and accelerating involu-
tion of IH. For each drug, a general mechanism
of action will be reviewed, then its specific
mechanism against TH, and finally, broader
mechanisms in antiangiogenic therapy.

CORTICOSTEROIDS
General Mechanism of Action

Glucocorticoids, natural or synthetic, belong
to a class of steroid hormones that bind to the
glucocorticoid receptor (GR). Unbound GR
resides within the cytoplasm in an inactive state,
as an oligomeric complex with regulatory pro-
teins such as the HSP90 (heat shock protein-90
KD) (Dalman et al. 1989), HSP70 (heat shock
protein-70 KD), and the p5%9 immunophilin.
On diffusion of the glucocorticoid ligand into
the cytoplasm and its binding to high-affinity
GR, the receptor is activated, and a nuclear
localization signal is unmasked (Pelaia et al.
2003). The GR then translocates to the nucleus

where it binds to a glucocorticoid response ele-
ment (GRE) within the controlling region for
glucocorticoid responsive target genes (Adcock
et al. 2006). Once bound to DNA, GR can elicit
either transactivation or transrepression of gene
expression, Transactivation occurs through the
recruitment of complexes containing basal tran-
scription factors, coactivators, chromatin modi-
fiers, and RNA polymerase 1I, which together
induce histone modifications and chromatin
remodeling that lead to increased production
of messenger RNAs (mRNAs) (Adcock et al.
2006). As for transrepression, GR can bind to
a GRE that overlaps the DNA-binding site for
a transcription factor or the start site of tran-
scription, thus preventing gene expression.
Importantly for IH, GR can repress AP-1/NF-
kB-mediated gene expression. Furthermore, it
can interact with corepressors such as NCoR
(nuclear receptor corepressor receptor) or
dephosphorylate RNA polymerase 1T (Schaaf
and Cidlowski 2002; Schoneveld et al. 2004).
Finally, GR can induce rapid nongenomic effects
through a membrane-associated receptor (Nor-
man et al. 2004) or by modulating the activity of
kinases such as ERK, Akt, or phosphatidylinosi-
tol 3-kinase and protein kinase Akt.

Mechanism of Action in Infantile [H

When studying the effect of a drug on a tumoral
process, one has to consider the activity on the
different cellular compartments as well as on
the inter-relationships between the cells. Thus,
a brief description of the major cell types in
IH is provided. Endothelial cells constitute
about 20% of the cell population within the
tumor (Yu et al. 2004). These hemangioma-
derived endothelial cells have been shown to
be clonal, have immature morphology, and dis-
play increased growth and migratory properties
compared to normal dermal endothelial cells
(Dosanjh et al. 2000; Boye et al. 2001; Yu et al.
2001; Dadras et al, 2004). Pericytes, or mural
cells, are arranged around the endothelial cell
layer in a proliferating TH tissue section (Li
et al. 2003; Boscolo and Bischoff 2009). Several
cell types have been identified in the tumor’s
interstitium. Among them are mast cells, which

Cite this article as Cold Spring Harb Perspect Med 2011;1:a006460 = I 3

000 80



m Cold Spring Harbor Perspectives in Medicine

PERSPECTIVES

Tooc?”

www.perspectivesinmedicine.org

S. Greenberger and J. Bischoff

increase in number during involution (Qu et al.
1995; Tan et al. 2004), and myeloid cells
(CD457/CD14™), which are present during
the proliferative phase. Hemangioma progeni-
tor cells or hemangioma-derived stem cells
(HemSCs) have been identified and isolated
by us based on the expression of the human
stem/progenitor cell marker CD133 (Shmelkov
et al. 2005). These cells have self-renewal
capacity and display multipotential activity,
being able to differentiate in vivo into endothe-
lial cells and adipocytes (Khan et al. 2008).
When injected subcutaneously into nude mice,
HemSC form human blood vessels that express
GLUT-1, a specific IH marker. Hence—the
HemSC are vasculogenic—able to form blood
vessels de novo. Furthermore, 2 mo after injec-
tion the vessels are replaced by fat tissue, indicat-
ing the HemSCs can recapitulate key features of
the life cycle of TH.

Evidence from In Vitro and In Vivo
Studies of IH

Blocking of the Vasculogenic Potential
of HemSC

To study the effect of corticosteroids on vas-
culogenic processes that occur when HemSC
are implanted in vivo, we used our animal
model. HemSC were injected subcutaneously
into nude mice, and dexamethasone (a synthet-
ic glucocorticoid) was injected intraperitoneally
thereafter for 7 d. Dexamethasone inhibited the
formation of blood vessels in a dose-dependent
manner (Greenberger et al, 2010b). Further-
more, by pretreating the HemSC and endothelial
cells with dexamethasone, each separately in vitro
and before implantation, we were able to show
that HemSCs, and not the endothelial cells,
are the target of corticosteroids. This indicated
that steroids might work by inhibiting the vas-
culogenesis that occurs in [H.

Down-Regulation of Vascular Endothelial
Growth Factor A

Vascular endothelial growth factor A (VEGF-
A), a master regulator of angiogenesis and vas-
culogenesis, has been shown by us and by others

to be present at higher levels in IH tumors in the
proliferating phase compared to the involuting
phase (Takahashi et al. 1994; Chang et al.
1999; Kleinman et al. 2007; Greenberger et al.
2010a,b). It has also been shown that cortico-
steroids suppress the expression of VEGF-A in
a variety of cell types (Bandi and Kompella
2001; Kompella et al, 2003; Kim et al. 2008}.
We found that the corticosteroids dexametha-
sone, prednisone, prednisolone, methylpredni-
solone, and hydrocortisone were each able to
dramatically down-regulate VEGF-A secretion
by HemSC. The suppression was reversed by
RU-486, a synthetic steroid hormone antago-
nist, indicating a GR-dependent mechanism
{Greenberger et al. 2010b). These findings are
consistent with reports that show decreased
levels of VEGF-A in the serum of TH patients
following systemic steroid therapy (Zhang
et al. 2005). Silencing the expression of VEGF-A
in HemSC by short hairpin RNA (shRNA) was
sufficient to block blood vessel formation in
vivo (Greenberger et al. 2010b). The effect of
the steroids was not mediated by the induction
of apoptosis as dexamethasone did not lead to
reduced viability of HemSC or endothelial cells,
even at concentrations 1000 times higher than
those that led to VEGF suppression.

Modification of Proangiogenic Profile

The direct target genes of corticosteroids in vivo
are still largely unknown and might be tissue
or even cell specific (Phuc Le et al. 2005; van
Batenburg et al. 2010). Examining HemSC
and endothelial cells in vitro revealed that
several corticosteroid-modified genes with rele-
vance for angiogenesis, in addition to VEGF-A,
were expressed (Greenberger et al. 2010b).
Monocyte chemotactic protein-1 (MCP-1),
which has been reported to be overexpressed
in proliferating versus involuting infantile
hemangioma (Isik et al. 1996), was suppressed
by dexamethasone. Interleukin-6, which was
detected in in vitro hemangioma models
(Hasan et al. 2003), was also suppressed, as
were matrix metalloproteinase-1 (MMP-1)
and urokinase-type plasminogen activator re-
ceptor (uPAR). These target genes, MCP-1,
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uPAR, and IL-6, were found to be differentially
expressed in proliferating versus involuting IH
tissue by quantitative real-time polymerase
chain reaction (PCR) measurements (Green-
berger et al. 2010b). In sum, corticosteroids
seem to affect key molecules in the angiogene-
sis process when analyzed in HemSC and
hemangioma-derived endothelial cells cultured
in vitro.

Suppression of Nuclear Factor
k-Light-Chain-Enhancer of Activated
B Cells Activity

Corticosteroids are known to be regulators of
nuclear factor k-light-chain enhancer of acti-
vated B cells (NF-kB) activity, through several
distinct mechanisms ( Tao et al. 2001), for exam-
ple, (1) physical interaction between NF-xkB
subunits and GR (Caldenhoven et al. 1995),
(2) increased transcription of the NF-kB inhib-
itor IkBa (Auphan et al. 1995), and (3) compe-
tition for interactions with coactivators (Kamei
et al. 1996; Lee et al. 1998). In HemSC, corti-
costeroids suppress NF-kB activity. This sup-
pression in turn leads to down-regulation of
VEGEF-A, as well as other proangiogenic cyto-
kines MCP-1, uPAR, MMP-1, and IL-6 (Green-
berger et al. 2010a). As VEGF-A is critical for
hemangiogenesis, this finding suggests that
the effect of corticosteroids is to interfere with
NF-kB regulation. In addition, suppression of
NF-kB may also have direct antiendothelial
effects, as NF-«kB has been shown to contribute
to embryonic carcinoma (EC) survival in vitro,
and NF-kB blockade in vivo sensitizes ECs to
stress-induced apoptosis (Kisseleva et al. 2006).

Antagonizing Estrogen’s Effects

Corticosteroids have been shown to antagonize
estrogen responses (Bever et al. 1956; Rhen et al.
2003), including the prosurvival effects of estro-
gen (Zhou et al. 1989) and its stimulatory effects
on insulin growth factor-1 (IGF-1) (Sahlin
1995). This inhibition might occur through
corticosteroid induction of the expression and
activity of estrogen sulfotransferase, an enzyme
that deactivates estrogens (Gong et al. 2008). In

infants with proliferating IH, serum levels of
estrogen (estradiol 17) have been shown to
be increased compared to normal infants.
(Sasaki et al. 1984; Liu et al. 1999). Further-
more, estrogen receptor (ER) expression and
binding activity were reported to be higher in
patients with proliferating 1H (Sasaki et al.
1984; Kleinman et al. 2007) and to decrease fol-
lowing corticosteroid treatment (Sasaki et al.
1984). As estrogen has been shown to be essen-
tial for neoangiogenesis (Das et al. 2009) and
vasculogenesis (Masuda et al. 2007) in the
reproductive system, it might then be the case
that corticosteroids exert an additional effect
on IH—that of antagonizing the activity of
estrogen.

PROPRANOLOL

Propranolol as a pharmacological treatment of
IH was first reported in 2008, in two children
who showed rapid regression of disease when
treated with propranolol for cardiopulmonary
indications (Leaute-Labreze et al. 2008). Since
then, propranolol treatment for IH has become
popular worldwide and positive results with its
use are reported by many groups (Cheng et al.
2010; Mazereeuw-Hautier et al. 2010; Rosbe
et al. 2010). Propranolol is a noncardioselective
B-adrenergic receptor blocker used tradition-
ally for other indications such as hyperten-
sion, angina pectoris, myocardial infarction,
migraines, anxiety disorders, and tremor. The
mechanism of action of propranolol on IH
remains elusive. To date there are no studies
on the effects of propranolol using IH animal
models or cultured IH-derived cells. Therefore,
we will summarize here the general mechanism
of action of propranolol and suggest possible
mechanisms based on data derived from studies
performed using angiogenesis assays and endo-
thelial cells.

