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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la

Decisidon 486 de la Com;ston de la Comunidad Anédma se le comunica:

1. Documentos estudiados

Descripcion: - Folios: 85a 139 28/10/2009
Reivindicaciones: | Folios: 147 a 162 28/10/2009
Figuras: Folios: 164 a 173 28/10/2009
Prioridad: ._ AR P20070101520 11/04/2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque estd solicitud fue presentada dentro del
plazo establecido (Art. 9 D486) y su contenido técnicp corresponde con el de la prioridad
reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Lineas celulares, composiciones para el tratamiento de
melanomas que las comprenden, procedimiento para preparar las composicionesy
métodos de tratamiento”.

El objeto de la presente solicitud es proveer lineas celulares de melanoma humano para el
tratamiento de enfermedades. malignas.

El problema planteado en esta solicitud es la necesidad de obtener lineas celulares que
induzcan actividad en células T y funcionen como inmunomoduladores.
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Para solucionar este problema técnico la solicitud en estudio suministra cuatro lineas
celulares de melanoma humano usadas para el tratamiento de enfermedades malignas.

El objeto de la solicitud definida anteriormente se clasificé en la IPC: A61K 39/00; C12N
5/06.

4. Excepcion a la patentabilidad (Articulo 20 D486 literal d)

El objeto de las reivindicaciones 59 a 77 es un método de tratamiento aplicado a pacientes
humanos o animales. Sin embargo, de acuerdo con el articulo 20 literal d), esta materia no
se considera patentable.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)

Las reivindicaciones 38 y 47 reclaman el uso de la composicidon obtenida, dichas
reivindicaciones no son patentables, de acuerdo con el Art 14.

6. De la solicitud de Patente
Reivindicaciones (articulo 30 D486)
El capitulo reivindicatorio presentado carece de concisién y claridad por cuanto:

1) Lalinea celular reclamada en la reivindicacion 4 puede ser de cuatro tipos de cultivos
diferentes, denominados Mel-XYg. Sin embargo, la denominacion de cada cultivo es
particular del inventor y no permite establecer las caracteristicas de cada uno de ellos.
Se recomienda definir las lineas celulares de manera que sea evidente la diferencia
entre cada una de ellas, indicando por ejemplo el tipo de célula, el porcentaje de
celulas apoptéticas o necroéticas, medio de cultivo, etc.;

2) Caracteristicas como tipo de irradiacién realizada, tipo de células, condicion fisiologica
de la célula son importantes para la definicion de las mismas, asi como para la
definicion del procedimiento de preparacién de estas. Se recomienda incluir esta
informacion en las reivindicaciones independientes;

3) La composicién reclamada en la reivindicacion 12 no se diferencia de la materia
reclamada en la reivindicacién 1 puesto que ambas poseen los mismos elementos
caracterizantes. Se recomienda modificar esta reivindicacion de manera que se indique
cada uno de sus elementos definidos y se indique las proporciones de los mismos, de
acuerdo con la materia sustentada en la descripcion;

4) Existen numerosas reivindicaciones que reclaman la misma materia lo cual hace que el
capitulo reivindicatorio carezca de concisiéon. Se recomienda dejar una Unica
reivindicacion independiente de cada categoria (reivindicaciones 12, 25,40, 44 para
composicion, 39 y 43 para tipo de células, 48 y 54 para procedimiento, entre otras);

De esta manera, el capitulo reivindicatorio presentado no cumple con los requisitos
establecidos en el art. 30 de la Decision 486.

7. Determinacion del Estado de la Técnica

Para determinar el estado de la técnica se ha tenido en cuenta la fecha de presentacion de
la solicitud prioritaria reivindicada con la solicitud: 11/04/2007.
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Teniendo en cuenta la fecha indicada se realiz6é blsqueda en el estado de la técnica de
documentos relacionados con la solicitud, encontrandose los siguientes documentos
relevantes a la misma:

o ' . Fecha de
N Documento \ Titulo publicacién
Thumann P., et.al.
D1 Journal of “Antigen loading of dendritic cells with whole 2003
Immunological Methods tumor cell preparations”

277 (2003): 1- 16 \

Longhi P. et.al., Proc “Preclinical studies of a human vaccine based on
D2 Amer Assoc Cancer dendritic cells loaded with apoptotic/necrotic 2004
Res, Volume 45, 2004 | melanoma cells”

Goldszmit et.al., J “‘Dendritic Cells Charged with Apoptotic Tumor
D3 Immunol, 2003; Cells Induce Long-Lived Protective CD4+ and 2003
171:5940-5947, CD8+ T cell immuImity against B16 melanoma”
D4 WO 02/053176 “An autologous a)pti-cancer vaccine” 11/07/2002

Resumen de los documentos citados:

D1: Vacunacién basada en células dendriticaL (DC) ha sido ampliamente usada para la
induccién de inmunidad anti-tumoral en estudios clinicos. La carga de antigenos de DC
con preparaciones de células tumorales es un método atractivo cuando el material celular
tumoral esta disponible (resumen, Fl. 258).

D2: Las células dendriticas son potentes células presentadoras de antigenos capaces de
tomar eficientemente, procesar y presentar antigenos a las células T ayudadoras para
iniciar una respuesta inmune (resumen, Fl. 265).

D3: Las celulas dendriticas son potentes células presentadoras de antigenos y vectores
atractivos para inmunoterapia en cancer. Usandolel melanoma B16, un tumor experimental
pobremente inmunogénico que expresa bajos |niveles de productos MHC case |, se
investiga si las DC cargadas ex-vivo con células apoptéticas podrian elicidar células T
dependientes CD4+ and CD8+, e inmunidad a largo término siguiendo la aplicaciéon de la
composicion vacunal en ratones (resumen, Fl. 2é6).

D4: La invencién se relaciona con una composicién farmacéutica para inducir una
respuesta inmune dirigida contracélulas malignas en un sujeto mamifero. La composicion
comprende como ingrediente activo células presentadoras de antigenos autélogos (APC)
las cuales fueron cargadas con una mezcla de al menos dos lisados de lineas celulares
tumorales alogénicas (resumen).
http.//www.wipo int/patentscope/search/en/search.jsf ingresar W02002053176.

8. Analisis de patentabilidad (articulo 14 D486)
Novedad (articulo 16 D486)

La reivindicacién 39 reclama una composicion para el tratamiento de melanomas humanos
caracterizada porque comprende células dendriticas autélogas maduras, células
dendriticas autbélogas cargadas con células de al menos una linea celular de melanoma
humano heterélogo, células:apoptética de dicha al menos una linea celular de melanoma
humano heterdlogo y células necréticas de dicha al menos una linea celular de melanoma
humano heterdlogo.
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La reivindicacidn 43 igualmente reclama una composicion para el tratamiento adyuvante de
melanomas humanos, caracterizada porque comprende células dendriticas maduras,
células dendriticas cargadas con células de al menos una linea celular de melanoma
humano heterdlogo, células apoptéticas de una linea celular de melanoma humano
heterodlogo y células necréticas de una linea celular de melanoma humano heterélogo.

Tal como menciond la autoridad de busqueda internacional, los documentos D1 a D3
divulgan composiciones elaboradas con este tipo de células. El documento D1 divulga un
protocolo para la carga de células dendriticas con preparaciones de células tumorales,
tanto necroticas como apoptoticas o lisados tumorales, usando células de melanoma (Pag.
3 col. izq parrafo 1). Este documento usa la linea celular de melanoma MEL-526 (Pag. 3
col. izq parrafo 3). Tal como divulga D1, el materia necroético tiene fa capacidad de inducir
la maduracion de células dendriticas (Pag. 2 col. der parrafo 2) por lo que las células DC
usadas también son maduras. Ademas se utilizaron células de melanoma apoptéticas las
cuales fueron irradiadas con 1.0 J/cm? UV-B (Pag. 4 col izq, parr. 2) y células necréticas de
melanoma que fueron sometidas a ciclos de calentamiento y enfriamiento (Pag. 4 col izq,
parr. 3).

De esta manera, el documento D1 divulga todas las caracteristicas de la invencion
reclamada en las reivindicaciones 39 y 43 de la solicitud.

El documento D2 divulga una composicién usada para vacunacion en sujetos que sufren
de melanoma. Se usa una composicién con células dendriticas, se utiliza una mezcla de
células de melanoma apoptéticas y necréticas (resumen). Se identifica el efecto de las
células necroéticas en la maduracion de las DC y el efecto de las células apoptéticas en la
activacion de células T.

De esta manera, el documento D2 divulga todas las caracteristicas de la invencion
reclamada en las reivindicaciones 39 y 43 de la solicitud.

El documento D3 divulga una composicion que comprende células dendriticas cargadas
con células de melanoma de la linea B16-F1 (Pag. 5940 col der dltimo parr), células en
apoptosis que fueron irradiadas y células necroticas que habian sido sometidas a ciclos de
calentamiento/enfriamiento (Pag. 5941 col izq).

De esta manera, el documento D2 divulga todas las caracteristicas de la invencion
reclamada en las reivindicaciones 39 y 43 de la solicitud.

Nivel inventivo (Articulo 18 D486)

Lareivindicacion 1 reclama una linea celular de melanoma humano para el tratamiento de
enfermedades malignas caractertizada porque dicha linea celular es seleccionada del grupo
comprendido por a) Mel-XY1, b) Mel-XY2, c) Mel-XY3, d) Mel-XX4 y ) sub-poblaciones de
las mismas;

Las reivindicaciéon 12 reclama una composicién para el tratamiento del melanoma,
caracterizada porque comprende al menos una linea celular de melanoma alogenéica
seleccionada del grupo comprendido a) Mel-XY1, b) Mel-XY2, ¢) Mel-XY3, d) Mel-XX4 y
combinaciones de las mismas, en donde dichas lineas celulares son incapaces de
proliferar. La reivindicacion 25 es similar y la reivindicacion 48 reclama el procedimiento
para la preparacion de la composicién.

En reivindicaciones dependientes se indica el caracter de células apoptéticas y necréticas

de las células de melanoma, las proporciones de estas y la forma de inactivacion de las
mismas..
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Tal como se manifestd arriba los documentos D1 a D3 divulgan también lineas celulares
de melanoma, de acuerdo con los apartes ya citados. El documento D1 por ejemplo indica
en la forma de generacion de apoptosis de las células el uso de irradiacion con 1.0 Jiem?
UV-B (Pag. 4 col izq, parr. 2) y células necréticas de melanoma que fueron sometidas a
ciclos de calentamiento y enfriamiento (Pag. 4A)col izq, parr. 3). lgualmente, indica que la
composicion tiene un porcentaje de células apoptéticas/necréticas y células dendriticas 1:1
(Pag. 3 col izq parr.2).-

La diferencia entre la materia reclamada en la solicitud y D1 puede estar dada por la linea
celular de melanoma especifica empleada en I solicitud.

El efecto que produce eSta diferencia no resulta Lparente puesto que ambos documentos
indican que se tratan de lineas celulares de| melanoma con células apoptéticas vy
necréticas. :

El problema técnico objetivo que resuelve la splicitud es proveer lineas celulares de
melanoma alternativas. -

Sin embargo, las modificaciones realizadas en la solicitud tales como el porcentaje de
células apoptoéticas/necréticas, corresponde a las modificaciones que puede realizar la
persona del oficio en sus pruebas experimentales de cultivo celular y formulacién de
composiciones. Igualmente, las lineas celulares obtenidas por la solicitud no parecen tener
un efecto sorprendente sobre la respuesta inmune generada por la composicion.

De esta manera, la materia reclamada en la solicitud resulta obvia frente a la divulgacion
hecha en D1 e incumple el articulo 18 de la D486.

De manera similar a la expuesta para el documento D1, las divulgaciones realizadas en D2
6 D3 daban a la persona del oficio la informacién sobre la composicion de células
dendriticas y células de melanoma que podian ser Usadas como composicion vacunal.

El documento D4 por su parte, también divulgaba domposiciones de células dendriticas
que incluye el uso de células autélogas para mejorarila respuesta inmune generada por la
composicion (resumen). Este documento también revelaba el uso de células de melanoma
en estado apoptético (Pag.- 13 parrafo 1). Igualmente, las células dendriticas maduras
incluyen los fenotipos CD14+ y CD83 (Pag. 39).

Dado que las reivindicaciones adicionales 2 a 77 ng aportan caracteristicas esenciales
diferenciables de los aportes del estado de la técnica, dichas reivindicaciones no se
consideran inventivas.

