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RESPUESTA AL EXAMEN DE FONDO

MARGARITA CASTELLANOS ABONDANO, mayor de edad, identificada y domiciliada como
aparece al pié de mi firma, atentamente me permito presentar respuesta al oficio No. 2749 notificado
por fijacion en lista el 22 de febrero de 2008 correspondiente al examen de fondo, estando dentro del
término legal en los siguientes términos:

Nivel inventivo

Presento a continuacion los argumentos que demuestran el nivel inventivo de la presente invencién en
vista del documento D1.

El documento D1 ensefia que la insercién hidrofébica de una molécula anfipatica (como pueden ser
los gangliésidos) en la capa lipidica de proteoliposomas derivados de OMPC (Complejo de proteinas
de la Membrana externa de Neisseria meningitidis) es suficiente para inducir la inmunogenicidad
contra entidades tan poco inmunogénicas como son los gangliésidos. El problema técnico resuelto por

‘el documento D1 es que hace inmunogénicas dos moléculas que son blancos importantes en la

terapia del cancer, NACGM3 y NGcGM3.

D1 también ensefia que para hacer inmunogénico cualquiera de estos antigenos, el antigeno
debe ser modificado naturalmente o por_sintesis de forma tal gue contenga una region
hidrofébica y es justamente por esta region hidrofébica que se insertara en la capa lipidica de la
OMPC.
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Por el contrario, en la presente invencion se reivindica una composiciéon farmacéutica que tiene como
caracteristica técnica esencialun vehiculo vacunal que consiste en nanoparticulas de

proteoliposomas (particulas mucho mas pequefias que los proteoliposomas convencionales)

derivadas del complejo de proteinas de la membrana externa de la bacteria Neisseria meningitidis
denominada VSSP (Very Small Size Proteoliposomes) y gangliésidos previamente incorporados.
Dicho vehiculo es capaz de inducir la inmunogenicidad de antigenos polipeptidicos o proteicos poco

inmunogénicos sin_necesidad de que el antigeno u antigenos sean modificados de

ninguna manera. La administracion de la composicion de la presente invencion, capaz de inducir

la inmunogenicidad de moléculas poco inmunogénicas, es lo que en el campo de la vacunologia
actualmente se conoce como “a_bed-side” adjuvant”. Cualquier experto medio reconoceria

facilmente las ventajas de esta solucion técnica sobre las descritas previamente.

Primero; que la estructura natural del antigeno no necesita ser modificada de ninguna forma y por

tanto se mantendra “antigénicamente virgen’ para las células del sistema inmune. Esto hace

que moléculas de diferente naturaleza (péptidos, polipéptidos, proteinas, secuencias de ADN, etc)
puedan ser usadas en la composiciéon vacunal de la presehte invencion.

Contrariamente, la tecnologia de OMPC (proteoliposomas) requiere necesariamente |a modificacién
quimica del antigeno. Y esto, como se sabe, da como resultado la obtenciéon de los llamados “neo
antigenos” los cual generalmente tienen cambios importantes en el sentido de la inmuno dominancia,
basicamente para el repertorio de células TCD8 efectoras y por tanto limitando los antigenos que
pueden usarse.

Por el contrario, D1 no aporta evidencias o sugerencias sobre el hecho de que los VSSP activen las
células TCD8 efectoras, lo cual es aceptado por cualquier experto medio que son las més efectivas en
la inmunoterapia de! cancer.

Esta induccion de la inmunogenicidad a expensa de las células TCD8 efectoras es la propiedad

sorprendente de la presente invencion, demostrando como los VSSP pueden promover el efecto anti-
metastasico asociado a la respuesta inmune anti-HER1 y dependiente de la respuesta TCD8 efectora
(ver adjuntos a este memorial)

Adicionalmente, podriamos mencionar dos caracteristicas principales que distinguen la presente
invencion de los documentos previos citados en el estado del arte:

*  Un aspecto innovador de la actual invencion es el tamafio de las particulas en el VSSP. Se
sabe muy bien en el estado del arte el uso del complejo de proteinas de la membrana externa
de Neisseria meningitidis para obtener los inmunégenos pero los inventores de la presente
invencion encontraron que el uso de las particulas de tamafio muy pequefio aumentan la

capacidad inmunogénica de este complejo de proteinas y la incorporacion del gangliésido
juega un papel importante en la estructura fisico quimica de los VSSP.
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* El otro aspecto innovador es el uso del gangliésido. Debe observarse que en la presente
invencion no se reivindica cualquier gangliésido sino especificamente el GM3. Los inventores
encontraron que el ganglidésido tiene un papel funcional asi como estructural (tamafo de
particulas). Las composiciones farmacéuticas descritas en la actual invencién tienen la
capacidad de estimular la respuesta inmune TCD8 efectora, que es particularmente relevante
para los individuos con un sistema inmune altamente deprimido, como por ejemplo pacientes
con cancer o SIDA. En estos individuos, cuando se usa solo el complejo de proteina de la
membrana externa de Neisseria meningitidis no se induce la respuesta inmune
perceptiblemente pero la inclusién del gangliésido provoca un aumento espectacular.

Por ultimo y como evidencia del efecto inmunopotenciador de la composicién farmacéutica de la
presente invencion (VSSP) el solicitante desea someter a consideracion del sefior examinador el
reporte adjunto al presente memorial (Torréns et.al.. “iImmunotherapy with CTL peptide and VSSP
eradicated established human papillomavirus (HPV) type 16 E7-expressing tumors”. Vaccine 23 (2005)
5768- 5774) el cual muestra otros resultados experimentales que sustentan el efecto sorprendente de
la presente invencién.

Finalmente, teniendo en cuenta que la composicién revindicada cumple con el requisito de nivel
inventivo, solicito a su Despacho conceder el privilegio de patente a la presente invencién.

Anexos

= Articulo Torréns et.al.
= Articulo Sadnchez Ramirez et al.
= Vaccination with mEGFR-ECD/VSSP has anti-metastatic effect
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Abstract

Peptide-based vaccines aimed at the induction of effective T-cell responses against established tumors have not been successful in clinic
and require the use of new adjuvants. One of those is a new adjuvant in which gangliosides are incorporated into the outer membrane protein
complex of Neisseria meningitidis to form very small size proteoliposomes (VSSP). In a preclinical model of human papillomavirus HPV16-
induced cervical cancer we show that vaccination with HPV 16 E7 derived minimal CTL peptide and VSSP protects mice against tumor

challenge, induces regression of established tumors and produces E7-specific CD8* T-cell responses.

© 2005 Elsevier Ltd. All rights reserved.

Keywords: Immunotherapy; HPV; VSSP

1. Introduction

Cervical cancer is the second cause of women cancer
mortality in the world [1]. Human papillomaviruses (HPV),
particularly HPV-16, are associated with most cervical can-
cers [2]. More than 99% of cervical cancers and their pre-
cursor’s lesions, squamous intraepithelial lesions (SILs),
contain HPV DNA [3]. The HPV oncogenic proteins, E6
and E7, are important in the induction and maintenance
of cellular transformation and are co-expressed in most
HPV-containing cervical cancers [4]. Therefore, these onco-
genic proteins represent ideal target antigens for developing
vaccines and immunotherapeutic strategies against HPV-
associated tumors [5].

In the past, most HPV research focused on E7, and there-
fore an E7 immunodominant epitope. Vaccination with a syn-
thetic MHC class-1 H-2Db-binding peptide, HPV16 E749_57
(E7(p)), mixed with incomplete Freund’s adjuvant (IFA) pre-
vented tumor formation by HPV16-transformed B6 mouse

* Corresponding author. Tel.: +53 7 2716022; fax: +53 7 336008/2714764.
E-mail address: isis.torrens@cigb.edu.cu (1. Torréns).

0264-410X/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.07.049

embryo cells and elicited CTL responses in C57BL/6 mice
[6].

Over the years, various vaccines containing exactly fit-
ting MHC class-I binding peptides have been tested for their
therapeutic efficacy in patients with progressive disease asso-
ciated to HPV [7-9]. Although moderate T-cell responses
were observed, the clinical benefit was only modest. This
may be due to failure of the vaccines to induce strong sus-
tained immunity because of impaired immune system, which
is commonly found in patients diagnosed with cancer.

Recently, it has been demonstrated that CD4* T helper
(Th) cells contribute to the development and efficacy of
antitumor responses [10,11], probably due to their capacity
to deliver essential activation signals to professional antigen
presenting cells, such as dendritic cells (DC), needed for an
optimal priming of tumor specific CTL [12-14]. Several stud-
ies show that effective CTL priming can be induced by: (a)

the inclusion of Th epitopes in peptide vaccines [15,16]; (b) -

the use of long (32- to 35-aa) overlapping peptides including
Th and CTL epitopes [17]; (c) the use of molecularly defined
strong DC-activating adjuvants, such as monophosphoryl
lipid A (MPL) [18,19], oligodeoxynucleotide (ODN)-CpG
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[20-22], anti-CD40 Ab [23]), GM-CSF [24] and ISCOM
[25].

A new adjuvant has been previously developed in which
gangliosides are incorporated into the outer membrane pro-
tein complex (OMPC) of Neisseria meningitidis to form
very small size proteoliposomes (VSSP) [26]. A recent study
reveals that VSSP have the ability to activate mouse and
human DC, in vitro and in vivo, with the corresponding
IL-12p40/p70, TNF-a and IL-6 production [27]. Therefore,
VSSP is a potent adjuvant for DC activation and Th1 differ-
entiation. '

In the present study, we demonstrate that immuniza-
tion of C57BL/6 mice with a vaccine based in adjuvancity
of E7(p)+ VSSP without oily component protects animals
against challenge with the E7-expressing murine tumor cell
line, TC-1 [28], and also protects them against re-challenge
with higher doses of TC-1 cells. Similarly, immunization of
tumor-bearing mice with E7(p) + VSSP leads to tumor regres-
sion and long-term survival and produces E7-specific CD8"
T-cell responses.

This is the first study to demonstrate that therapeutic
immunization with a minimal CTL peptide and VSSP induces
tumor regression and represents the first example of cancer
immunotherapy based on the use of VSSP with a viral anti-
gen,

2. Materials and methods
2.1. Mice

C57BL/6 mice (6-8 weeks old) were purchased from
the Center for Laboratory Animal Production (CEN-
PALAB, Havana, Cuba). All animals were maintained under
specific-pathogen-free conditions at the Center for Genetic
Engineering and Biotechnology (CIGB, Havana, Cuba). The
experimental methods were approved by the Animal Care
and Use Committee of the CIGB and were conducted in
accordance with the Health Guide for the Care and Use of
Laboratory Animals (HGCULA).

2.2. Cells

TC-1 cells were kindly provided by T.C. Wu (Johns Hop-
kins University, Baltimore). They were generated by co-
transformations of primary C57BL/6 mouse lung epithelial
cells with HPV-16 E6 and E7, and an activated ras oncogene
as previously described [28]. The EL4 tumor cell line was
obtained from American Culture Collection (TIB-39).

2.3. Peptides

All peptides were synthesized on solid phase and puri-
fied by reverse-phase high-performance liquid chromatog-
raphy to >95% purity on an acetonitrile/H20-trifluoroacetic
acid gradient and confirmed by ion-spray mass spectrome-

try (Micromass, Manchester, United Kingdom). Lyophilized
peptides were reconstituted in distillate H,O for use in vitro
and in vivo. The E7(p) (RAHYNIVTF) was selected because
it was identified as an H2-D® CTL epitope [6]. The H2-K"-
restricted Ova257-264 CTL peptide (SIINFEKL) was used
as not related peptide (Ova(p)).