General Mechanism of Action

When catecholamines, adrenaline and nor-
adrenaline, interact with the 3-adrenergic recep-
tors B1 or B2, an agonist-promoted binding of
the receptor to the heterotrimeric guanosine
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triphosphate-binding protein Gs occurs, caus-
ing dissociation of Gu-GTP and GBv subunits.
This in turn leads to activation of adenylate
cyclase and production of cyclic adenosine
monophosphate (cAMP). Downstream effec-
tors of cAMP include cAMP-dependent protein
kinase (PKA) as well as cAMP-gated ion chan-
nels (Benovic 2002). Propranolol is an ortho-
steric antagonist of both 31- and B2-adrenergic
receptors. In addition, it has been shown to
function as central serotonin S-HT receptor
antagonist, inhibitor of noradrenaline reuptake
and indirect agonist of a-adrenergic receptors
(Young and Glennon 2009). The drug exists as
a pair of optical isomers: S(—)propranolol
and R(+)propranclol. The enantiomers bind
with relatively large differences in affinity to
the R-adrenoceptors (Young and Glennon
2009). Most commercial preparations contain
a mix of the two isomers.

Hemodynamic Effects

Following the administration of propranolol, a
rapid change in the tumor is typically noticed,
including decreased redness and softening
(Sans et al. 2009; Rosbe et al, 2010). This raises
the question of whether propranolol exerts its
effect via vasoconstriction of the high-flow
blood vessels feeding the IH tumor. Propranolol
has been shown to decrease blood flow to many
tissues following single administration (Nies
et al. 1973; McSorley and Warren 1978; Van-
denburg et al. 1981), Particularly in the skin,
adrenaline-induced vasoconstriction has been
shown to be increased by oral propranclol
(Doshi et al. 1984). However, as prolonged treat-
ment probably does not affect vascular resistance
in subcutaneous tissues (Jensen et al. 1983), it is
reasonable to assume that there are additional
mechanisms that account for the prolonged ef-
fects of propranolol on the course of IH.

VEGF-A

VEGF-A is a critical factor for the growth of IH.
Thus, suppression of VEGF-A by propranolol is
a plausible mechanism for its activity. Noradre-
naline has been shown to enhance VEGF-A

production by several cell types, both normal
and cancerous (Fredriksson et al. 2000; Lutgen-
dorf et al, 2003; Park et al. 2011). Furthermore,
in an ovarian carcinoma animal model, cate-
cholamines up-regulated tumoral VEGF and
increased angiogenesis (Thaker et al. 2006).
These effects of the catecholamines are medi-
ated by the B1 and B2 adrenergic receptors
and are blocked by propranolol (Fredriksson
et al. 2000; Park et al, 2011). In addition to
VEGE noradrenaline up-regulates HIF-1a pro-
tein (Park et al. 2011). The signal transduction
pathway leading to HIF-la and VEGF-A
up-regulation is mediated through cAMP and
PKA (Fredriksson 2000). In some cell lines,
Src tyrosine kinase, a downstream effector of
PKA, is involved, however, not through activa-
tion of the mitogen-activated protein (MAP)
kinases Erkl/2 (Fredriksson et al. 2000).
Importantly, propranolol does not affect base-
line level of VEGF-A production by the cells,
but rather opposes catecholamine stimulation
(Fredriksson et al. 2000; Thaker et al. 2006).
Thus, if VEGF suppression is a proposed mech-
anism of action, one must assume increased
noradrenaline stimulation or increased sensitiv-
ity to noradrenaline in the tumor. Studies test-
ing these assumptions in vitro and in vivo on
IH models are needed to begin to gain some
insight into how propranolol exerts its effects
on IH. In our laboratory, we examined the effect
of propranolol on VEGF-A production in
hemangioma-derived stem cells and endothelial
cells, but found no evidence that proproanolol
affected VEGF-A under basal cell culture condi-
tions (S Greenberger et al., unpubl.).

Down-Regulation of Other Proangiogenic
Cytokines

Angiogenesis is a process in which a coordi-
nated set of events leads to the formation of
new blood vessels by sprouting from pre-
existing vessels. Among those events is the pro-
teolysis of components of the extracellular
matrix allowing the endothelial cells to migrate
and sprout (Aznavoorian et al. 1993; Bergers
et al. 2000). Accordingly, matrix metallopro-
teinases (MMPs), secreted both by tumor cells
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and by tumor-associated macrophages (TAMs)
have been shown to be critical for angiogenesis
(Bergers et al. 2000; Fang et al. 2000; Huang
et al. 2002). In a vascular tumor model, using
endothelioma cells, a synthetic inhibitor of
MMPs inhibited in vivo tumor growth (Tarabo-
letti et al. 1995). Noradrenaline increases the
expression of MMP-2 and MMP-9 by tumor
cells and by macrophages, and these effects
could be inhibited by the beta-blocker, propra-
nolol (Lutgendorf et al. 2003; Guo et al. 2009).
Propranolol has also been reported to block
the up-regulation of MMP-7 in a gastric tumor
(Shi et al. 2010). In brain vascular endothelial
cells, propranolol blocked the induction of
MMP-9 by PMA (a phorbol ester that causes
an extremely wide range of effects in cells
(Blumberg 1981; Annabi et al. 2009). Thus, it
is possible that propranolol’s effect is mediated,
at least in part, by MMPs regulation.

In addition to MMP down-regulation,
propranolol might inhibit hemangiogenesis
by the control of another proangiogenic cyto-
kine, IL-6. Recent reports have shown IL-6 is
up-regulated by catecholamines, both in the
transcriptional and in the translational levels,
and that the up-regulation is blocked by pro-
pranolol. In-depth analysis of this signaling
pathway also suggests a cAMP and Src kinase-
dependent mechanism (Nilsson et al. 2007). It
is of interest that both corticosteroids and pro-
pranolol suppress VEGEF-A, MMPs, and IL-6.
This overlap in activity may provide a clue to
the roles of these proteins in the pathogenesis
of TH.

Effects on Differentiation

IH is a tumor in which new blood vessels form,
presumably de novo, from immature progenitor
(stem) cells. Thus, it is possible that propranolol
prevents the hemangioma stem cells from
differentiating into endothelial cells or pericytes
(Frieden and Drolet 2009). Another possibility
is that propranolol hastens the differentiation
of the progenitor cells into adipocytes, which
would in effect convert the tumor stage from
“proliferating” to “involuting.” Although sup-
port for this hypothesis has not yet been

provided by experimentation with in vitro or
in vivo models of IH, effects have been reported
on mesenchymal stem cells. For example, nor-
adrenaline has been shown to push mesenchymal
progenitors within white adipose tissue toward
a brown adipocytic phenotype (Vegiopoulos
et al. 2010). Also, an effect of noradrenaline
on mesenchymal stem cell adipogenesis has
been shown in vitro (Li et al. 2010).

CONCLUDING REMARKS

In recent years, our understanding of the patho-
logical vasculgenic process leading to IH prolif-
eration has expanded with the identification of
hemangioma stem cells and the corticosteroid-
sensitive targets. The emergence of propranolol
as a new therapeutic option that is both safe and
effective provides a crucial alternative therapy
for disfiguring, and at times, life-endangering
hemangiomas. A major challenge for the future
years will be to elucidate the mechanism of
action of prpranolol on proliferating IH. In-
sights gained from such studies will enable the
development of target-specific drugs, not only
for IH but also for malignant vascular tumors
and tumor angiogenesis.
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to RAF inhibitors; thus, it will be
worthwhile to examine changes in Ax|
expression in cell line-based models
of resistance to RAF inhibitors, as well
as in samples from relapsed patients. In
summary, Gas6-Ax| signaling may be
a signaling “axis of evil” in melanoma,
and it should be investigated further as a
“druggable” pathway.
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Infantile Hemangioma Research:
Looking Backward and Forward

[lona |. Frieden®

This is a remarkable time to be a student of infantile hemangiomas (IHs). IH is a
common tumor, estimated to occur in approximately 4% of infants. Studied for
many decades, the acquisition of knowledge and pace of IH research are accel-
erating, The article by Greenberger et al. in this issue is a welcome addition to
the literature. It examines rapamycin as a possible treatment for IH that could
potentially be curative because suppression of self-renewal of stem cells might
deplete hemangiomas of the stem cells from which they originate. However,
before we get too enthusiastic about using rapamycin for IHs, it is important to
reflect on lessons learned from previous hemangioma therapies.

Journal of Investigative Dermatology (2011) 131, 2345-2348. doi:10.1038/jid.2011.315

Infantile hemangioma research
in the 20th century
Although  there was
far back as the late

infantile _hemangioma (IH) involuted
spontaneously, studies describing the
natural history of IHs published in the
1960s more clearly delineated the

evidence as
1930s that
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characteristic natural history of rapid
growth followed by gradual involu-
tion. X-irradiation therapy, an effective
treatment for hemangiomas, was used
widely from 1930 to 1950 (Mulliken
and Young, 1988). Starting in the 1950s,
prominent physicians—among them
the founders of the subspecialty of pedi-
atric dermatology, Alvin Jacobs and
Sidney Hurwitz—decried the use of
X-irradiation and attempts at preemptive
surgical removal, advocating a hands-
off approach. Why, after all, would you
treat something that would go away on
its own? This was sage advice, but it had
its limitations. Although most heman-
giomas involute without leaving major
sequelae, a significant minority are
problematic.

An important therapeutic break-
through came in the mid-1960s, when
systemic corticosteroids were found
to be an effective treatment. Despite
their many potential side effects,
prednisolone and other corticosteroids
became a mainstay of treatment for
those hemangiomas severe enough to
require systemic therapy. Treatment of
IH causing medical morbidities (e.g.,
amblyopia or ajrway disease) was
clearly necessary. Less clear, however,
was the approach for hemangiomas
that are not medically endangering but
are arguably life-altering—leaving scar-
ring or permanent distortion of impor-
tant anatomic structures of the face,
such as the nose and lips.

In 1982, Mulliken and Glowacki
proposed a biologic classification of
vascular birthmarks into “hemangio-
mas” and “vascular malformations.”
This was a major conceptual break-
through that helped to clearly delin-
eate IHs as an entity distinct from
other vascular birthmarks (particularly
venous malformation, with which it
was often lumped, under the diag-
nosis of “cavernous hemangioma”)
(Mulliken and Glowacki, 1982). Like
many other important ideas, this one
seems obvious in retrospect. At the
time, however, nosologic confusion
was a major obstacle to understand-
ing the biology of IH; this confusion
hampered efforts to define optimal
treatments. A chronic lack of fund-
ing also hindered research. Without
funding from the National Institutes
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of Health or pharmaceutical interest,
research continued to consist mainly
of case reports and small case series.

