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Seiior

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

REF: Expediente No. 12 -184.615- solicitud de patente de invencién a
favor de TAIPEI MEDICAL UNIVERSITY. Titulo: COMPUESTOS
DE HIDROXAMATO DE INDOLILO O INDOLINILO.

RECURSO DE REPOSICION

JUAN PABLO CADENA SARMIENTO, portador de la tarjeta profesional No. 57.492 del
C.S.J., obrando como apoderado de la sociedad solicitante, manifiesto a usted que
debidamente notificado de la Resolucién No. 33043 del 26 de Mayo de 2014,
interpongo contra ella en debido término, RECURSO DE REPOSICION, para que sea
revocada en su totalidad, y en su lugar se conceda el Privilegio de Patente, para el

objeto de la solicitud en referencia.
Respaldo el RECURSO en los siguientes
HECHOS
1. La resolucién arriba citada No. 33043 niega el Privilegio exclusivo de Patente de
Invencién para el objeto de la solicitud de la referencia, considerando que el
capitulo reivindicatorio carece de novedad y nivel inventivo. Lo anterior, de
acuerdo con las siguientes consideraciones.

i. Determinacion del Estado de la Técnica

Consultadas las fuentes de informacién con que se cuenta se encontraron los

siguientes documentos, que anticipan el objeto de esta solicitud.
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Fecha de

No Documento Titulo ..
publicacion

“Byciclic heterocycles hidroxamate
D5 | W02006101456 compounds useful as Histone | 02/Septiembre/2006
Deacetylase (HDAC) inhibitors”

Considera el examinador que la presente invencién no cumple con el requisito de

novedad y nivel inventivo en vista del documento D5.
RESUELVE

ARTICULO PRIMERO: Denegar la patente de invencién a la creacién titulada
“COMPUESTOS DE HIDROXAMATO DE INDOLILO O INDOLINILO”

FUNDAMENTOS

Nos permitimos mostrar nuestro total desacuerdo frente a las todas y cada una de las
objeciones de la Resolucién No. 33043 toda vez que en dicho andlisis no se demostré
de manera concluyente que la invencién carecia de novedad y nivel inventivo. A
continuacién, me permito desvirtuar todas y cada una de las afirmaciones de su
Despacho en contra de la novedad y nivel inventivo de la invencién y expuestas en la
Resolucién No. 33043.

Como primera medida, ponemos a su consideracién un nuevo pliego reivindicatorio
que consta de dieciséis (16) reivindicaciones, las cuales se encuentran debidamente
sustentadas por las divulgaciones del capitulo descriptivo y no exceden en ningin

momento el alcance de la invencién previamente reclamada.

Con relacion a dicho nuevo pliego reivindicatorio, es preciso destacar que el alcance
de la reivindicacién 1 fue modificado a fin de establecer una clara diferencia entre la
invencidn alli descrita y el estado de la técnica, como se comentard mdas adelante, y

que la reivindicacién 8 fue retirada teniendo en cuenta la materia contenida en la

reivindicacién 7.
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Por lo anterior, solicitamos se reconozca la total validez del mencionado pliego
reivindicatorio, y de la mano con los argumentos que prosiguen, sea estudiada y

reconocida la plena patentabilidad de la invencién allf descrita.

Novedad

Afirma el sefior Examinador que la reivindicacion 1 carece de novedad en vista de las
divulgaciones del citado documento D5, frente a lo cual nos permitimos manifestar
nuestro total desacuerdo ya que dicho documento no anticipa ni divulga todas y cada
una de las caracteristicas técnicas que dan origen a la presente invencion y, por tanto,

no constituye sustento suficiente a tal objecidn.

Sin embargo, con el fin de destacar auin mas las diferencias de la presente invencion en
cuanto al estado del arte, nos permitimos mencionar que la materia contenida en
dicha reivindicacion 1 fue debidamente restringida y que, a partir de ello, es posible
diferenciar con claridad la presente invencién del estado de la técnica, evidenciando

su total novedad.

Concretamente, notara el sefior Examinador que dentro de las posibles definiciones
del radical Ry, el término “alquilo” fue eliminado y el término “arilo” fue restringido a
“fenilo”, con lo cual se establece una caracterizacién clara y diferenciada con relacién a

las divulgaciones del citado documento D5.

En lo que respecta a dicha anterioridad, nos permitimos expresar que esta da a
conocer un numero extremadamente amplio de heterociclos biciclicos de hidroxamato

que se caracterizan por presentar la siguiente formula estructural:
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Figura 1. Estructura general de los compuestos divulgados en D5.
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Al analizar en detalle las ensefianzas de dicho documento D5 encontramos que a pesar
de que el radical R! de la férmula anteriormente ilustrada puede representar un grupo
alquilsulfonilo o arilsulfonilo, yb de que tales compuestos son utiles como inhibidores

de la enzima histona deacetilasa (HDAC), resulta inapropiado relacionar la presente

invencion con dicho estado de la técnica por cuanto ninguno de los ejemplos descritos

en el documento D5 revela un compuesto que comprenda una fraccién de indolilo o

indolinilo en donde:

i. el &tomo de nitrégeno se encuentra enlazado inicamente a -SO2Ra; y

ii. Ra representa un radical diferente de hidrégeno tal como alquenilo,
alquinilo, fenilo, heteroarilo, cicloalquilo, cicloalquenilo,
heterocicloalquilo, o heterocicloalquenilo.

Teniendo en cuenta que dicho documento D5 es completamente silencioso respecto a
estas dos caracteristicas técnicas -las cuales definen de manera particular y concreta
el compuesto aqui reivindicado-, afirmamos que no hay lugar a objetarle falta de
novedad al mismo, razén por la que la objecién del sefior Examinador carece de total

fundamento.

Asi las cosas, solicitamos respetuosamente sea reconocido el cumplimiento del
requisito de novedad por parte de la presente invencién partiendo del hecho de que el
documento D5 falla completamente en describir o ilustrar de manera especifica el

compuesto de formula (I) que aquf se reivindica.

Nivel inventivo

Por otra parte, considera su Despacho que las divulgaciones del ya comentado
documento D5 constituyen instruccién o motivacién suficiente para que el versado en
la materia alcance los compuestos descritos en la reivindicacién 13 sin necesidad de
involucrar el uso de su capacidad inventiva. Debido a que la objetada reivindicacién
13 es una reivindicacién independiente, procedemos a demostrar el cumplimiento del

requisito en mencidn por parte de la reivindicacién 1, respectiva independiente.
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Partiendo de nuestro total desacuerdo frente a la apreciacién de su Despacho en torno
al nivel inventivo de la presente invencién, y retomando las diferencias expuestas
previamente, es nuestra intencién aclarar que el documento D5 carece de ensefianzas

relativas al desarrollo de una molécula caracterizada porque el nitrégeno del anillo

indol se enlaza de manera directa a un grupo SO2R,, en el cual Ra es alquenilo,
alquinilo, fenilo, heteroarilo, cicloalquilo, cicloalquenilo, heterocicloalquilo, o
heterocicloalquenilo.

En contraste con tal caracterizacion, el documento D5 ensefia una molécula en donde
el sustituyente R, corresponde a hidrégeno unicamente, lo cual evidentemente
motivaria al versado en la materia a conservar tal caracterizacién en vista del

favorable efecto derivado de la misma y lo alejaria de la presente invencion.