De esta manera, a partir de la informacién divulgada en D2y D4 6 D3y D4, la persona del
oficio podia llevar a cabo la invencion reclamada en laisolicitud, por lo que esta carece de
nivel inventivo e incumple el a'xticulo 18 de la D486.

9. Conclusion

Los requisitos de patentabilidad de la presente solicitud estan afectados asi:

. Reivindicaciones .
item Documento afectadas \ Requisito que afecta
Thumann P., et.al. Journal of
D1 Immunological Methods 277 319_'74%3 \ Nivr:?;/n?/iic:ivo
(2003). 1 - 16
D2 Longhi P. et.al., Proc Amer Assoc 36, 43 Novedad
Cancer Res, Volume 45,12004 1-77 Nivel inventivo
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‘ Reivindicaciones "

Item | Documento afectadas Requisito que afecta

D3 Goldszmit et.al., d Immunol, 39, 43 Novedad
12003; 171:5940-5947; 1-77 Nivel inventivo

D4 WO 02/053176 1-77 Nivel inventivo

En cumplimiento del articulo 45 de la Decisiéon 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados a partir
de la fecha de notificacion de la presente comunicacién. En caso de no dar respuesta al
presente requerimiento, o si a pesar de la respuesta subsistieran los impedimentos para la
concesidn, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante
para dar respuesta a este requerimiento y presentarla por escrito

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

/*g’

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

02 4ct, 2012
El anterior requerimiento fue notificado por fijacién en lista, de fecha

Elabor¢: N. Lamprea NL& .
Reviso: Consuelo Leguizamon L.
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Antigen loading of dendritic cells with whole
~ tumor cell preparations

Peter Thumann‘L, Isabelle MocT, Jens Humrich, Thomas G. Berger,
Erwin S. Schultz, Gerold Schuler, Lars Jenne*

Department of Dermatology. University Hospital Erlangen, Hartmannst, 14, Evlangen D-91032, Germany

Received 20 February 2003; aceepted 21 February 2003

Abstract '

Dendritic cells (DC) based vaccinations have been widely used for the induction of anti-tumoral immunity in clinical studies.
Antigen loading of DC with whole tumor cell preparations is an attractive method whenever tumor cell material is available. In
order to determine parameters for the loading procedure, we performed dose finding and timing experiments, We found that
apoptotic and necrotic melanoma cells up to a ratio of one-to-one, equivalent to 1mg/mi protein per 1 x 10° DC, can be added to
monocyte derived DC without effecting DC recovery extensively. Using the isolated protein content of tumor cells (Iysate) as a
parameter, up to 5 mg/mi protein per 1 X 10° DC can be added. To achigve significant protein uptake at least I mg/ml of protein
have to be added for more than 24 h as tested with FITC-labelled ovlalbumin. Maturation inducing cytokines can be added
simultaneously with the tumor cell preparations to immature DC without affecting the uptake. Furthermore, we tested the
feasibility of cryopreservation of loaded and matured DC to facilitafe the generation of ready to use aliquots. DC were
cryopreserved in a mix of human sgrum albumin, DMSO and 5% gllicose. After thawing. surface expression of molecules
indicating the mature status (CD83, costimulatory and MHC molecules)| was found to be unaltered. Furthermore, cryopreserved
DC kept the capability to stimulate allogenic T-cell proliferation in mix leukocyte reactions at full level. Loaded and matured
DC pulsed with influenza matrix peptide (IMP) retained the capacity Lo induce the generation of IMP-specific cytotoxic T-
lymphocytes after cryopreservation as measured by ELISPOT and tetramer staining. The expression of the chemokine receptor
CXCR-4 and CCR-7 remained unaltered during cryoprescrvation and the migratory responsiveness towards MIP-3(3 was
unaltered as measured in a migration assay. Thus we conclude that the {large scale loading and maturation of DC with whole
tumor cell preparations can be perforthed in a single session. These data will facilitate the clinical application of DC loaded with
whole tumor cell preparations. ;
© 2003 Elsevier Science B.V. All rights reserved.

Kevwords.: Dendritic cclls: Tmmunotherapy; Tumor-associated antigens: Crvopredervation; Mclanoma Antigen loading

Abbreviations: DC. dendritic cells; TAA, tumor-associated 1. Introduction
antigens. K
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1991). Their unique capacity to induce and hoost
immunity makes them an attractive tool for immuno-
therapy, particularly for the induction of anti-tumoral
immunitics (Stcinman and Dhodapkar, 2001; Schuler
and Steinman, 1997). Methods that allow for the large
scale ex vivo generation of DC from peripheral blood
monocytes (Thumer et al., 1999) largely facilitate the
introduction of DC in clinical vaccination trials. Ex
vivo manipulation has certain advantages: it allows
for the control of DC quality (i.e. maturation status.
DC subset) and expression level of desired antigens.
Furthermore, injection of the prepared DC can be
performed at anatomical sites of interest (i.e. lymph
nodes or tumors). Numerous DC based immunother-
apeutic trials with: ex vivo generated DC, aiming for
the initiation or amelioration of an anti-tumoral T-cell
immunity, have been performed for a wide range of
tumors (recently reviewed in (Fong and Engleman
2000; Banchereau et al., 2001; Jenne and Bhardwaj,
2001). In some of these trials clinical responses were
reported and in a few selected ones the induction or
enhancement of tumor specific T-cells (“proof of
concept”’) has been demonstrated. The antigen load-
ing methods applied in most trials to achieve the
MHC-restricted presentation of tumoral antigen were
either peptide pulsing, involving immunodominant
scquences of defined tumor associated antigens
(TAA), or different whole tumor cell preparations.
The synthesis of large quantities of clinical grade 8-
10 amino acid long peptides that fit into the MHC
class<I groove s technically rather casy and peptide
pulsing of DC populations is thus an elegant way to
achieve the de$ired TAA presentation. It has been
shown that peptide pulsed DC expand peptide specific
CTL in healthy subjects (Dhodapkar ct al., 1999) and
melanoma patients (Schuler-Thurner et al., 2000).
However, there are certain caveats with this approach.
The longevity of MHC-peptide complexes in vivo is
unknown, the ‘affinity of peptides for their various
HLA molecules varies, competition between peptides
may affect immunogenicity, MHC class II restricted
epitopes for activation of CD4™ T cells are still scarce
and the approach is inherently tailored for individuals
as it 1s dependent upon the HLA type.

In contrast to peptide pulsing, using whole tumor
cell preparatiofis for DC loading avoids the need for
detailed tumor analysis and individual HLA-typing, as
it is assumed that tumoral antigens, including as yet

P Thumann et al. / Journal of Immunological Methods 277 (2003) 1-16

undefined TAA and rare mutations, will be presented
on MHC class-I and -II molecules by autologous DC.
The latter argument s of special importance as in
principle it is desirable to aim for the parallcl pre-
sentation of HLA class 1 and II restricted antigens, as
the absence of CD4™ helper cells affects the gener-
ation of long term CD8” T-cell memory (Zajac et al.,
1998) and CD4' helper T-cells are considered impor-
tant for effective anti-tumor immune responses (Toes
et al., 1999).

The disadvantage of using whole tumor cell prep-
arations includes the difficult validation of such a
vaccine, the potential capacity for the induction of
autoimmunitiy via the presentation of non-tumor-
antigens (Gilboa. 2001) and the necessity to obtain a
sufficient number of autologous tumor cells by inva-
sive procedures. Furthermore, tumor metastases may
have a different antigen profile than the one expressed
by primary tumor cells or the cells obtained for
antigen loading. The preparations used for antigen
loading are usually mechanically or thermally disrup-
ted and thus necrotic tumor cells. Necrotic tumor cell
material has the capacity to induce DC maturation
when given to immature DC (Sauter et al., 2000). but
this is variable so that the induction of further matu-
ration of DC prior to clinical use is desirable. This is
probably critical in order to avoid a “‘semi-mature”
maturation status of the antigen loaded DC which is
assoclated with a tolerogenic antigen presentation
(Lutz and Schuler, 2002; Jonuleit et al., 2001; Dho-
dapkar ct al., 2001). Clinical trials have alrcady been
performed using DC loaded with tumor cell lysates
{(Nestle et al.. 1998; Thumher et al., 1998; Geiger et
al., 2000). However, little is known about the efficacy
of antigen loading and thc antigen concentrations
required to achieve antigen presentation using such
loading techniques and usually no preclinical optimi-
sation has been reported. Soluble antigen. such as
tumor derived protein, is taken up by macro-pinocy-
tosis and processed into the class Il pathway if
maturation 1s induced. However, uptake of cell asso-
ciated antigen appears to result in far more efficient
cross-presentation (Li et al., 2001). For tumor antigens
it has been shown that cross-presentation of mela-
noma derived TAA is less effective for single TAA
than peptide pulsing. but the overall efficiency of
killing tumor cells is better with cross-primed CTL
{Jenne et al., 2000).
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We have worked out here a protocol for the loading
of DC with tumor cell preparations, either necrotic,
apoptotic or tuimoral lysate, by use of a melanoma cell
linc. We then probed the feasibility to cryopreserve
DC loaded by these protocols and matured by matu-
ration inducing cytokines and PGE,. The cryopreser-
vation of aliquots of “ready to use” loaded and
matured DC is of special interest as it circumvents
the need for repetitive preparations of the DC vaccine
for an individual patient. t

We found that loading of DC up to a ratio of :1
followed by cryopreservation using our recently
developed protocol (Feuerstein et al., 2000) is possi-
ble without loss of function. This protocol will facil-
itate the use of DC loaded with whole tumor cell
preparations in DC-based immunotherapy trials.

2. Materials and methods
2.1. Cell lines and culture mediu

A melanoma cell line. MEL-526 (HLA: A2, A3,
BS50, B62) was kindly provided by Dr. M. T. Lotze,
University of Pittsburgh, USA. This cell line
expresses MelanA/MART!, tyrosinase, MAGE-3
and gp-100 (Tuting ct al, 1998). Tt was culturcd in
RPMI 1640 (Bio Whittaker, Verviers, Belgium) sup-
plemented with 2 mM L-glutamine (Bio Whittaker),
penicillin—streptomycin mixture with 100 IU/ml pen-
icillin and 100 pg/ml streptomycin (Gibco-Invitrogen,
Karlsruhe, Germany) and 10% heat-inactivated fetal
calf serum (FCS) (Biochrom KG, Berlin, Germany).
Cells were sub-cultured every 3 days after treatment
with trypsin-EDTA (Sigma, St. Louis, MO, USA).

2.2, Antibodies and reagents

The following monoclonal antibodics (mAb) were
used. FITC-labeled anti-human CD86| (BU63) from
Cymbus (Chandlers Ford, Great Britdin), HLA-DR
(L243) and HLA-ABC (G46-2.6) from BD Pharmin-
gen (Hamburg, Germany), PE-conjugated murine
CD&0 (L307.4) and CXCR-4 (12G5) from BD Phar-
mingen, CD83 (Hb152a) mAb from Imniunotech (Mar-
seille. France). A rat anti-human CCR-7 Ab was
kindly provided by Reinhold Forster and Markus Lipp
from the Department of Molecular Tumor Genetics

and Immunogenetics, Max-Delbriick-Center for
Molecular Medicine (MDC), Berlin, Germany. For
this Ab a| FITC-labeled rabbit anti-rat IgG (Jackson
Immuno Rescarch, Westgrove, USA) acted as sceon-
dary Antibody. We used purified murine control 1gGl-
FITC, 1gG2b-PE and IgG2a from Cymbus as well as
rat [gG2a((R35-95) from Jackson Immuno Research.

2.3. Flow|cyvtometric analysis

Culturdd cells were washed, suspended at 3 x 10°
in 50 pl of cold facs solution (DPBS, Bio Whittaker)
containing 0.1% sodium azide (Sigma) and 10 mg/ml
human serum albumin (HAS) and incubated with
labeled mAb or appropriate isotypic controls for 30
min. Cells|were then washed twice and resuspended in
300 pl of cold FACS solution. Stamned cells were
analyzed for two-color immunofluorescence with a
FACSstar cell analvzer (Becton-Dickinson. Mountain
View, CA). Cell debris was eliminated from the
analysis using a gate on forward and side scatter. A
minimum pf 107 cells was analyzed for each sample.
Results were processed using Cellquest software
(Becton-Dickinson).