By the late 1980s and early 1990s,
multidisciplinary vascular anomalies
centers [were being established both in
the United States and internationally.
These centers began to concentrate
referral! patients and increase collec-
tive expertise regarding hemangiomas
as well as other vascular anomalies.
Interested physicians and scientists
began 'to hold informal workshaps,
and in[1992, the International Society
for the Study of Vascular Anomalies
was established. Other developments
that spurred interest in hemangiomas
included the trend toward increasing
patient self-advocacy, which led many
parents of infants with IHs to question
the standard advice “not to worry” and
instead look for other answers. Patient-
support organizations were formed.

Advances in laser therapy, particu-
larly the pulsed dye laser (PDL), which
became commercially available in
1989, added another potential treat-
ment| for IHs. This advance, in turn,
led many physicians to reconsider
whether there might be better therapies
(including PDL) to treat hemangiomas.
In 1991, Ezekowitz et al. reported the
use of interferon (IFN)-a as a novel
hemangioma therapy; in 1992 they
published a case series of 20 patients,
most of whom had failed systemic cor-
ticosteroid therapy. Recognition of the
need for better therapies is attested to
by more than a dozen articles pub-
lished within five years after the initial
reports of IFN therapy (Ezekowitz et af.,
1992). Unfortunately, another lesson
was learned from the IFN experience:
in the late 1990s, severe neurotoxicity
was recognized as a side effect, occur-
ring in up to 20% of patients.

IH research in the 21st century

The pace of hemangioma research
has increased significantly in the 21st
century (Figure 1). In January 2000,
North et al. published their seminal
observation that, unlike other vascular
tumors or vascular malformations, IHs
stain with the immunohistochemical
marker Glut-1 (North et al., 2000).
This and the many observations that
followed revolutionized the way we

1,400
” 1,232
O Hemangioma -
1,200 T g Hemangioma therapy
‘é’ 1,000 O Hemangioma pathogenesis
E 812
5 800
=3
a
S 600
@
o
g 400 -+
=z
200 -+
0 T T )
1960-1969 1970-1979  1980-1989 1990-1999 2000-2009
Years of publication
Figure 1. Results of a PubMed search on T August 2011, Search terms: hemangiomalmajr:noexp]

OR {hemangioendotheliomalmajr:noexp]) OR (hemangioma, capillarylmajrinoexp]) OR
themangioma, cavernous[majr:noexp]). Limits: All infant: birth-23 months. Subsearches were
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think about hemangiomas. We now
know that IH is not a tumor of ordi-
nary cutaneous blood vessels that have
“run amok” but, rather, a growth with a
unique vascular phenotype. The dem-
onstration of the remarkable similari-
ties between IH and placental blood
vessels led several investigators to look
more closely at the cells of origin of IH.
We now recognize that IH may be not
solely a disorder of angiogenesis (i.e.,
the sprouting of vessels from exist-
ing ones) but in fact due—at least in
part—to a disorder of vasculogenesis
(i.e., de novo formation of new blood
vessels from circulating stem cells)
(Boscolo and Bischoff, 2009; Dadras
et al., 2004). The progenitor cells of IH
have many pluripotent qualities, with
features of myeloid, monocytic, endo-
thelial, and even neural crest differen-
tiation (Itinteang et al., 2010; Kleinman
et al,, 2007). Therefore, IHs may rep-
resent a growth of primitive mesen-
chymal cells in a state of arrested
development, Attempts to character-
ize the nature of the progenitor cells
of hemangiomas continue. The devel-
opment of sustainable in vitro and ex
vivo models was another major step. In
2000, Tan et al. reported such a model,
with tissue explants of IH embed-
ded in fibrin gel (Tan et al., 2000). In
2008, Khan et al. reported the creation
of a sustainable ex vivo model in nude
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mice. In this model, used in the cur-
rent study, isolation of multipotential
stem cells from surgically removed IH
tissue gave rise to hemangioma-like
lesions, retaining phenotype and even-
tually involuting with decreased blood
vessels and increased adipocytes,
mimicking the natural history of IHs
(Khan et al., 2008).

Qver the past decade, many studies
have increased our understanding of
the clinical characteristics of IHs. We
now know that hemangiomas are not
randomly distributed. We have also
moved beyond the traditional mor-
phologic descriptions of IH as super-
ficial, deep, and mixed to recognize
two other important patterns of hem-
angiomas: those that are spatially con-
fined, or “localized,” and those with
a territorial distribution, or “segmen-
tal” (Chiller et al., 2002; Waner et al.,
2003). The patterns of segmental hem-
angiomas of the face were found to cor-
respond to embryologic prominences
(such as the maxillary and mandibular
placodes) that arise early in embryo-
logic development (Haggstrom et al.,
2006b; Waner et al., 2003). Like their
smaller, more localized counterparts,
segmental IHs have all the immunohis-
tochemical and molecular features of
other IHs, including rapid growth and
spontaneous involution, but the recog-
nition of these patterns of distribution
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and the increased appreciation that
IHs can have associated structural
malformations (e.g., PHACE syndrome)
provided further clues that segmental
IHs arise via an early error in embryo-
logic development that is permissive for
hemangioma progenitor cell growth.

A study of early hemangioma growth
by the Hemangioma Investigator
Group (HIG) added yet another
clue to the developmental nature of
hemangiomas. Both localized and
segmental hemangiomas, rather than
having a lateral growth phase (as one
might expect from a conventional
tumor), “mark out their territory”
and grow volumetrically (Chang et
al., 2008). Other HIG studies have
helped to identify the clinical charac-
teristics that best predict the greatest
risk for  complications. A prospec-
tive cohort study of more than 1,000
infants demonstrated that segmental
hemangiomas have a higher risk of
complications, need for treatment,
and associated structural anomalies
(Haggstrom et al, 2006a). Current
HIG studies include the creation of a
disease-severity score and the creation
of an instrument for measuring the
impact on parental quality of life.

This history would not be complete
without mention of one of the most
remarkable recent developments:
the serendipitous observation that
propranolol is an effective treatment
for IHs. In the three years since June
2008 when Leaute-Labreze et al. first
reported their findings in a letter to
the New England Journal of Medicine,
more | than 140 articles regarding
B-blocker therapy for IHs have been
published, nearly all reporting positive
results (Leaute-Labreze et al,, 2008).

Clinical Implications

Other p-blockers, such as acebutolol
and nadolol, may also be effective,
and preliminary reports of a topical
B-blocker, timolol, suggest that it may
be helpful for smaller, more superfi-
cial hemangiomas, Experience thus far
with propranolol for IHs again points
to caution when treating young infants
with hemangiomas—one might have
expected bradycardia or hypotension
as possible side effects, but, instead,
hypoglycemia has emerged as a rare
but potentially serious side effect.

Future therapies

Greenberger and colleagues’ study
(2011, this issue) regarding the effects
of rapamycin on an in vitro model of
IH is a welcome step in this journey.
Rapamycin appears to target HemSC
via a mechanism distinct from cortico-
steroids, suggesting that the drugs used
together (perhaps at lower doses) could
enhance their effects. Interestingly, this
report does not mention whether pro-
pranolol or other B-blockers have simi-
lar effects—something that would be
of great interest because propranolol is
becoming a first-line therapy in many
centers. The finding of a loss of stem
cell properties should be of particular
interest because such an effect might
conceivably offer a cure without the
rebound growth that can be a problem,
for a significant minority of patients, in
both steroid and B-blocker use. The tar-
get of rapamycin (mTOR}) is a kinase of
the phasphoinositide 3-kinase signaling
pathway. It is one of the most important
intracellular mediators of the activity of
growth factor receptors, including vas-
cular endothelial growth factor (VEGF).
Although preliminary evidence suggests
that rapamycin, given systemically or

» Multipotential stem cells from surgically removed infantile
hemangioma (IH) tissue give rise to hemangioma-like lesions that

mimic the natural history of IH.

* Based on research reported in this article, rapamycin may benefit

infants with 1H.

* Even if rapamycin does benefit some infants with IH, its potential for
toxicity appears to be greater than that of propranolol.

* There is a severe lack of high-quality randomized controlled trials that
assess the effects of treatment for IH.
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applied topically, is beneficial under
other conditions with vascular over-
growth (such as angiofibromas in tuber-
ous sclerosis), its activity would not nec-
essarily be anticipated in IH. In addition
to its possible therapeutic implications,
the finding of its effects in a laboratory
model of 1H should certainly be taken
as a clue to looking closely at its effects
on VEGF and VEGF receptors, which
have already been shown to play a role
in_hemangioma growth (Jinnin et al.,
2008).

The idea of yet another drug that
might be useful in treating IHs is excit-
ing, but the history of unanticipated
problems with previous hemangioma
therapies makes it important to inject
a cautionary note. We have known
for decades that not all hemangiomas
need treatment; enthusiasm for a new
therapy should never let us lose sight of
this important fact. Given the tremen-
dous heterogeneity in size, location,
and growth potential, the development
of validated disease-severity scores
should help to ensure that we com-
pare hemangiomas of similar severity
rather than lumping together disparate
IHs. Equally important is the recogni-
tion that the target population for hem-
angioma therapy is infants who both
are undergoing rapid somatic growth
and have rapidly maturing organs—in
particular, the central nervous system.
Infants may thus be particularly vul-
nerable to side effects that are either
unanticipated (e.g., spastic diple-
gia with IFN) or rare in older patients
(e.g., hypoglycemia with propranolol).
Rapamycin (sirolimus), a calcineurin
inhibitor, has many potential side
effects and has boxed warnings regard-
ing risk of immunosuppression and risk
of developing lymphoma and other
malignancies. Experience regarding
its toxicities in infants is limited (Blatt
et al, 2010). It is generally not used
in combination with corticosteroids
because of the potential for additive
immunosuppressive effects. Do these
concerns mean we should not con-
sider rapamycin a potential treatment?
Not necessarily—but we should hold
ourselves to a higher standard than in
decades past and study this and future
hemangioma therapies in an evidence-
based manner.
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A recent Cochrane analysis high-
lights the deficiencies of previous
hemangioma treatment. More than
four decades after corticosteroids were
found to be effective in treating IHs and
two decades after the introduction of
PDL for IHs, the authors of this meta-
analysis were able to find only four
randomized controlled trials (RCTs),
involving only 271 patients, to ana-
lyze (Leonardi-Bee et al., 2011). They
found insufficient evidence to support
existing interventions, such as cortico-
steroids and laser, and concluded that
there is “a need for further high-guality
RCTs to validate the findings from these
studies, and RCTs to assess the effect of
other treatments, in particular relating
to propranolol.” Fortunately, at least 10
treatment studies for 1H are currently
listed at ClinicalTrials.gov, includ-
ing a large international RCT compar-
ing propranolol and placebo, and it is
hoped that more will follow. We owe
it to infants with IHs and the scientific
community to study this disease and its
potential therapies rigorously.
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Propranolol versus Prednisone in the Treatment