2.4. Adjuvants

VSSP [26] are produced and provided by the Cen-
ter of Molecular Immunology (CIM, Havana, Cuba) and
used at their suggested optimal working concentration of
160 pg/mouse. LPS content in VSSP and OMPC is 30 ug/mg
protein and 20-60 pwg/mg protein, respectively. Quantifica-
tion of LPS was performed by measurement of KDO accord-
ing to the method of Karkhanis et al. [29]. IFA was obtained
from Sigma, St. Louis, MO.

2.5. Immunizations

All vaccine formulations were prepared the day before
injection, each formulation containing 50 wg of E7(p) in
100 ] was mixed with 160 wg VSSP or emulsified in 100 1
IFA. The total injected volume was 200 wi/mouse. All immu-
nizations were given subcutaneously in the flank, twice at
2-week intervals.

2.6. Implantation and measurement of TC-1 tumor

In preparation for implantation into mice, TC-1 cells were
cultured until approximately 70% confluence and harvested
with trypsin. TC-1 cells were injected subcutaneously in the
leg at various doses, including 5 x 10* and 2 x 10° cells.
Starting 7-10 days later and every 3—4 days thereafter, the
inoculated area was observed and palpated for the pres-
ence of a tumor nodule. Tumor diameters were measured in
two orthogonal dimensions using electronic digital callipers
(Kell-Strom, Canada). Tumor volumes were calculated from
these measurements according to: (length x width?)/2 [30].
Tumor-bearing mice were killed when moribund, as defined
by the HGCULA.

2.7. Cytokine analysis

Spleen cells, harvested from three mice per group, were
pooled and cultured in 96-well plates (5 x 10° cells/well) in
culture medium containing 10% fetal bovine serum (FBS)
and 10 U/ml human interleukin 2 (hIL-2). The spleen cells
were sensitized either with or without 1 pg/ml E7(p) for
72 h in triplicate conditions at 37 °C in humidified air con-
taining 7% CO;. Gamma interferon (IFN-) and interleukin
10 (IL-10) were quantified from cell supernatants using a
specific ELISA according to the manufacturer’s instructions
(Quantikine® M murine, R&D Systems, MN, USA). Data
were expressed as cytokine released in pg/ml + S.D. of trip-
licate ELISA values.
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2.8. Enzyme-linked immunospot (ELISPOT) assay

An ELISPOT assay was performed to detect HPV-16 E7-
specific CD8" T cells. A 96-well filtration plate (Millipore,
Bedford, MA, USA) was coated with 5 g/ml rat anti-mouse
IFN-y antibody (clone R4-6A2, Pharmingen, San Diego, CA)
in 100 ul of PBS. After overnight incubation at 4 °C, the wells
were washed with PBS and blocked with culture medium
containing 10% fetal bovine serum (FBS) for 1h. Mouse
H-2% target cells (EL4), previously pulsed with 10 uM of
the E7(p) and suspended in RPMI 1640 supplemented with
10% of FBS plus hIL-2 (10 units/ml), were used as anti-
gen presenting cells. Unloaded EL4 cells were also included
for IFN-y secreting cells background determination. Serial
dilutions of fresh isolated splenocytes from each vaccinated
group of mice (109, 2 x 10° and 4 x 104 cells per well) and
ELA4 target cells (10 cells per well) were, respectively, loaded
to a final volume of 200 1, and co-incubated by duplicate at
37°C and 5% CO; for 17h. Later, the plate was washed
with PBS containing 0.2% Tween-20 (PBST) and then incu-
bated with 5 wg/ml biotinylated anti-IFN-vy antibody (clone
XMG1.2, Pharmingen) in 100 1 of PBS at room temperature
for 2 h. After washing with PBST, spot development was per-
formed using HRP-avidin complex (Amersham Pharmacia
Biotech, Uppsala, Sweden) for 1h at room temperature and
AEC (Sigma, St. Louis, MO, USA). The spot forming cells
(SFC), representing the number of IFN-y producing cells
were counted with a stereoscopic microscope. Values equal
to or higher than double of negative control (EL4 without
peptide) plus 10 SFC were considered as positive.

2.9. Statistical analysis
The statistical significance of the tumor protection and

survival experiments was determined using log-rank test. Dif-
ferences in tumor volumes among all treatment groups were

analyzed by Mann—Whitney U-test. For graphic representa-
tion of data, y-axis error bars indicate the S.D. for each point
on the graph.

3. Results

3.1. Prophylactic immunization with E7(p) + VSSP
confers protection against recurrent TC-1 tumor
challenge

To examine the ability of E7(p) + VSSP immunization to
confer protection against in vivo challenge with TC-1, an
E7-expressing tumor cell line [28], female C57BL/6 mice
were injected subcutaneously on days 7 and 14 with PBS,
VSSP, E7(p) +IFA and E7(p)+ VSSP. Seven days after the
second immunization mice were challenged with 5 x 10?
TC-1 cells in the right leg. Fig. 1a shows that TC-1 cell
implantation resulted in the appearance of palpable subcu-
taneous tumors in all mice (10/10) immunized with PBS or
VSSP between 14 and 25 days; and all mice (10/10) immu-
nized with E7(p)+IFA developed tumors between 19 and
30 days. In contrast, only 20% (2/10) of mice vaccinated
with E7(p) + VSSP showed incidence of tumors at days 22
and 32, respectively, and no progress in the tumor size of
these animals was observed. Compared with PBS, VSSP
and E7(p)+IFA administrations, E7(p)+ VSSP immuniza-
tion induced statistically significant protection against TC-1
tumor challenge (P <0.0001).

When tumor-free animals from E7(p) + VSSP vaccinated
group (five mice) were re-challenged with a larger dose of
TC-1 cells (2 x 10° cells) in the left leg, by the end of the 21-
day observation period, a similar result was observed with
100% tumor protection (Fig. 1b). As expected, a new cohort
of unimmunized mice verified the tumorigenicity of the TC-1
cells used for re-challenge.
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Fig. 1. Prophylacticimmunization with E7(p) + VSSP protects against TC-1 tumor challenge and re-challenge. (a) C57BL/6 mice (10 per group) were immunized
subcutaneously in the flank with PBS (M), VSSP (4), E7(p) +IFA (a), and E7(p)+ VSSP (O) and then boosted 14 days later. Seven days after the last boost
mice were challenged subcutaneously in the right leg with 5 x 10° TC-1 cells (day 0) and observed for 50 days. Data are presented as percent of tumor incidence
per group. (b) On day 50 from previous experiment, five tumor free mice immunized with E7(p)+ VSSP were re-challenged with a larger dose of TC-1 cells
2x10° cells) in the left flank and observed for additional 21 days. In addition, a new group of untreated mice (control) was challenged with tumor cells on
day 50 to verify the tumorigenicity of the TC-1 inoculum. Data are presented as individual tumor volumes from mice.
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Fig. 2. Therapeutic immunization with E7(p) + VSSP induces TC-1 tumor regression and long-term survival, (a) C57BL/6 mice (10 per group) were injected
subcutaneously with 2 % 10° TC-1 cells in the right leg (0). At 10 and 24 days post-implantation, mice were immunized with PBS (M), VSSP (4), E7(p) + IFA
(a), and E7(p) + VSSP (O) in the flank (arrows). Tumor volumes of subcutaneous nodules were assessed for 50 days post-implantation (as described in Section
2). Data are presented as mean tumor volume (mm3) £ S.D. in the different groups of mice. (b) Mice were monitored for survival over a 100-day period
post-implantation. Mice that became moribund due to tumor burden were killed. Time to death is plotted on a Kaplan-Meier survival curve.

3.2. Therapeutic immunization with E7(p) + VSSP .
induces TC-1 tumor regression and promotes long-term
survival

Given the ability of prophylactic E7(p)+ VSSP immu-
nization to confer protection against TC-1 tumor chal-
lenge, experiments were performed to determine whether or
not E7(p)+ VSSP immunization could induce regression of
established TC-1 tumors. In these studies, therapy was initi-
ated 10 days post-tumor implantation, when 100% of mice
had sizeable subcutaneous tumors. Mice were injected sub-
cutaneously with TC-1 cells (2 x 103 cells) on the right leg
(Fig. 2a, day 0) and then 10 and 24 days later they were
treated with PBS, VSSP, E7(p) +IFA and E7(p)+ VSSP. By
the end of the 50-day observation period, when tumor inci-
dence in PBS, VSSP and E7(p) -+ IFA treated mice was 100%,
E7(p)+ VSSP therapy led to tumor regression in 100% of
mice (Fig. 2a). Compared with PBS, VSSP and E7(p) + IFA
treatments, E7(p) + VSSP immunization induced statistically
significant regression of TC-1 tumors (P <0.0001).

To determine the effects of E7(p) + VSSP therapy on long-
term survival, these animals were followed over a period of
100 days. The Kaplan—Meier survival plot (Fig. 2b) shows
that 100% (10/10) of PBS and VSSP-treated animals were
moribund by day 55..For E7(p) + IFA-treated group, 100%
(10/10) of animals were moribund by day 81. In contrast, sur-
vival in the E7(p) + VSSP-treated group was 80% (8/10) over
this 100-day period, and it was statistically significant relative
to PBS, VSSP and E7(p) + IFA-treated cohorts (P <0.0001).

3.3. Thi cytokine bias of splenocytes from animals
immunized with E7(p) + VSSP

As an initial step in the identification of immune
effectors mechanisms associated with tumor rejection, the

immune response induced by E7(p)+ VSSP immunization
was characterized. Mice were immunized with either VSSP,
E7(p)+1FA and E7(p)+ VSSP and boosted 14 days later.
Seven days after the boost, splenocyte cultures were pre-
pared and tested for their capacity to secrete IFN-y or IL-10
uponre-stimulation with medium, E7(p) or the irrelevant anti-
gen, Ova(p). As shown in Fig. 3, splenocyte cultures from
E7(p) + VSSP-immunized mice released high levels of IFN-y
and low levels of IL-10 upon E7(p) restimulation. In contrast,
splenocytes from E7(p)+ IFA-immunized animals released
moderate levels of IFN-y. Cytokine release appeared to be
specific for E7(p), as co-culturing with either medium or
Ova(p) (added at the equimolar amount of E7(p)) resulted
in release of minimal levels of IFN-+y and IL-10.

3.4. Enhancement of E7-specific CD8* T cell-mediated
immune response by immunization with E7(p) + VSSP
with respect to E7(p) + IFA

To compare the E7-specific CD8" T cell-mediated immu-
nity in different vaccinated groups, the ELISPOT assay
was performed. Mice were immunized with either VSSP,
E7(p)+1FA and E7(p)+ VSSP and boosted 14 days later.
Seven days after the boost, splenocyte cultures were pre-
pared. The ELISPOT assay determines the precursor fre-
quencies of activated E7-specific CD8* T cells [31]. As
shown in Fig. 4, the highest ELISPOT numbers were found in
mice receiving E7(p)+ VSSP. The number of IFN-vy secret-
ing splenocytes in mice immunized with E7(p) + VSSP was
approximately nine-fold higher than that of naive animals,
whereas in animals immunized with E7(p) + IFA the relation
to naive animals was only approximately four-fold higher.
The number of IFN-vy secreting splenocytes in mice immu-
nized with E7(p)+ VSSP was two-fold higher than that of
animals immunized with E7(p) +IFA.
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Fig. 3. Splenocytes from E7(p) + VSSP-immunized mice produce IFN-y upon restimulation. C57BL/6 mice (three per group) were immunized subcutaneously
in the flank with either 160 wg VSSP, 50 ng E7(p) +IFA or 50 ug E7(p)+ 160 pg VSSP and then boosted 14 days later. Seven days after the boost, pooled
splenocyte cultures were prepared and restimulated with medium, 1 pg/ml Ova(p) as irrelevant antigen or 1 pg/ml E7(p), as described in Section 2. IFN-y
(solid columns) and IL-10 (open columns) contents of 72 h culture supernatants were determined by ELISA and expressed as pg/ml + S.D. of triplicate ELISA
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Fig. 4. Demonstration of E7-specific CD8+ T cell precursors in C57BL/6
mice immunized with various immunogens, using ELISPOT assays. Mice
(three per group) were vaccinated with VSSP, E7(p) +IFA, E7(p)+ VSSP,
or were not vaccinated. The splenocytes were harvested 7 days after the last
vaccination as described in Section 2. The number of IFN-y-producing E7-
specific T cells precursors was determined in the presence (solid columns)
and absence (open columns) of the E7(p). Data are expressed as mean number
of SFC per 1 x 10° splenocytes  S.D.