Asi pues, consideramos que no hay ningtin motivo por el cual sea posible afirmar que
la presente invencién podria haberse derivado de manera obvia a partir de las
ensefianzas del documento D5, sobre todo teniendo en cuenta que éste resulta
completamente silencioso respecto a los posibles sustituyentes que dan lugar al
radical R, reivindicado, y que los mismos se oponen a la caracterizacién propuesta

por dicha anterioridad.

Debido a esto, consideramos que las divulgaciones del documento D5 no representan
ningun tipo de aproximacion a la materia reivindicada, ni serian de utilidad para el
versado en la materia toda vez que no proporcionan informacién relacionada con la
caracterizacion de la presente invencion, mas especificamente con la inclusién de un

radical R, correspondiente a alquenilo, alquinilo, fenilo, heteroarilo, cicloalquilo,
cicloalguenilo, heterocicloalquilo, 0 heterocicloalguenilo.

En ausencia del debido sustento, solicitamos sea reconsiderada la objecién en estudio
toda vez que el documento D5 falla en poner a disposicién del versado en la materia la
informacién necesaria para que este alcance la presente invencién de manera obvia, o

en todo caso sin hacer uso de su actividad inventiva.
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Adicional a lo anterior, cabe resaltar que la modificacion estructural de una molécula
constituye un campo de desafio permanente en el desarrollo de nuevas y mejores
moléculas activas ya que, como bien reconocera el sefior Examinador, cualquier tipo
de alteracién a nivel del grupo farmacoférico de una molécula puede desencadenar
efectos impredecibles como lo son el aumento, conservacion e incluso pérdida de la
actividad bioldgica, sin tener en cuenta la posibilidad de desencadenar efectos

adversos y toxicidad.

En este orden de ideas, es nuestro interés acentuar el hecho de que no existe ninguna
modificacion estructural que pueda ser tildada de obvia o evidente, ya que es
imposible prever el resultado farmacolégico derivado de la inclusién, modificacién o
remocion de radicales o sustituyentes de una molécula teniendo en cuenta el especial
rol que juega cada uno de dichos detalles al momento de establecer interacciones

farmacocinéticas, farmacodindmicas y farmacolégicas en un sujeto.

En consecuencia, afirmamos que aun si el versado en la materia optara por llevar a
cabo modificaciones aleatorias con relacién al radical R, este se enfrentaria a un
sinnimero de posibles modificaciones que evidentemente derivarian en un numeroso
y diverso grupo de moléculas que dificilmente se asemejarian a la presente invencién,
y respecto a las cuales no se contaria con ninguna expectativa de éxito dada la
incertidumbre que rodea el proceso de modificar estructuralmente una molécula

activa.

De acuerdo con lo anterior, insistimos en que la objecién del sefior Examinador carece
de todo fundamento y solicitamos sea reconsiderada en vista de que no existen
enseflanzas o divulgaciones en el campo técnico que insten a la persona normalmente
versada en la materia al desarrollo de moléculas como las aqui descritas, o que

brinden una expectativa de éxito razonable asociada a su caracterizacién especifica.

Ahora bien, habiendo expuesto los argumentos relativos a la defensa del nivel
inventivo de los compuestos reivindicados, nos permitimos agregar que la misma
demuestra un indicio adicional de nivel inventivo, el cual procedemos a analizar a
continuacién y solicitamos sea tenido en cuenta como muestra contundente de la

patentabilidad de la presente invencién.
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En este sentido, nos permitimos llamar la atencién sobre el hecho de que los
compuestos especificos divulgados por la presente solicitud exhiben una eficacia
superior e inesperada en comparacién con las moléculas que da a conocer el
documento D5, tal y como se puede apreciar al comparar la Tabla 3 del documento D5
versus la Tabla 2 del capitulo descriptivo de la solicitud en estudio, las cuales dan a
conocer informacion relativa al Glso (concentracién del fAirmaco antitumoral que logra
inhibir el crecimiento de células cancerigenas en un 50%) de los compuestos

representativos de cada uno de dichos documentos.

Con el fin de sustentar lo anterior, presentamos a continuacién un analisis

comparativo de los resultados en las tablas ya mencionadas:

a. Tabla 2. Adaptada del capitulo descriptivo de la presente solicitud.

Estirpes A549 MDA-MB- Hep-3B HA22T

celulares ‘ 231
Pulmén Mama Higado Higado

Nombre del GIsp (pM) [ GIse (M) GIsg (pM) GIsg (pM)

compuesto
Compuesto 13 0.32 0.16 0.14 0.54
Compuesto 14 0.60 0.37 0.25 1.20
Compuesto 16 >10 >10 >10 >10
Compuesto 15 0.80 0.45 0.28 0.74
Compuesto 8 0.93 0.37 0.36 0.93
Compuesto 17 0.32 0.19 0.16 0.62
Compuesto 4 1.31 0.75 0.55 1.56
Compuesto 5 1.59 0.66 0.64 2.30
Compuesto 6 2.12 0.75 0.56 1.98
Compuesto 7 >10 >10 >10 >10
Compuesto 3 0.96 0.48 0.41 1.15
Compuesto 12 0.7 0.25 0.21 0.62
SAHA 2.37 0.97 0.69 2.24
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b. Tabla 3. Adaptada del documento D5.

Compound Gls (Colo205) Compound Glso (Colo205)
No. uM No. uM
3 13 16 3.3
4 24 17 4.7
5 6.4 18 34
8 2.4 19 7.1
9 17 20 1.6
10 11 21 8.8
11 7.3 22 , 2.8
12 1.7 23 2.5
13 2.1 24 4.6
14 2.6 25 9.4
15 1.6

Teniendo en cuenta la informacién consignada en las anteriores Tablas (a. y b.), es
evidente que la magnitud de la Glso relacionada con los compuestos de la presente
invencién (a. Tabla 2) es significativamente menos que la relativa a los compuestos
del documento D5, lo cual se asocia con una eficacia superior en términos de

inhibicion del crecimiento celular tumoral, lograda por la presente invencién.

A partir de este hecho, solicitamos sea tenido en cuenta que, como consecuencia a la

caracterizacién estructural que da lugar a los compuestos aqui reclamados, la

presente invencién demuestra un efecto técnico superior que, reiteramos, sirve de

sustento adicional a favor de la patentabilidad de los mismos.

Sin embargo, con el unico propdsito de sustentar la superioridad y el aporte que
simboliza la presente invencién al campo técnico —para que consecuentemente se
reconozca el pleno cumplimiento de los requisitos de nivel inventivo por parte de la
misma-, anexamos al presente memorial el articulo cientifico titulado “Anticancer
Activity of MPTOE028, a Novel Potent Histone Deacetylase Inhibitor, in Human
Colorectal Cancer HCT116 Cells In Vitro and In Vivo” (Huang et al. PLOS ONE, August

2012, Volume 7, Issue 8, pages 1 to 11) que proporciona datos experimentales

adicionales con relacién a la actividad anticancerigena de la_molécula MPTOEQ028

equivalente al Compuesto 12 de la presente invencion.



Calle 70 A No. 4 - 41

B R' G A R D BOGOTA —~ COLOMBIA
TEL: (571) 744 22 00
CASTRO FAX: (571) 742 22 00

www.bc.com.co
PROPIEDAD INTELECTUAL

En este contexto, Huan et al. demuestra que la molécula MPTOEO28 constituye un
inhibidor de histona deacetilasa novedoso y potente basado en ensayos clinicos in
vitro e in vivo empleando células humanas HCT116 de cancer colorrectal, cuyos

resultados se exponen en la siguiente tabla:

Tabla 1. Efectos anti-proliferativos de la molécula MPTOE028 ensayados
en paneles de la linea celular NCI-60.