of Infantile Hemangiomas: A Retrospective
Comparative Study
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Abstract: The goal of the current study was to compare the clinical
effectiveness of oral propranolol with that of oral prednisone in the treatment
of infantile hemangiomas (IH). Patients treated for IH with oral propranolol
were retrospectively matched with patients treated with oral prednisone
according to type, location, and size of the IH and age at start of treatment.
Response to treatment was evaluated by rating serial medical photographs
taken 1, 2, and 6 months after initiation of treatment. Degree of clinical
improvement in overall appearance (Including color and size) was rated as
follows: worse or stable (0), slight (<25%), moderate (25-50%), good (50—
75%), or excellent (>75%]). A second assessment was done using a 100-mm
visual analog scale to rate improvement at 6 months. Pre and post-treatment
imaging was available for several patients. Twelve pairs of infants with IH
were analyzed. At 1 month, clinical improvement in the propranoclol group
was moderate to good in all patients. In the prednisone group, only one
patient had moderate improvement, with others showing slight (7/12) or no
improvement or stabilization (3/12) from baseline and one case worsening.
At 6 months, the propranolol group showed good to excellent response in all
cases, whereas nine In the prednisone group showed slight to moderate
response, Doppler ultrasound and magnetic resonance imaging correlated
with the clinical improvement In the cases in which it was performed. No
major side effects were observed in either group. Propranolol appears
superior to oral prednisone in inducing more-rapid and greater clinical
improvement in this study. A larger prospective study comparing these two
treatment modalities is warranted.
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Infantile hemangiomas (IH) are the most common
tumor of infancy, occurring in 4% to 10% of infants,
mostly female (1). Most IH have a characteristic dynamic
natural history of growth early in infancy followed by
spontaneous involution, although a minority can be
problematic and even life threatening. Size, location,
and subtype (segmental or localized) of IH are fac-
tors predicting possible complications, including ulcera-
tion, functional impairment, and cardiac compromise
(2). Finally, TH of the face can lead to permanent
disfigurement.

Oral corticosteroids have been the gold standard in
the treatment of problematic IH (1,3). Prospective data
on corticosteroid therapy for IH are lacking, and no
consensus exists as to the optimal treatment regimen and
response rate (2,3). Effectiveness, defined as stabilization
or decrease in size, has been reported in up to 75% of
cases with doses of 2-3 mg/kg/day (3), but optimal dose
and regimen for tapering remain unknown (3). Other
therapeutic modalities for complicated [H include
interferon and vincristine (4,5). A significant risk of
neurologic and hematologic toxicity is associated with
these modalities, limiting their use (4). As reported by
Léauté-Labréze et al (6), propranolol at 2-3 mg/kg/day
has been reported to be efficient at controlling the pro-
liferation of TH. Improvement appears to be more rapid
and greater with propranolel than with systemic steroids
(7). Multiple reports have confirmed the efficacy of pro-
pranolol, and most feel that it is superior to oral corti-
costeroid, but no objective data exist to support this
clinical impression,

We sought to retrospectively compare the clinical
effectiveness of oral propranolol with that of oral
prednisone in the treatment of TH,

METHODS

This study was conducted in the dermatology and vas-
cular anomalies clinic in a pediatric academic referral
center. Patients treated with oral propranolol were ret-
rospectively matched with patients treated with oral
prednisone from our vascular anomalies database and
matched according to type, location, and size of IH and
age at start of treatment. Serial medical photography, by
professional medical photographers, is part of our reg-
ular follow-up of patients with IH.

Response to treatment was primarily evaluated by
rating of serial medical photographs by two independent
evaluators using two methods of assessment. Two reg-
istered nurses involved in the general dermatology clinic,
but not in vascular anomalies, were asked to evaluate the
overall appearance (defined as the general aspect of the
lesion, including color and size). Photographs taken 1, 2,

TABLE 1. Rating of Improvement { Method 1)

Degree of improvement Rate

Stable or worse (0%)

Slight improvement ( < 25%)
Moderate (25-50%)

Good (50-75%)

Excellent (> 75%)

e b — D

and 6 months after initiation of treatment were rated
according to percentage of improvement (Table 1). A
100-mm visual analog scale (VAS) was used at 6 months
for the same purpose. Serial photographs were randomly
given to the evaluators without matching pairs, They
were evaluated independently, and evaluators were
blinded to treatment.

A VAS is a measurement instrument used to evaluate
a characteristic that cannot be easily measured. A hor-
izontal 100-mm line with a range from —100 to 100 was
used. Doubling in size was recorded as —100, no change
as 0, and complete reselution as 100 (8). Our methods of
evaluating efficacy of treatment, including the VAS,
were previously used in other studies on the treatment of
IH (8,9). Intraclass correlation coefficients (ICC) were
used to quantify correlation between evaluators and the
t-test was used to establish statistically significant dif-
ferences in efficacy of both treatments. Using the Wil-
coxon analysis, we calculated that the mean age at
initiation of treatment was similar for the two groups.
Retrospective chart review was performed for all
patients.

RESULTS

Twelve selected pairs of infants were analyzed. Locations
of treated IH were eyelid (n = 3), cheek (# = 3), nose
(n = 2), forehead or glabella (n = 2), parotid gland
(n=1), and lip (n = 1). Types of IH were mixed
(n = 6),deep (n = 4),and superficial (# = 2). Of these,
two pairs of segmental facial IH were included; they did
not have cerebrovascular anomalies and did not fulfill the
diagnostic criteria for PHACE syndrome.

Mean age at initiation of treatment was similar in both
groups (3.8 months (range 1-9 months) for prednisone
and 3.7 months (range 1.5-8.7 months) for propranolol
(p = 097), Mean dose was 2.8 mg/kg/day (range
2.0-4.0) for patients treated with prednisone and
2.7 mg/kg/day (range 2.5-3.5) for propranolol.

After | month of treatment, clinical improvement
was moderate to good in all patients treated with
propranolol. In the prednisone group, only one patient
had moderate improvement, and others showed slight
(7/12) or no improvement or stabilization (3/12) from
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Time =0 | menth

Figure 1. Right upperlip infantile hemangioma: comparative medical photographs taken before treatment (time =

2 months 6 months

02 and after 1,

2, and 6 months of treatment (upper row: prednisone, lower row: propranolol). Age at start of treatment: 3.7 months (prednisone)

and 4.5 months (propranolol).

Prednisone

| menth

baseline photographs, with one case that had wors-
lened. All patients treated with propranolol had good
|to excellent improvement at 6 months, whereas all of
Ithose treated with prednisone had slight to moderate
improvement. We calculated the mean rating of
| improvement by the two investigators at each time
| point for both treatments. Prednisone was rated as 1.1
[ at 1 month, 1.3 at 2 months, and 1.8 at 6 months,
| versus propranolol, which was rated as 2.2 at | month,
[ 2.9 at 2 months, and 3.7 at 6 months (Figs. 1-4), Aflter
| 1, 2, and 6 months of continuous treatment, pro-
pranolol was significantly superior to prednisone
according to mean rating of improvement (p = 0.007,
p = 0.002, p < 0.001, respectively). ICC was between
0.762 and 0.862 for both treatments, at each point in

time (p = 0.001-0.01) (Fig. 4).

6 months

2 months

Figure 2. Lower eyelidinfantile hemangioma: comparative medical photographs taken before treatment (time = 0) and after 1,2,
and 6 months of treatment (upper row: prednisone, lower row: propranolol). Age atstart of treatment: 2.5 months (prednisone) and

3.3 months {propranolol).

Using the VAS, mean improvement after 6 months of
treatment was 44.8% with prednisone, versus 78.7%
with propranolol (ICC 0.833, p < 0.001; Table 2).

No serious adverse effects were observed. Based on
chart review, reported events in patients treated with
prednisone were irritability (n = 2), oral thrush (n = 2),
insomnia (# = 1), hypertension (n = 1), and growth
failure (n = 1). In patients treated with propranolol,
adverse effects were sleep disturbances ( = 6), transient
asymptomatic hypotension (n = 1), and vomiting
(n = 1)

Mean duration of treatment was 12.7 months
(range 5-28 months) for prednisone and 10.6 months
(range 7-13 months) for patients treated with propran-

olol; five patients were still being treated with propran-
olol at the time of chart review.
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Prednisene

| month

- -.2 months

Figure 3. Segmental facial infantile hemangioma (IH): comparative medical photographs taken before treatment (time = 0) and
after 1, 2, and 6 months of treatment (upper row: prednisone, lower row: propranolol). Age at start of treatment: 2.5 months
(prednisone) and 1.8 months (propranolol). These segmental IH were not associated with cerebrovascular anomalies or PHACE

syndrome.

1 month 2 months 6 months

|:| Prednisone Prapranolol

Figure 4. Clinical Improvement: Overall Appearance of
Serial Photo%raphs. Prednisone group: 1 month: Intraclass
coefficient (ICC)=0.843, p=0.002; 2 months, ICC=0.778,
p=0.01; 6 months, ICC= 0.862, p=0.001. Propranolocl
group: 1 month: 1CC=0.762, p=0.01; 2 months,
ICC =0.850, p=0.002; 6 months, ICC=0.804, p=0.006.

TABLE 2. Clinical Improvemeni: Visual Analog Scale
(6 Months)

Evaluator 1 Evaluator 2 Mcan

Prednisone 47.5 42.1
Propranolol  B2.9 75.6

44.82* (SD: 12.21)
78.73* (SD: 22.47)

FIntraclass coefficient (1CC) = 0.833, 95%., p < 0,001 (r-test).

DISCUSSION

Propranolol was significantly superior to oral prednisone
in inducing more-rapid and greater clinical improvement
according to evaluation of serial clinical photographs.
Our experience correlates with the initial reports by

Leauté-Labreze et al (6,10) The degree of improvement
with propranolol was almost twice that of prednisone at
all time points (Fig. 4).

This study’s retrospective nature and the small num-
ber of subjects limited it, and therefore, we could not
come to a conclusion on a relationship between location
or type of IH and response to treatment. Also, follow-up
imaging was not standardized. Moreover, side eflects
were obtained by review of patients’ charts. Reporting of
side cffects was not standardized, but growth in weight
and height was recorded for all patients.

The pathogenesis of IH is incompletely understood
(6). Angiogenesis is characterized by a tightly regulated
cascade of events (11). IH result from dysregulation of
angiogenesis with imbalance in proangiogenic (vascular
endothelial growth factor (VEGF), basic fibroblast
growth factor bFGF) and antiantiogenic factors (tissue
inhibitor of metalloproteinases). Overexpression of
VEGF occurs through hypoxemia-induced secretion of
hypoxia-inducible factor-1 alpha (HIF-1a) and adren-
ergic stimulation (11).