4. Discussion

The E7 protein of HPV 16 represents an interesting model
of atumor-specific antigen [32] because the expression of this
oncogenic early protein is necessary for the maintenance of
the transformed state of the HPV-infected cells and is con-
served in HPV-induced preneoplastic lesions and cancer [4].

The identification and characterization of CTL epitopes
for HPV has promoted the development of peptide vaccines
against cervical cancer {6,8]. Several HPV-16 E7-specific
CTL epitopes have been characterized for the HLA-A.2 hap-
lotype [8] and have potential clinical applicability. Peptides
relevant to other HPV types (HPV-18) [33] and other HLA
backgrounds (HLA-B18) are also under investigation [34].

In human studies, CTL responses were observed in some
HPV-associated cancer patients after vaccination with lipi-
date peptides derived from HPV-16 E7 [9] or HPV-18 E6
[35]). In one Phase /Il study, no adverse side effects of
peptide-based HPV vaccine were observed in patients [36].
In another study, HPV-16- and HLA-A .2-positive patients
with high-grade cervical or vulvar intraepithelial neoplasia
were vaccinated with epitopes from E7 HPV16, 12-20 or
86-93; 10 out of 16 patients exhibited measurable enhance-
ment in cytokine release and cytolysis mediated by CTLs
derived from PBMCs and some patients had partial clear-
ance of virus and regression of lesions [7]. Both clinical trials
have been conducted using IFA [7] and Montanide ISA 51
adjuvant [36].

Many cancer vaccine approaches have managed to induce
tumor-specific activation of both CD4 and CD8 T cells.
However, these vaccines have generally not been effective
enough to produce a real tumor rejection. Particularly, lack of
immunogenicity constitutes one of the most significant chal-
lenges in peptide vaccine development. Current opinion sug-
gests that the potency of HPV peptide-based vaccines can be
further enhanced by the use of stronger-immunostimulatory
adjuvants (for a review, see [37]), which may increase the
immune response in immuno-compromised individuals. Sev-
eral studies have demonstrated that peptide antigens must be
prepared (formulated) with appropriate adjuvants to facilitate
their delivery to DCs and at the same time to activate these
antigen-presenting cells to trigger marked T-cell responses.

In this study, we have investigated the antitumor response
ability ofa vaccine based on the CTL peptide from E7 HPV16
formulated with CIM’s proprietary adjuvant, VSSP [26]. This
vaccine formulation lead to protection of mice against a lethal
dose of HPV-transformed tumor cells, induced the regression
of subcutaneous, pre-established E7-expressing TC-1 tumors
[28] associated with the induction of an E7-specific, sys-
temic, antitumor immune response, specifically, the release
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of IFN-vy by the CD8" T cells. In addition, in this study we
have shown that the antitumor immune response and HPV16
E7-specific CD8" T-cell response is far more vigorous after
vaccination with a E7(p) + VSSP than following vaccination
with a E7(p) +IFA.

VSSP belong to the new generation of adjuvants based
on pathogen-related molecules identified as “danger” signals
that are recognized by the innate immune system [38]. A
number of adjuvants evoke strong immune responses, and are
widely used in research, but they are unsuitable for human
vaccines because of toxic side effects and serious adverse
events they can provoke. However, phase I trials of VSSP in
melanoma and breast cancer patients have already demon-
strated the safety of these preparations [39,40]. Moreover,
several trials against meningococcal disease using OMPC
of Neisseria meningitidis preventive vaccines, an important
component of VSSP, were undertaken in the 1980s in Cuba,
Norway, Iceland, Brazil and Chile, showing the safety of
these preparations in children [41-43].

It has been previously demonstrated that VSSP can stim-
ulate the anti-OVA immune response without the use of oily
component, which is associated to the toxicity of emulsified
vaccine formulations [27]. Moreover, VSSP have shown the
capability to exert an adjuvant effect without any covalent
conjugation to the nominal antigen [27]. VSSP may induce
potent adjuvant function through DC activation [27] and even
though the precise mechanisms are not fully understood, the
comparison of VSSP (characterized by a low level of LPS,
3% relative to the total protein) with LPS suggests that, per-
haps a pattern recognition molecule in addition to Toll 4 is
required for VSSP signalling [27].

Our data suggest that the combination of E7(p) with VSSP
by a single mix have preferentially delivered the peptide
to DC guaranteeing efficient presentation by MHC class-1
molecules to naive T cells, to induce CTL responses and
tumor rejection.

Our data are in accordance with data obtained by oth-
ers in the TC-1 tumor model developed by Wu and col-
leagues [28], which has been validated for testing novel
immunotherapeutics for the treatment of HPV-associated
neoplasia. Our results also confirm the potential of the E7
antigen as a target for cancer immunotherapy, which has
been previously validated. In contrast to other approaches,
E7(p)+ VSSP immunotherapy avoids the unwanted side
effects of oil-based adjuvant, or the use of live recombinant
viral/bacterial vaccines vectors and potentially oncogenic
HPV DNA sequences. Moreover, using exact minimal CTL
epitope length bypasses the need for antigen-presenting cells
to correctly process a whole antigen or large peptides before
presenting the T-cell epitopes to the immune system.

In summary, we have demonstrated that a vaccine com-
posed of a minimal CTL peptide mixed in an VSSP adjuvant
can generate strong E7-specific antitumor immunity and that
this preparation might be successfully used to enhance the
presentation of tumor-specific antigens, thereby increasing
antigen-specific antitumor immune response. These results

suggest that VSSP markedly enhance the number of tumor-
specific CTL.

In this work, we have made a proof of concept in mouse
using a single CTL peptide mixed with VSSP. In humans,
a single epitope-based vaccine will however not likely be
effective in all patients since the cellular response must match
patient’s HLA. However, the use of multiple synthetic CTL
epitopes restricted by different HLAs, mixed with VSSP
could potentially overcome this restriction, covering ethnic
backgrounds, and maintaining an adequate level of cellular
immune response.

Since vaccine preparations types used in this study are
easy to prepare and safe to administer to humans, our data
provide important information for future clinical trials.
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The epidermal growth factor receptor (EGFRY) plays a central role
in regulating neoplastic processes. The EGFR overexpression in
many human epithelial tumors has been correlated with disease
progression and bad prognosis. Passive EGFR-directed immuno-
therapy, but not active specific approaches, has already been
introduced in medical oncology practice. Then we wonder if mice
immunization with the extracellular domain of murine EGFR
(mEGFR-ECD) in adjuvants can circumvent tolerance to self
EGFR, by inducing an immune response with consequent antitu-
mor effect. The present study demonstrated that despite mEGFR
expression in thymus, strong DTH response was induced by inocu-
lation of mice with the mEGFR-ECD. This self-immunization,
using both CFA and very small sized proteoliposomes from Neis-
seria meningitidis (VSSP), promoted highly specific IgG titers, pre-
dominantly IgG2a and IgG2b. Sera from mice immunized with
mEGFR-ECD/VSSP not only recognized EGFR+ tumeor cell lines
by FACS, but also inhibited their in vitro growth, even in the
absence of complement. Noteworthy, vaccination of mice with
mEGFR-ECD/VSSP stimulated a potent antimetastatic effect in
the EGFR+ Lewis Jung carcinoma model, while reproduction-
associated side effects were absent. Curiously, mice immunized
with the human EGFR-ECD (Her1-ECD) in VSSP though induced
highly specific IgG antibodies with strong in vitro cytotoxic effect
over EGFR+ human cell lines, showed low cross-reactivity with
the mEGFR-ECD. These results further encouraged the develop-
ment of the Her1-ECD/VSSP vaccine project for patients with
EGFR+ tumors.

© 2006 Wiley-Liss, Inc.
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The epidermal growth factor receptor (EGFR) belongs to the
erbB family of 4 closely related cell membrane receptors, also
known as the Type I receptor tyrosine kinase family: EGFR or
HER 1/erbB1, first to be molecularly cloned,' HER2/erbB2, HER3/
erbB3 and HER4/erbB4. The 4 receptors consist of an extracellular
ligand-binding domain (ECD), a transmembrane domain and an in-
tracellular domain with tyrosine kinase activity for signal transduc-
tion. EGFR plays a central role in regulating both development and
neoplastic processes. Binding of their specific ligands, such as epi-
dermal growth factor (EGF) or transforming growth factor alpha
(TGF-t) among others, induces receptor activation, modulation of
cell proliferation and differentiation in normal tissues and tumors.
Although expressed in nonmalignant cells, the EGFR can be found
overexpressed or mutated in many human epithelial tumors such as
breast,*” lung,* prostate>® head and neck,’ colorectal,® pancreatic,
bladder,'® vulva and ovarian tumors."! This overexpression has
been correlated with disease progression and poor prognosis.'>!?
Activation of the EGFR signaling pathway in cancer cells has been
shown to enhance cell proliferation, angiogenesis, tumor promotion
and metastasis, and to decrease apoptosis. The potential of EGFR-
targeted therapies for cancer treatment has increased the develop-
ment of different passive agents. Passive immunotherapy with spe-
cific monoclonal antibodies (MAb)'*!> and treatment with tyrosine
kinase inhibitor drugs such as Iressa'®'” and Tarceva'® are currently
undergoing clinical trials with promising results or are commer-
cially available. On the other hand, active immunotherapy strategies
to block the EGF from binding to its receptor are being clinically
tested by vaccinating patients with EGF coupled to P64k recombi-
nant protein from Neisseria meningitidis. ;
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In addition, EGFR-based active specific immunotherapy may
be an alternative and complementary approach for the treatment
of epithelial tumors, provided that induction of an immune
response against self EGFR is feasible. Preclinical studies of both
a DNA vaccine based on xenogenic EGFR-ECD and dendritic
cells pulsed with self EGFR-ECD have been recently published,
demonstrating the validity of this active immunotherapy.2%?! Here
an alternative, more simple, approach, based on vaccination with
the mEGFR-ECD protein for exploring the possibility of circum-
venting tolerance to self EGFR, was proposed. We constructed
DNA plasmids encoding the murine EGFR-ECD, which were sta-
bly transfected in mammalian cells, and the corresponding re-
combinant protein was used for vaccination protocols. Besides, we
expressed the Herl-ECD to compare the relative efficacy of self
and non-self-immunization and for evaluating the immune re-
sponse specificity to EGFR+ human tumor cells. A strong DTH
response and specific IgG titers with a TH1-associated subclass
pattern were obtained by inoculation of mice with the self protein
in very small sized proteoliposomes (VSSP) and complete Freund
adjuvant. The corresponding immune sera showed in vitro antitu-
mor effect, inhibiting EGFR + tumor cells proliferation. mEGFR-
ECD vaccination induced a potent antimetastatic effect in 3LL-
D122 Lewis lung carcinoma. Antibodies obtained in mice immu-
nized with Her1-ECD/VSSP evidenced a low cross-reaction with
the parent nEGFR-ECD.