Adaptada de Huan et al. (anexo al presente memorial)

Panels Cell Line Gin M) TGH (M) LCes (M) Panel Cell Line 'Gisp (M) TG (M) LC,o M)
: T —

>»1.006-4 10064 MALME-3M

e

leukemh . CCRF»CEM
HL60ITB)
K562
MOLT4

R
Non-Small Coll AS9/ATCC :

SRR, RN
>LO0E4 2>1.00€~4

HOP92 Ovarian Cancer
. NG H226

NQ-H23

T e, IRASE
RPN T2 - el st

HCT-116

82267 20485

ES)

MDA-MB-468 196E-7 11586 631E-6

Glg: 509 of growth inhibitior;

TG total growth inhibition;

LCay: 50% of lthal concentration.

M: Concentration in molar (M),
doi:10.137 1joumalpone 00436451001
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Tal y como es posible apreciar, los resultados expuestos anteriormente revelan que la
GlIso (COLO205) exhibida por la molécula MPTOEO28 corresponde a 1.28E-7 M, o
dicho de otro modo, a 0.128 uM, estando esta una concentracién mas de 10 veces

por debajo de la lograda por las moléculas descritas en el documento D5, dentro de

las cuales cabe resaltar que los Compuestos 15 y 20 —los mas eficaces que da a
conocer dicha anterioridad segin los resultados expuestos en la Tabla 3 del

documento D5 reproducida anteriormente- logran apenas una Glso de 1.6 pM.

De la mano de este hecho, no se debe dejar de lado que los resultados experimentales
alcanzados por la molécula MPTOE028 ensayada en otras lineas celulares de cincer de
colon (tales como HCC-2998, HCT-116, HCT-15, HT29, KM12 y SW-620, ilustradas en
la Tabla descrita anteriormente) demuestran igualmente una inhibicién significativa
del crecimiento de células tumorales con rangos de IGso entre 0.0563 a 0.286 uM,
hecho que soporta ain mds la superioridad que representa la presente invencién

como una alternativa terapéutica novedosa en el tratamiento del cincer.

Adicionalmente, por si fuera poco, Huang et al. lleva a cabo una comparacién adicional
entre el compuesto SAHA (siglas en inglés del activo suberoylanilide hydroxamic acid,
conocido también como vorinostat o Zolinza®) y la molécula MPTOE028 de la
presente invencidn, encontrando que el tratamiento con esta ultima induce una
inhibicién mas fuerte de las células cancerigenas (Glso = 0.82+0.07uM y 0.09£0.004
KM, respectivamente), lo cual se puede corroborar en la Figura 2A que reproducimos

a continuacion:

>

140- ~-o-MPTOE028 (Gi,, = 0.09 + 0.004 uM) |

-O-SAHA (Gl,, = 0.82  0.07 ;M)

1204
g 100+
£ 80+
g 60+
5
— 404
@
O 20
0-.
‘20 ] ¥ 1 E ]
0.01 0.1 1 10 100

Concentration (uM)

Figura 2. Adaptada de Huang et al. (anexo al presente memorial)
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A la luz de lo anterior, solicitamos sea reconocido el beneficio que aporta la presente
invencién al campo técnico, la cual simboliza sin lugar a dudas una alternativa
terapéutica de utilidad que alcanza resultados y efectos farmacolégicos superiores y

sorprendentes empleando concentraciones mds bajas que las asociadas con las

moléculas ya conocidas y que, a partir de ello, se demuestra ventajosa en

comparacion con el estado del arte.

Asimismo, solicitamos que las ventajas y efectos sorprendentes de la presente
invencién sean tenidos en cuenta como muestra adicional y contundente del cabal
cumplimiento de los requisitos de novedad y nivel inventivo por parte de los
compuestos reivindicados, los cuales insistimos son completamente meritorios del

privilegio de patente que se solicita.

Por dltimo, en complemento de lo dicho, nos permitimos afirmar que el sefior
Examinador no llevé a cabo un examen de nivel inventivo pertinente 'por cuanto
omiti6 completamente las ventajas derivadas de la presente invencién y se limité a
afirmar que la misma habria podido ser concebida sin dificultad por el versado en la
materia a partir de lo divulgado en el documento D5, aun cuando las manifiestas
diferencias existentes entre dicha anterioridad y la materia reclamada respaldan la

patentabilidad de esta tltima.

Asf las cosas, solicitamos sean sopesados todos y cada uno de los comentarios,
evidencias y argumentos aqui expuestos, las cuales en compaiifa de un examen de
patentabilidad objetivo y concienzudo, sustentan ampliamente la patentabilidad de
los compuestos reivindicados en cumplimiento de los objetados requisitos de novedad

y nivel inventivo.
PETICION

Por las razones anteriormente expuestas, solicito a ese despacho REVOCAR la
decision tomada mediante la Resolucién No. 33043 del 24 de Mayo de 2014 y
tendiente a obtener la concesién del Privilegio de Patente de conformidad con los

articulos 14 y 48 de la Decisién 486 de la comunidad Andina.

Y
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NOTIFICACIONES

Recibiré notificaciones en la Secretarfa General de la Superintendencia de Industria y

Comercio, o en su defecto, en mi oficina de Abogado, situada en la Calle 702 No. 4-41

de esta ciudad de Bogota.

Del Sefior Digector

Vm%//%

JUAN PABLO CADENA SARMIENTO
T.P. No. 57.492 del C.S.].

C.C. 80.410.337 de Usaquén

Calle 70 ANo. 4 - 41
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Introduction

Histone deacetylase inhibitors (HDACI) are a promising new
class of anticancer agents. HDACI inhibit tumor progression
through their ability to regulate gene expression by promoting
acetylation of histone and non-histone proteins [1,2]. Currently,
several HDACI, including SAHA, LBH589, PXD101, MS-275,
and FK228, are being examined in clinical trials for their ability to
treat various solid and hematological malignancies [3,4]. The U.S.
Food and Drug Administration (F'DA) recently approved SAHA
and FK228 for the treatment of cutaneous T-cell lymphoma [5].
HDAC inhibitors (HDACi) modulate the expression of several
genes that regulate apoptosis, angiogenesis [6,7], cell cycle
progression, and cellular differentiation. They have minimal
toxicity against normal cells [8-10]. Taken together, these findings
are critical in designing target inhibitors of HDAC for the
treatment of cancer and other diseases.

A close view of these clinical trials with small molecule HDAC]
indicated the hydroxamic acid or Ahydroxyacrylamide group
play an important role in HDAC activity [11,12]. We previously
reported identification of the indoline-1-sulfonamide-containing
compounds with apparent anticancer activity [13,14]. On the
basis of the observations above, we designed and synthesized
a series of new class of histone deacetylase inhibitors. Among

PLOS ONE | www.plosone.org

them, 3-(1-benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-A-hy-
droxy-acrylamide (MPTOL028) has the best inhibitory activity of
HDAG:s. In this study, we examined the antitumor activities of
MPTOE028 in several cancer cell lines from the NCI-60 cancer
cell panel. We investigated the effects of MPTOE028 on cell cycle
progression and apoptosis and explored possible molecular
mechanisms that underlie its anticancer activity. In addition, we
examined the effect of MPTOLEO28 on the growth of human
colorectal cancer HCT116 cells i vivo, using a tumor xenograft
model, which confirmed the antitumor effect of MPTOE028. Our
results suggest that MPTOE028 is a promising therapeutic
candidate for the treatment of human cancers.