2.4. DC generation from buffy coats and leukapher-
eses

Leukaphereses of healthy donors were obtained
according to institutional guidelines. Peripheral blood
mononucldar cclls (PBMC) were prepared by density
centrifugation using Lymphoprep (Axis-Shield, Oslo,
Norway). PBMC were resuspended (50 x 10° cells/
well) and prought to cell factories (Nunc, Roskilde,
Denmark). Cells were incubated at 37 °C to allow for
adherence. After 1 h, non-adherent cells were
removed and remaining cells were fed with RPMI
1640 medium (Bio-Whittaker, Walkersville, MD,
USA) confaining 1% of hcat-inactivated autologous
plasma, 10° IU GM-CSF/ml, and 10* JU IL-4/ml
{Novartis Pharma, Nuremberg, Germany). Cells were
substituted| with 10% of fresh medium containing 10°
IU GM-CSF and 10° TU IL-4 per ml on days 2 and 4.
On day 3. PC maturation was induced with a cocktail
of cytokings as published (Jonuleit et al, 1997). At the
same time cells were loaded with tumor cell material
as described below. The following cytokines were
added: TL+4, 1000 U/ml; TL-1p. 10 ng/ml; TL-6,
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1000 U/nﬂ (all from Strathmann, Hamburg, Ger-
many), GM-CSF, 1000 U/ml (Leukomax®, Novartis,
Basel, Switzerland, PGE;, 1 pg/ml (Minprostin®,
Pharmacia: & Upjohn); TNF-e, 10 ng/m! (Bender,
Vienna, Austria). Cells were harvested after 2 days
and used for experiments.

2.5, Induction of apoptosis in MEL-526 cells

To induce apoptosis, MEL-526 cells were irradi-
ated with 1.0 Jem® UV-B (UV 3003 K, Waldmann
Medizintechnik, Villingen-Schwenningen, Germany).
After irradiation, MEL-526 cells were kept for 8 h in
culture to allow apoptosis to occur. Apoptosis was
measured using an annexin-V kit (Pharmmgen). The
UV-B dose necessary to induce apoptosis in more than
60% of the melanoma cells § h after uradiation was
tested to be 0.5 J/em”.

2.6. Geneiration of necrotic tumor material and tumor
hvsate of MEL 526 cells

MEL 526 were detached by using trypsin-EDTA
{Gibco-BRL) and resolved in RPMI 1640 (Bio-Whait-
taker) at a concentration of 107 cells per ml. Cells
were subsequently treated with five cycles of heating
and freezing stored in a 15-ml centrifuge tube (Nunc):
one cycle consist of 10 min in a water quench at 42
°C and successional 90 s in liquid nitrogen. After this
procedure.l we used an Ultrasonic Homogenizer (Soni-
fier 250 fiom Branson, Danbury, CT. USA) o dis-
solve remaining clots of cell components. The now
attained sispension was put through a syrnnge-driven
0.22 pm filter (Millex-GV from Millipore, Bedford,
USA) and used as ncerotic cell material; to reccive
fumor lys-féte further work steps were performed as
recently described (Herr et al., 2000). Briefly, the
necrotic cell material was centrifuged for 15 min at
15,000 x g and then centrifuged in Centriprep centri-
fugal filter units (Centriprep YM-10 from Millipore,
Bedford, USA) to attain the protein-fraction greater
than 10 kDa.

2.7 Deteimination of FITC-ovalbumin uptake

In order to measure the efficacy of protein uptake
by immature DC we added fluorescein (FITC) con-
jugated ovalbumin (FITC-OVA, Molecular Probes,

Leiden, the Netherlands) to DC cultures and per-
formed time courses of FITC-OVA. To measure the
protein content in the extracellular fluid we took
samples at different time points, centrifuged gently
to remove cells and stored it at —20 “C prior to
analysis. After all supernatants had been collected we
transferred them to a 96-welt ELISA-Plate (Nunc) and
FITC-OVA content was quantified by fluometry. Flu-
orescence was measured with an excitation wave-
length of 490 nm and an emission wavelength of
535 nm using a Victor 1420 plate reader (Perki-
nElmer, Rodgau-Jigesheim, Germany).

To calculate the uptake of FITC-OVA by DC we
analysed the cells at comparable time points and
performed FACS analysis. Semi-quantitatively the
mean fluorescence intensity (MFI) was determined.

2.8 Crvopreservation

Cryopreservation of loaded and matured DC was
performed as recently described (Feuerstemn et al.,
2000}, In short, cells were taken up 1n 20% human
serum albumin (Pharmacia & Upjohn) at a concen-
tration of 20 % 10° cells/ml, transferred to 1.8 ml
cryotubes (Nunc) and stored for 10 min on ice.
Afterwards an equal volume of cryopreservation
medium was added to the cell suspension. This
medium consists of 55% human serum albumin 20%
(Pharmacia & Upjohn), 20% dimethyl sulfoxide
(Sigma) and 25% glucose 40% (Glucosteril ™, Frese-
nius, Bad Homburg)., Cells were then frozen at — |
“C/min in a crvo freezing container (Nalgene cryo |
°C freezing container. Nalgene, Roskilde, Denmark)
down to ~ 80 °C. Cells were kept frozen for approx-
imately 90 min. Thawing was also performed as
described recently (Feuerstein et al., 2000). Briefly,
cryotubes were taken out of the fridge and thawed in a
water bath with 37 °C till detachment of the cells was
visible and added to a cell culture dish containing pre-
warmed RPMI medium supplemented with 1% autol-
ogous plasma, 1000 U/1l-4/ml and 1000 U/GM-CSF/
ml. Cells were kept.in the incubator for 1 -2 h prior to
further analysis.

2.9 Mixed leukocvie reaction

Tests were performed in 96 well round bottom
plates, as medium. we used the same mixture that
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served for T-cell culture: RPMI 1640 (Bio Whittaker)
supplemented with 2 mM L-glutamine (Bio Whit-
taker), penicillin—streptomycin mixture with 100 U/
ml penicillin and 100 pg/mi streptomycin (Gibco-
BRL) and 5% heat-inactivated human serum (self-
processed, pooled human plasma from co-workers of
our laboratory). i

T-cell enriched fractions were obtained as 1 h non-
adherent fraction of PBMC prepared from bufty-coats
or leukaphereses.

T-cells were brought to a concentration of 2 x 10°
cells/ml, DC were used at 2 x 10° cells/ml. A ratio of
30:1 of T-cells to DC and dilution up to 1000:1 was
pertormed, whereas ftriplicates were caried out, T-
cells without DC served as control.

Cells were pulsed after 4 days of incubation at 37 °C
with 1 uCi/well of *H-TdR (Amershani, Buckingham-
shire, England), incubated for further 12 h and frozen
at —20 °C until analysis with a liquid scintillation
counter (Wallac 1450 Mikrobeta plus, PerkinElmer
Wallac, Freiburg, Germany).

2.10. Pulsing with influenza matrix peptide

To demonstrate the capacity of cryopreserved DC
to efficiently induce the generation of specific CTLs,
we pulsed loaded and matured DC \with influcnza
matrix peptide (IMP) (Clinalfa, No. C+8-029, Laiufel-
fingen, Switzerland) prior to cryopréservation. We
used a concentration of 20 pg/ml to pulse 1 x 10°
DC/ml for a period of 2 h. DC were washed after these
2 h in order to remove unbound peptide. Directly after
the pulsing DC were cryopreserved or remained in the
dish as control.

2.11. Tetramer analyvsis and ELISPOT assayvs

Soluble IMP HLA A2.1 tetramers \gwere prepared
and binding to T cclls was analysed by flow cytom-
etry at 37 °C as described (Whelan et al., 1999). In
short, 1 wl of tetramer (concentration 0.5—1 mg/ml)
was added to 2 x 10° cells in about 60 ul (volume
remaining in the tube after spinning and dropping off
the supernatant) medium. consisting of RPMI 1640,
supplemented with gentamicin, glutamine and 5%
allogenic heat-inactivated human serum (pool serum)
for 15 min at 37 °C. Cells were then cooled (without
washing) and incubated for 15 nun on ice with tri-

color conjugated mAb to human CD8 (Caltag Labo-
ratories, Burlingame, CA). After three washing
cycles, cells were analysed on a FACScan (Becton
Dickinson)).

The ELISPOT assay was used as described to
quantitate | antigen-specific IFNvy release of effector
T-cells. 1{x 10%/well CD8" T-cells or 2 x 10%/well
were added in triplicates to nitrocellulose-bottomed
96 well plates (MAHA S4510) pre-coated with the
primary anti-IFNy mAb (1-D1K, Mabtech, Stock-
holm) in 50 pl ELISPOT medium (RPMI1640, 5%
heat-inactivated human scrum) per well. After addi-
tion of influenza matrix peptide-pulsed DC and incu-
bation for 20 h, wells were washed six times,
incubated (with biotinylated second mAb to IFNvy (7-
B6-1, Mabtech) for 2 h, washed and stained with
Vectastain|Elite kit (Vector Laboratories, Burlingame,
CA, USA). Spots were evaluated and counted using a
special cgmputer assisted video imaging analysis
system (Carl-Zeiss Microscopie, Gottingen, Ger-
many).

2.12. Migration assavs

In ordgr to test the migratory properties of
cryopreserved and loaded DC migration assays
were performed using a chemotaxis chamber
designed for 96 well plates (Chemo TX system
MBA96 from Neuro Probe, Gaithersburg, MD,
USA). A [total of 405 ul of chemokine containing
solution ¢r ncgative control (RPMI 1640) were
placed in|the lower wells, on which we adjusted
a polycarbonate filter (5 pm pore size, Neuro
Probe). Ag chemokine we used MIP-3p (PeproTech,
London, UK) in a concentration of 50 ng/ml. Aficr
closing the¢ lid of the Chemo TX system, we loaded
100 ul of a cell suspension containing 0.33 x 10°
DC/ml into the upper wells over the filter. The
complete chamber was kept at 37 °C in the in-
cubator for 90 min. Thereafter the cell suspensions
in the upper wells were removed by suction before
removing the filter. Cells that migrated to the lower
chambers |were counted by FACS analysis on a
FACSscan| (Becton Dickinson). Briefly, each sample
was counted for 20 s. Cell number of a whole
sample is galculated by multiplying this cell number
with the time necessary to count the whole volume -
of a sample.
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3. Results'
3.1. Determination of loading parameters

The uptake of the protein ovalbumin by monocyte
derived DC is a receptor independent mechanism
{pinocytosis) and thus high protein concentrations
are necessary to yield a substantial protein uptake.
We measured the uptake of FITC-OVA by using a
fluometric analysis to determine the extracellular
protein concentration in the culture medium (Fig.
lay and in parallel FACS to measure the FITC
intensity in DC cultured with FITC-OVA (Fig. 1b).
We found 'that after the addition of 2 mg/ml FITC
labeled ovalbumin to 1 x 10° immature DC in 1 ml
culture medium, an uptake of 1 mg/I x 10° DC was
achieved after 36 h at 37 “C, while no uptake was
measured -at 4 °C, indicating an active process
rather than the attachment of the protein to the cells
(data not shown). The amount of protein (ovalbu-
min) taken up per DC was calculated to be | ng.
About 1 ng ovalbumin protein contains 1.35 x 10"
molecules: and this number 15 comparable to the
number of TAA peptides when the pulsing is done
with 10 (g peptide per 1 x10° DC in | ml. The
simultanedus addition of maturation inducing cyto-
kines did not reduce the uptake of the soluble
protein (Flfg. la) or the medium fluorescence inten-
sity (MFI)iachieved in DC (Fig. 1b). Comparable to
these findings the positivity of DC after the uptake
of PKH-67 labcled apoptotic cells and necrotic
cellular fragments derived from melanoma celis
was also not affected by the presence of the matu-
ration inducing cytokines but reached high levels
(= 80%) atler 14 h of cultivation (data not shown).
We next wused the FITC-OVA to defermine the
protein concentration necessary to yield an elevation
of the FITC-intensity when added to the culture of
DC. thf) a low c¢oncentration of FITC-OVA (100
g/ml) was added, no increase of the medium
fluorescence intensity was measured (Fig. 1b). Only
higher concentrations (I mg/ml) yielded a linear
increase of the MFIL Again, the rise of the MFI
was only;seen at 37 °C while at 4 “C no such
increase was measurable.