Beta-adrenergic receptors are found on endothelial
cells. With propranolol, a nonselective beta-adrenergic
antagonist, clinical improvement of IH is observed in
the first hours or days of treatment, probably by
inhibition of the vasodilatory effect of adrenaline on
vascular smooth muscle cells (11). Propranolol also
seems to control the proliferative phase of IH and
induce its involutive phase through reduced expression
of VEGF, inhibition of adrenergic stimulation, and
reduction of HIF-l«. In addition, propranolol reduces
expression of metalloproteinase-9, which inhibits tub-
ulogenesis of endothelial cells and induces apoptosis

(12-15).
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Propranolol should be used with caution in patients
with bronchospastic disease and heart conditions such
as heart failure and heart block. Other known adverse
effects include acrocyanosis, nightmares, insomnia, and
hypoglycemia (16,17). Propranolol can predispose
patients to hypoglycemia and blunt-related epineph-
rine-related signs and symptoms (16). This risk is well
recognized in the neonatal period. Holland et al iden-
tified 21 cases of hypoglycemia occurring with oral
propranolol; 17 cases occurred after an overnight to
24-hour fast. Physicians should be aware of this risk
and instruct parents regarding signs and symptoms of
hypoglycemia, temporarily withhold propranolol if the
child has diminished oral intake, and avoid use of
other medications known to induce hypoglycemia (17).
Long-term evaluation of [H after discontinuation of
propranolol is lacking, but rebound has been observed,
although it has not been as striking or refractory as the
rebound seen at times when systemic prednisone is
stopped.

The use of propranolol in PHACE syndrome with
cerebrovascular anomalies is controversial. Two of
our patients with segmental facial IH (S2 segment)
were |treated with propranolol; they did not have
cerebral vascular abnormalities on magnetic reso-
nance imaging or angiography (MRI/MRA), nor did
they fulfill the diagnostic criteria for PHACE syn-
drome. It is generally recommended that MRI/MRA
should be performed in patients with large segmental
facial IH to exclude significant cerebral arteriopathy
that could theoretically represent a relative contrain-
dication to propranolol treatment. In cases with
cerebrovascular anomalies, propranolel should be
used with caution because its safety has not been
established.

CONCLUSION

Despite its retrospective nature, our study supports pre-
vious impressions that propranolol is superior to pred-
nisone in controlling the growth phase in complicated
I'H. No scrious adverse side cffects were reported in either
group; the overall safety profile of propranolol appears
positive, but long-term data are lacking.

Propranolol should be a first-line therapy for prob-
lematic [H, but optimal dosage, modalities of adminis-
tration, duration of treatment, and safety have yet to be
established. Until results of ongoing prospective ran-
domized trials are available, careful selection and moni-
toring of patients treated with propranolol is mandatory.
Systemic corticosteroids remain a therapeutic option in
selected cases.
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STUDY

Propranolol vs Corticosteroids
for Infantile Hemangiomas

A Multicenter Retrospective Analysis
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Lawrence A, Schachner, MD; Ana M. Duarte, MD; Elizabeth Alvarez Connelly, MD

Objective: To determine whether propranolol therapy
is sale and effective and superior to oral corticosteroids
for treating infantile hemangiomas (1Hs).

Design: Multicenter retrospective chart review.

SeHting: University of Miami and Miami Children’s Hos-
pital, Miami, Florida.

Patients: The study included 110 patients with IHs,

Main Outcome Measures: The percentage of clear-
ance was quantified by documented serial global pho-
tography and clinical examinations (length, height, and
width) to segregate patients into 2 groups: patients who
had/clearance of 75% or more and patients who had less
than 75% clearance,

Results: The mean duration of treatment was 7.9 months
for propranolol and 5.2 months [or oral corticosteroids.
Filty-six of 68 patients (82%) who were receiving pro-
pranolol achieved clearance of 75% or more compared
with 12 of 42 patients (29%) who were receiving oral cor-
ticosteroids (P<.01). Adverse effects were minimal in

the propranoloel group: 1 patient had hypoglycemia and
2 patients had a nonspecifice skin eruption that was not
associated with propranolol therapy. All 42 patients in
the corticosteroid group had 1 or more adverse effects
(P<<.01). Relapse after discontinuation of propranoclol
therapy occurred in 2 of the 68 patients; however, both
patients responded to propranolol therapy on reinitia-
tion of treatment. Surgical referrals after treatment were
required in 8 patients (12%) in the propranolol group
and 12 patents (29%) in the oral corticosteroid group
(P=<<.01).

Conclusions: Propranolol therapy was more clinically
effective and more cost-effective than oral corticoste-
roids in treating IHs. It also resulted in fewer surgical in-
terventions and demonstrated better tolerance, with mini-
mal adverse effects, compared with oral corticosteroids.
Therefore, propranolol should be considered a [irst-line
agent given its safety and efficacy in the treatment of IHs.
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NFANTILE HEMANGIOMAS (1HS) ARE

common vascular tumors with a

characteristic natural history of

rapid growth during the first 3 to

12 months of age, followed by
slow and spontaneous involution from 3 to
7 years of age.! However, spontaneous re-
gression is no guarantee of a satisfactory
cosmetic result. Also, ulceration, scarring,
recurrent bleeding, and obstruction of vi-
tal structures with important functions such
as vision, respiration, hearing, feeding, and
defecation may complicate untreated 1Hs.!
Larger and/or mulliple cutaneous IHs may
be associated with high-output cardiac fail-
ure, substantial structural abnormalities,
cosmetic disfigurement, and psychosocial
morbidity in both the child and the fam-
ily. Therefore, IHs often require systemic,
surgical, and/or laser treatment to avoid
these adverse effects.

Until recently, the mainstay of treat-
ment for IHs has been corticosteroids in
various forms, including topical, intra-
lesional, and oral formulations, with the
most common being oral prednisclone.?
Only in complicated or refractory IH cases
have other reatment modalities, such as
interferon alfa-2a, imiquimod, vincris-
tine, cyclophosphamide, pulsed-dye la-
ser, and, most recently, propranoclol, been
considered. Since 2008, several reports
have demonstrated the effectiveness of pro-
pranolol (a nonselective B-blocker that is
used to treat hypertension, supraventricu-
lar tachycardia, congestive heart failure,
and thyrotoxicosis) for the treatment of
IH,>¢ Propranolol's presumed mecha-
nisms of action on IHs are attributable to
vasoconstriction by decreasing the re-
lease of nitric oxide, inhibition of proan-
giogenic signals such as vascular endo-
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thelial growth factor, basic fibroblast growth factor, and
matrix metalloproteinase 2/9, and induction of apopto-
sis in proliferating endothelial cells.”

Thus far, to our knowledge, no large retrospective study
has been published to address several unanswered ques-
tions regarding propranolol's efficacy for treating IHs ina
larger pediatric pepulation without underlying cardiac ab-
normalities. Also, data are lacking on the specific thera-
peutic parameters of propranolol therapy for THs, includ-
ing the duration of treatment required to achieve clearance,
the adverse effect profile, and the IH relapse rate after dis-
continuation of treatment. To date, the efficacy and ad-
verse effect profile of propranolol therapy has yet to be com-
pared with that of systemic corticosteroid therapy.

B METHODS e

STUDY DESIGN

Two major centers (the University of Miami and the Miami Chil-
dren’s Hospital, Miami, Florida) participated in the study. After
receiving institutional review board approval, we conducted a
retrospective chart review ol 139 patients with [Hs between Feb-
ruary 2005 and October of 2010. The review comprised 2 parts.

PART 1

Data were collected [rom 139 1H patient charts, which in-
cludled race, sex, mother's pregnancy history, age at initiation
of therapy, location, presence of PHACES syndrome and other
comorbidities, presence or absence of ulceration during treat-
ment, dosage of propranclol or corticosteroid therapy, age at
discontinuation of therapy, age at last follow-up visit, status of
IH at last follow-up visit, presence or absence of rebound growth
alter discontinuation of therapy, imaging data, adverse elfect
profile, and approximate cost ol therapy per patient.

PART 2

Twenty-nine of 139 charts were excluded: 22 patients had other
treatments (eg, topical or intralesional corticosteroids, topical imi-
quimod, pulsed-dye laser), and 7 patients were unavailable for
follow-up. A total of 110 patients remained for treatment analy-
sis, As a measure of clinical outcome, the percentage of clear-
ance was quantified by serial global photography and docu-
mented by clinical examinations (using length, height, and width
to calculate volume). The patients were placed into 2 groups:
those who had clearance of 75% or more (defined by a correlat-
ing percentage of decrease in volume, a cosmetically acceptable
result by physician and/or parent, and a lack of need for further
treatment) and those who did not (ie, <75% clearance).

For the propranolol group, the treatment protocol used in
the 2 centers participating in the study included an outpatient
pretherapeutic pediatric cardiology consuliation as well as blood
glucose and blood pressure monitoring during the first 48 hours
of treatment. Hospital admission was necessary in 2 of the pre-
mature patients in the neonatal period for close monitoring. In
patients with facial segmental IHs who were at risk [or PHACES
syndrome, magnetic resonance images of the brain were ob-
tained to assess the vasculature before the initiation of proprano-
lol therapy and to avoid any potential consequence ol medication-
induced hypotension, which could potentially precipitate a
vaso-occlusive event given the risk of malformed vasculature.

The propanolol treatment regimen started at 0.5 mg/kg/d di-
vided into 2 doses for 3 days, increased to 1.0 mg/kg/d divided

into 2 doses for 3 days, and finally reached the target dose of 2.0
mg/kg/d divided into 2 doses. Vitals were checked after the first
dose was administered and after each additional increased dose
thereafter. At the end of the treatment period, the propranolol
therapy was tapered overa 2-week period to minimize the risk of
a hyperadrenergic withdrawal response.® For the oral corticoste-
roid group, the dosage of therapy ranged from 2 10 4 mg/kg/d.
However, most patients were treated at the dose of 4 mg/kg/d.

STATISTICAL ANALYSIS

The data were analyzed using SPSS version 18.0 software (SPSS
Inc, Chicago, lllinois). Mann-Whitney tests were used to com-
pare the nonparametrically distributed outcomes of clearance
between the propranolol and the oral corticosteroid groups, ad-
verse elfects, ulcerations during treatment, clearance between
patients with periocular involvement in the propranclol and
corticosteroid groups, and clearance between patients who were
previously treated with corticosteroids followed by proprano-
lol and those who received only propranolol. P<.05 was con-
sidered statistically significant.

— T

PART 1

A total of 139 charts were reviewed. We captured pa-
tient demographics and the characteristics of their IHs
(Table). Our patients were predominantly female (male-
female ratio, 107:32). Seventy-five patients (54%) were
white, 62 (45%) were Hispanic, and 2 (1%) were Alri-
can American. These demographics are similar to the na-
tional IH data.® However, there is a greater representa-
tion of Hispanics living in Miami, Florida, where our
research was conducted. Hispanic ethnicity was not cat-
egorized by race in our retrospective study, so we may
have missed a subcategory of white Hispanics.