Materials and Methods

Materials

MPTOE028 and SAHA was synthesized by Dr. Jing-Ping Liou’s
Lab. (School of Pharmacy, College of Pharmacy, Taipei Medical
University, Taiwan), and the purity is more than 98% (Data S1).
RPMI 1640, M199, fetal bovine serum (FBS), penicillin, strepto-
mycin, and all other tissue culture reagents were obtained from
Life Technologies (Grand Island, NY, USA). Antibodies against
various proteins were listed as following: o-tubulin, PARP, actin,
HRP-conjugated anti-mouse, and anti-rabbit IgG were from
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Figure 1. The synthesis of MPTOE028, Reagents and conditions. (a) NaBH;CN, AcOH, 0°C-r.t.; (b) (i) benzenesulfony! chloride, pyridine, reflux;
(if) LiAIH,, THF, 0°C-r.t,; (iii} pyridinium dichromate (PDC), molecular sieves, CH,Cl,, r.t.; (c) (i) methyl{triphenylphosphorylidene)acetate, CH,Cly, r.t,; (i)
1M LiOHpg, dioxane, 40°C; (d) (i) NH,OTHP, PYBOP, Et;N, DMF, rt; (iii) trifluoroacetic acid, CH3OH, rt. Abbreviations: NaBH;CN, sodium
cyanoborohydride; AcOH, acetyl acid; LiAlH, (LAH), lithium aluminium hydride; THF, tetrahydrofuran; PDC, pyridinium dichromate; NH,OTHP, O-
(tetrahydro-2H-pyran-2-yl}hydroxylamine; PYBOP, benzotriazol-1-yl-oxytripyrrolidinophosphonium hexaflucrophosphate; EtzN, triethylamine; DMF,

dimethylformamide; TFA, trifluoroacetic acid.
doi:10.1371/journal.pone.0043645.9001

Santa Cruz (Santa Cruz, CA, USA); histone 3, actin, acetyl-u-
tubulin were from cell signaling were from Cell Signaling
Technologies (Boston, MA, USA); caspase 3 was from Imgenex
(San diego, CA, USA); acetyl-histone 3 was from Upstate
Biotechnology (Lake Placid, NY, USA). Propidium iodide (PI),
sulforhodamine B (SRB}, and all of the other chemical reagents
were obtained from Sigma Chemical (St. Louis, MO, USA).

Cell Culture

The human colorectal cancer cell line HCT116, breast cancer
cell line MDAMB231 and human umbilical vein endothelial cells
(HUVEC) were purchased from American Type Culture Collec-
tion (ATCC; Manassas, VA). Ovarian cancer cell line NCI-ADR
was obtained from the DTP Human Tumor Cell Line Screen
(Developmental ~ Therapeutics Program, NCI). HCTI116,
MDAMB231 and NCI-ADR cells were cultured in RPMI 1640
with 10% heat-inactivated fetal bovine serum (v/v) and penicillin
(100 units/mL)/streptomycin (100 pg/mL). HUVEC was cul-
tured in M 199 with 20% heat-inactivated fetal bovine serum (v/v)
and penicillin (100 units/mL)/streptomycin (100 pg/mL). All cells
were maintained in a humidified incubator at 37°C in 5% COy/
95% air.

NCI-60 Cell Lines Screening

The NCI-60 cancer cell lines screening was conducted by the
NCI’s Developmental Therapeutics Program (DTP; http://www.
dtp.nci.nih.gov/branches/btb/ivelsp.html).

Sulforhodamine B Assay

HCT116, MDAMB23! and NCI-ADR cells were seeded in 96-
well plates in medium with 5% fetal bovine serum overnight. Cells
were fixed with 10% trichloroacetic representing cell population at
the time of drug treatment (7). After incubation with vehicle
(0.1% DMSQO), MPTO0E028 or SAHA for 48 h, cells were fixed
with 10% trichloroacetic acid and then stained with sulforhoda-
mine B at 0.4% (w/v) in 1% acetic acid. Excess Sulforhodamine B
was washed away by 1% acetic acid and dye-containing cells were
lysed with 10 mmol/L Trizma base. The absorbance was read
under wavelength of 515 nm. By measuring time zero (7o), control

PLOS ONE | www.plosone.org

growth (C), and cell growth in the presence of the drug (7), the
percentage growth was calculated. Percentage growth inhibition
was calculated as 100-[(7,—T0)/(C-Tg)] X 100. Growth inhibition of
50% (Glsg) is determined at the drug concentration that results in
50% reduction of total protein increase in control cells during the
compound incubation.

Crystal Violet Assay

The HUVECs were seeded into 96-well culture plates
(5000 cells/well) in quadruplicate. After 24 h incubation, cells
were fixed with 0.1% crystal violet/20% methanol, representing
cell population at the time of drug treatment (7). Other cells were
treated with MPTOE028 or SAHA for 48 h. After 48 h incubation
at 37°C, cells were stained with 0.1% crystal violet/20% methanol
for 10 minutes and washed for 3 times. Then the dye was eluted
by 0.1 M sodium citrate/75% ethanol, and the absorbance is
measured at 550 nm.

FACScan Flow Cytometry

After the treatment of vehicle {0.1% DMSO), MPT0LE028 or
SAHA for the indicated time courses, the cells were harvested by
trypsinization, fixed with 75% (v/v) alcohol at 4°C overnight.
After centrifugation, cells were incubated in 0.1 mol/L phosphate-
citric acid buffer [0.2 mol/L NaHPOy, 0.1 mol/L citric acid
(pH 7.8)] for 20 min at room temperature. Then, the cells were
centrifuged and resuspended with 0.5 mL PI solution containing
Triton X-100 (0.1%, v/v), RNase (100 pg/mL), and PI (80 pg/
mL). DNA content was analyzed with the FACScan and
CellQuest software (Becton Dickinson).

HDAC Biochemical Assays

The HDAGC: in vitro activities of recombinant human HDAC 1,
2, 4, 6 and 8 (BPS Biosciences) were detected by fluorigenic release
of 7-amino-4-methylcoumarin from substrate upon deacetylase
enzymatic activity. Half maximal inhibitory concentration (ICsg) is
determined at the drug concentration that results in 50%
reduction of HDAC activity increase in control wells during the
compound incubation.
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Table 1. Anti-proliferative effects of MPTOE028 in the NCI-60 cell line panels.

Panels Cell Line Glso (M) TGI (M) LCso (M) Panel Cell Line Glgo (M) TGI (M) LCso (M)

Leukemla

[ ks

s

9.07€-7 >1.00E-4

>1.00E-4

MALME-3M

>1.00E-4 MDA-MB-435 1.46E-7 7.06E-7 1.13E-5

SR . 6.01E-8 >1.00E-4 >1.00E-4 SK-MEL-28 4.06E-7 2.74E-6 >1.00E-4

5.34E-7 >1.00E-4 >1.00E-4 UACC-257 1.27€-7 1.65E-6 >1.00E-4

T
2.10E-7

Ff’*“‘

1.80E-5

NCI-H23 1.88E-7 3.18E-5 >1.00E-4

NCI-H460

[\ G Qﬂ:"'NCI-HSZZ"

Colon Cancer COLO 205 128E-7 264E-7 54667 SK-OV-3

L. . Hccams 6. RenalC .
HCT-116 S63E-8 204E-7 5.66E-7 A498 24367 11366 51366

9.59E-7 >1.00E-4

i ? i
1.18E- 7 7.16E-7 6.81E-5 CAKI-1 2.18E-7

SW-620

>1.00€-4

147€-7 1.02E-5
CNS Cancer ~ SF-268°
SF-295

SE5395

SNB-19 434E-7
ISNBS..
u2s1 1.99E-7 8.20E-7 3.76E6

s

6.805-7

MDA-MB-468 1.96E-7 1. 15E 6 6.31E-6

Glgo: 50% of growth inhibition;

TGI: total growth inhibition;

LCso: 50% of letha! concentration.