The recovery of mature, antigen-loaded DC is one
important:parameter to be optimized when large scale
DC are being generated for numerous sequential
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Fig. 1. Uptake of solublé ovalbumin by immature DC. To measure
the uptake of soluble protein we added different concentrations of
FITC-conjugated ovalbumin to cultures of | x 10° DC per ml in 3
ml in six well plates. At the indicated time points we harvested 100
ul and scparated cells and medium by centrifugation. Medium was
analysed for FITC-OVA content (a) by measuring fluorescence in
spectrometer. Maturation inducing cytokines and PGE; (cocktail)
were added (-#-) o compare the uptake of FITC-OVA by maluring
DC with immature DC (-@-). To 1est the stability of FITC-OVA, we
measured simultaneously the protein content in a well without DC
(-&-). In order to proof that the protein uptake is an active process
and the measured profein reduction in the supernatant is not an
artefact associated with adherence of protein to DC, we performed
the same cxperiments dt 4 °C. No uptakc was found in these
expenments. The data shown in (a) are one representative out of
three cxperiments. To demonstrate the uptake of FITC-OVA by DC
directly we analysed the cells for FITC expression by FACS (b). For
these experiments we reduced the FITC-OVA concentration to 1
mg/ml as this concentration was the highest we used for the large
scale loading. | mg/ml FITC-OVA was added to immature DC in
the absence (-®-) or ‘presence (-O-) of maturation inducing
cytokines, Similarly, 100 pug FITC-OVA was added to immature

‘DC in the presence (-A2) or absence (-v-) of maturation inducing

cytokines. As for (a), do uptake of FITC-OVA was observed at
4 °C, ‘ '
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vaccinations. In order to determine the maximum
possible tumor cell concentrations that can be applied
without significant cell loss, we performed dose-find-
ing studics for the loading with apoptotic and nccrotic
melanoma cells as well as lysate derived thereof. First
of all we noted that the simultaneous addition of the
maturation inducing cocktail incrgases the DC recov-
ery, as less DC were lost due to re-adherence to the
dish and cellular apoptosis determined by trypan blue
staining (data not shown). Based on the uptake experi-
ments and the increased. recovery, we continued the

. .
I

100 -

experiments with simultaneous addition of maturation
induting cytokines.

We found that up to a ratio of one tumor cell to one
DC only minor reductions of DC recovery occurred.
Whenever higher concentrations were introduced
recovery was reduced substantially (Fig. 2a). The best
recovery of loaded DC at higher concentrations was
achigved with melanoma cell lysate, as the cell loss
reacled only 40% with 5 mg/ml per 1 x 10° DC,
reflecting the protein content of approximately
5% 1j0% tumor cells.
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Fig. 2. Recovery of DC after loading with different tumor cell preparations. 3 X 109 immature DC were cultured in 3 mi medium in a six-well
plate. Different concentrations of the melanoma cell preparations were added together with maturation inducing cyiokines (a). After 36 h we
counted recoverable viable DC by trypan blue staining using Neubauer counting chambers. Tumor cells were added as lysate (-B-), necrotic
tumor cell material (-@-) or as apoptotic tumor cells (-4 -). The experiment shown| in (a) represents one out of five experiments with similar
results. In one experiment, we found a better recovery for necrotic tumor cell |loading than for apoptotic ccll loading. To analvse the
recoverability of antigen loaded and matured DC after the cryopreservation we loaded 10 x 10° in 10 mi medium in tissue culture plates with
onc-to-one ratios of the indicated tumor cell preparation and cryoprescrved the cells after 36 h of incubation (b). For loaded and matured DC two
plates were counted and results are given in mean + standard deviation. One of the plates was cryopreserved as described and counted afier
thawing and 2 h of cultivation in a dish. One out of three independent experimentg with comparable results is shown.
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3.2. Recovery ¢ Cryopreservation
3.2. Recovery after crvopreservation

Based on these findings, we next determined the
practicability of cryopreservation of DC loaded with
the described tumor cell preparations (apoptotic,
necrotic or lysate) for 36 h at a one-to-one ratio with
simultaneous addition of maturation inducing cyto-

a Unloaded DC

not cryopr. Cryopresery.

kines. Loaded and matured DC were harvested and
frozen according to the protocol described. After 2 h
of cryopreservation at — 80 °C cells were thawed as
deseribed and kept for 1h at 37 °C prior to further
analysis. The recovery of cryopreserved DC was
generally between 60% and 70% (Fig. 2b). Cell loss
was attributed to handling rather than cell death, as

Lysate loaded DC

not cryopr.  cryopreserv.,

CD80 |

CD83 |

CD86 | 1
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Fig. 3. Surface marker expression of loaded, matured and cryopreserved DC. DC were loaded and matured as described in Fig. 2b and analysed

for expression of $urface markers as described in Scction 2. To exclude the

presence of remaining apoptotic or viable melanoma cells when DC

were loaded with apoptotic melanoma cells we gated on the MHC-II expressing cells (the melanoma cells used for loading were MHC-I]

negative),
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|

trypan blue staining of cryopreserved cells was not
elevated as compared to unpreserved cells (data not
shown). Nevertheless, a cell loss of up to 40% of the
mittal DC number should be calculated when DC
therapy with loaded and cryopreserved DC is planned.
In four out of five experiments performed we found
the lowest rate of recovery for DC loaded with
necrotic cell material. |

We have recently shown that the ratio of one
apoptotic tumor cell to one,dendritic cell is sufficient
to induce the generation of anti-tumoral and, to a
lesser extent, anti-TAA CTL (Jenne et al., 2000). We
thus conducted the following experiments with this
cellular ratio as it represents a compromise between
necessity (high dose of antigen) and feasibility {recov-
ery/amount of available tumor cell material), although
presumably higher tumor cell ratios might yield
higher antigen presentation. The feasibility of a simul-
taneous addition of maturation inducing cytokines,

which was described above, further facilitates the
handling of large scale loading of DC.

3.3. Unaltered surface marker expression after
loading, maturation and cryopreservation

As the T-cell stimulation capacity of DC heavily
depends on the expression of MHC and costimulatory
molecules we probed for the expression of such
markers by using FACS. No difference in the expres-
sion of CD80, CDR3, CD86 and MHC molecules was
detected when antigen loading and maturation was
done as described above for the different antigen
loading conditions. After cryopreservation the surface
expression levels of these molecules remained unal-
tered (Fig. 3a—-b). Based on these findings it can be
speculated that a similar capacity of cryopreserved
cells to stimulate the generation of antitumoral 1m-
munities is retained after cryopreservation.
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Fig. 4. Allostimulatory capacity of loaded, matured and cryopreserved DC.| Again, immature DC were cultured with the different tumor ccll
preparations as described in Fig. 2b and their allostimulatory capacity was probed in MLR as described. Loaded and matured DC (-®-) were
compared with cryopreserved (-0i-) DC. About 1 uCiswell of *H-TdR was added to the cultures for the last 12— 14 h. Data are given in mean of
triplicates + S.D. Counts per minute {cpm) of control T-cells was below 1000 in all experiments performed. One out of three experiments with

similar results is shown in this figure.
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3.4. Cryopreserved antigen loaded DC retain their
capability to stimulate allogenic T-cell proliferation in
mixed lymphocyte reactions

To determine the ¢apacity of loaded and cryopre-
served DC to stimulaté allogenic T-cell proliferation. as
a marker of the stimulatory capacity of DC, we per-
formed MLR with unloaded, loaded and cryopreserved
DC. We found that all loading methods together with
the simultaneous induction of maturation by using the
described cytokines and PGE,, yielded comparable

P Thumann et al. / Jowrnal of nmunological Methods 277 12003, 1-16

levels of T-cell stimulatory capacities (Fig. 4a~b). This
finding indicates that the loading with all tumor cell
preparations with the described loading parameters is
possible without affecting DC function. When cryo-
preserved DC were used for the MLRs we found
stimulatory capacities equal to the capacities of unpre-
served DC (Fig. 4a-b). In accordance with the finding
of unaltered MHC-molecule and costimulatory mole-
cule expression as seen in the FACS analysis the
method used here for cryopreservation is not effecting
the general capacity of DC to stimulate T-cells.
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Fig. 5. Induction of Influenza matrix peptide specific T-cells by loaded, matured and crvopreserved DC. To demonstrate the unaltered expression
of MHC-I bound peptide after eryopreservation and the capacity of cryopreserved DC to induce specific T-cells, we pulsed HLA-A2 positive
matured and loaded DC with influenza matrix peptide (IMP) presented by HLA-A2. After thawing we cultured the DC together with autologous
CD8” T-cells for onc week. A total of 30 TU TL-2 per m! were added cvery sccond day. We measured the induction of IMP-specific T-cells by
tetramer (a) and ELISPOT analvsis (b). Unpulsed DC ol each loading condition served as control. The figures represent one out of three
experiments with comparable results.
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3.5. Comparable induction of IMP specific T-cells by for the other experiments we compared loaded with
cryopreserved DC l unloa%ed and cryopreserved with unpreserved DC. As
: cryopteserved DC were pulsed with the IMP before
In order to compare the capacity of cryopreserved undergoing the cryopreservation procedure. thesc
DC to induce antigen specific 'I?ce.ll immunity we experiments also provides informations concerning
have chosen to measure the induction of anti-IMP the stability of the MHC-peptide complex during the
CTL by using influenza matrix peptide-pulsed DC. As cryopreservation procedure. We measured the induc-
a - Chemokine receptor expression
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Fig. 6. Chemokine receptor expression and migration of loaded. matured and cryopreserved DC. Again, immature DC were cultured with the
different tumor cell preparations as described. Chemokine receptor expression of cach|condition aficr 36 h of loading and maturation was
measured by FACS (a). Isotvpe controls were measured in parallel. To test whether th
migratory capacitics we performed migration assays (b). Migration of DC against MIP-3
chamber by FACS as described. Migration of DO against medium alone was below 5%
similar results were performed.

expression of chemokine receptors goes along with
i and medium alone was counting cells in the lower
in all experiments performed. Two experiments with
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tion of IMP-specific CTL by using ELISPOT and
tetramer analysis. We found comparable levels of
induced IMP specific T-cells by both methods (Fig.
5a—b). Unloaded DC were most cfficient in the
induction of IMP specific T-cells, possibly due to an
increased expression of MHC-I molecules with low
affimity binding peptides as for the DC loaded with
tumoral antigen. In contrast to tetramer staining,
where the frequency of IMP specific T-cells was
generally shghtly lower (in three experiments) when
crvopreserved DC were used for the stimulation of the
T-cells, we found higher frequencies of IMP-specific
IFN-v producing T-cells for the cryopreserved DC in
ELISPOT analysis.

3.6. Chemokine receptor expression

The capacity of antigen loaded DC to mugrate to
regional lymph nodes after the vaccination is thought
to be one of the most important parameters for the
efficacy of a DC based vaccination. To assess the
potential in, vivo capacity of antigen loaded and
cryopreserved DC to migrate. we measured the
expression of chemokine receptors characteristic for
mature DC. Mature DC express CXCR-4, for which
SDF-1 1s a.chemoattractant, and CCR-7 with a che-
moattractant activity against MIP-3f. We found an
unaltered expression of both chemokine receptors in
DC loaded with each of the loading condition and in
cryopreserved DC (Fig. 6a).

2.7. Migrdtion of crvopreserved and antigen loaded
DC

To probe the functional consequences of the che-
mokine receptor expression, we performed migration
assays. As chemoattractant we used MIP-3p3 as
described above. As negative control, lower chambers
of thc migration assay’s chambcrs were filled with
medium alone. We found no major differences in the
migration’of all three loading techniques in compar-
ison with unloaded mature DC (Fig. 6b). Furthermore,
the cryopreservation procedure had no negative eftect
on the migratory potential of antigen loaded DC (Fig.
6b). We thus conclude that neither antigen loading nor
the procedure of cryopreservation has a negative
effect on capacity of DC to migrate towards MIP-
33. Presumably, these findings indicate that antigen

loaded, cryopreserved DC migrate to an extent com-
parable to unpreserved DC in vivo.