While most of the IHs (78%) were located on the head
and neck (59% on the face and 19% on the scalp), the
rest were distributed on the trunk (7%), extremities (10%),
and genitalia (5%). Twenty-four patients (17%) had a his-
tory of prematurity (defined as <37 weeks’ gestational
age), and 11 (8%) were products of multiple gestations.
Fourteen of the patients’ mothers (10%) had pregnancy
complications: 2 placental abnormalities (1 placenta pre-
via, 1 placental insufficiency) and 2 gestational diabetes
resulting in macrosomia. Nine patients required neona-
tal intensive care unit hospitalizations, and 1 patient had
evidence of a subarachnoidal bleed. The mean age at treat-
ment initiation was 4.5 months.

Radiological abnormalities were observed in 19 of the
139 patients (14%). Two of the 19 patients had multifo-
cal hemangiomatosis with diffuse liver involvement on ul-
trasonography. Nine patients had abnormal findings on
magnetic resonance imaging of the brain, with aberrant
external carotid artery connections feeding the IH that was
located in the head and neck area. Two patients had an
[H that was located in the brain (posterior pons, lelt fron-
tal lobe), and 1 patient had an IH that was located in the
right anterior chamber of the eye. One patient had dila-
tion of the superior ophthalmic vein with frontal bone re-
modeling. Another patient had a hypoplastic posterior ce-
rebral artery (PCA); 1 patient had a prominent left PCA;
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Table. Characteristics of Study Patients

Propranalol Oral Corlicosteroids Diher Treatments Tolal No. (%] of Palients
Characleristic (n=75) (n=42) (n=22) (N=139)
Mean age at initiation of trealment, mo 4.9 4.5 76 139 (100)
Prior treatment,? % 53 16 0 69 (50)
Male 20 8 4 32 (23)
Female 56 34 17 107 (77)
History of prematurity 15 6 3 24 (17)
Placental abnormalities 2 0 0 2(1)
Products of multiple gestations, twin gestation 9 1 1 11 (8)
PHACES syndrome 0 1 0 1(1)
Radiclogical abnormalities® 9 7 2 18 (14)
Ophthalmaologlc abnormalities 8 5 0 13 (9)

Topical and inlralesional corticosleroids, topical imiquimod, and pulsed-dye laser.
BTivo patients had multifocal hemangiomatosis wilh diffuse liver involvement on ullrasonograms; 9 patients had abnormal findings an magnetic resonance
images of Lhe braln, with aberrant external carotid artery connections; 2 patients had an infantile hemangioma that was located in the brain (posterior pons, left
frontal lobe); 1 patient had an infanlile herangioma that was located in the right anterior chamber of the eye; 1 patienl had dilation of the superior ophthalmic vein
with frontal bone remodeling; 1 patient had a hypoplastic posterior cerebral adery (PCA); 1 patient had a prominent left PCA, and 1 patient had absence of the

right PCA.

22 Patients had
other treatments

I139 Charts reviewed |

I |

110 Patients remained lor 7 Patients unavailable
treatment analysis for follow-up

[

68 Patients recelved
propranolol

Treatment duration,
7.9 (3.5-14.0) mo

54 Patients received propranolol
without previous oral
corticosteroids
Treatment gutcome, % Ci

with previous oral
corticostergids
Treatment outcome, % CI

9 Patients received propranolol

l

42 Patients recaived
oral corlicosteroids

Treatment duration,
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Figure 1. Study flowehart. Cl indicates clearance.

and 1 patient had an absence of the right PCA. Also, 1 pa-
tient met the criteria for PHACES syndrome (Dandy-
Walker malformation and a segmental facial IH).

PART 2

We compared the outcomes of 1Hs treated with proprano-
lol vs oral corticosteroids. We matched both groups based
on patient age and location, size, and type of lesion. This
comparison was possible because it has been shown that
IHs occur in a nonrandem distribution, along the embry-

onic lines of cleavage.' Finally, we compared the overall
clinical outcomes of these 2 groups using the percentage
of clearance (Figure 1). Overall, 56 of 68 patients (82%)
achieved clearance of 75% or more in the propranolol group
compared with to 12 of 42 patients (29%) in the cortico-
steroid group (P <.01). The number of adverse effects ob-
served in the propranolol group was 1 of 68 (1%). This
number was significantly less than that observed in the cor-
ticosteroid group (42 of 42 [100%]) (P<.01). The num-
ber of surgical referrals in the propranolol group (8 of 68
[12%]) was significantly less than the number of surgical
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Figure 2. Treatment outcame graph. Cl Indicates clearance,

referrals in the corticosteroid group (12 of 42 [29%])
(P=.03). Furthermore, the number of ulcerations was sig-
nificantly lower in the propranolol group (4 of 68 [6%])
than in the corticosteroid group, in which 11 of the 42 THs
(26%) ulcerated (P<<.01).

PROPRANOLOL GROUP

The propranolol group was further divided into 2 groups.
The first group comprised patients who had been treated
only with propranolol without previous oral corticoste-
roids. In this group, 48 of 59 patients (81%) had clear-
ance of 75% or more and 11 of 59 patients (19%) had
clearance of less than 75%. The second group consisted
of those patients who were receiving propranolol and who
also had undergone previous treatment with oral corti-
costeroids. In this group, 8 o[ 9 patients (89%) had clear-
ance of 75% or more and 1 of 9 patients (11%) had clear-
ance of less than 75%. The dilference in clearance between
these 2 groups was not statistically significant (P=.52).

One of 68 patients (1%) had hypoglycemia, and 2 (3%)
had a nonspecific skin eruption. Propranolol therapy was
discontinued in the latter 2 patients and then restarted
at a later date, without recurrence. Therefore, their ad-
verse effects were determined unlikely to be related to
propranolol therapy. Eight of 68 patients (12%) were re-
ferred for surgery after propranolol treatment.The aver-
age duration of treatment was 7.9 months, and the total
average treatment cost [or propranolol therapy alone was
$205.32 per patient.

ORAL CORTICOSTEROID GROUP

In the oral corticosteroid group, 12 of 42 patients (29%)
had clearance of 75% or more, and 30 patients (71%) had
clearance of less than 75%. Forty-two patients (100%)
patients had adverse effects. All patients exhibited Cush-
ingoid features. Four patients had gastroesophageal re-
Mux, 2 had hypertension, and 1 experienced a life-
threatening arterial bleed as a result of an ulceration that

eroded through the external carotid artery and required
emergency surgery to achieve hemostasis. Also, 1 pa-
tientdeveloped hirsutism, 1 had failure to thrive and poor
weight gain, 1 had hypercholesterolemia, 1 had scarring
and lip contraction leading to functional impairment, 1
received trimethoprim-sulfamethoxazole (Bactrim) for
Pneumocystis carinii pneumonia prophylaxis, and 2 re-
ceived respiratory syncytial vaccination series with palivi-
zumab (Synagis).

Twelve patients (29%} were referred for surgery after
oral corticosteroid treatment. The average duration of treat-
ment was 5.2 months, and the total average treatment cost
for oral prednisolone was $416.00 per patient.

B COMMENT ey

TREATMENT QUTCOMES

This retrospective study of 110 patients confirmed that
a daily cumulative dose of 2 mg/kg of propranclel is highly
effective in the treatment of 1Hs. Furthermore, it dem-
onstrated that propranolol therapy is superior to oral cor-
ticosteroid treatment, the [ormer criterion standard
therapy for IHs (Figure 2).

Qur study revealed that of the patients who received
systemic corticosteroids before propranolol, 89% achieved
lesion clearance of 75% or more compared with the 81%
who achieved lesion clearance of 75% or more with pro-
pranolol alone. The difference in the treatment outcome
may indicate thata combination treatment of a short course
of systemic corticosteroids in conjunction with proprano-
lol may be more effective than treatment with proprano-
lol alone; however, these results were not statistically sig-
nificant. Nevertheless, they indicate that the outcome in
the propranolol group did not seem to be greatly affected
by previous oral corticosteroid treatment.

It has been believed that therapy must be adminis-
tered during the proliferative phase of THs to arrest the pro-
gressive growth of the vascular lesion." However, in this
study, we found similar outcomes in patients treated with
propranolol before and after 1 year of age (7 of 68 pa-
tients were started on propranolol therapy after the age
of 12 months, and all had =75% clearance). This finding
indicates that propranolol’s long-term effect is not solely
related Lo its antiproliferative effect on the vasculature but
is also due to its apoptosis and vasoconstriction.

Seven of the 68 patients in the propranolol group had
periocular involvement of their IHs. One of the 7 was un-
available for follow-up, 3 had clearance of 75% or more,
and 3 had clearance of less than 75%. In the oral corti-
costeroid group, 10 of the 42 patients had periocular in-
volvement of their IHs. Six of the 10 had clearance of less
than 75%, and 4 had clearance of 75% or more. This num-
ber of patients was not sulficient to draw a definitive con-
clusion as to whether propranolol therapy is superior to
oral corticosteroid treatment for IHs with periocular in-
volvement. Also, the difference between the 2 groups that
achieved clearance of 75% or more was not statistically
significant (P=.71). Unfortunately, we could not obtain
any follow-up data regarding the improvement of am-
blyopia or astigmatism.
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Eleven of the 42 Hs (26%) ulcerated during oral cor-
ticosteroid treatment; however, only 4 of 68 (6%) ulcer-
ated during propranolol treatment (P<.01). These re-
sults indicate that IHs treated with oral corticosteroids
ulcerate at a greater rate than those treated with pro-
pranolol, which could be related to their presumed mecha-
nism of action.

ADVERSE EFFECTS OF PROPRANOLOL THERAPY

The known adverse effects of propranolol therapy in-
clude bradycardia, hypotension, hypoglycemia, bron-
chospasm, congestive heart [ailure, nausea, vomiting, ab-
dominal cramping, sleep disturbance, night terrors, and
depression. Several recent reports have also associated
hyperkalemia with early initiation of propranolol therapy,
requiring treatment with furosemide, fluids, and nebu-
lized albuterol.'

In our study, only 1 of 68 patients had hypoglycemia.
Although 2 of the 68 patients experienced nonspecific skin
eruptions, neither of the eruptions had a clear correlation
to propranolol therapy, and neither recurred on re-
treatment. The low incidence of adverse effects in our study
patients may be partially related to our detailed prethera-
peutic protocol and to the protective measures taken dur-
ing intercurrent illnesses. For example, the treatment was
interrupted in 6 of the 68 patients: 2 developed fever, 2
developed rash, 1 developed tachycardia, and 1 devel-
oped viral upper respiratory infection with reactive air-
way disease. It should be mentioned that several cases of
hypoglycemia have been reported in the literature among
patients with THs who were treated with propranolol.!*!
However, these cases have mainly been associated with con-
current illnesses or poor oral intake for various reasons.
Therefore, propranclol should not be administered on days
with diminished oral intake, and parents should be edu-
cated aboul the warning signs of hypoglycemia, such as
fussiness, poor feeding, apnea, loss of consciousness, sei-
zures, and hypothermia.