Material and methods

Construction of the expression vector encoding
mEGFR-ECD and Herl-ECD

DNA encoding the extracellular domain of murine EGFR was
amplified by PCR using total cDNA from mouse liver as template.
The sense primer 5'-CGGAATTCCTCTCCCGGTCAGAGATGC-
GAC-¥ includes EcoRI excision site, the initiation codon and 4 bp
from EGFR signal sequence. The antisense primer 5'-CGGGAT-
CCTCAAGATGGTATCTTTGGCCCAGATG-3' is complementary
to bp 1978-2000 in 3’ region and contains a stop codon {double
underlined) and a BamHI excision site (single underlined). The
PCR product, a 1.9-kb fragment, was cloned into EcoRI/BamHI
sites of the pBluescript KS* vector. The fragment encoding for
mEGFR-ECD was recovered using Hindlll/BamHI enzymes and
cloned into the pcDNA3 expression vector (Invitrogene, San Diego,
CA), generating the mEGFR-ECD/pcDNA3 plasmid.

DNA encoding the extracellular domain of human EGFR
(Her1-ECD) was amplified by PCR using the HerlA533/pRKS
plasmid as template. The sense primer 5'-GGGGTACCCTTCGGG-
GAGCAGCGATGCGA-3' includes a Kpnl excision site (under-
lined), the initiation codon ATG and 3 bp from the signal sequence
of Herl. The antisense primer 5'-GCTCTAGATCAGGACGGG-
ATCTTAGGCCCA-3' is complementary to bp 2103-2123 in the
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3 region, and contains a stop codon (double underlined) and an
Xbal excision site (single underlined). The PCR product, a 1.9-kb
fragment was cloned into Kpnl/Xbal sites of the pcDNA 3-expres-
sion vector, generating the Her1-ECD/pcDNA3 plasmid.

mEGFR-ECD and Herl-ECD sequences were confirmed, by
dideoxy nucleotide se%uencmg analysis, to be identical with those
previously reported. 2% All enzymes were supplied by Boehringer-
Mannheim, Penzberg, Germany.

Cell lines

Ehrlich Ascites tumor (EAT, ECACC No. 87032503), 3LLD122,
a metastatic variant of Lewis lung carcinoma,* the murine thy-
moma EL4 (ATCC TIB-39), human embryomc kidney (HEK293,
ATCC CRL-1573), human epidermoid carcmoma A431 (ATCC
CRL—ISSS) and human lung adenocarcinoma H125% cell lines were
grown in DMEM (Gibco, NY, USA) supplemented with 10% fetal
calf serum (FCS) (Hyclone, Utah), 2 mM L-glutamine, 1 mM so-
dium pyruvate, penicillin 100 U/ml and streptomycin 100 pg/ml
(Life Technologies, Grand Island, NY). HEK293 transfectants were
adapted to growth in HyQ PF 293 (protein-free medium from
Hyclone, Utah).

Generation of HEK293 transfectants

HEK293 cells were grown in 6-well plates (1.75 X 10° cells/
ml), and 8 hr later were transfected with 4 pug of mEGFR-ECD/
pcDNA3 or Herl-ECD/pcDNA3 plasmids, using the calcium
phosphate transfection system. Plates were incubated overnight at
3% CO,, and then at 5% CO,. Transfected cells were selected in
medium containing 1,000 pg/ml of G418 (Geneticin, Sigma) start-
ing 48 hr after transfection, for the generation of mEGFR-ECD/
HEK?293 and Her1-ECD/HEK293 stable cell lines. Mock transfec-
tion (with pcDNA3 vector) was used as a negative control.

Lectin- or antibody-mediated precipitations of the
recombinant proteins

Supernatants from mEGFR-ECD/HEK293 or Herl-ECD/
HEK293 cultures (2 ml) were mixed with 10 pl of lectin-agarose
(a lectin from Triticum vulgaris, Sigma, St. Louis) or 1 pg of R3
MAb (a MAb specific for human EGFR extracellular domain;
CIM, Havana, Cuba) plus 20 pl of Protein A-Sepharose (Amer-
shan-Pharmacia Biotech, Uppsala, Sweden), respectively. Samples
were gently shaken overnight at 4°C, and afterwards centrifuged
for 1 min at 11,000g. The precipitated recombinant proteins were
separated on SDS-PAGE 7.5% and visualized by silver staining.

Purification and immunoblotting of mEGFR-ECD and Herl-ECD

Recombinant proteins were purified from confluent cultures of
the respective transfectants by affinity chromatography. EAH-
Sepharose 4B (Amershan-Pharmacia Biotech) was covalently
coupled to human recombinant EGF (hrEGF) (Center of Genetic
Engineering and Biotechnology, CIGB, Cuba) or to R3 MAb for
mEGFR-ECD and Her1-ECD purification, respectively. Equilibra-
tion and washing steps were performed with PBS/NaCl (1 M, pH
7.0) and protein elution with glycine (0.2 M, pH 2.8). Purity was
assessed by densitometry, using a personal densitometer SI
(Amershan-Pharmacia Biotech) and Imag Quant Software Protein
concentrations were assayed by Lowry’s method.?

Purified proteins’ identity was established by immunoblotting.
Recombinant proteins (30 pg) were applied to 7.5% SDS-PAGE
gels and transferred to PVDF membranes (Gelman, Ann Arbor,
MI). After blocking with NEGT buffer (0.15 M NaCl, 5 mM EDTA,
500 mM Tris-HCI (pH 7.5), 0.02% Tween 20, 0.04% gelatin), mem-
branes were incubated with R3 (for Her1-ECD, data not shown) or
7A7 (for mEGFR-ECD) MAbs and proteins were visualized using
horseradish peroxides-conjugated secondary antibodies followed by
enhanced chemiluminescence (Perkin Elmer Life Sciences).

RT-PCR

Total RNA was isolated from Balb/c or C57BL/6 mice thymus
using Trizol reagent (Life Technologies) according to the manu-
facturer’s instructions. The reverse transcription and polymerase

chain reaction (RT-PCR) was performed using the SUPER-
SCRIPT™ one-step RT-PCR system. Used EGFR and B-actin pri-
mers were designed from the published sequences.?’ After PCR
amplification, 10 pl of the RT-PCR products were ‘separated by
electrophoresis on 1.5% agarose gels and visualized with ethidium
bromide. Total RNAs from murine thymoma EL4 was used as
negative control.

Mice and immunization protocols

Female C57BL/6 mice, aged 8-12 weeks, were purchased from
the National Center for Laboratory Animals Production (CEN-
PALAB, Havana, Cuba). All mice were kept under pathogen-free
conditions. Animal experiments were approved by the Center
of Molecular Immunology’s Institutional Animal Care and Use
Committee (CIM).

Mice (n = 5 or n = 10 for DTH and humoral response studies,
respectively) were immunized with 50 pg of either mEGFR-ECD
or Her1-ECD in FA adjuvant, complete for the first immunization
and incomplete for the rest (Sigma) or in VSSP adjuvant, obtained
from the combination of the outer membrane proteins of Neisseria
meningitidis with GM3 ganglioside, in water/oil (Montanide ISA
51, Seppic, Paris, France) emulsion.”® Immunizations were made,
subcutaneously (sc) for FA-adjuvated or intramuscularly (im) for
VSSP-adjuvated preparations, on days 0, 14 (for the DTH study)
and 0, 14, 28 and 42 (for humoral response studies). Sera were
extracted on days 0, 21, 35 and 56. Control groups received PBS/
FA or PBS/VSSP.

DTH test

Seven days after the last immunization, mice were sensitized by
intradermal injection with 50 pg of mEGFR-ECD in 50 pl of PBS
in the right hind foot pad and by the same volume of PBS in the
left foot pad. After 48 hr, mice foot swellings were measured
using a plethysmometer (Ugo Basile, VA, Italy). Mice immunized
with 100 pg of Keyhole Limphet Hemocyanin (KLH), (Sigma,
Aldrich) in FA and sensitized with KLH in PBS were used as posi-
tive controls, while those injected with PBS/FA and sensitized
with mEGFR-ECD were considered as negative controls, Differ-
ences in DTH between treatment groups were statistically vali-
dated by Kruskal Wallis and Dunn’s multiple comparison test.

Enzyme immunoassay

Microtiter plates (High binding, Costar) were coated with 10 pg/mi
of mEGFR-ECD or Herl-ECD in carbonate buffer (0.1 M, pH 9.6)
and incubated overnight at 4°C. Plates were blocked with 5% calf se-
rum in PBS/Tween-20, and sera dilutions in duplicate, from immu-
nized mice (n = 10), or preimmune sera (as negative control) were
incubated for 1 hr at 37°C. Alkaline phosphatase-conjugated goat anti-
mouse IgG antibody (Sigma) was added and incubated for 1 hr at
37°C. After addition of p-nitrophenylphosphate (1 mg/mil) (Sigma), the
optical density (OD) was measured at 405 nm using a microwell
system reader (Organon Teknica, Salzburg, Austria). All washes
were made with PBS/Tween-20. The Mann Whitney U test was
used to assess statistical differences between individual time points
in the humoral response kinetic. ELISA test background was 2 times
the OD at 405 nm of preimmune sera, which coincides with the OD
value for PBS.

For determination of serum IgG subclasses, secondary isotype-
specific biotinylated rat anti-mouse IgG1, 1gG2a, 1gG2b or IgG3
antibodies were used (PharMingen). Optimal secondary reagent
dilutions were established by ELISA with 14F7 (IgG1-specific for
NGcGM3), T3 (IgG2a-specific for CD3) and T4 (IgG2b-specific
for CD4) MAbs (CIM), while R24 MAb (IgG3-specific for GD3)
(kindly provided by Dr. Philip O. Livingston, Memorial Sloan
Kettering Cancer Center, NY). Unpaired r-test was used to check
statistically significant differences between sera dilutions.

ELISPOT

Specific inguinal lymph (LN) nodes spot forming cells (SFC)
were obtained from mice immunized with Herl-ECD/VSSP and
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Figure 1 - Construction and functionality of the expression vector and purification of the mEGFR-ECD. (a) DNAs encoding the mEGFR-
ECD or the Her1-ECD were inserted into the pcDNA3 expression vector. (b)) mEGFR-ECD/pcDNA3 construct was verified by sequencing, and
protein expression was checked by precipitation with lectin-agarose from supernatants of the HEK293 transfectant and visualized in 7.5% SDS-
PAGE gels with silver staining. Mock transfection (pcDNA3) was used as control. (¢) mEGFR-ECD purification was afforded by affinity chro-
matography with hrEGF-EAH Sepharose (left) and protein identity confirmation by Western blotting (right) using 7A7 MAb. An isotype control

MADb was used as negative control.

tested by enzyme-linked immunospot (ELISPOT) as previously
described,”® with some modifications. Maxisorp 96-well plates
(Nunc) were coated with 10 pg/m! of Her1-ECD or mEGFR-ECD
in 50 ul carbonate buffer (pH 9.8) at 4°C overnight. After blocking
with 5% BSA in PBS, different dilutions of pooled LN cells were
incubated in triplicate for 6 hr at 37°C in a 5% CO, incubator.
Antibodies secreted by individual cells were revealed as spots by
the stepwise addition of 1.5 ug/ml of alkaline phosphatase-conju-
gated goat anti-mouse IgG (Fcy) or IgM (Fcy) antibodies (Jackson
Immunoresearch laboratories, West Grove, PA) and the addition
of 1 mg/ml of 5-bromo-4-chloro-3-indoly! phosphate (BCIP) sub-
strate (Sigma, San Louis, MO) in 0.1 M AMP buffer (pH 10.5)
containing 0.6% agarose. Plates were incubated overnight at 4°C
and the results were scored the next day by counting the number
of specific SFC in a stereoscopic microscope. LN cells from mice
injected with PBS/FA were used as negative control.