4. Discussion

Using whole tumor cells for the loading of DC has
several potential advantages. The whole antigen pro-
file of a given tumor cell can in principle be presented
in a MHC-IT and via cross-presentation also a MHC-T
{(Carbone et al.. 199%). The simultaneous presentation
of antigen by both pathways is desirable as antigen
specific CD4™ helper cells promote the generation of
long term CD8™ T-cell memory (Zajac et al., 1998)
and is critical for an effective CD4™ helper T-cells are
essential for an anti-tumor immune responses via
several other mechanisms (Toes et al., 1999). Further-
more, when tumor material is accessible there is no
need to determine the antigenic profile or the HLA-
type of a patient before the beginning of a DC-based
immunotherapy. On the other hand, a given tumor cell
expresses about 30,000 genes at a given time of which
only about 30 are of tumoral origin (Velculescu et al.,
1699), thus the density of tumoral antigen in tumor
cell preparations is presumably low. This might be an
advantage as well, as it has previously been shown In
a murine model that priming of T-cclls with high
levels of peptide selects for low affinity/avidity T-cells
whereas low levels of peptide on antigen presenting
cells selects for high affinity/avidity T-cells (Zeh et al.,
1999: Alcxander-Miller ct al., 1996). The high per-
centage of non-tumoral antigens in tumor cells bears
the risk of inducing autoimmunity against self-anti-
gens presented in an immunostimulatory context
(Gilboa. 2001). However, although in transgenic and
thus artificial mouse models immunity against tumoral
antigen expressed at high levels in the pancreatic
island was inducible by DC vaccination (Ludewig et
al., 2000), so far no induction of autoimmunity
(except vitiligo) was reported in DC vaccination
studies neither in mouse nor human to the best of
our knowledge.

Here we focus on three methods to prepare mela-
noma cells for an uptake by immature monocyte
derived DC: necrotic melanoma cell material, gener-
ated by repetitive freeze—thaw cycles, melanoma cell
lysate, which can be generated from necrotic mela-
noma cells by additional ultracentrifugation steps, and




apoptotic melanoma cells, generated by irradiating
melanoma cells with UV-B light.

Apart from pure proteins, necrotic tumor cell
matcrial contains a crude mixture of all kinds of
cellular components, i.e.. fragments of the destroyed
cellular membrane, intracellular organelles and cellu-
lar RNA and DNA. Nectotic tumor cells have been
shown to induce maturation in DC without further
addition of maturation inducing cytokines (Sauter et
al.,, 2000) probably by heat shock proteins which are
found abundantly in necrotic tumor cell material
(Somersan et al.,, 2001). The presence of RNA and
DNA in necrotic tumor cell material might contribute
to the efficacy of DC loading with necrotic tumor cells
as RNA can be used to load DC (Boczkowski et al.,
1996}, although the release of intracellular RNAses by
disrupting the cellular integrity is likely to limit the
efficacy of this mechanism. Due to the induction of
cell death in DC necrotic cellular material of mela-
noma cells can not be given to DC in great abundance.
We found that the upper limit'of necrotic cell material
loading from melanoma cell lines is a ratio of 1:1. The
simultaneous addition of maturation inducing cyto-
kines did not affect the uptake of necrotic tumor cell
material but increased the recovery of loaded DC
substantially. '

Higher tumor ccll concentrations can be applicd for

the loading of DC if all cellular fragments are

removed by centrifugation and only tumor protein
(lysate) is used for the loading procedure. For the
uptake of soluble protein, DC can only usc the
mechanism of macro-pinocytosis (Watts, 1997} and
no receptor mediated uptake octurs. This leads to a
substantial lower cross-presentation of soluble oval-
bumin as compared to cell-associated ovalbumin. Li et
al. (2001} found a 50,000-fold lower cross-presenta-
tion (MHC-I restricted) of soluble ovalbumin together
with a 500-fold lower MHC-I1 resﬁcted presentation.
Together with the finding that 100 g to 1 mg/ml of
ovalbumin have to be fed to DC. before ovalbumin
specific clones are activated (Brossart and Bevan,
1997), and with regard to the low frequency of
tumoral proteins in whole tumor cell preparations,
only a low level of antigen presentation can thus be
achieved by lysate loading. In order to determine a
loading parameter for the application of lysate we
performed systematic uptake studies with ovalbumin.
We found that at least | mg/ml medium and 1 > 10°
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should be present for 36 h to allow a substantial
uptake of soluble ovalbumin as a model protein.
The simuiltaneous addition of maturation inducing
cytokines did not alter the uptake of ovalbumin.

Although several studies have reported some
induction of anti-tumoral immunity by DC loaded
with tumor cell lysate even when very low tumor
protein concentrations were applied for a short period
of time (120 pg/3 h, Schnurr et al,, 2001; 100 pug/12 h,
Bachleitner-Hofinann et al., 2002; 100 pg/ml for 6
days, Wen et al., 2002; 10 ug/24 h, Holtl et al., 2002),
lysate loading was less efficient in trials when com-
pared to apoptotic pancreatic tumor cells (Schnurr et
al., 2002) or for acute myeloid leukemia (Galea-Laun
et al., 2002) and failed to elicit an anti-EBV T-cell
immunity when lysates from Epstein-Barr virus-trans-
ormed lymphoblastoid cell lines were used to load
C (Ferlazzo et al., 2000),

During apoptosis, the asymmetry of plasma mem-
brane phospholipids is lost, which exposes phospha-
tidylserine (PS) externally and PS receptors of the DC
have been reported to be critical in mediating uptake
apoptotic cells (Fadok et al., 2000). The receptor
mediated antigen uptake and the assumed high access
ofithe antigen to the cross-presentation pathway led to
speculations of a very efficient cross-presentation after
thel phagocytosis of apoptotic tumor cells (for review,
seel| (Larsson et al.. 2001; Jenne and Sauter. 2002).
nte the efficacy of influenza virus infected (and
3 apoptotic) monocytes to serve as antigen loading

{Albert et al,, 1998), we found a less efficient pre-
sentation of TAA when apoptotic melanoma cells

tioned fact that TAA are only a small fraction of the
total dntigen of a tumor cell. However, in these studies
we were able to generate an anti-tumoral immunity
with 4 ratio of one apoptotic melanoma cclt to onc
DC. Cpmparative studies of necrotic vs. apoptotic cell
loading yielded no difference in the efficacy of both
loading methods to generate an anti-tumoral immunity
(Kotera et al., 2001; Lambert et al., 2001). Thus the
choice whether or not apoptotic tumor cells should be
used fot the large scale loading of DC largely depends
oni the \handling. In contrast to the rather simple
inductioh of necrosis (repetitive freeze thaw cycles)
viable tumor cells have to be in order to use apoptotic
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tumor cells as loading agent. Furthermore. it is diffi-
cult to induce a constant percentage of apoptosis in
tumor cells from patients especially as viable tumor
cells have to be excluded with extremely high accu-
racy from being injected into cancer patients in order
to avoid the generation of new metastasizes. We thus
argue that the use of apoptotic cells for the ex vivo
loading of DC might be best suited when tumor cell
lines are used to load 'DC.

In our experimentsi we tested important functions
of loaded. matured and cryopreserved DC that might
be important for the induction of anti-tumoral immun-
ities, i.e. viability, expression of MHC- and costimu-
latory-molecules, induction of allogenic T-cell
proliferation and specific induction of T-cells specific
for a peptide pulsed:on the DC before performing the
cryopreservation, the expression of chemokine recep-
tors characteristic for mature DC and the migratory
properties of DC against Mip-33. We were able to
demonstrate that no alterations occur due to the
cryopreservation.

We have tested here systematically parameters for
loading of monocyte derived DC with various forms
of total tumor cell preparations and have established
that such DC can be successfully cryopreserved after
loading. Although we have used melanoma cells as a
model based upon our cxperience the cxperiments
described here form a guideline for choosing the most
appropriate loading method for a given tumor type.
Our findings are useful to establish large-scale prep-
arations of monocyte derived DC aliquots loaded with
either apoptotic, necrotic or lysates of tumor cells.
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Preclinical studies of a human vaccine based on
apoptotic/necrotic melanoma cells

dendritic cells loaded with
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Dendritic cells (DCsj are potent APC able to efficiently take up, process and present

antigens to naive T helper cells to initiate an imm
al. (J.Immunol. 171(11), 2003) described that va

une response. Recently, Goldszmid et
ccination of C5S7BL6 mice with DCs

loaded with apoptotic B16 melanoma cells induced a long lasting protection in 80 % of

vaccinated animals. The aim ofthe present study
DC maturationand T cell stimulation capacity obt

was to analyze in the human setting
ained after DC phagocytosis of human

melanoma cells. Human monocyte-derived DCs were coincubated either with apoptotic

(70 Gy irradiated, +72 hs culture) or necrotic (50
[IB-MEL-IAN human melanoma cells. Phago
after PKH26 and PKH67 staining of tumor cell

Gy irradiated + 3 freeze-thaw cycles)
cytosis was monitored by FACS
s and DCs. After phagocytosis, DCs

maturation was measured by up-regulation of co-stimulatory molecules CD86, CD80,
CD83 and MHC-II. More than 50 % of immature DCs phagocytosed apoptotic cells
(78% Annexin + / IP-) and over60% phagocytosed necrotic cells (88% Annexin+ /

IP+). Necrotic cells were more effective to induce
(6 £ 0.5 % FITC-Dextran-uptake vs 40 = 7
expression of CD80, CD86, MHC-lland CD
coincubation with apoptotic cells, comparable to L
addition of LPS, TNF-a, IL-1b, and MCM (Mono
coincubation improved the maturation of DCs th
Apo), it was lower than that obtained with DCs
Nec). T cell proliferation was determinated by
stimulation was measured by detection of intrace|
and stimulation induced by DC-Apo were greater
conclude that both apoptotic and necrotic melano
Ags for DCs since they are taken up almost equ
appear to induce better DC maturation than apg
Dextran uptake assa}fr. However, phagocytosis
important role in T-cell activation. These result
antimelanoma vaccines with DCs, and these stud
distinct origin.

d DCs maturation than apoptotic cells
5%, respectively). DCs cell surface
83 was clearly up-regulated upon
PS-induced maturation. Although the
cyte Conditioned Medium) during the
athad taken up apoptotic cells (DC-
that had captured necrotic cells (DC-
H3-dThd incorporationand T cell
lular IFN-g. Both T-cell proliferation
than those obtained with DC-Nec. We
ma cells could be used as a source of
ally by DCs, but necrotic tumor cells
ptotic cells, according to the FITC-
bt apoptotic cells may playa more
5 could be relevant for the design of
es will be extended to tumor cells of
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Dendritic Cells Charged with Apoptotic Tumor Cells Induce
Long-Lived Protective CD4" and|CD8" T Cell Immunity
against B16 Melanoma'

*

Romina S. Goldszmid,*" Juliana Idoyaga,” Alicia I.
and Rosa Wainstok?'

ravo,* Ralph Steinman,?® José Mordoh,*

Dendritic cells (DCs) are potent APCs and attractive vectors for cancer immunotherapy. Using the B16 melanoma, a poorly
immunogenic experimental tumor that expresses low levels of MHC class I products, we investigated whether DCs loaded ex vive
with apoptotic tumor cells could elicit combined CD4™ and CD8* T c¢ll dependent, long term immunity following injection into
mice, The bone marrow-derived DCs underwent maturation during overnight coculture with apoptotic melanoma cells. Following
injection, DCs migrated to the draining lymph nodes comparably to confrol DCs at a level corresponding to ~0.5% of the injected
inoculum. Mice vaccinated with tumor-loaded DCs were protected agaiiist an intracutaneous challenge with B16, with 80% of the
mice remaining tumor-free 12 wk after challenge. CD4" and CDS* T cells were efficiently primed in vaccinated animals, as
evidenced by IFN-v secretion after in vitro stimulation with DCs loaded with apoptotic B16 or DCs pulsed with the naturally
expressed melanoma Ag, tyrosinase-related protein 2. In addition, B16 melanoma cells were recognized by immune CD8™ T cells
in vitro, and cytolytic activity against tyrosinase-related protein 2,4, _,do-pulsed target ceils was observed in vivo. When either
CD4™" or CD8* T cells were depleted at the time of challenge, the protection was completely abrogated. Mice receiving s tumor
challenge 10 wk after vaccination were also protected, consistent with the induction of tumor-specific memory. Therefore, DCs
loaded with cells undergoing apoptotic death can prime melanoma-specific helper and CTLs and provide long term protection

o

against a poorly immunogenic tumor in mice. The Journal of Immunolggy, 2003, 171: 59405947,

elanoma is the cancer with the fastest increasing inci-

dence (1), and survival of patients with distant metas-

tases is generally <1 year. With increased understand-
ing of the requirements for initiating immunity, dendritic cells
{DCs)* have become attractive vectors for immunotherapy of this
and other cancers (2-9}. DCs are proving to be effective in initi-
ating and cxpanding immune responscs in‘humans (10, 11). pro-
viding a rationale for their use as adjuvant§ for actlive immuniza-
ton against melanoma (12-16). Different. strategics have been
developed to load DCs with tumor Ags, including MHC-restricted
synthetic peptides derived from the Ag (12-17), tumor RNA (18,
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19), turnor lysates (20), tumor-derived exosomes (21), and dying
tumor cells (22-26); these have been assessed in preclinical mod-
els and,\in some cases, clinical trials (12-26). Tumor cells (dying
cells or} Ab-coated tumor cells) are of interest as an antigenic
source. because the DCs would have the potential to present a
broad range of tumor-associated Ags and on both MHC class | and
II produtts regardless of the MHC haplotype of the patient
(27-30).