M: Concentration in molar (M).
doi:10.1371/journal.pone.0043645.t001

Hela Nuclear Extract HDAC Activity Assay reduction of HelLa HDAC activity increase in control group
The HeLa nuclear extract HDAC activity was measured by during the compound incubation.

using the HDAC Fluorescent Activity Assay Kit (BioVision, CA,

USA) according to manufacturer’s instructions [15]. Briefly, the ~ Total HDACs Enzymatic Activity Assay

HDAC fluorometric substrate and assay buffer were added to Total HDAGCs enzyme activity was determined using the Boc-
HeLa nuclear extracts in a 96-well format and incubated at 37°C Lys(Ac)-AMC fluorometric HDAC activity assay kit (BioVision,
for 30 min. The reaction was stopped by adding lysine developer, Mountain View, CA, USA). HCT116 cells were treated with
and the mixture was incubated for another 30 min at 37°C. MPTOE028 and SAHA for 24 h. Cells were then collected and

Additional negative controls included incubation without the total cell lysates were analyzed using a Fluorometric HDAC
nuclear extract, without the substrate, or without both. TSA at Activity Assay Kit (k330-100; BioVision). A fluorescence plate
1 UM served as the positive control. A fluorescence plate reader reader with excitation at 355 nm and emission at 460 nm was

with excitation at 355 nm and emission at 460 nm was used to used to quantify HDAC activity. Half maximal inhibitory
quantify HDAC activity. Half maximal inhibitory concentration concentration (ICsp) is determined at the drug concentration that
(ICsp) is determined at the drug concentration that results in 50%
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Figure 2. The effects of MPTOE028 on cell growth and cell cycle progression in human HCT116 cells. (A) Concentration-dependent effect
of MPTOE028 and SAHA on cell growth. HCT116 cells were incubated without or with the indicated concentrations of MPTOEG28 or SAHA for 48 h,
Cell growth was evaluated by SRB assay. Data were expressed as mean=S.EM, of at least 3 independent experiments. (B) Concentration-dependent
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effects of MPTOE028 and SAHA on cell cycle progression. HCT116 cells were treated without or with the indicated concentrations of MPTOE028 or
SAHA for 24 h and were analyzed by flow cytometry for cell cycle distribution. (C, D) Data shown are the means of at least 3 independent
experiments. (E) Time-dependent effects of MPTOE028 and SAHA on subG1 population. HCT116 cells were treated without or with 1 pM MPTOE028 or
SAHA for the indicated time interval and were analyzed by flow cytometry for subG1 population. (F) MPTOE028 induced-caspase 3 and PARP
activation. HCT116 cells were treated without or with the indicated concentration of MPTOEQ28 or SAHA for 24 h subject to western blot for caspase
3 and PARP analysis. (G) MPTOE028 induced casepase-dependent cell apoptosis. HCT116 cells were treated without or with 3 uM MPTE028, SAHA or
20 uM z-VAD-fmk for 24 h and subjected to western blot for caspase 3 and PARP analysis.

doi:10.1371/journal.pone.0043645.9g002

results in 50% reduction of total HDAC activity increase in control
group.

Western Blot Analysis

After the treatment of vehicle (0.1% DMSO), MPTOE028 or
SAHA at indicated concentrations, cells were washed with chilled
PBS. For total lysate, cells were lysed with the 120 pL ice-cold lysis
buffer [10 mmol/L TrissHCl (pH 7.4), 150 mmol/L NaCl,
1 mmol/L EGTA, | mmol/L phenylmethylsulfonyl fluoride,
10 pg/mL aprotinin, 10 pg/mL leupeptin, 1 mM sodium ortho-
vandate, | mM NaF, and 1% Triton X-100]. Cell lysates were
centrifuged at 13,000 rpm for 30 min. For Western blot analysis,
the amount of protein (40 Jg) was separated by electrophoresis in
a 10% or 15% polyacrylamide gel and transferred to a poly-
vinylidene difluoride (PVDF) membrane. After 1 h incubation at
room temperature in PBS/5% nonfat milk, the membrane was
washed with PBS/0.1% and incubated with the indicated
antibodies at 4°C overnight. After washings with PBS/0.1%
Tween 20, the corresponding secondary antibodies were applied
to the membranes for 1 h at room temperature. The membranes
were then washed with PBS/0.1% Tween 20 and the detection of
signal was done with an enhanced chemiluminescence detection
kit (Amersham, Buckinghamshire, UK).

In vivo Implantation and Tumor Growth

The human HCT116 colorectal adenocarcinoma cells used for
implantation were harvested during log phase growth and
resuspended in phosphate-buffered saline at 5%107 cells/mL.
Each mouse was injected s.c. in the right flank with 1.0x107 cells
(0.2 mL cell suspension). Tumors were monitored twice weekly
and then daily as their volumes approached 1,200 mm®. Tumor
size, in mm®, was calculated from: where w =width and [=length
in mm of the tumor. Tumor volume=(&?x)/2. All animal
experiments followed ethical standards, and protocols have been
reviewed and approved by Animal Use and Management
Committee of National Taiwan University (IACUC Approval
No: 20100225).

Table 2. Activity of MPTOE028 and SAHA against HDACs.

Compound HDAC1  HDAC2  HDACS HDAC4 HDAC6

1Cso (NnM*SE)
MPTOE28 - 5302120  106.2%230.425326~3 10000

ZNE N EA

SAHA 102.2£22.1 336.2+91.2 2898.9+1287 >10000 19.5%3.1

HDAC activity was determined indirectly by measuring the fluorescence
generated by a deacetylated fluorogenic peptide product (Materials and
Methods). Data represent triplicate determinations from three independent
experiments (mean=SE), HDAC Class | isoforms: HDAC1, HDAC2, and HDACS,
HDAC Class |l isoforms: HDAC4 and HDACS.
doi:10.1371/journal.pone.0043645.t002
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Mice

Female nude-athymic mice were 8 weeks old, and had a body
weight (BW) range of 17.2-22.0 g, on D1 of the study. The
animals were fed ad libitum water (reverse osmosis, 1 ppm Cl) and
PicoLab Rodent Diet 20 Modified and Irradiated Lab Diet®
consisting of 20.0% crude protein, 9.9% crude fat, and 4.7% crude
fiber. The mice were housed on National Taiwan University
Laboratory Animal Center, NTUMC, on a 12-hour light cycle at
21-23°C and 60-85% humidity.
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Figure 3. Inhibition of HDACs activity by MPTOE028 and SAHA.
(A) Inhibition of HDACs activity in Hela nuclear extracts. Data were
expressed as the mean of at least 3 independent experiments. (B)
Inhibition of total HDAC activity by MPTOE028 and SAHA. HCT116 cells
were treated with the indicated concentrations of MPTOE028 and SAHA
for 24 h, and the nuclear proteins were isolated to determine the
inhibition of total HDAC enzyme activity. Data are expressed as the
mean*S.EM. of at least 3 independent experiments.
doi:10.1371/journal.pone.0043645.g003
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Figure 4. Effect of MPTOE028 and SAHA on a-tubulin and
histone H3 acetylation. (A) HCT116 cells were treated with
MPTOE028 and SAHA for.24 h at the indicated concentrations. Cell
lysates were prepared and subjected to SDS-PAGE and immunoblotting
using acetyl-histone H3, histone H3, acetyl-a-tubulin, and a-tubulin
antibodies. Quantitative analysis of western blot with ImageQuant
(Molecular Dynamics, USA); acetyl-histone H3 (B) and acetyl a-tubulin
(C) were analyzed in HCT116 cells.
doi:10.1371/journal.pone.0043645.g004
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Statistical and Graphical Analyses

The logrank test was used to determine the statistical
significance of the difference between the TTE values of two
groups, except any NTR deaths. Statistical and graphical analyses
were performed with Prism 3.03 (GraphPad) for Windows. The
two-tailed statistical analyses were conducted at = 0.05. Kaplan-
Meier plots show the percentage of animals remaining in the study
versus time. The Kaplan-Meier plots use the same data set as the
logrank test.