Although further prospective studies are needed to de-
termine the precise incidence of the adverse effects of pro-
pranclol therapy in patients with [Hs, we encountered only
1 serious adverse effect in our retrospective study. Taken
together, propranolol therapy had a much safer adverse
effect profile when compared with oral corticosteroid
therapy.

RELAPSE AND RESISTANCE

[Relapse of individual [Hs was observed in 2 of the 68 pa-
tients (3%) who were receiving propranoclol: one with dif-
fuse neonatal hemangiomatosis, and the other with peri-
ocular involvement. Both patients started the treatment
at 3 months of age and discontinued therapy at 10 months
of age. These 2 patients may have ended therapy prema-
turely, because when propranolol was reintroduced, both
1Hs again regressed. A similar observation was made in
the 6 patients whose propranolol therapy had to be tem-
porarily discontinued owing to intercurrent illnesses (fe-
ver, rash, tachycardia, and viral upper respiratory ill-
ness or reactive airway disease). Likewise, our results agree
with those of a previous study in which 2 of 32 patients

had rebound growth in their IHs after cessation of treat-
ment before 12 months of age.'” In both of these pa-
tients, re-treatment with propranolol was effective as well.
Moreover, relapse after discontinuation of propranolol
therapy in patients older than 12 to 14 months has also
been described.® Because of these experiences, most of
our patients who received propranolol underwent ex-
tended treatment for up to 1 year of age to prevent re-
lapses of their 1Hs. On the other hand, in the oral corti-
costeroid group, the treatment duration was limited owing
to the adverse effects associated with prolonged treat-
ment, Therefore, it is possible that longer treatment with
propranolol may have influenced the final clinical out-
come that was observed in our patients. However, as has
been described previously, improvement with proprano-
lol therapy is seen relatively quickly and not solely as a
result of prolonged treatment.>®

SURGICAL REFERRALS

Propranolol reduced the need for surgery, with overall
better cosmetic outcomes. In our study, 8 of 68 IHs (12%)
treated with propranolol required surgery after treat-
ment, whereas 12 o[ 42 1Hs (29%) treated with oral cor-
ticosteroids required surgery. All of these lesions were
considered relractory to treatment or were deemed cos-
meltically unacceptable owing to critical locations such
as the nasal tip or the periorbital region.

TREATMENT COST

The average cost of oral corticosteroids per IH treated was
$416.00, which was calculated based on an average treat-
ment duration of 5.2 months. This amount does not in-
clude the additional costs incurred for the prophylactic
treatment of oral corticosteroid-related adverse effects,
such as increased rates of infection owing to immuno-
suppression and gastroesophageal reflux. On the other
hand, the average cost of propranolol per IH treated was
$205.32, which was based on an average treatment du-
ration of 7.9 months. However, this amount does not in-
clude a pediatric cardiology consultation for cardiac clear-
ance to initiate therapy.

In conclusion, our study showed that propranolol
therapy was more effective in lesion clearance, required
fewer surgical referrals after treatment, and demon-
strated superior tolerance, with minimal adverse ef-
fects, Propranolol proved to be safe in treating IH in our
patients as no major adverse effects occurred. Also, pro-
pranolol therapy was more cost-effective, with a cost re-
duction of more than 50% per patient. Therefore, based
on the results of this study, we believe that propranolol
therapy is superior to traditional first-line oral cortico-
steroids in the treatment of 1H, and we propose that pro-
pranolol be considered a first-line agent given its safety
and efficacy for the treatment of IH.
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ongratulations to the winner of our September

C quiz, Vijay Zawar, MD, DNB, DVD, Skin Dis-
eases Center, Nashik, India. The correct answer to our
September challenge was trichodysplasia spinulosa. For
acomplete discussion of this case, see the Off-Center Fold
section in the October Archives (Burns A, Arnason T,
Fraser R, Murray S, Walsh N. Keratotic “spiny™ papules
in an immunosuppressed child. Arch Dermatol. 2011;
147[10]:1215-1220).

Be sure to visit the Archives of Dermatology Web site
(hup:/fwww.archdermatol.com) to try your hand at the
interactive quiz. We invite visitors to make a diagnosis
based on selected information from a case report or other
feature scheduled to be published in the following month's
print edition of the Archives. The first visitor to e-mail
our Web editors with the correct answer will be recog-
nized in the print journal and on our Web site and will
also receive a [ree copy of The Art of JAMA II.
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DECLARATION UNDER 37 C.F.R. §1.132 OF ILONA J. FRIEDEN, M.D.

I, Dr. Ilona J. Frieden, declare the following.

I; I am currently Professor of Dermatology and Pediatrics; Chief, Division of

Pediatric Dermatology and Vice-Chair, Department of Dermatology, at the University of

California, San Francisco. I have an M.D. from the University of California, San

Francisco, and a B.A. from Boston University.

2, My Curriculum Vitae is attached as Attachment A. In pertinent part, I

have studied, conducted research, and practiced medicine in the field of children’s skin
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diseases for more than 30 years. I have the following Board Certifications: the American
Board of Pediatrics; the American Board of Dermatology; the American Board of
Dermatology, Pediatric Dermatology Subspecialty Certification; and the American Board
of Dermatology, Dermatology Recertification. 1 am currently Editor-in-Chief of the
Journal Pediatric Dermatology, Co-Editor of the textbook Neonatal Dermatology, have
served as President of the Society of Pediatric Dermatology and President of the
American Board of Dermatology, and currently serve as a member of the Board of
Directors of the American Academy of Dermatology. I am also a founder of the
Hemangioma Investigator Group, which is a multi-center group of researchers which was

founded in 2001 and has conducted collaborative research on hemangiomas resulting in

over 40 articles published or in-press.

3. I am fully trained in and familiar with the subject matter of the invention
disclosed in the subject U.S. Patent Application 12/599,266 (the ‘266 Application). In
particular, I have conducted extensive research regarding infantile hemangiomas and

published more than 85 articles and more than a dozen book chapters on this topic.

4. I have previously served as a consultant to Pierre Fabre Dermatologie,
helping them to create a study design for their randomized controlled trial,
HEMANGIOL, for which I received financial compensation. I understand Pierre Fabre
Dermatologie has a license to the ‘266 Application. I have not received any

compensation from Pierre Fabre in over one year.

5. I am currently chair of the Independent Data Monitoring Board (IDMC)
for the HEMANGIOL study, which is investigating the use of propranolol in the
treatment of infantile hemangioma (the subject matter of the ‘266 Application) sponsored
by Pierre Fabre Dermatologie. The aim of the IDMC is to safeguard the interests of the
study participants, investigators and the sponsor; to assess the appropriateness of the
required study sample size; to assess the safety and efficacy of the study’s interventions;
to select none, one or two regimen(s) of propranolol for further study in stage two of the
design; to monitor the overall conduct of the study; and to protect its validity and
credibility. I am being compensated for this work by Cardinal Systems, which is the

clinical research organization in charge of the study.
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6. I have been asked by the Applicants of the 266 Application to comment
on the invention, its medical significance, and the comments that have been made by the
Examiner. Before 1 offer more specific comments about the invention, however, I think
that it is important to put the invention into context and explain the importance thereof

from a medical perspective; I will do so in the paragraphs to follow.

A Brief Discussion Regarding Infantile Hemangiomas

A. Pathogenesis

T Infantile hemangiomas are among the most common birthmarks in
children and the most common benign growth in infancy. Infantile hemangiomas (IH)
occur exclusively in infants — never in older children or adults. Hemangiomas are
collections of blood vessels that have increased cell division and growth. The appearance
of a hemangioma depends on whether it is superficial (just in the top few layers of the
skin) or deep (involving more layers of the skin). Superficial hemangiomas are bright red
and elevated (“strawberry” marks). Deep hemangiomas are blue or skin-colored. Some
hemangiomas have both superficial and deep components. More than half of
hemangiomas are on the head and neck. Most hemangiomas are solitary, but some

infants - particularly premature infants - have multiple hemangiomas.

8. Many hemangiomas are small and physiologically harmless, although they
can have a psychological impact on children as they grow older. Other hemangiomas
require treatment because they interfere with vital functions or are potentially
permanently disfiguring. For example, infantile hemangiomas may impinge on vital
structures, ulcerate, bleed, cause high-output cardiac failure, or create significant

structural abnormalities or result in permanent disfigurement.

9. Until the past decade, the pathogenesis of infantile hemangiomas was very
poorly understood. Previous to that time it was assumed that IH were the result of
aberrant angiogenesis (i.e., the sprouting of new blood vessels from pre-existing ones) in
a manner similar to many other tumors. The seminal observation published in 2000 by
North et al., that hemangiomas have a unique vascular phenotype, led to a steep rise in
research in this area and a critical look at previous assumptions. (North, Hum Pathol.)

Infantile hemangiomas are now known to express Glut-1, merosin, and other markers
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which are virtually identical to placental blood vessels, and studies have suggested a
genomic identity to placental blood vessels. (North, Arch Derm; Barnes.) In addition to
the findings of a unique relationship with placental vessels, there is other evidence that
IH may not be solely a disorder of angiogenesis and not just an endothelial tumor, but
may actually be due to vasculogenesis, i.e. the de novo formation of new blood vessels
from circulating stem cells. (Dadras; Boscolo.) In addition to understanding the unique
vascular phenotype of IH — which is not shared by any other vascular tumors or
malformations — there is emerging evidence that IH arise from progenitor cells which
have features of myeloid, monocytic, endothelial and even neural crest differentiation.
(Kleinman; Yu, Bischoff, J Craniofac Surg; Itinteang, J Clin Pathol 2010 Sep and Nov
and 2011; Itinteang, Br J Dermatol.) Recent studies have provided compelling evidence
that IH may represent a growth of primitive mesenchymal cells which are most likely in a
state of arrested development. These observations suggest the possibility that IH may be
more similar to a hamartoma rather than a conventional tumor. This is further supported
by the in vitro model of Yu et al. which has shown that mesenchymal stem cells of
hemangiomas transform into adipocytes similar to the fibrofatty residua seen in many
hemangiomas after involution. (Yu et al.) Other investigators have focused particularly
on the role of VEGF and VEGF-mediated pathways. (Calicchio et al; Jinnin, Nature
Medicine.) Recent reviews of pathogenesis further summarize some of the many
advances made in the past 10 years. (Drolet and Frieden; Jinnin; Bischoff J Cranciofac;
Boye; Lo; Bauland.)