To testiwhether combined CD4™ and CD8™ long term immunity
could be blicited by DCs loaded with tumor ¢ells, we have con-
ducted prdclinical analyses to immunize mice with DCs previously
apoptotic melanoma cells ex vivo. There are already
some examples, using DCs bearing defined tumor Ag or tumor
cells engineered to secrete GM-CSF, where T cell-based resistance
to melanoma has been achieved in amimals (31-33), but there is no
precedent for the induction of combined MHC I- and II-restricted
immunity i vivo with DCs loaded with tumor cells. We will show
that DCs, after phagocytosis of apoptotic tumor cells. elicit long-
lived combined CD4 ' and CD8 ' immunity against the MIIC class
I low B16 murine melanoma.

Materials|and Methods

Animals and\cell lines

Six- to 8-wk-did male C57BL/6 (HH-2" CD45.2%) mice were obtained
from the Facultad de Ciencias Veterinarias, University of La Plata (Buenos
Aires, Argentifa) and from Taconic Farms (Germantown, NY), and
CD45.1" B6.SJL-Ptprc were obtained from Taconic Farms. Mice were
maintained in pathogen-free conditions. and studies were performed in
accordance with local cthical guidelines. B16 (HH-2") is a poorly immu-
nogenic murine melanoma of spontaneous origin {34). The B16-F1 line (a
gift from Dr. A. Vecchi, Istituto Mario Negri, Milan, ltaly) was maintained
in culture in DMEM (Sigma-Aldrich, St. Louis, MO) supplemented with
10% heat-inactidated FCS (Natocor, Cordoba. Argentina). 2 mM L-glu-
tamine. 100 Umi penicillin, 100 wg/ml streptomycin (Life Technologies,
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Gaithersburg, MD). The EL-# thymoma (American Type Culture Collec-
tion, Manassas, VA) was used as a control tumor. Cell lines were period-
ically tested to be mycoplasm-free.

Abs and reagents

We purchased anti-CD16/32;, FITC-conjugated anti-CDR6, I-A®, rat 1gG,
mouse [gG, PE-anti-CD 1 1c; biotinylated anti-CD45.2, and allophycocya-
nin-streptavidin (all {rom BD Biosciences, Mountain View, CA): anti-CD8
and CD4 MACS microbeads (Miltenyi Biotec, Auburn, CA); CFSE (Mo-
lccular Probes, Eugenc, OR); and ACK buffer (BioSource International,
Camarillo, CA). '

Induction and detection of apoptosis and necrosis

After reaching 70-80% conflucnce, tumor cells were harvested with 0.5
mM EDTA, washed with PBS (HyClone, Logan, UT), and resuspended for
radiation (70 Gy. linear accelerator: Siemens, New York. NY). Irradiated
cells were washed twice. cullured for 48 h. and harvested by pipetting for
coculture with DCs or for detection of apoptosis using the annexin V-FITC
apoptosss detection kit (BD PharMingen, San Dicgo, CA) on a FACSVan-
tage SE (BD Biosciences}l UV-irradiated (100 Im?2, UV Stratalinker 2400;
Stratagene. La Jolla, CA) syngeneic splenocyres were used as control ap-
optotic cells. Necrosis of B16-F1 cells was induced by (our rapid cycles of
freeze/thaw, as evidenced by combined annexin Vipropidium iodide {(PT)
staining.

Generation of bone marrow-derived DCs and culture with
apopiotic cells

As previously described (35), bone marrow cells were harvested {rom fe-
murs and tibias of normal CS7BL/6 mice and washed with PBS. Cells were
resuspended in RPMI 1640 (Sigma-Aldrich) supplemented with 10% heat-
inactivated FCS, 2 mM, t-glutamine, 100 Ul penicillin, 100 pyg/ml strep-
tomyeny. 20 ug'ml gentamicin (Life Technologies). 50 M 2-ME (Sigma-
Aldnch), and 10% supernatant from CHO cells transfected with the
plasmid pCDNAJ containing the recombinant mouse GM-CSF gene (the
pCDNAJ-rmGM-CSF plasmid was provided by Dr. O. Burrone, Interna-
tional Center for Genetic Engineering and Biotechnology. Trieste. ltaly)
and cultured in 100-mm diameter plates. On day 3 the cells were refed with
fresh medium. On day § of culture immature DCs were harvested and used
for in vitro phenotypic analysis and for coculture with apoptotic cells
(Apo). For coculture, 2 X 10° DCs were incubated with Apo at a 1/1 ratio
for 24 h, washed twice with PBS, and used for vaccination. Coculture with
necrotic cells or syngeneic splenocytes was performed at a 1/1 ratio.

Phagocytosis of irradiated B16 melanoma cells

A frer irradiation. apoptotic B16 cells were dyed red using PKH26-GL (Sig-
ma-Aldrich) and cocultured with immature DCs that were dyed green with
PKHGE7-GL (Sigmu-Aldrich) at a 171 ratio. After 24 h. llow cytomeiric
apalysis was performed. and phagocvtosis of Apo was defined by the per-
centage of double-positive cells, Alternatively, phagoeytosis was obscrved
by confocal micrdgcopy (LSM 510; Zeiss, New York. NY)

Surface phenotvpe and in vivo migration of DCs

The surface phenotype of bone marrow-derived DCs was analyzed before
and after coculture with apoptotic tumor cells. DCs were double-stained
with PE-conjugated anti-CD1lc and FITC-conjugated anti-CD86 or anti-
MHC I (I-AD). B6 bone marrow-derived DCs (CD45.27) with and without
previous coculture with apoptotic B16 were injected s.c. into CD435.17
recipient mice, and draining lymph nodes were removed 24 b later. Single-
cell suspensions 'were prepared with 400 U/ml collagenase (Roche, India-
papolis, IN) for. 25 min. Cells were then incubared with PE-canjugated
ant-CD1le. allophycocyanin-conjugated ani-CD45.2, and FITC-conju-
gated anti-CD86 or MHC 1l Flow cytometric data were analyzed with
FlowJo (Tree Star software, San Carlos. CA).

Vaccination of mice

Mice were injected s.c. with 2 % 10° DCs cocultured with Apo (DC-Apo),
‘DCs alone, Apo alone, mixtures of DCs plus Apo without previous cocul-
mre (DC + Apo). DCs cocultured with necrotic cells (DC-Nec). necrotic
cells alone (Nee), DCs cocultured with apoptotic syngeneic splenocytes
(DC-Spleen), or vehicle (PBS) weekly for 4 wk. One week after the last
injection, mice received a tumor challenge with 1.3 % 10* live B16 cells.
Animals weré monitored for tumor growth every other day by palpation,
and diameters were measured using 2 Vernier caliper. Tumor-bearing an-
imals were sacrificed when the tumors displayed severe ulecration or
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rcached a size of 230 mm®. For cvaluation of immunological memory.
mitce were challenged 10 wk after the last vaccination. In the case of tumor-
free animals. experiments were terminated 12 wk after tumor challenge. and
autopsics were performed. All experiments included 10-13 mice/group.

In vivo depletion of CD4™" and CD8™ T lymphocyies

Mice immunized as described were injected with murine ascites containing
1 mg of rat monoclonal anti-CD4 (clone GK 1.5) or anti-CD8 (clone 33-
6.72: hybridomas were provided by Dr. A. Vecchi). Three consecutive
injections were performed i.v. on the day before tumor challenge, followed
by two i.p. injections on the day of and the day afier tumor challenge.
Control experiments were performed by injecting the same amount of stan-
dard rat IgG (Sigma-Aldrich). Depletion of CD4" and CD8 " T cells [rom
spleen was monitored using anti-CD4 and anti-CD8 mAbD.

IFN-v production by CD4™ and CD8™ T cells

Four weeks afier vaccination. CD4™ and CD8™ T cells were isolated from
spleen of vaccmated or control mice using MACS microbeads. Purified
CD4" or CD8' T cells were subsequently coculrured in 96-well, flar-
bottom microtiter plates (3 X 107 cells/well) in the presence of B16 cells,
DC-Apo. or DCs that had been pretreated with tyrosinase-related protein 2
(TRP2),4g_1x¢ pPeptide (SYYDFFVWL; a gift from Dr, A, Kalergis, Rock-
efeller University, New York. NY) or OVA (SIINFEKL) as a control pep-
tide (1 h 37°C, 1 uM) for 48 h in Click’s medium containing 0.75% mousc
serum. The titers of IFN-y in the culture supernatants were determined by
ELISA (OptLIA kit BD PharMingen) according to the manufacturer’s
protocol.

n vivo cvtotoxicite assav

C37BL/6 splenocytes were divided into two populations and labeled with
either a high concentration (3 uM) or a low concentration (0.5 uM) of
CFSE for 10 min at 37°C, then washed twice with PBS containing 0.1%
BSA. CFSE™*" cells were pulsed with 1 uM TRP2, 44 peptide, while
CFSE™ remained nonpulsed. After washing. CFSE™" cells were mixed
with equal numbers of CFSE™Y cells. and 107 or § X 10% of this ccll
suspension was injected i.v. into DC-Apo- or DC-vaccinated mice. Spleens
and lymph nodes from recipient mice were taken 10 h later for flow cy-
tometric analysis. In vivo killing was indicated by loss of CFSE™*" pep-
tide-pulsed cells relative to CFSE™ nonpulsed cells. The percentage of
specific lysis was caleulated according to the formula: (I — (ratio
unprimed/ratio primed) X 100), where ratio unprimed = % CFSE"™/CF-
SEMER cells remaining in control mice, and ratio primed = % CFSE®™
CFSEM# cells remaining in vaccinated mice.

Statistical analysis

Statistical analyses were performed using the Wilcoxon rank test.

Results

Apoptotic B16 melanoma cells are efficiently phagocyiosed by DCs

Whele tumor cells are an advantageous source of Ags for DC
vaccination because they provide a wide range of tumor Ags that
can be processed onto both MHC class T and class II products by
DCs. To induce apoptosis, B16 cells were irradiated (70 Gy) and
cultured for 48 h. The tumor cells then failed to grow in culture and
could not induce tumors in mice at high doses (10° cells). Apo-
ptosis was documented by annexin V/Pl staining (Fig. 1). After
48 h, cultured unirradiated cells contained 10-12% early apoptotic
cetls characterized by dnnexin V7/PI™ staining (Fig. [4. lower
right). In contrast. 70—-80% of irradiated culturcd tumor cells had
undergone early apoptotic death (Fig. 18). Twelve to 19% of the
cells displaved annexin V7/PI™ staining, indicating sccondary ne-
crosis in both unirradiated and irradiated cultures (Fig. 1, 4 and B.
upper right). Cighty percent of frecze/thawed necrotic cells dis-
played annexin V*/PI™ staining (data not shown). Then PKH67
green-labeled DCs (Fig. 1C) were cultured with PKH26 red-la-
beled, apoptotic tumor cells (Fig. 1D) for 24 h, and phagocytosis
was documentcd by the percentage of double-positive cells. At
37°C, >40% of immature DCs phagocytosed apoptotic material
(Fig. 1E), and this was confirmed by confocal fluorescence mi-
croscopy and electron microscopy (data not shown). Freeze/
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FIGURE 1. Apoptosis of irradiated 316 melanoma cells and phagocy-
tosis by DCs. BI16-F1 melanoma cells were cultured for 48 h. either un-
treated (4) or after irradiation (8). and sl‘tained with annexin V-FITC and
P1. Early apoptotic cclls were defined as annexin V-FITC ', but PI | whilc
necrotic cells were double-positive. To demonstrate phagocytosis (C-F),
DCs were labeled green with PKH67-GL fluorescent cell linker (C), and
apoptotic cells were labeled red with PKH26-GL (D); these were cultured
together at a 1/1 ratio for 24 h at 37°C (£) or 4°C (F). The frequency of
double-positive phagocytic DCs {gated aq green profiles) is shown in the
upper right quadrants.

thawed necrotic cells were also phagbcytosed by DCs to a com-
parable extent as apoptotic cells (not shown). To rule out the
possibility of nonspecific tumor cell binding, coculture of apopto-
tic tumor and DCs was performed at 4°C; the percentage of dou-
ble-positive cclls was only 4% (Fig. 1F). DCs also cfficiently
phagocytosed apoplotic syngeneic splenocytes (data not shown).