The tumor growth curves show the group median tumor
volume, on a log scale as a function of time. When an animal exits
the study due to tumor size or TR death, the final tumor volume
recorded for the animal is included with the data used to calculate
the median at subsequent time points. Therefore, the final median
tumor volume shown by the curve may differ from the MTV,
which is the median tumor volume for mice remaining in the study
on the last day (excluding all with tumors that have attained the
endpoint). If more than one TR death occurs in a group, the
tumor growth curves are truncated at the time of the last
measurement that precedes the second TR death. Tumor growth
curves are also truncated when the tumors in more than 50% of
the assessable animals in a group have grown to the endpoint
volume. (*$<<0.05; **p<<0.01; ***p<<0.001; compared with the
respective control group).

In vitro Statistical Analysis

Data were expressed as mean*SEM of the indicated number
for separate experiments. Statistical analysis of data was performed
with one-way ANOVA followed by the ¢ test, and p<<0.05 were
considered significant. (¥$<0.05; **$<0.01; ***p<<0.001; com-
pared with the respective control group).

Results

The Synthesis of MPTOE028

The synthesis of MPTOE028 (1) is depicted in Figure 1.
Commercially available methyl indole-5-carboxylate (2) was
reacted with sodium cyanoborohydride in the presence of acetic
acid afforded the methyl indoline-5-carboxylate (3) in 93% yield.
The M -sulfonylation of indoline (3) with benzenesulfonyl chloride
in pyridine and then LiAlH;-mediated C5-ester reduction,
followed by the PDC oxidation produced the desired 1-
benzenesulfonylindoline-5-carbaldehyde (4) in 42% yield (3 steps).
Wittig reaction of methyl(triphenylphosphoranylidene)acetate with
the indoline-5-carboxyaldehyde 4T and treatment of lithium
hydroxide (LIOH) in MeOH gave cinnamic acid (5) in 73% yield.
The conversion of carboxylic acid (5) to the hydroxamic acid (1)
was accomplished in 72% yield by the treatment of NH,OTHP in
the presence of PYBOP and EtsN, followed by trifluoroacetic acid-
mediated deprotection, The detailed experimental information for
the preparation of MPTOE028 is available in the supplemental
section.

The Effect of MPTOE028 on Proliferation of Cancer Cell
Lines

To determine whether MPTOEQ28 exhibits anti-cancer activity
in human cancer cells, we tested the anti-proliferative activity of
MTPOE028 using the NCI-60 cancer cell lines screening panel
[16]. As shown in Table 1, MPTOE(28 significantly inhibited cell
proliferation in all human cancer cell lines examined at
micromolar concentrations, but was especially potent in
HCT116 cell line. Therefore, we chose HCT116 cells for further
studies of the anti-cancer activity of MPTOEQ28 in vitro and in vive.
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Figure 5. The effect of MPTOE028 on the growth of HCT116 cells in vivo. All tumors grew to the 1,200-mm? endpoint volume. (A) Tumors
were measured regularly and growth delay was calculated for treatment groups relative to control tumors (TGD). (B) Kaplan-Meier survival analysis
was based on the tumor growth endpoint. (C) Inhibition of tumor growth curves represented a mean+SEM and percentage change in mean tumor
volume (percent TGl). (D) Body weights were measured daily during the first week and then 2 times per week. The body weight ratio was calculated
relative to the baseline measurement. (E} in vivo effect of MPTOE028 on the expression of caspase 3, PARP, acetyl-histone H3 and acety!-t-tubulin in

HCT116 xenograft tumors as determined by western blotting.
doi:10.1371/journal.pone.0043645.g005

MPTOE028 Significantly Induced HCT116 Cell Apoptosis

First, we demonstrated that MPTOL028 inhibits the growth of
HCT116 cells in a concentration-dependent manner using SRB
assay (Glsp=0.0920.004 pM) (Figure 2A). Two other cell lines,
MDA-MB-231 and NCI-ADR from the NCI-60 screening panel,
were also chosen to analyze the sensitivity of MPT0LE028
(MDAMB231, Glsp=0.1920.04 uM; NCI-ADR,
Gls0=0.14x0.02 uM). MPTOL028 also inhibited cell prolifera-
tion significantly in these two cell lines (Data S2A, S2B) but
showed less sensitive compared to HC'T'116. We also determined
the safety margin of MPI'OE028 in human normal cells (e.g.
HUVIEC) and found that MPTOE028 show 20-40 folds less
sensitive against normal cells (Glsg=3.57+0.45 uM), suggesting
MPTOEO028 specifically targets malignant tumor cells (Data S2C).
To investigate the effect of MPTOLEO028 on cell cycle progression,
cellular DNA content was measured by flow cytometry. We
showed that treatment with MPTOE(028 increased the number of
cells in the sub-G1 phase of the cell cycle (Figure 2B and 2C). The
reference compound was an HDACI, suberoylanilide hydroxamic
acid (SAHA; vorinostat), with a Glsq of 0.82+0.07 uM, which
exhibited antiproliferative activity (Figure 2A) and induced
apoptosis in HCT116 cells (Figure 2B and 2D) in a concentra-
tion-dependent manner but showed less effective compared to
MPTOE028. As shown in Figure 2E, MPTOE028 also induced
sub-G1 population in a time-dependent manner, while SAHA
showed weaker effect and delayed cytotoxicity. MPTOE028 also
induced caspase 3 and PARP activation in a concentration-
dependent manner (Figure 2F). MPTOE028-induced apoptosis was
abolished when cotreatment with caspase-inhibitor z-VAD-fmk,
suggesting that MPTOL028 induced apoptosis through caspase-
dependent pathway. These results suggested that MPTOE028
induced HCT116 cells cytotoxicity through the apoptosis path-
way.

MPTOEO028 is an Inhibitor of HDACs Activity

We next examined the effect of MPT0L028 on the activity of
HDAG S, using a panel of human recombinant HDAC proteins,
and compared its activity to SAHA. As shown in Table. 2,
MPTOE028 significantly inhibited HDAC1 and HDAC2 from

xenograft model.

class 1 as well as HDAC6 from class 1Ib at low nanomolar
concentrations. While MPTOE028 was more potent than SAHA
against recombinant HDACI and 2, it has little activity against
recombinant HDAC4 and HDACS, which is similar to the
inhibitory pattern of SAHA. We confirmed that MPTOE028
inhibited nuclear HDAC activity in the cervical adenocarcinoma
cell line HelLa (1C50=11.1%22.8 nM) and in HCT116 cells
(1Cs0=4.43+0.5 uM), which were approximately 9-30 times
more potent than SAHA (IC;,=1188%*13.2nM and
129.4#+13.9 uM, respectively) (Iigure 3A and 3B). The potent
HDAGC: inhibitory effect of MPTOEQ28 could also be observed in
MDAMB231 and NCI-ADR cells (Data S3). These results
suggested that MPTOE(028 is a novel and potent HDAC inhibitor.