FACS analysis for EGFR recognition

Cells were stained with sera from immunized mice (1/200 dilu-
tion) followed by FITC-goat anti-mouse IgG (Jackson Immuno-
research laboratories). Up to 10,000 cells were acquired using a
FACScan flow cytometer and analyzed using the CellQuest soft-
ware (Beckton Dickinson, San Jose, CA). PCR and 7A7 MAb,*
which is specific for mEGFR-ECD, were used to confirm EGFR
expression in murine cells. Human EGFR expression in the corre-
sponding cells was confirmed with R3 MAb. EL4 murine cell line
and human lymphocytes were used as negative control cells.

Growth assay

Flat-bottomed 96-well microculture plates were seeded with
10* cells in 100 pl/well and grown in DMEM supplemented with
1% FCS in the presence of sera dilutions. After 48 hr of incubation
at 5% of CO2, cells’ viability was measured by the modified col-
orimetric MTT (3-[4,5-dimethylthiazol-2-y1]-2,5 dipheny] tetrazo-
dium bromide) assay.*’*? Media were replaced by 100 pl/well of
MTT (1 mg/ml) and plates were incubated under culture condi-
tions for 4 hr. Formazan crystals were dissolved by addition of
100 pl/well of dimethyl sulfoxide followed by 30 min incubation
at 37°C. Absorbance (OD) was measured at 540 nm using a micro-
plate spectrophotometer and the reference wavelength (620 nm)
OD subtracted. Background control contained only culture me-

dium without cells. Cells without treatment were included as a
maximum cell growth point. R3 and 7A7 MAbs were used as posi-
tive controls for human and murine cells lines, respectively. Statis-
tical differences in the in vitro viability assay were evaluated by
the unpaired r-test,

Cytotoxicity assay

Flat-bottomed 12-well microculture plates were seeded with 5 X
10° cells in 100 pl/well and grown in DMEM supplemented with
1% FCS in the presence of diluted sera (1/10). Sera from nonimmu-
nized mice were used as control for unspecific complement-medi-
ated cytotoxicity. To measure specific complement-independent
cytotoxicity, immune sera were heated for 30 min at 56°C, and after
24 hr of incubation at 5% of CO,, death cells were counted by
FACS using propydium iodide. Cells without treatment were in-
cluded as control for minimum death cell. R3 and 7A7 MAbs were used
as positive controls for human and murine cells lines, respectively.

Tumor challenge assay

C57/BL6 mice (n = 10) were immunized, intramuscularly, 3
times biweekly with 100 pg of mMEGFR-ECD/VSSP or PBS/VSSP.
One day before the second immunization, mice were challenged
with 2 X 10° tumor cells, subcutaneously, in the foot pad. Three
weeks later, tumors reached 0.8 cm and were surgically removed.
Twenty-one days after surgery, mice were sacrificed and sponta-
neous lung metastases quantified by weighing the lungs. Statistical
differences between groups were determined by unpaired ¢-test.

Reproductive side effects studies

Female Balb/c mice (n = 10) were immunized with mEGFR-
ECD/VSSP or PBS/VSSP (control group). as previously described.
After checking the induction of specific antibodies against mEGFR-
ECD, mice were mated with nonimmunized male animals. Fertility
(number of mice completing pregnancy), number of pups, pups’
birth weights and certain postnatal developmental features such as
eyes opening, hair growth and incisor eruption were observed. The
Mann Whitney U test was used to test statistically significant variations
in the reproduction parameters between treated and control animals.

Statistical analyses

Variance homogeneity and data normal distribution were ana-
lyzed by Bartlett’s and Bonferroni tests, respectively, using the
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FiGure 2 - EGFR is expressed in mice thymus tissue. Thymuses
from C57/BI6 and Balb/c mice were analyzed by RT-PCR for EGFR
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expression. Total RNA was extracted from thymuses of C57BI/6 or
Balb/c mice and from EL4 tumor (negative control) using TRIZOL rea-
gent. RNA (1 pg) was reverse-transcribed to cDNA and the specific frag-
ments amplified by PCR. 3-actin mRNA served as an internal control,

SPSS version 10.0 software. All statistical tests (Kruskal Wallis
and unpaired r-tests) were 2-sided and conducted using the Graph
Pad Prism version 4.00 software. A probability value of p < 0.05
was considered as statistically significant.

Results
mEGFR-ECD and Herl-ECD expression and purification

cDNAs encoding mEGFR-ECD and Her1-ECD were success-
fully cloned into the pcDNA3 expression vector (Fig. 1a) and
transfected in HEK?293 cells as previous description. Expression
of the soluble recombinant proteins by stable HEK293 transfec-
tants was checked by lectin-agarose precipitation (nEGFR-ECD)
or immune-precipitation with R3 MAb (Her1-ECD). In each case,
as expected, a 105-kDa protein band was displayed but not for
mock transfection, as determined by SDS-PAGE. Figure 15 shows
the corresponding results for the mEGFR-ECD. mEGFR-ECD
identity was further confirmed by affinity chromatography (with
hrEGF-EAH Sepharose) purification combined with SDS-PAGE
and western blotting, showing again the 105-kDa protein band
(Fig. 1c). Achieved protein purity was 98% after only 1 purifica-
tion step as determined by densitometry (data not shown).

mEGFR is expressed in thymus

As has been previously reported from studies with rat cell
lines™® and human thymus,®* the EGFR presence in mice thymus
was demonstrated by RT-PCR. The corresponding EGFR cDNA
band (Fig. 2) became apparent when thymuses from C57BL/6 and
Balb/c mice were analyzed, but not from murine thymoma ELA4,
used as a negative control.

mEGFR-ECD immunization induces DTH response

Generation of specific DTH responses was considered as a pri-
mary endpoint for the mEGFR-ECD vaccine (emulsified in FA)
ability in immunizing mice. Mice were subcutaneously injected
with mEGFR-ECD/FA and then sensitized with 50 pg of the nomi-
nal antigen. After 48 hr, mice foot swellings were measured, and
inflammation scores in the vaccinated group animals were higher
than those of the negative control group (p < 0.05, Dunn’s multi-
ple comparison test). Noteworthy, DTH responses induced in mice
vaccinated with either mEGFR-ECD or KLH, a strongly immuno-
genic protein, were similar (p > 0.05) (Fig. 3).

mEGFR-ECD immunization induces a strong and long-lasting
specific humoral response

Vaccine-related humoral responses were explored by immuni-
zing C57BL/6 mice 4 times biweekly with 50 pg of mEGFR-ECD
in 2 different adjuvants: FA, the reference adjuvant, and VSSP, a
new product already clinically tested in humans. Inoculated mice
developed high serum IgG antibody levels against the immunizing

KLHFA xEGFR-ECD/FA

PBSFA

FIGURE 3 —~ mEGFR-ECD specific DTH response. Vaccine-induced
DTH response was assayed by immunizing C57B)/6 mice 2 times with
50 pg of mEGFR-ECD/FA. KLH/FA (50 pg) was used as positive
control and PBS/FA as negative control. Mice included in the first and
third groups were sensitized 7 days later with the mEGFR-ECD in
PBS, while animals belonging to the second group were sensitized
with KLH. mEGFR-ECD/FA-treated mice showed higher foot pad
inflammations (Dunn’s multiple comparison test, p < 0.05) than those
of PBS control mice, but similar (Dunn’s multiple comparison test, p >
0.05) to those in KLH group. A representative experiment from 2 inde-
pendent ones is shown.
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FIGURE 4 — Kinetics of the anti-mEGFR-ECD humoral response.
Mice were immunized 4 times with 50 pg of the mEGFR-ECD in VSSP
or FA biweekly. Antibody titers were quantified by ELISA in sera col-
lected on days 0, 21, 35 and 56. Data was log transformed (1 + 1/titer)
for graphic representation. While absent before the first vaccine admin-
istration (day 0), an increased antibody presence was detected after
immunizations, preferentially when VSSP was used as adjuvant (Mann
Whitney U test, p < 0.05). Immunization days are represented by
arrows. A representative experiment from 3 independent ones is shown.

protein, which increased with successive immunizations, for both
adjuvant formulations (Fig. 4). Indeed, the mEGFR-ECD/VSSP
vaccine induced higher antibody titers than the FA one in each
sera collection day (Mann Whitney U test, p < 0.05). Eight of 10
mice (80%) immunized with mEGFR-ECD/VSSP showed specific
antibody titers above 1/40,000 by day 56, even reaching values up
to 1/160,000, whilst only 2 of 10 mice (20%) rose titers above
1/40,000 in the mEGFR-ECD/FA immunized group (Table I).
One year after having finished the immunization schedule and
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FIGURE 6 — Immunization with Herl-ECD/VSSP mobilizes B cell responses. Mice were immunized 2 times with 50 pg of Her1-ECD/VSSP
biweekly. (a) Specific IgG antibodies against the Her1-ECD (II) and their cross-reaction with mEGFR-ECD (I) were assayed by ELISA employ-
ing sera collected on day 21. (b) Specific SFC, secreting IgG and IgM antibodies against the Her]1-ECD and their cross-reaction with the mEGFR-
ECD were measured by ELISPOT. A representative experiment from 2 independent ones is shown.
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FiGure 7 — Immune sera recognize EGFR -+ tumor cells. (a) 1/200 sera dilutions, obtained from mice immunized with mEGFR-ECD/VSSP,
reacted with 3LL-122 and EAT cell lines (black line) but not with EL4 cells. (b) 1/200 sera dilutions, obtained from mice immunized with Herl-
ECD/VSSP, reacted with A431 and H125 cell lines (black line) but not with human lymphocytes. Sera from mice immunized with PBS/VSSP

(gray line) were used as negative control.

Absence of reproductive side effects in mice immunized with
mEGFR-ECDIVSSP

The potential side effects of “self” immunization in humans
were stressed by examining the appearance of possible toxic
symptoms in female mice immunized with the mEGFR-ECD in
VSSP. After the vaccine, inoculation animals were mated and
their progeny studied. Pregnancies rates were S out of 10 in the
immunized group, while 3 out of 10 in control mice. The median

number of pups per litter in both groups was 6 (range 5-7). Fea-
tures like newborns’ weights, hair growth, eyes opening and inci-
sor appearance did not comparatively differ (Mann Whitney U
test, p > 0.05) (Table II). On the other hand, a group of mice were
observed for 1 year after fulfilling the immunization protocol, and
the vitality, temperature and food intake were completely normal,
without changes in functional hepatic parameters when compared
with those of nonimmunized mice (data not shown).

124

29



2194 SANCHEZ-RAMIREZ ET AL.

TABLE I - RESPONSE FREQUENCY AND IgG TITERS' IN INDIVIDUAL ANIMALS BY DAY 56 AFTER
IMMUNIZATION WITH THE mEGFR-ECD, USING FA OR VSSP AS ADJUVANTS

Response 1/1gG titer
Treatment groups
frequency 2500 5000 10,000 20,000 40,000 80,000 160,000
mEGFR-ECD in FA 10/10 1 1 3 3 1 1
mEGFR-ECD in VSSP 10/10 1 1 2 4 2
!Assayed by ELISA.
IgG1 1gG2a IgG2b
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FiGURE 5§ ~ IgG subclasses induced by immunization. Serum IgG subclasses pattern in C57B1/6 mice after 2 inoculations with 50 pg of the
mEGFR-ECD in VSSP or CFA biweekly, was measured by ELISA with samples collected on day 21, and diluted 1/10,000. Each point repre-
sents the mean absorbance value of duplicate samples in individual mice (n = 5). IgG2b levels were higher (unpaired t-test, p < 0.05) in the
group immunized with mEGFR-ECD/VSSP, while no differences were found for IgG2a. A representative experiment from 3 independent ones

is shown,

without antigen recall, the sera-specific IgG levels decreased in
both groups of mice, although an appreciable response was still
detected in 100% of animals (1/1,000 and 1/100 sera dilutions)
(data not shown).