DCs loaded with apoptotic B16 cells migrate to lvmph nodes
and up-regulate CD86 and MCH T expression

To induce a primary immune response. DCs have (o undergo a
maturation process that involves up-regulation of MHC and co-

FIGURE 2. Phenotype of DCs before and after co-
culture with apoptotic B16 and migration into the
lymph nodes. A, Surface phenotype of DCs without
(DCs) and with (DC-Apo) coculture with apoptotic
B16 cells. The DCs and DC-Apo were stainéd with
PE-conjugated anti-CD1 Ic¢, lollowed by FITC:conju-
gated anu-CD86 or MHC 11 (I-A®). CD86 and MLIC
II expression was evaluated on CDllc -gated cells.
B, CD45.27 DCs or CD45.27 DC-Apo were injected
s.¢ into CD45.1" mice. Twenty-four hours’ later,

stimulatory molecules, and the DCs must also migrate to lvmph
nodes to select infrequent naive T cell clones for activation. To
assess these attributes in our system, we cultured irradiated B16
cells for 24 h with DCs and doublc-stained with PE-anti-CD1l1c
and either FITC-anti-CD86 or FITC-anii-MHC 1I. While the ex-
pression of CD1lc remained similar to that of DCs that were not
cultured with tumor cells, a large fraction of the tumor-exposed
DCs up-regulated CD86 as well as MHC II (Fig. 24). We then
analyzed the migratory capacity of these cells. CD45.2" DCs that
ad been pulsed with apoptotic B16 cells or left unpulsed were
injected s.c. into CD45.1 7 recipicnt mice. After 24 h the draining
ymph nodes were obtained, and the surface phenotype of the in-
Jected CD45.27 colls was analyzed. CD1lc™ cells from both tu-
mot-pulsed and unpulsed DCs cultures were found in the draining
nodes, and both showed an up-regulation of CD86 and MHC 1I
riolecules (Fig. 28). The number of injected CD45.2 " cells in the
lymph nodes corresponded to ~0.5% of the administered inocu-
m, consistent with prior data (36). Thercfore. a s.c. injection of
Cs, with or without exposure to apopiotic umor, leads to the
rasidence of comparable, but small, numbers of mature DCs in the
daining lymph nodes. setting the stage for testing their immuniz-
injg capacity against B16 melanoma challenge.

Cs loaded with apoptotic B16 cells induce specific resistance
16 mumors including long term memory

evaluate whether DCs cocultured with apoptotic B16 cells
-Apo) were able to elicit resistance to challenge with twmor,
¢ were vaccinated s.c. weekly for 4 wk with 2 X 10° DC-Apo
challenged with 1.3 X 10* B16 cells 1 wk later. The efficiency

cocyltured with necrotic cells (DC-Nec), necrotic cells alone
(Ned), and vehicle (PBS; Fig. 3.4). Also, to rule out the possibility
of alnonspecific activation by DCs phagocytosing apoptotic cells,
a group of mice that received DCs cocultured with syngeneic ap-
optotic splenocytes (DC-Spleen) was included. All mice were
monitored every other day after tumor challenge, and the tumor
volumes were measured.

draining lymph nodes were harvested, and single-cell
suspensions were obtained. Cells were then incxilbated
with allophycocyanin-conjugated anti-CD45.2, PE-
conjugated anti-CD1lc, followed by FITC-conju-
gated anti-CD86 or MHC II. The expression of CD86

and MIIC 1 was analyzed on CD452%, CDlic*-
gated cells. which were not found in uninjécted
CD45.17 mice. Gray lines show staining with iso-
type-matched control Abs. One representative exper-
iment of three is shown,
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FIGURE 3. Protection against tumor development after vaccination
with DCs loaded with apoptotic BI6 melanoma. 4, Mice (10-13-group)
were vaceinated with DCE that had phagocytosed apoptotic tumor cells for
24 h(DC-Apo). DCs alone. apoptotic tumor cells alone (Apo). ¢ mixture
of DCs and tumor cells (IDC+ Apo). DCs that had phagocytosed apoptotic
spleen cells (DC-Spleen), PBS, DCs that had phagocylosed necrotic Bto
melanoma cells (D(Z‘-Neé), or necrotic tumor cefls alone (Nec) weekly for
4 wh and challenged with 1.3 X 10° B16 cells | wk later. B. Mice (10/
group) were vaccinated with DC-Apo and challenged with either B16 or
EL-4 cells 1 wk after immunization. €, Mice (10/group) were vaccinated
with DC-Apo or PBS weekly for 4 wk and challenged 10 wk later with
1.3 > 10* B16 cells. fn A=C. micc were monitored every other day for
tumor growth and wetre scored positive when tumors were palpable. One
representative experiment of three is shown.

Eighty percent of the mice vaccinated with DC-Apo remained
tumor-free 12 wk after challenge relative to 0% in the PBS con-
trols (Fig. 3.4). Nong of the control groups showed protection rel-
ative to the nonvaccinated animals. When mice were injected with
Apo only or with DC+Apo without previous coculture, only 8%
(p < 0.01) remained tumor-free at wk 12, indicating that DCs are
necessary to induce strong protection and that they nced to be
previously cocultured with Apo. In mice injected with DCs only,
9% (p-< 0.01) of the mice were tumor-free after 12 wk, ruling out
the possibility that! tumor rejection was solely due to NK cell ex-
pansion, which canibe induced by DCs (37-39) or to immunity in
response to culture medium proteins presented by DCs. It has been
shown that DCs cultured in the presence of FCS arc capable of
inducing CD4™ T cell help (40, 41) and to prime CTLs more
sfhiciently than DCs cultured in FCS-free conditions (40). There-
fore, the presence of FCS-derived peptides loaded onto the DCs
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might have contributed to the observed antitumor response. When
mice were vaccinated with DCs loaded with syngeneic apoptotic
splenocytes, 0% remained tumor-free { p < 0.01), indicating that
the induction of immunity was not due to a nonspecific activation
of DCs after phagocytosis of dying cells. In contrast to DC-Apo,
only 17% (p < 0.01) of the mice injected with DC-Nec¢ remained
tumor-free. demonstrating that Apo are a better source of Ag for
DCs priming. In summary, only mice vaccinated with DC-Apo
showed strong protection against the poorly tmmunogenic B16
melanoma (Table 1).

To analyze the specificity of this antitumor responsc. micc vac-
cinated with DCs loaded with apoptotic B16 cells were challenged
with the EL-4 lymphoma, but all the mice developed tumor within
2 wk (Fig. 38). This indicates that vaccination with DCs loaded
with apoptotic B16 cells induces a strong protection against B16
challenge, but does not protect against a nonrelated syngeneic
tumor.

To test whether vaccinated mice could acquire immunological
memory, mice were vaccinated with DC-Apo and challenged with
B16 10 wk later. Strong protection was again achieved after vac-
cination with DC-Apo. Twelve weeks after tumor challenge, 80%
of the mice remained tumor-free vs 0% of control mice (p << 0.01:
Fig. 3C). These data indicate that DC-Apo vaccination imparts
considerable memory 10 B16.

Both CD4™ and CD8™ T cells are required for the antitumor
response

We studied the role of CD4™ and CD8™ T cells in the observed
resistance to B16, which, as mentioned, has not previously been
shown to elicit combined CD4™ and CD8™ immunity in mice.
Mice vaccinated with DC-Apo received anti-CD4, anti-CD8&. or
control rat IgG on the day before tumor challenge, followed by two
injections on days 0 and 1 after tumor chatlenge. In vivo depletion
of cither CD4™ or CD8™ T cells by Ab trcatment complcetely ab-
rogated the prolection from tumor chatlenge (Fig. 4). Since these
depletions were performed after DC-Apo vaccination. the results
suggest that both CD47 and CDR™ T cells play a cructal role in
resistance to B16 melanoma following vaccination with DC-Apo.

DCs charged with apoptotic BI6 efficienily prime both CD4'
and CD&™ T cells

To verify that both CD4' and CD8 ™ T cells could be primed to
produce TFN-y after immunization with DC-Apo. CD4™ and
CD8 T cells were purified by positive selection from spleens

Table I Twumor-free survival afier vaccination with DCs loaded with
apoptotic B16 melanoma®

Expt.
No. DC-Apo be Apo PBS
1 10713 (77%) 11 {(9%) 1712 (8%%) 0/12 (V%)
2 8/10 (R0%) 111 (9%) 1/12 (8%} 0/10 (0%)
3 8/10 (80%) 1/10 (10%) 1710 (10%)  0/10 (0%)
DC + Apo DC-Nee Nee DC-Spleen
{ 1712 (8%) 2/13 (15%) 1/8 {12%) 0/12 (0%)
2 111 (9%) 2/11(18%) 2711 (18%)  0/12 (0%)

“ CSTBLI6 mice were vaccinated s.c. with 2 X 10° DCs loaded with apoptotic B16
celis (DC-Apu). DCs alone. apoptotic umor cells alone (Apo), a mixture of DCs and
tumor cclls (DC — Apo), DCs that had phagocytosed apoptotic spleen cells (DC-
Spleen). PBS. DCs that had phagocytosed necrotic BI6 melanoma cells (DC-Nec), or
neerotic wmor cells alone (Nee) weekly for 4 wk and challenged with 1.3 X 107 Bi6
cells 1wk later. Results are presented as the number of tumor-free survivors over the
total number of animals 12 wk following tumor chalienge.
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FIGURE 4. In vivo depletion of either CD4"* or CD8™ T cells ablates
protective antitumor immunity. Mice {10/group) were vaccinated on days
0, 7. 14, and 21 with DC-Apo or PBS. Vaccinated animals were divided
into groups treated with anti-CD4, anti-CDS, or normal rat [gG on days 27,
28, and 29. Then mice were challenged with 1.3 X 10 B16 cells on day
28. Mice were monitored every other day and were scored positive when
the tumors were palpable. One represeitative experiment ol two is shown.

obrained from mice injected with DC-Apo or control mice 4 wk
after immunization. The T cell fractions were stimulated in vitro
for 48 h with intact B16 cells or with DCs that had been pretreated
with TRP-2 peptide or OV A-derived control peptide. and the me-
dium was then assessed for the production of IFN-y (Fig. 3).
TRP-2 is a tissue differentiation Ag expressed by normal melano-
cytes and melanoma cells in both humans and mice (31, 42—-45)
and was used as a model tumor Ag. As shown in Fig. 5. only
CD8™ T cells from DC-Apo-vaccinated mice were able to respond
to intact B16 eells. However, both subsels responded to DC-TRP-2
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FIGURE 5. CD4™ or CD8™ T cells are primed by DC-Apo to secrete
[FN-y. CD4” (4) or CD8" (8) T cells were purified using MACS beads
from spleens obtained from DC at\po—\'ac-.oinatcd‘l or control mice 4 wk after
immunization. These cells were stimulated with intact B{6 cells, DC-Apo,
DC pulsed with TRP-2 peptide, or DC pulsed with OVA peptide, as de-
scribed in Marerials and Methods. After 48 h tulture supematants were
harvested. and IFN-v release was measured by ELISA. No IFN-y was
produced by the PBS control mice (not shown).. The mean x SD of trip-
licate determinations are shown. :
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~and DC-Apo. with the CD4™ T cell responses being more vigorous
(Fig. 5). As controls, CD8™ T cells from mice vaccinated with
DC-Apo made <30 pg/ml without challenge or following chal-
lenge with DCs only or DC-OVA peptide (Fig. 5B). CD4™ T cells
from mice injected with DC-Apo aiso did not release IFN-vy in the
absence of DCs, but did form small amounts of cytokine following
culture with DCs only or with DCs loaded with the control peptide
(Fig. 54). Although these assays were performed using mouse se-
rumi. the DCs used as APCs had been cultured in 10% FCS. and the
presence of FCS-derived peptides could explain the control CD4™
T ccll response obscrved against DC-OVA or DCs alonce (40, 41).
T cells from control nonvaccinated mice made <30 pg/ml of
IFN-y with or without challenge (data not shown). Our data indi-
cate that IFN-y-producing, TRP-Z-specific. CD4™ and CD§™ T
cells are primed when mice are vaccinated with DCs loaded with
16 melanoma.