Effects of MPTOE028 on a-tubulin and Histone H3
Acetylation in HCT116 Cells

Because a-tubulin and histone H3 are common downstream
targets of HDACs, we examined the effects of MPTOE028 on a-
tubulin and histone H3 acetylation in HCT116 cells using western
blot analysis. As shown in Figure 4, MPTOE028 induced stronger
hyperacetylation of histone H3 than that of SAHA (Figure 4A and
4B), which is consistent with its potent inhibitory effect on class 1
HDACI1 and 2. In contrast, SAHA exhibited more potent o-
tubulin acetylation than MPTOE028 (Figure 4A and 4C),
suggesting that SAHA is more potent against class IIb HDACS,
which is consistent with our finding in Table 2.

MPTOE028 Inhibits Growth of Human Colon Cancer
Xenografts in vivo

Finally, we evaluated the efficiency of MPTOE028 and SAHA
using i viwe tumor HCT116 xenografts in a nude mice model
(Figure 5A and 5B) (Table 3). Once a tumor was palpable with the
size of approximately 55 mm®, mice were randomized into vehicle
control and treatment groups (8 mice per group). Control mice
received the vehicle (0.5% carboxymethyl cellulose +0.1% Tween
80). Tumors in all 3 groups were allowed to reach an endpoint
volume of 1,200 mm®. The median time to endpoint (T'TE) for
control mice was 16.6 days. In mice that were orally treated with

Table 3. Treatment response summary for anti-cancer activity of MPTOE028 and SAHA in the human HCT116 colorectal cancer

Compound (n) Dose (mg/kg} Route

<

H

E:cntrol 8) . ;
SAHA (8) 200

MPTOEO287(8): . 200
MPTOE028 (8) 100

Logrank

No. of CR  Significance P value

:Mprosoza @50

control. qd =once daily; po =oral administration.
doi:10.1371/journal.pone.0043645.t003
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n=number of animals; Study Endpoint = 1200 mm?, Days in Progress = 60; TTE = time to endpoint; T-C = difference between median TTE (days) of treated versus control
group; %TGD (tumor growth delay) =[(T-C)/C] x100; CR = complete regression; Statistical Significance =Logrank test; ns=not significant; *=P<0.05 compare with
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SAHA (200 mg/kg, daily), the TTE increased to 27.0 days, which
corresponds to a T-C of 10.0 days and a percent tumor growth
delay (TGD) of 63%. According to the logrank analysis, SAHA
produced significant antitumor activity (=0.0251). Oral treat-
ment with MPT0LE028 (200, 100, and 50 mg/kg, daily) increased
the median TTE to 36.9, 19.2, and 15.5 days, respectively,
corresponding to a T-C of 20, 2.6, and 0 days and a percent TGD
of 122%, 16%, and 0%, respectively. Based on the logrank
analysis, MPTOE028 exhibits significant antitumor activity at
200 mg/kg (P=0.0031). Notably, 3 mice in a group that were
treated with 200 mg/kg MPTO0E028 and 1 mouse in another
group that was treated with 100 mg/kg MPTOLE028 showed
complete tumor regression after treatment (Table 3). In addition,
mice were also dosed once a day for 15 days via oral
administration to evaluate tumor growth inhibition after
MPTOL028 treatment. we found that the growth of HCTI116
cancer cells xenografts was suppressed by 73.5%, 32.0%, and
21.9% (percent tumor growth inhibition [T'GI] values) after
treatment with MPTO0LE028 at 200, 100, and 50 mg/kg, re-
spectively, whereas SAHA at 200 mg/kg suppressed tumor growth
by 47.7% (%'TGI) (Figure 5C). No significant difference in body
weight or other adverse effects were observed upon treatment with
MPT0L028 (Figure 5D). We also determined the effect of
MPT0L028 on the expression of caspase3, PARP, acetyl-histone
H3 and acetyl-p-tubulin in vivo in HCT116 xenograft tumor
tissues. Mice were treated with 200 mg/kg MPT0E028 or SAHA
for 7 days (oral, daily) and then tumors were carefully removed
and subjected to western blot analysis. As shown in Figure 5E,
caspase 3, PARP and acetyl-histone H3 were substantially induced
in MPTOE028-treated group while acetyl-l-tubulin were found
more profoundly in SAHA-treated group, which is consistent with
our finding i vitro. Taken together, MPT0E028 induced a dose-
dependent delay and inhibition of tumor growth and displayed
stronger anti-tumor activity in vivo than SAHA.

Discussion

HDAGs are important targets for cancer therapy because of
their ability to transcriptionally regulate the expression of genes
that are involved in cell proliferation, differentiation, and apoptosis
[17,18]. HDAGi are currently in clinical trials for the treatment of
solid tumors and in leukemia patients. Two HDACi, SAHA and
FK228, have received the US FDA approval for the treatment of
patients with cutaneous T-cell lymphoma. In this study, we report
the synthesis of a new chemical compound 3-(1-benzenesulfonyl-
2,3-dihydro-1H-indol-5-yl)-M-hydroxy-acrylamide (MPT0E028),
that has a potent HDACI activity, MPTOL028 was designed
based on our prior research with microtubule destabilizing agents
using indoline-1-arylsulfonamides as a core structure [13,14]. After
coupling an A-hydroxyacrylamide functional group at the 5-
position of indoline ring, we afforded the desired MPTOE028.

Furthermore, we evaluated the anti-cancer activity of
MPTOEQ028 in vitro and in vivo. We found that MPTOE028 induced
cytotoxicity in numerous human cancer cell lines from the NCI-60
panels and performed mechanistic studies in HCT116 cells, which
showed high sensitivity to MPTOE028. When compared to SAHA,
treatment with MPT0L028 induced stronger inhibition of cancer
cell (Glsp =0.82+0.07 pM and 0.09+0.004 pM, respectively) but
not normal cell growth (Glso=3.57%0.45 uM) and produced
a significantly higher number of sub-G1 (apoptotic) cells as
determined by flow cytometry. Also, MPT0E028 induced more
profoundly caspase 3 and PARP activation. Taken together,
MPTOE028 inhibits cancer cells growth and induces apoptotic
cell-death.
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We demonstrated that MPTOE028 inhibits the activity of
HDACI, HDAC2 and HDACS in class I as well as HDAC6 in
class IIb, but not HDAC#4 in class Ila, and consistently induces
acetylation of histone H3 and a-tubulin. Class I HDACs have
been shown to be overexpressed in human colorectal cancer cells
[19], which may contribute to perturbed cancer cell proliferation,
differentiation, and apoptosis by both epigenetic or non-epigenetic
modification [20,21]. Inhibition of HDAG activity induced the
intrinsic and extrinsic apoptotic pathway, leading to cancer cell
death [22,23]. In addition, HDACI could induce expression of p21
by stabilizing and inducing transcriptional activity of RUNX3,
leading to induction of cancer cell apoptosis [24,25]. The
inhibition of HDAC activity by MPTOE028 was 10-30 times
stronger than that by SAHA in HeLa and HCT116 cells.