10.  Although some research has suggested that clonality is present in
hemangiomas (Walters et al.), this has not been replicated by other laboratories and thus
remains unproven. The patterns of segmental hemangiomas suggests that at least a subset
of hemangiomas may nor arise through clonal mutations since their anatomic distribution
and patterns correspond to neuroectodermal patterned embryologic prominences (such as
the maxillary and manibular placodes which arise early in embryologic development at
age four to six weeks of gestations. (Haggstrom et al.) These hemangiomas — like their
smaller, more localized counterparts — have all of the immunohistochemical and
molecular features of other IH including rapid growth and spontaneous involution. They

suggest that an early error in development is permissive for hemangioma progenitor cell
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growth limited to a specific embryologic distribution, rather than represent a clonal tumor
per se. Another clinical feature which supports this concept is the observation that IH do
not have a lateral growth phase, similar to other tumors. Instead they “mark out their
territory” (presumably in utero) and grow volumetrically, rather than invading adjacent

anatomic territory as a tumor would be expected to do. (Chang et al.)

B. Known Treatments Prior to 2008

11.  Standard treatment options for infantile hemangiomas include oral
steroids, laser treatment, and surgical removal. In serious cases, vincristine may be used,
and interferon -2a has been used in life-threatening situations. All of these treatments
are associated with side effects which can be significant, particularly in infants. A recent
Cochrane meta-analysis clearly demonstrates the lack of good evidence-based therapies
for IH. (Leonardi-Bee et al.)

12: Since the 1960s, corticosteroids (such as prednisolone) have been
considered the treatment of choice for infantile hemangiomas. Corticosteroids may help
reduce the frequency of ulceration and may decrease lesion size.  Systemic
corticosteroids appear to be effective in causing cessation of growth in the large majority
of hemangiomas but result in actual shrinkage only in approximately one third of infants
treated. (Bennett et al.) Potential side effects include irritability, gastrointestinal upset,
immunosuppression, hypertension, and growth retardation. The duration of treatment
ranges from a few weeks to many months, depending on the age of the child, the
indications for treatment, and the growth characteristics of the hemangioma, since rapid
tapering of the dose of corticosteroids while the tumor is still in the proliferative phase

may result in rebound growth.

13.  Lasers have been used for treating infantile hemangiomas. However,
because of the limited depth of penetration, lasers are typically effective for superficial
hemangiomas and less effective for those that are thicker or destined to be both
superficial and deep. They also can result in scarring, particularly during the proliferative

phase.

000108



14.  Interferon «-2a, an inhibitor of angiogenesis, has been used in the
treatment of hemangiomas that fail to respond to corticosteroid therapy. The interval
between the administration of interferon a-2a and the response to treatment ranges from a
few weeks to several months. Side effects include Iirritability, neutropenia, and
abnormalities of liver enzymes. Interferon a-2a is now reserved for infants with life-
threatening hemangiomas because of the significant risk of neurotoxicity, particularly

spastic diplegia, in approximately 20% of patients treated with interferon for IH.

15.  Vincristine has been used in some serious infantile hemangiomas that do
not respond to corticosteroid treatment. Vincristine interferes with mitotic spindle
microtubules and induces apoptosis in tumor cells in vitro. However, as with interferon
a-2a, side effects can be significant, such as peripheral neuropathy, constipation, jaw
pain, rare hematologic toxicity, syndrome of inappropriate secretion of antidiuretic
hormone. Furthermore, vincristine treatment is complicated due to the need for a central

line or PICC line for administration.

The Importance of the Invention

16.  Propranolol has become the first choice of therapy for infantile
hemangiomas. In my opinion, as well as in the opinions of many others in the field,
propranolol is a breakthrough therapy for infantile hemangiomas, and is now the first-line
therapy for this disorder. Remarkably, in the three years since this observation was
published as a letter to editor in the New England Journal, more than 140 articles have
been published citing the use of propranolol and other beta-blockers in treating IH, and

the vast majority of these attest to its efficacy and superiority over previous treatments,

17.  The clinical superiority of propranolol relative to corticosteroids and other
infantile hemangiomas treatments is two-fold. First, it provides clearly superior efficacy
in many cases, not only in stopping hemangioma growth, but in causing decreased tumor
volume with more regularity than corticosteroids. Secondly, propranolol has a lower
side-effect profile than corticosteroids or other therapies, with a well characterized
history of use in infants as a non-selective beta-blocker for a variety of indications, (e.g.,
treatment of hypertension, supraventricular tachycardia, long Q-T syndrome, congestive

heart failure, and thyrotoxicosis).
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18.  Evidence of the lack of effective therapies for treating hemangiomas prior
to this report in 2008 is provided by a study launched in 2007 to compare systemic
corticosteroids to vincristine in the treatment of severe hemangiomas. Briefly, in 2007,
the Food and Drug Administration (FDA) granted orphan drug designation for studying
the use vincristine vs. prednisolone for infantile hemangiomas (NCT00555464). The
goal of the FDA’s orphan drug designation grant program is to support the clinical
development of products for use in rare diseases or conditions where no current therapy
exists or where the proposed product will be superior to the existing therapy. Thus, the
orphan drug designation for the vincristine study was, itself, evidence of the limitations in
other therapies that were then known. Together with Dr. Beth Drolet of the Medical
College of Wisconsin, I was a co-investigator on this study and helped her to design it.
We were excited to get a grant from the FDA Office of Orphan Product Development to
support the study as we knew that we needed to move beyond anecdotes and case series
into real evidenced-based observations including this randomized controlled trial. As a
background, we noted that infants with large hemangiomas are often treated systemically
with oral steroids (Prednisolone) to prevent complications, that the best treatment for
hemangiomas is not known and there are no medications approved by the FDA for
treatment of hemangiomas. Within a year of the time of the initiation of the study,
however, the initial work describing the use of propranolo]l in treating infantile
hemangiomas was published in 2008. (Léauté-Labréze C et al.,, NEJM.) Given the
efficacy and relative safety of propranolol described in that publication as well as
subsequent reports (Sans et al., Pediatrics), it soon became evident that propranolol was
likely a superior therapy to both prednisolone and vincristine, such that continued
enrollment of subjects in this study could not be justified and the study recruitment was

suspended.

19.  The mechanism of action of propranolol in treating infantile hemangiomas
is unclear. It has been hypothesized that propranolol may cause vasoconstriction,
resulting in color change and palpable softening of the hemangioma. It has also been
hypothesized that propranclol might down-regulate growth factors, such as vascular
endothelial growth factor, and up-regulate cellular apoptosis, or block the renin-

angiotensin system either at the level of the kidney (renin production) or peripherally.
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However, since the pathogenesis of these hemangioma is, itself, incompletely understood,
there is little current basis to articulate the mechanism of action of propranolol or of
other, previously used therapies for hemangiomas. (Itinteang, J Plast Reconstr Aesthet
Surg. 2011 and Plast Recon Surg 2011.) Moreover, at the time of the initial publication
of propranolol’s efficacy, I would not have considered it for treatment of infantile
hemangiomas. In my opinion (informed by years of study and work in the field), there
was nothing in the medical art that would have suggested this utility of propranolol based
on its use for treating hypertension, ischemic heart disease, arrhythmias, endocrine and
neurologic disorders, and eye disorders. My opinion in this regard is unchanged after
reading the references that have been applied against the ‘266 Application in the Office
Action issued April 15, 2011.

20. In particular, I have reviewed the two references that I understand have
formed the basis of a rejection of the claims in the ‘266 Application: PCT Application
Publication WO 97/40830, Jirousek et al., published November 6, 1997; and Sozanni, et
al, “Propranolol, a Phosphatidate Phospohydrolase Inhibitor, Also Inhibits Protein Kinase
C*,” J. Biological Chemistry, 267:20481 (1992). I have also studied the Office Action
issued April 15, 2011. I note, in part, that the rejection under 35 U.S.C. 103(a) is
summarized on page 8 by the statement,

It would have been prima facie obvious to one of ordinary skill in the art, at the

time of the invention, to treat a hemangioma comprising administration of a

formulation comprising propranolol in a therapeutically effective amount, because

Jirousek et. al. teaches that protein kinase C inhibitors are successfully used to

treat neoplastic conditions such as capillary hemangiomas and hemangiomas of

infancy, and Sozzani et al. teaches that propranolol is an effective protein kinase
C inhibitor which is less toxic than other known protein kinase C inhibitors.

21.  In my opinion, the efficacy of propranolol in treating infantile
hemangiomas is not suggested by reading the Jirousek and Sozanni references. Jirousek
describes a wide variety of neoplastic diseases to be treated by a specific class of
inhibitors of the B-isozyme of protein kinase C (PKC). As discussed above, there is no
clear evidence that infantile hemangiomas are truly neoplastic. Moreover, there is no
substantiated evidence that infantile hemangiomas are associated with PKC. Thus, there

is little basis in Jirousek for the otherwise unsubstantiated statement that the anti-
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neoplastic  compounds  deseribed  thereln would be useful in weating  infantle
homangiomas, much loss that any other PRC inhibitor would necessarity also be useful in
treating infantife hemangiomas.

22, Futher, while Sozanni describes the PKC  inhibition actvily by

propranolol, the vltimate utility of propranolol in treating any disorder mediated by PXC
is Bighly unceniain, Many potential :imés tztrg*:eiing various PKC isozymes have proven
to be ineffective in teating tumors, howeser, See, Mackay et al., “Targeting the Protein
Kinase C Fanuly: Are We There Yot Numwre Reviows, 7:5354 {20073, Even assunsing
that propranoio! can inhibit PKC. thers is Hitle basis o predict that it would actually be
effective in treating any given disorder mediated by PXC.

T

23, Accordingly, in nyy opinion, the teachings of Yirousek and Sozanni did not
angt do not provide any motivation 1o attempt the weatment of infaptile bemangiomas
with propransiol.  Nor wounld I have expected that such a treatment would have had a
veasonable prospect for success based on these yeferences. 1 note that there was no
attempt 10 use wopranolol 1o treat hemavgiomas following the publicagon of Hrowsek.
Indeed, in my opinion, the discovery of the use of propranolol to treat hemangiomas,
pubstished 11 vears after Jivousek reference, was surprising and anexpeciad.

A

24, | fAwther declare that all staterments made berein of miy own knowledge are
true and that all statomenis made on information or belief we belisved 0 be true; and
further that these statements are made with the knowledge that wiliful false statemenss

and the like so made are panishable by fing or imprsonment, or hath, under Section 1001

af Tide 18 of the United States Code and that such wiliful false s&atcz:'lezxi's/,p'xaj@

jeopardize the validity of the application or any patent issu.ing\i‘hercm‘;. ?g’i,f“
iy i iyt
i §$ i
\'\; \f §i f{"‘z
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