Administration of mEGFR-ECD in FA or VSSP to Balb/c mice
produced elevated IgG titers in 100% of animals, similarly to what
was observed in the C57B1/6 case (data not shown).

Vaccination with mEGFR-ECD polarizes systemic immunity
to a THI pattern

Consistent with previous results demonstrating that complete
FA prefcrentialgy promotes a THI type response to the accompa-
nying antigen,> clevated levels of 1gG2a, IgG2b, and IgG1 were
detected in day 21 sera corresponding to mice immunized with
mEGFR-ECD/FA. As shown in Figure 5, while no differences in
1gG2a levels were found in sera of mice vaccinated with FA or
VSSP formulations (unpaired ¢ test, p > 0.05), the use of VSSP
promoted the induction of higher levels of IgG2b (p < 0.05).

Herl-ECD/VSSP immunization generates specific B cell clones
with low cross-reactivity to the mEGFR-ECD

We wonder if immunization with the xenogenic EGFR-ECD
could induce antibodies reacting with the self EGFR. C57BL/6
mice were immunized with 50 pg of Herl-ECD in FA or VSSP.
All immunized mice, independent of the used adjuvant, developed
high IgG antibody titers against the human protein (1/320,000) by
day 56 (data not shown). Alternatively, ELISA experiments re-
flected an evident but low cross-reactivity with the murine protein
by day 21 (Fig. 6a). This low cross-reactivity against the mEGFR-
ECD was confirmed by ELISPOT assay. Sixty-two IgG and 6 IgM
secreting specific SFC in 10° LN cells were found in LN of Herl-
ECD-immunized mice, while only 21 IgG secreting SFC/10% LN
cells cross-reacted with the mEGFR-ECD (Fig. 6b).

Immune sera recognizes full length EGFR by FACS

To check whether immunizations with a truncated EGFR affected
the recognition of the full length EGFR in its native conformation
on the cell surface, EGFR+ cells were analyzed by FACS. EAT>¢

and 3LL-D122 murine cell lines were positively stained by sera
from mice immunized with mEGFR-ECD/VSSP (Fig. 7a). Besides,
sera from mice immunized with Herl-ECD/VSSP readily reacted
with A431 and H125 cell lines (Fig. 7b). Sera from control mice,
immunized with PBS/VSSP, neither recognized murine nor human
EGFR + cells.

Immune sera inhibit EGFR+ tumor cells growth and possess
cytotoxic effect

To determine whether immunization with mEGFR-ECD/VSSP
or Her1-ECD/VSSP can generate serum antibodies affecting mu-
rine or human tumor cells growth in vitro, the MTT viability assay
was performed. Incubation of 3LL-D122 or H125 cells with sera
obtained from mice immunized with mEGFR-ECD/VSSP or
Her1-ECD/VSSP, respectively, decreased the number of viable
cells if compared with preimmune sera after 48 hr, and this effect
was sera-dilution-dependent (unpaired r-test, p < 0.05) (Fig. 8).
In addition, the immune sera in vitro cytotoxicity over EGFR+
cells was evaluated after treating cells for 24 hr with the corre-
sponding complement inactivated samples, following propydium
todide staining. FACS analysis showed that treatment of 3LL-
D122 cells with inactivated sera produced 55.83% of death cells,
suggesting that a complement-independent cytotoxicity mecha-
nism is operating (Fig. 9a). In parallel, H125 cells were treated
with sera from mice immunized with Herl-ECD/VSSP, and the
effects over the cells evaluated. Incubation with immune sera
manifested cytotoxic effects (FACS) (Fig. 9b).

Antimetastatic effect of mEGFR-ECD/VSSP vaccination

To investigate whether the autologous vaccination can protect
individuals from metastatic widespread, mice were immunized
with the mEGFR-ECD in VSSP and, 1 day before the second im-
munization, challenged with 2 X 10” tumor cells in the foot pad.
Three weeks after malignant cells inoculation, tumors were surgi-
cally removed. Twenty-one days after surgery, mice were sacri-
ficed and the spontaneous lung metastases quantified by weighing
the lungs. As shown in Figure 10, vaccination of mice signifi-
cantly reduced lung metastasis (p < 0.01), compared with animals
in the control group.
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FIGURE 8 - Immune sera inhibit EGFR+ tumor cells growth. (a)
3LL-D122 cells or (h) H125 cells were grown in the presence of sera
obtained from mice immunized with the mEGFR-ECD or the Herl-
ECD, respectively. Preimmune sera were used as negative controls.
After 48 hr, cells’ viability was measured by the MTT colorimetric
assay. Both kinds of hyperimmune sera were able to significantly
decrease viable cells number (unpaired -test, p < 0.05). Each bar rep-
resents the mean absorbance * SD of 2 independent experiments.

Discussion

Despite the EGFR wide expression in the organism, it can be
considered as a tumor-associated antigen (TAA) because of its
overexpression in many epithelial tumors,”’ its implication in tu-
mor growth and correlation with bad prognosis.'? For that reason,
the EGFR has become an attractive target for cancer therapy, and
many attempts are currently ongoing, using this molecule as tagget
for passive therapy with tyrosine kinase inhibitors and MAb, 380
Our results demonstrated that the murine EGFR extracellular do-
main, in an appropriate adjuvant, is enough immunogenic in mice
to promote a strong antimetastatic effect in a relevant EGFR+
tumor model, highlighting this particular approach as an attractive
new strategy for cancer treatment.

TAA tolerance represents a significant challenge for effective
immunotherapy of human cancer, and in any successful vaccine
strategy, this issue should be conveniently addressed in advance.
The experimental demonstration that breaking self tolerance is
possible has been recently published and is generally accepted
under the Principle that self recognition is a physiological phe-
nomenon.*' The fact that the EGFR is widely distributed in nor-
mal epithelial tissues hardly suggests that this molecule could be a
very poor immunogen, introducing additional difficulties to any
vaccine design. In our vaccine approach, the construction of chi-
merical molecules was avoided, introducing instead potent TH1
adjuvants. Emulsifying the recombinant protein either in FA or
VSSP (a product already clinically tested in humans) renders a
rather simple formulation. As the primary endpoint for the vaccine
induced mEGFR-ECD immunogenicity, the induction of DTH
was considered. Surprisingly, mEGFR-ECD/FA vaccination pro-
moted severe inflammations in mice foot pads after the specific
sensitization, similar to those mice previously immunized with
KLH/FA and sensitized with this “foreign” protein,

Immunization of mice with the mEGFR-ECD in FA or VSSP
also stimulated the specific humoral immunity, characterized by ele-

% vom . r— Predmumune sera

vated IgG antibody titers, successively incremented with reimmuni-
zations, an indicative of a mature response. Both adjuvants influ-
enced IgG subclasses distribution in favor of 1gG2a and IgG2b, an
indirect indication of TH1 differentiation. Particularly, higher levels
of IgG2b were associated with VSSP formulations. An indicative
that the immune reaction against this kind of self proteins is limited
came from other member of the EGFR family, Her2. Monkeys were
successfully immunized only after 6 immunizations with the Her2-
ECD, formulated in the powerful adjuvant Detox, and specific IgG
titers never reached 1/10,000,*2 a value lower than that induced in
mice with the mEGFR-ECD in FA or VSSP. Besides, Disis ez al.*>
have shown that a Her2 neu-peptide-based vaccine, but not a whole-
protein vaccine, can elicit humoral and cellular responses in rats.
The EGFR is a tolerated self-antigen for which a specific T cells
thymic deletion mechanism could be operatinsg, requiring the pres-
ence of the auto-antigen in the thymus.***> The EGFR thymic
expression, although earlier reported in humans®* and rats,** was
confirmed in our lab for Balb/c and C57BI/6 mice by RT-PCR. Simi-
lar to what has been reported in normal people, a total absence of
anti-EGFR natural auto-antibodies was also observed in mice sera
by ELISA and FACS. Nevertheless, evidences coming from can-
cer patients indicated that the presence of discrete serum anti-
EGFR natural antibodies can be detected with certain frequency.
The same observations have been reported for breast cancer
patients in which anti-Her2 antibodies and CTL could be mea-
sured,*” lacking enough efficacy in preventing tumor progression.
This “natural” immunity to Her2, present only in a minority of
patients overexpressing the receptor, is of low magnitude.*® The
low, natural immune responses to Herl and Her2 in cancer patients
means that any associated target-directed therapeutic vaccine must
efficaciously stimulate naive B and T lymphocytes. In fact, Her2 vac-
cines, constructed with synthetic peptides mixed with granulocyte-
macrophage colony stimulating factor as adjuvant, have been clin-
ically tested in breast, ovarian and lung cancer patients overex-
pressing Her2 and 68% of them developed T-cell immunity
against the self Her2 protein.*®

More likely explanations for the unusually strong immunogenic-
ity of the autologous Herl protein observed in this study might be
the full length EGFR truncation, the adjuvant conditioning of the
antigen presentation context or both. EGFR truncation could modify
the T cells repertoire immunodominance, favoring the presentation
of cryptic determinants.*® In this case, protein truncation did not
affect the full length EGFR recognition in its natural conformation
in the cells by the vaccine-induced serum antibodies, as determined
in FACS experiments. This result suggests certain differences with
the Her2 model, in which specific antibodies were undetectable in
sera obtained from rats immunized with the rat Her2 intracellular
domain (ICD), while CTL and antibodies with degenerated specific-
ities for the human and rat Her2/neu were produced when the inocu-
lated immunogen was the highly homologous foreign human ICD %!

The use of potent THI-type adjuvants in combination with poorly
immunogenic self proteins to promote a proinflammatory context
for Joosing the regulatory cells circuit was an attractive, tested idea.
In this sense and as usual in experimental vaccine approaches com-
plete FA was selected as reference TH1 adjuvant.® While complete
FA cannot be used in human vaccines, a new, already clinically
tested adjuvant (VSSP) with peculiar immune-modulatory proper-
ties was introduced in the EGFR-ECD vaccines. VSSP monother-
apy in mice induced elevated IgG levels with a TH1-related pattern
against GM3, a poorly immunogenic §anglioside, and dendritic
cell maturation with IL-12 groduction,5 which in turn is pivotal for
proinflammatory responses,>*

Although the amino acid sequence homology between human
and murine EGFR-ECDs is about 87%, sera obtained from mice
immunized with the Her1-ECD formulation were unable to appro-
priately react with the murine protein, while only 1/3 of the vac-
cine-stimulated B cells, secreting specific IgG antibodies, cross-
reacted with the mEGFR-ECD. The finding that serum-specific
antibodies, induced in mice by immunization with the correspond-
ing EGFR-ECDs in VSSP, caused the slow growing of EGFR+
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FIGURE 9 — Immune sera cytotoxic effect over EGFR + cells. (@) 3LL-D122 and (b) H125 cells were incubated for 24 hr with inactivated com-
plement sera from mice immunized with mEGFR-ECD/VSSP or Herl-ECD/VSSP, respectively. The immune sera cytotoxic effect was deter-
mined by FACS analysis. 7A7 (50% of cytotoxicity) and R3 (25% of cytotoxicity) MAbs were used as positive controls for 3LL-D122 and
H125 cells, respectively. This experiment is representative of 2 independent ones.
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Ficure 10 - Antimetastatic effect of mEGFR-ECD/VSSP vaccina-
tion. Mice were immunized 3 times with 100 pg of mEGFR-ECD/
VSSP biweekly. One day before the second immunization, mice were
challenged with 2 X 10° 3LL-D122 tumor cells in the foot pad. Three
weeks after malignant cells inoculation, tumors were surgically re-
moved, and 21 days later, mice were sacrificed and the spontaneous
lung metastases quantified by weighing the lungs. In vaccinated animals
lung weights were significantly reduced (p < 0.01, unpaired #-test) com-
pared with that of the corresponding control group. This experiment is
representative of 2 independent ones.

tumor cells and also promoted a strong target-directed comple-
ment-independent cytotoxic effect emphasize the quality of the
vaccine-induced immune response.