Finally, we examined the efficiency of MPTOLE028 against the
human HCT116 colorectal adenocarcinoma cell growth in mice.
Median tumor growth and Kaplan-Meier curve analysis demon-
strated strong antitumor activity of MPTOE028. Daily adminis-
tration of MPTOE028 resulted in significant antitumor activity.
Moreover, compared to SAHA, MPT0IX028 displayed stronger
anti-tumor activity. Based on these results, MPTOE028 is a novel
synthetic HDACi with unique pharmacologic properties that
should be tested in human colorectal cancer therapy.

In summary, we have identified a novel inhibitor of HDAC
activity, MPTOE028, with antitumor activity in vitro and in vive.
The results presented here show that MPTOE028 inhibits HDACs
activity and has antitumor properties that are more potent than
SAHA, which is currently in clinical use in subcutaneous T-cell
lymphoma. Thus, MPTOE028 is suitable for further testing as
a novel anti-cancer agent.

Supporting Information

Data S1 Chemistry. Nuclear magnetic resonance (‘H NMR)
spectra were obtained with Bruker DRX-500 spectrometer
(operating at 500 MHz), with chemical shift in_parts per million
(ppm, J) downfield from TMS as an internal standard. High-
resolution mass spectra (HRMS) were measured with a JEOL
(JMS-700) electron impact (EI) mass spectrometer. Flash column
chromatography was done using silica gel (Merck Kieselgel 60,
No. 9385, 230400 mesh ASTM). All reactions were carried out
under an atmosphere of dry nitrogen. 2,3-Dihydro-1H-indole-
5-carboxylic acid methyl ester (3): To a stirred solution of
methyl indole-5-carboxylate (2) (0.30 g, 1.71 mmol) in AcOH
(2 mL), sodium cyanoborohydride (0.16 g, 2.57 mmol) was added
to the reaction mixture at 0°C. The reaction was warmed to room
temperature and stirred for 2 h. The reaction was quenched with
water at 0°C, concentrated NaOH was added up to pH 10. The
aqueous layer was extracted with CHyCly (15 mLx3). The
combined organic layer was dried over anhydrous MgSOy and
concentrated under reduced pressure to give a yellow residue,
which was purified by silica gel chromatography (EtOAc: n-
hexane = 1:2) to afford 3 (0.28 g), yield 93%. 'H NMR (500 MHz,
CDCls): 6 3.06 (t, 7= 8.5 Hz, 2H), 3.65 (t, 7= 8.5 Hz, 2H), 3.84 s,
3H), 6.53-6.55 (m, 1H), 7.75-7.76 (m, 2H). 1-Benzenesulfonyl-
2,3-dihydro-1H-indole-5-carbaldehyde (4): To a solution of
3(0.28 g, 1.58 mmol) in pyridine (2 mL), benzenesulfonyl chloride
(0.40 ml, 3.16 mmol) was added. The reaction mixture was
refluxed overnight. The mixture was then purified by silica gel
chromatography (EtOAc: n-hexane = 1:3) to afford the 1-benze-
nesulfonylindoline (0.40 g). '"H NMR (500 MHz, CDCly): 5 2.99
(t, J=8.6 Hz, 2H), 3.87 (s, 3H), 3.97 (t, 7= 8.6 Hz, 2H), 7.45-7.48
(m, 2H), 7.56-7.59 (m, 1H), 7.66 (d, 7=8.5 He, 1H), 7.75 (s, 1H),
7.82 (d, ¥=7.7 Hz, 2H), 7.90 (d, 7= 7.9 Hz, 1H). LAH (0.10 g,
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2.52 mmol) was added to a solution of 1-benzenesulfonylindoline
(0.40 g, 1.26 mmol) in THF (10 mL) at 0°C. The reaction mixture
was warmed to room temperature and stirred for 2 h before it was
quenched with water and then extracted with CH,Cl, (15 mL x3).
The combined organic layer was dried over anhydrous MgSO,
and concentrated under reduced pressure. The residue was further
treated with PDC (0.63 g, 1.66 mmol)-mediated oxidation in the
presence of molecular sieves (0.63 g) and CH,Cl, (10 mL) stirring
at room temperature overnight. The reaction mixture was filtered
through celite and purified by silica gel chromatography (EtOAc:
n-hexane = 1:2) to afford 4 (0.19g), 42% vyield. 'H NMR
(500 MHz, CDCl3): & 3.05 (t, 7=8.6 Hz, 2H), 4.01 (¢,
J=8.7 Hz, 2H), 7.46-7,49 (m, 2H), 7.58-7.62 (m, 2H), 7.71 (d,
J=83 Hz, 1H),7.75(d, 7= 8.3 Hz, 1H), 7.84 (d, 7= 7.8 Hz, 2H),
9.85 (s, 1H). 3-(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-
yl)-acrylic acid (5): To a solution of 4 (0.19 g, 0.66 mmol) in
CHCly (10 mL) was treated with methyl (triphenylphosphorany-
lidene) acetate (0.27 g, 0.79 mmol). The reaction mixture was
stirred at room temperature for 3 h, was then quenched with
water, and extracted by CHyCl, (15 mLx3). The combined
organic layer was dried over anhydrous MgSO, and concentrated
under reduced pressure to give a yellow residue, which was then
purified by silica gel chromatography (EtOAc: n-hexane = 1:3) to
afford the acrylic acid methyl ester (0.20 g). 1 M LiOH aqueous
solution (1.16 ml, 1.16 mmol) was added to a solution of acrylic
acid methyl ester (0.20 g, 0.58 mmol) in dioxane (15 mL). The
reaction mixture was stirred at 40°C overnight before it was
concentrated under reduced pressure. The residue was dissolved in
water and concentrated HCI was added up to acidic pH to give the
precipitation, which was dried by vacuum to afford 5 (0.16 g),
73% yield. '"H NMR (500 MHz, CD30OD): § 2.92 (t, 7=8.5 Hz,
2H), 3.96 (t, 7=8.5 Hz, 2H), 6.33 (d, 7=15.9 Hz, 1H), 7.38 (s,
1H), 741 (d, 7=8.5 Hz, 1H), 7.50-7.53 (m, 2H), 7.55 (d,
J=16.1 Hz, 1H), 7.58-7.64 (m, 2H), 7.82 (d, 7= 7.6 Hz, 2H). 3-
(1-Benzenesulfonyl-2,3-dihydro-1H-indol-5-yl)-N-hy-
droxy-acrylamide (MPTO0E028, 1): NH,OTHP (0.05g,
0.44 mmol) was added to a stirred solution of 5 (0.12 g,
0.37 mmol), PYBOP (0.20g, 0.39 mmol), triethylamine
(0.12 ml, 0.88 mmol) in DMF (1.5 mL). The reaction mixture
was stirred at room temperature for 1 h before it was quenched
with water, followed by extraction with EtOAc (15 mLx3). The
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centration-dependent effect of MPTOE028 and SAHA on cell
growth in (A) MDAMB231, (B) NCI-ADR and (C) HUVEC cells.
Cells were incubated without or with the indicated concentrations
*of MPTOE028 or SAHA for 48 h. Cell growth was evaluated by
SRB and crystal violet assay. Data were expressed as mean*"
S.EM. of at least 3 independent experiments.
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Data 83 Inhibition of total HDAC activity by MPT0E028
and SAHA in MDAMB231 and NCI-ADR cells. (A)
MDAMB231 and (B) NCI-ADR cells were treated with the
indicated concentrations of MPTOE028 and SAHA for 24 h, and
the total lysate were subjected to total HDAC enzyme activity
detection. Data are expressed as the mean+S.E.M. of at least 3
independent experiments.

(PDF)
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