n vivo cvtotoxic effector activity induced afler vaccination with
C-dpo

o evaluate whether Ag-specific cytolytic activity could be de-
tected in vivo following vaccination with DC-Apo, an in vivo cy-
totoxicity assay was performed. Syngeneic splenocytes were la-
beled with a high concentration of CFSE and loaded with the
TRP-2 peptide. These were coinjected i.v. with equal numbers of
non-TRP-2-loaded splenocytes. which were labeled with a lower
cancentration of CFSE. The mice had been vaccinated with DC-
Apo or DCs 4 wk earlier, and the spleens were harvested 10 h later
affer injection of CFSE"" and CFSE™" cells. The specific cyto-
Ivfiic activity was measured by the disappearance of TRP-2-lcaded
CHSE™#" target cells. No cvtolytic activity was observed in mice
injected with DCs, but in mice injected with DC-Apo. the specific
cvtblytic activity was 75% when 107 cells were transferred and
went up to 92% when 5 X 10° cells were transferred (Fig. 6). We
didinot determine whether CD4™ or CD8™ T cclls were respon-
sible for this Iytic activity, but nevertheless, our data indicate that
vaceination with DC-Apo lcads to the production of cffcctor T

Non puised Pulsed

G 53105 Colly i s 107 Gl

FIGURE 6. In vivo cytolytic activity, CFSEM¥® TRP-2, ) e-pulsed
splenacyles and equal numbers of CFSE™ nonpulsed splenocytes were
coinjected i.v. into mice vaccinated with DC-Apo or DCs 4 wk after im-
munizatidn. Ten hours later spleens were harvested, and in vivo cytolysis
of transfoyred cells was mcasured by the sclective disappearance of the
TRP-2-loaded CFSEM" cells. Specific lysis was caleulated as described in
Materials\and Methods.
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cells that both secrete IFN-y (Fig. 5) and have cvtolytic activity
(Fig. 6).

Discussion

DCs-based immunotherapy isibeing developed as a novel approach
to vaccination against cancer. DCs have the potential to be loaded
with a spectrum of tumor Ags and to prime both CD8* and CD4™
T cells. However, the immuine response to DCs loaded with dif-
ferent sources of tumor Ag fequires investigation, In this study we
demonsirate that B16 melanoma cells undergoing apoptotic death
as a result of irradiation and culture arc an cffective source of Ag
for DCs-based vaccines, including the induction of both CD8™-
and CD4 ' -dependent, long-lived antitumor responscs. The Bi6
melanoma model has been & valuable model lor the study of tumor
immunity, but previous reports using apoptotic/necrotic cells to
load DCs (46. 47) have riot documented combined CD4™ and
CD8’ dependent long term immunity.

In addition to being a source of tumor Ags for MHC class I and
IT products, dying cells may influence the maturation state of the
DCs and thereby the quaritity and quality of the ensuing immune
response. There are conflicting reports about whether apoptotic or
necrotic cells are capable of inducing DC maturation. Sauter et al.
(438) found that incubation of DCs with necrotic, but not apoptotic,
tumor cell lines induce maturation, while other reports concluded
that incubation with apoptotic cells is sufficient (25, 26, 46, 49).
Our results show that after coculture with gamma irradiation in-
duced apoptotic B16 melanoma cells, a high proportion of DCs
phagocytose the apoptotic cells and up-regulate the expression of
CD86 and MHC class I molecules (Fig. 2.4). However. it is pos-
siblc that the presence of necrotic cells (<20%) in our apoptotic
cell preparation was relevant to the observed DCs maturation.

We also characterizéd the D(Cs that migrate to the draining
lymph nodes following: s.c. injection, comparing DCs that had
been pulsed or not pulsed with apoptotic cells. The migrants uni-
formly expressed high levels of CD86 and MHC 1l molecules (Fig.
2B) comparable to fully mature and immunogenic DCs. However,
when we enumerated the migrating DCs only ~0.5% of the orig-
inal inoculum was fouhd in the draiming lymph nodes 1 day after
injection.

Our current vaccingé model uses four weekly injections of DC-
Apo, and'we have used this to prevent rather than treat B16 mel-
anomas. Eighty percent of the mice remained tamor-free 12 wk
following challenge with B16 cells (Fig. 34). No protection was
observed when DC-Apo-vaccinated mice were challenged with the
syngeneic EL-4 lymphoma (Fig. 3B), suggesting that the immune
response was directed against B16 melanoma Ag. Moreover, vac-
cination: with DC-Apo induced immunological memory, since,
again. 80% of mice remained tumor-free when they received the
tumor challenge 10 vk after immunization (Fig. 3C). It will be
important to use DCs in the therapeutic setring. but at the tumor
cells doses we have:used. large (~I-cm diameter) tumors are cv-
ident by 14 days, to¢ quickly to study therapy. However, a critical
limitation in the current use of DC-Apo, as cvident in Fig. 25. is
the low number ol migrating DCs | day after injecting 200,000
cells iy cach of the four paws, since a total of only ~4,000 DCs
were found in the draining lymph nodes. This suggests that with
current methods the injected DCs are functioning far below their
potential. This will need to be addressed to achieve sirong T cell
immune responses 'and to approach therapeutic models.

When either CD4™ or CD8™ T cell subsets were depleted by Ab
treatment of vaccinated mice, the immune protection was com-
pletely abrogated..indicating that both T cell subsets were neces-
sary for effective in vive vaccination with DC-Apo (Fig. 4). In
vitro T cell assays.alsa indicated that both CD4™ and CD8™ T cells
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were primed to produce IFN-vy after restimulation with DCs loaded
with apoptotic B16 cells or DCs loaded with the TRP-2 melanoma
Ag (Fig. 5). In addition, the CD8™ cells were able to produce
[FN-vy upon caculture with B16 melanoma cells, and the immu-
nized mice were able to kill TRP-2-coated splenocytes in vivo
(Fig. 6). However, NK cells as well as other innate pathways, such
as phagocytes, NKT cells, and complement components, could
also contribute to the resistance that takes place in the presence of
tumor-specific T cells that are clicited by DC-Apo. In the results
reported by Hung et al. (33), the immune response induced by
vaccination with B16 cells engincered to sceretc GM-CSF required
CD4™ T cells at the ellector phase of the antitumor response. in
contrast, their data showed that depletion of CD8 T cclls only
partially reverted the protective respanse, suggesting that vaccina-
tion with B16:GM-CSF-scereting cells did not induce cffective
CDE8™ immunity. Similarly, Shibagaki et al. (32) showed that vac-
cination with B16:GM-CSF-sccreting cells was relatively incffi-
cient with regard to CTL and memory induction. Our data indicate
that DC-Apo have an advantage in eliciting combined helper and
cytotoxic T cell immunity,

Although the CD4 " helper cells did not recognize B16 mela-
noma cells directly, because the latter do not express MHC class II,
the immune CD4 "' T cells did recognize DCs loaded with tumor
(Fig. 5). Ossendorp et al. (50) have previously shown that optimal
CTL induction requires cognate CD4™ T cell help even for MHC
class II-negative tumors. In that study the authors used a peptide
vaccination strategy to show that depletion of CD4™ T cells during
either the induction or effector phase of the immune response ab-
rogates the survival of preimmunized mice. Likewise. Mumberg et
al. (51) showed that adoptively transferred CD4™ T cells eliminate
MHC class ll-negative tumor cells in SCID mice. [FN-y was re-
quired. but it did not inducc, MHC class Il cxpression on the tu-
mor, suggesting that tumor Ag were being cross-presented by
MHC class II™ host cclls. Our data together with others (31, 33,
50) indicate that tumor-specific CD47 T cells are required upon
tumor chailenge for the cffective antitumor response in immuno-
competent mice. Such T cells may have several functions: to help
CD8 " T cell function in the draining tymph node, to contribute to
CTL infiltration into the tumor bed (52), to maintain in situ CTL
cffector functions (53), to release factors that more directly provide
resistance against the tumor, i.e.. TFN-y {54-56), and/or to recruit
other effector cells (33).

We found that the TRP-2 4, 55 peptide was recognized by both
CD4' and CD8' T cells. This peptide has been identified as a
relevant MHC class I (K®) epitope (43, 44), but Wang et al. (31) have
reported that immunization with DCs loaded with TRP-2,40_1xg
peptide fused to a cell-penetrating peptide induce a CD4™ T cell
response as well, and that this is required for antitumor immunity, as
evidenced by CD4™ T cell depletion and the use of CD4™ knockout
mice. Peptides are known to bind to MHC class I molecules via a
nine amino acid core sequence (57-59), and this 9-aa core also is
recognized by the TCR (60). Therefore. the strong CD4 T cell
responsc to TRP-2 that we obscrved is not totally surprising.

When DCs are loaded with TRP-2 peptide only (using peptide
itsclf or a ccll-penctrating fusion TRP-2 peptide, TRP-2 protein
transduction) and used 10 vaccinate mice against B16 melanoma.
the survival was tound to be lower than that obscrved with B16:
GM-CSF-secreting cells, presumably because TRP-2 is but one of
many Ags in B16 cells (31-33). We also suspect that our usc of
DC-Apo immunizes CD4™" or CD8™ T cells to many more B16
melanoma Ags than TRP-2, but these remain to be identified.

A perplexing finding {n our study was that DCs loaded with
apoptotic cells, but not necrotic cells, were immunogenic, even
though both sources of dying cells were phagocytosed well by the
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D(Cs. Shimizu et al. (61), using lysates or peptide-pulsed DCs vac-
cines, reported that CD4™ T cell protection required the addition of
IL-2 and the addition of the immunogenic protein keyhole limpet
hemocyanin to the immunizing protocol. Kotera et al. (46) have
reported that DCs pulsed with highly enriched apoptotic or ne-
crotic (lysates) B16 cells have equivalent antitumor activity. al-
though their experiments were only followed for 18 days after
challenge, and the immunization conditions only allowed for a
delay in tumor growth. Howcever, there are other examples show-
ing that DCs luaded with apoptotic cells are more efficient than
DCs loaded with necrotic cells in acuvating T cells (24, 27. 62,
63). In the results reported by Albert et al. (27), Ag acquired [rom
apoptotic cells were cfficiently cross-presented by DCs, while DCs
carrying Ag derived from necrotic cells were ineflicient at inducing
CTLs. Strome et al. (62) found that DCs loaded with irradiated
tumor cells were effective stimulators of OV A-specific CTL clones
in vitro, whereas DCs loaded with frecze-thawed tumor cells failed
to stimulate JFN-vy secretion. Furthermore, they reported an inhib-
itory effect of freeze-thawed tumor cells on the in vitro CTL ac-
tivity. Similar results were observed when they used human mel-
anoma cell lines and gp100-specific CTL clones. Then the authors
assessed the two Ag-loading strategies in vivo. and again only DCs
loaded with irvidiated tumor cells were effective in preventing the
outgrowth of the OVA-expressing E.G7 thymoma. Schhwr et al.
{63) have found that DCs bearing apoptotic pancreatic tumor cells
were better suited than mmor-lysate-loaded DCs to activate both
CDR™ and CD8™ T cells in vitro. Using a squamous cell carci-
noma model, Hoffimann et al. (24) have reported that apoptotic
cell-loaded DCs likewise induce stronger CTL responses com-
pared with cell lysate-loaded DCs. Perhaps nccrotic cell lysates are
adequate for loading DCs with tumor-associated Ags only when
the latter arc more resistant to proteolysis or when the lysates pro-
vide additional stimulatory stimuli {or the DCs.

Many studics have been conducted using dying tumor cells as a
source of Ags (22-26, 46, 62, 63). However, none ol these has
shown in vivo.induction of combined CD4 ' and CD& " antitumor
immunity. In the present sudy we found that DCs phagocytosing
apoptotic tumaor cclls clicit long-lived combined CD4 ' and CD8’
immunity against the poorly imnunogenic B16 metanoma. DC-
Apo have been shown by Berard et al. (22) to be able to prime
naive human T cells in vitro to melanoma Ags. These findings
together with bur preclinical model set the stage for comparable
studies in humans with DC-Apo as adjuvants for active immuni-
zation against:cancer.
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