Further results associated with the in vivo mEGFR-ECD/VSSP
antimetastatic effect in the EGFR+ 3LL-D122 Lewis lung carci-
noma model are encouraging if the intermediate character of the
selected experimental setting (rather therapeutic than prophylactic)
was considered. Even though in this case tumor cells were inocu-

lated into mice foot pads just after vaccine priming, supplying after-
wards the 2 booster injections, a significant decrease in lung metas-
tases number, after primary tumor surgical removal, was evident.

One week after the third vaccine administration, and coincident
with the surgical removal of primary tumors, specific IgG titers in
mice sera were elevated as noticed from the humoral response
kinetics, probably suggesting that the induced antibodies might
have a role in avoiding tumor cells’ dissemination or in turn the
growth of malignant cells already lodged in the lungs, or both.
Future studies stressing the relative contribution of humoral and
cellular immunity in the vaccine-induced antimetastatic effect,
through hyperimmune serum transfer and the appropriate lympho-
cyte subsets depletion experiments are currently ongoing. The
“spontaneous metastasis” 3LL Lewis lung carcinoma model,
employed in this study, is rather significant because of the most
likely resemblance to the real clinical situation in which surgeons
frequently remove patients’ primary tumors successfully, but
unfortunately and more commonly, disease spreading will follow.
Indeed, avoiding distant metastatic dissemination could be the
most appropriate task for effective cancer vaccines. Interestingly,
other 2 active immunotherapy approaches targeting the EGFR
have shown recently in vivo efficacy in the Lewis lung carcinoma
model but in a primary tumor scenario. A DNA vaccine,?’ based
on the xenogenic EGFR-ECD gene and a self EGFR-ECD protein
pulsed dendritic cells vaccine?! were able to keep alive 60% of
mice preventatively injected and afterwards challenged with LL/
2c¢ tumor. Although together all these results strongly suggest that
EGFR could be a significant target not only for passive but also
for active immunotherapy, another crucial remaining question is
the better vaccine approach to follow up in the upcoming future
clinical trials. A relevant learning from the present work is that
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TABLE II ~ PREGNANCY AND NEWBORN REPRODUCTIVE PARAMETERS MEASURED AFTER mEGFR-ECD/VSSP IMMUNIZATION

Group Fertility N“n;le):lii(‘)‘fe[r)ups Wei%l;)l 8:‘ ;:‘aé-(élg )pups Hazndr ag{)o;vlh Eyei.:i .(;;.);.r;ing 'Incis(((); :r":;)tion
Treated 5/10 5-7 1.298 = 0.03 5-7 13-15 10-13
Control 3/10 5-7 1.33 +0.07 5-7 13-16 10-13

'd.a.b. = days after birth.

just the use of the recombinant self protein in a potent adjuvant,
like VSSP, could be appropriate for establishing an antitumor im-
munity in patients with EGFR+ tumors, indicating the existence
of a new opportunity in this particular target, different from
sophisticated vaccine technologies like the dendritic cells ap-
proach, or up to now ineffective vaccine formulations in humans
like naked DNA.

EGFR-targeted therapies are expected to produce side effects
related to the induction of autoimmunity. In fact, some side effects
as skin rash have been reported for some related drugs,® but im-
portant toxic effects have not been found for the majority of the
different approaches tested in clinical trials. As an example
THERACIM, an anti-EGFR MAb (humanized R3, CIM), has been
clinically tested (Phase II trials), in combination with radiother-
apy, in head and neck cancer patients, raising up to 600 mg/cycle,
without the detection of skin rash symptoms. Although it has been
reported that EGFR gene expression mhnbmon is critical for can-
cerous cell growth but not for normal cells,* active immunization,
providing a long lasting specific immune response, should be care-
fully monitored for possible side effects. The conducted immuni-
zation experiments with mEGFR-ECD/VSSP showed that while

1 year after the last vaccine booster anti-mEGFR-ECD IgG low
levels were detectable in most animals, signs of toxicity were
absent and functional hepatic parameters behave as in naive mice.

Induction of EGF deﬁcxency in rats affects the development of
fetal but not adult tissues.>’ Considering the role of EGF in the
epigenetic regulation of fetal and neonatal development, we stud-
ied the effect of anti-EGFR immunity in female mice fertility and
their progeny. Marked side effects in these animals as a conse-
quence of vaccination were not detected.

We conclude that self EGFR-ECD is rather immunogenic in FA
or VSSP contexts. Taken together, the immunization approach
described here may be an attractive and novel strategy for EGFR+
cancer active immunotherapy.
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Abstract

Certain gangliosides are tumor-associated antigens that constitute potential targets for cancer immunotherapy. A major
drawback in the design of ganglioside-based cancer vaccines, however, is the poor immunogenicity of these glycolipids. Here we.
report the immunological and physicochemical properties of very small size proteoliposomes (VSSP) obtained by using anionic.-
detergents to incorporate gangliosides into the outer membrane protein complex (OMPC) of N.” memngmdm VSSP of three )
different gangliosides, GM3, NGecGM3 and GD3, were tested! These gangliosides differ in level of expression in normal tissues
and in immunogenicity in different animal species. We show that the immunization with VSSP in an oil adjuvant consistently
induced both IgM and IgG anti-ganglioside antibodies. In the mouse, the anti-ganglioside 1gG fraction was not restricted to the
typical T-independent isotype IgG3. Unexpectedly, significant levels of the T-dependent IgGl, I1gG2a and particularly 1gG2b
were also found. VSSP-mediated enhancement of the immunogenicity was not restricted to the relatively immunogenic
ganglioside GD3, satisfactory immune responses against highly tolerated GM3 and NGeGM3 were also obtained. Similar results
were achieved in chickens and monkeys. No reactogenicity was observed even when self-gangliosides were used for

 immunization. VSSP overcame natural tolerance to gangliosides in an adjuvant dependent fashion. © 1999 Published by
Elsevier Science Ltd. All rights reserved.

Keywords: Cancer vaccines; Proteosomes; Gangliosides; Proteoliposomes

1. Introduction - develop antibodies against certain gangliosides have
better prognosis and prolonged survival compared to

Gangliosides are sialylated glycosphingolipids pre- those that are antibody-negative [5]. Similarly, anti-
sent on the plasma membrane of mammalian cells. In bodies against different gangliosides have been shown
tumors, however, they are overexpressed or display to mediate protection in animal models against chal-
abnormal glycosylation patterns [1,2]. Sometimes, free lenge with ganglioside-expressing tumors [6,7]. These
gangliosides are also shed into the blood stream of findings, among others, point to gangliosides as prom-
patients suflering certain malignancies [3,4]. ising targets for the active specific immunotherapy of
It has been observed that cancer patients who cancer [§]. However, a major drawback of ganglioside

vaccines is the poor immunogenicity of these glyco-
lipids. Gangliosides are generally autoantigens toler-
ated immunologically to a greater or lesser degree.

* Corresponding author. Present address: Center of Molecular Furthermore, they are categorized as T-cell-indepen-
2

Immunology, Calle 216 esq. a 15, Atabey, Playa, A. Postal 16040, C.

de La Habana, Cuba. Tel.: +53-7-335049; fax: + 53-7-333509. dent antigens, ie. they are not recognized by T lym-
E-mail address: {rank@ict.cim.sld.cu (F. Estevez) . phocytes, which therefore do not pI’QVIde help
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192 .

fuged to obtain 500 g (wet weight) of biomass. This
biomass was resuspended in 25 | of buffer containing
0.09% sodium deoxycholate (DOC), 50 mM Tris—HCI,
pH 8.5, and 2 mM EDTA. The extraction process was
carried out at 4°C for 2.5 h. During this period, 10
treatments of 30 s each were given in an ultrasonic
bath (Ultraware, Radleys, UK), alternating with mag-
netic stirring at 250 rpm.

Cell debris was separated by centrifugation at
10,000g and the supernatant treated with DNase and
RNase (5 mg/l each) at 37°C. The extract was centri-
fuged at 100,000g for 2 h and the pellet resuspended in
200 ml 5% sodium deoxycholate/(50 mM) Tris—-EDTA
bufler, pH 9. Gel filtration on Sephacryl S-300 HR
(Pharmacia Biotech, Sweden) was carried out using
1% sodium deoxycholate as eluant. The first eluted
peak was the basic material containing the vesicles as
revealed by electron microscopy following negative
staining with uranyl acetate. The OMPC was precipi-
tated with.ethanol, washed with the same solvent, and
stored at —80°C in 40 mg portions.

To incorporate gangliosides into the OMPC (VSSP?

preparation procedure), 40 mg aliquots of OMPC wef§)
dissotved to a final concentration of 1 mg/ml in 0.01.7 -

M Tris--HCI bufler, pH 8.5, containing 12 mM DOC!
and 1 mM sodium dodecylsulfate (SDS).- Forty 12@
ganglioside was then added and the mixture stirred:
The resultant solution was dialyzed- for 14 d against
0.01 M Tris—HCI bufter, pH 8.5, using a 3.5 KDa cut-
off membrane (Spectra/Por, Spectrum Medical
Industries, Houston, Texas) 1o remove detergents. The
dialyzed preparation was centrifuged for 1 h at
100,000g, pellets were discarded and supernatants
assayed for protein and ganglioside contents. Finally,
the VSSP solution obtained was filter-sterilized (0,2 um
cellulose acetate membranes; Sartorius, Germany) and
stored at 4°C,

Vaccine lots NGcGM3/VSSP, GM3/VSSP and
GD3/VSSP were prepared with the respective ganglio-
side and the OMPC. The lot designated OMPC was
prepared in the same way but without the addition of
any ganglioside, and the lot designated GM3 was pre-
pared with the ganglioside alone.

2.4. Physical and chemical characterization of vaccines

Protein assay was performed by a modification of
the method of Lowry [21]. Gangliosides were identified
by HPTLC as described below and their concentration
determined by the resorcinol method [22].

For the electron microscopy study, samples were
adsorbed 5 min onto carbon-coated Formvar grids
and negatively stained with 1% phosphotungstic acid,
pH 7.0, or 2% uranyl acetate. Grids were examined at
20-80,000-fold magnification at 60—80 kV.
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Gel filtration chromatography on Sepharose CL-4B
(Pharmacia Biotech, Sweden) was carried out in a
C10/40 column equilibrated with 0.01 M Tris—-HCI
buffer, pH 8.5, containing 0.15 M NaCl. Fractions of
I ml were collected and assayed for protein and
ganglioside concentration. The partition coefficient K,
was done as described by Sofer and Nystrom [23].
Standard proteins were used as molecular weight mar-
kers in the same conditions as the samples. A cali-
bration curve, K,, vs. MW, was established.

CsCl equilibrium density gradient analysis of the
vaccine was performed with an initial one-step gradient
with a density of 1.525 g/ml in the lower half and
1.005 g/ml in the upper half. Tris~HCI buffer (0.01 M,
pH 8.5) was present throughout the gradient, and the
vaccine was initially uniformly distributed in the upper
solution. Centrifugation was performed in a Kontron
TFT 70.13 angle head rotor at 55,000 rpm (211,000g)
and 10°C for 48 h. Fractions were collected, and den-
sity, sialic acid content and protein concentration
determined for each fraction.

2.5. ELISA

PolySorp 96-well plates (Nunc, Denmark) were
coated with 0.16 nmol/well of ganglioside dissolved in
methanol and dried at 37°C for 1.5 h. To reduce back-
ground, plates were washed with PBS containing
Tween 20 (0.05%, v/v) plus 0.2 M extra of NaCl and
then blocked with skimmed milk (2%, w/v) in PBS.
Serum samples, biotinylated goat anti-IgM or anti-IgG
antibodies specific for each animal species and strepta-
vidin-conjugated alkaline phosphatase (Jackson, West
Grove, PA) were diluted in blocking buffer and
sequentially incubated on the plates for 2 h at room
temperature with extensive washing between each
incubation. The enzymatic reaction was visualized with
p-nitrophenyl phosphate (PNPP), 1 mg/ml, dissolved
in IM diethanolamine buffer, pH 9.6, plus 1 mM

To eliminate the effect of non-specific recognition,
sera were also tested on wells to which no gangliosides
had been added. The absorbance at each serum di-
lution obtained on these wells was subtracted from
that of the ganglioside-coated wells. Serological titer
was defined as the inverse of the highest dilution yield-
ing a final absorbance value higher than 0.1.

Determination of IgG isotype profile was performed
using secondary isotype-specific biotinylated rat anti-
mouse lgGl, 1gG2a, IgG2b and IgG3 antibodies
(PharMingen, San Diego, CA). Optimal secondary
antibody dilutions were established by ELISA with
the MADbs 14F7 (IgGl), T3 (IgG2a), T4 (IgG2b)
(Center of Molecular Immunology, Havana, Cuba)
and R24 (IgG3) (kindly provided by Dr. Philip O.
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arations of the outer membrane proteins of N. menin-

gitidis {27,28]. The physicochemical properties of
VSSP, however, differ from other proteosome-based:
preparations described before [29]. Ganglioside incoi-

in the size of the complex that, unlike other proteo?j
some-based preparations, is not visible by electron mi-H
croscopy. On the other hand, the relatively hig_ljj'
density of VSSP (1.265 g/ml) reveals that VSSP are

. non-vesicular proteo-lipidic bodies from which most}

water has been excluded.

The basis for this compact structure might be
explained if we consider the molecular properties of
gangliosides. These glycosphingolipids have very large
oligosaccharide moieties relative to their hydrocarbon
portions. For reasons of molecular geometry, these
structures are not thermodynamically compatible with
the formation of bilayer vesicles but with micelles [30].
The presence of high concentrations of gangliosides in
a solution of membrane proteins, highly dissociated by
the presence of anionic detergents, leads to the for-
mation of mixed micelles from which most water is
excluded. After detergent removal, the system should
reach a new equilibrium in which the ganglioside prop-
erties predominate.

Our study on the immunogenicity of VSSP confirms
and extends a previous report [12], and shows that not
only 1gM but also high-level IgG anti-ganglioside anti-
bodies can be induced in the mice. However, in ad=
dition to GD3 ganglioside, which is considered the )
most immunogenic in this animal model [13], highly;
expressed gangliosides such as GM3 and NGcGM3;
were also highly immunogenic when used as VSSP)
Similar results were obtained in the other two animal
species studied. Unexpectedly, the anti-ganglioside IgG
fraction in mice was not restricted to the typical T-
independent isotype 1gG3. High, levels of the Thi-re-
lated TgG istotypes IgGl, IgG2a and particularly
lgG2b were also found. These phenomena, however;y

were strongly dependent on the use of an oil-in-water ™ »

adjuvant. VSSP overcame natural tolerance to ganglio-)
side in an adjuvant- dependent fashion. ;

The mechanisms involved in VSSP immuno-enhan-
cing properties are not yet understood. The observed
effect is not inherent to the adjuvant itself since in pre-
vious experiences GM3/VLDL and NGeGM3/VLDL
conjugates administered either in CFA or in
Montanide ISA 51 were not immunogenic in mice. It
is known that serotype proteins, which are the main
components of the OMPC, induce proliferation and
activation of lymphocytes and lead to secretion of 1L-2
by a mechanism different to that of polyclonal activa-
tors such as LPS [31]. On the other hand, the adjuvant
activity of oil-in-water emulsions has been suggested to
be hinked to their interaction with dendritic cells [32]
which, at the same time, have been implicated in the
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presentation of non-classical antigens that are very clo-
sely related to gangliosides [33]. The xenogenic en-
vironment created by the bacterial proteins and some
residual lipids that, like LPS, are natural activators of
the immune system, together with the very small size
of the complexes, might facilitate ganglioside uptake
by this subset of antigen-presenting cells that triggers
the maturation of an incipient immune response. ‘

No reactogenicity was observed even when VSSP of
self-gangliosides such as GM3 were administered in
Montanide ISA in any of the three animal species
used. These gangliosides, as has been suggested before
[34], should remain ‘cryptic’ in normal tissues, out of
reach of circulating antibodies.

Based on these observations and on our recent find-
ing that threshold inocula of syngeneic melanoma B16
tumor cells in mice immunized with GM3-containing
VSSP leads to a very high tumor rejection rate and
increased survival (submitted for publication), we have
started two clinical trials, following international
guidelines [35]. Patients suffering metastatic breast can-
cer have been immunized with GM3/VSSP and
NGcGM3/VSSP vaccines in Montanide ISA 51 to
evaluate the immunogenicity and the therapeutic po-
tential of these preparations.
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Como resultado del examen definitivo, realizado con fundamento en el articulo 48 de
la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados
1.1. Descripcién: Folios: 42 a 79 como se radicd inicialmente.

1.2. Reivindicaciones:  Folios: 109 a 110 segun modificacion de 28/12/2007.

1.3. Figuras: Folios: 84 a 86 como se radicd inicialmente.
14, Prioridad: 06/12/2000, Cuba, CU285/2000

12/07/2001, Cuba, CU167/2001

1.5. Respuesta del solicitante: Folios: 105 a 110.
Folios 115 a 117

2. Objeto de la invencion

Titulo de la solicitud: “Composiciones farmacéuticas para potenciar la
inmunogenicidad de antigenos pocos inmunogénicos”.

El objeto de la presente solicitud de patente de invencién consiste en composiciones
inmunoestimuladoras capaces de generar respuestas inmunes antigeno-especificas.

Reivindicaciones 1— 13: Una composicion farmacéutica para potenciar la
inmunogenicidad de antigenos poco inmunogénicos, que contiene:

(A) uno o mas antigenos poco inmunogénicos;

(B) un vehiculo vacunal que consiste en proteoliposomas derivados del complejo
de proteinas de la membrana de Neisseria meningitidis los cuales contienen
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gangliésidos incorporados; y
(C) eventualmente uno 0 mas adyuvantes.

El problema planteado en esta solicitud es la baja inmunogenicidad de antigenos
importantes en enfermedades infecciosas, autoinmunes y el cancery la consecuente
necesidad de composiciones farmacéuticas adyuvantes que superen o contrarresten
este hecho.

Para solucionar este problema técnico la solicitud en estudio proporciona
formulaciones que hacen inmunogénicas moléculas poco antigénicas mediante su
asociacion con proteoliposomas de talla muy pequeria, que contienen incorporados

gangliosidos.

El objeto de la solicitud definida anteriormente se clasificd en la IPC A61K39/385 .

3. Determinacion del Estado de la Técnica

La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:
Fecha de presentacion de la solicitud prioritaria 06/12/2000

Teniendo en cuenta la fecha indicada se realizé la busqueda en el estado dé la

técnica de documentos relacionados con la solicitud encontrandose los siguientes
documentos mas relevantes:

N° Documento Titulo Fec.ha de
publicacion
‘Enhancement of the immune response to
D1 | Estevez F. et.al poorly immunogenic gangliosides after 20/08/1999
T incorporation into very small size
proteoliposomes (VSSP)”.

4. Andlisis de patentabilidad (segUn requisito) (articulo 14 D486)

4.1. Nivel inventivo (articulo18 D486)

La solicitud en estudio reclama una composicién farmacéutica para potenciar la
inmunogenicidad de antigenos poco inmunogénicos, que contiene:

(A)uno o mas antigenos poco inmunogénicos;

(B) un vehiculo vacunal que consiste en proteoliposomas derivados del complejo
de proteinas de la membrana de Neisseria meningitidis los cuales contienen
gangliésidos incorporados; y

(C) eventualmente uno o mas adyuvantes.

El documento de Estevez ef.al.(D1) divulga el uso de proteoliposomas de tamafio
muy pequefio derivados del complejo de proteinas de membrana de Neisseria
meningitidis, denominados VSSP, a los que se les incorpora gangliésidos (pag 196,
columna izq, parrafo 1), estas particulas logran potenciar antigenos poco
inmundgenos mediante una composicién que incluye adyuvantes tipo aceite en agua
(pagina 196, columna izq, 3er parrafo). En D1 hay una clara indicacion sobre el
efecto inmunopotenciador de esta asociacion VSSP-adyuvante respecto de la
respuesta inmune general (no restringida a respuesta especifica anti-gangliosidica)
que se produce luego de su administracion (ver Resumen), pero menciona la mayor
potenciacion de respuesta inmune cuando el gangliésido utilizado es el GD3 (pag
196, columna izq, 3er parrafo).
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La unica diferencia entre la solicitud en estudio y D1, es que en la solicitud incluye un
segundo antigeno en la particula VSSP, de manera opcional. Sin embargo, los
datos presentados evidencian un resultado equivalente al de los productos existentes
en el estado de la técnica, antes que un efecto técnico sorprendente que pueda
considerarse como un aporte cualitativo al estado de la técnica.

De esta manera, segun el estado de la técnica, siendo el problema técnico
persistente, sin evidencia concluyente de un efecto técnico extraordinario, el
desarrollo reclamado se considera carente de actividad inventiva y por lo tanto no
cumple con el requisito de nivel inventivo establecido en el articulo 18 de la Decision
486.

5. Conclusién:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

o o Reivindicaciones . .
N Documento N afectadas Requisito que afecta
D1 Estevez F. et al. 1-13 Nivel Inventivo

6. Respuesta a los argumentos del solicitante:
En relacion a los argumentos del solicitante se hacen las siguientes consideraciones:

1. Elsolicitante argumenta que la solicitud reivindica una composicion farmaceutica
que tiene como caracteristica técnica esencial un vehiculo vacunal que consiste
en nanoparticulas de proteoliposomas derivadas del complejo de proteinas de la
membrana externa de la bacteria Neisseria meningitidis denominada VSSP. Este
mismo tipo de particulas son divulgadas en D1, incluso en este documento se
refieren a estas particulas con el mismo nombre, se explica que son
nanoparticulas no visibles al microscopio electrénico y derivadas del complejo de
proteinas de la membrana externa de la bacteria Neisseria meningitidis (pag 196,
columna izq, péarrafo 1). Por tanto, se trata del mismo tipo de particulas usadas
como vehiculo vacunal.

2. El solicitante argumenta que el vehiculo vacunal de la solicitud es capaz de
inducir la inmunogenicidad de antigenos poco inmunégenos sin necesidad de que
el antigeno u antigenos sean modificados de alguna manera lo cual hace que
moléculas de diferente naturaleza (péptidog, polipéptidos, proteinas, secuencias
de ADN, etc) puedan ser usadas en la composicién vacunal. Sin embargo, al
revisar el ejemplo 2 de la solicitud (folio 61, lineas 7 a 13), se observa que parala
preparacion de los VSSP estos fueron dipersos en una solucién de 0.5%
deoxicolato de sodio y 0.1% dodecil sulfato sodio, que son soluciones
detergentes, y que se adiciond ademas 10 mg de NAcGM3, que es el ganglidsido.

D1 también realiza la inclusion del gangliésido en la moléculas VSSP a partir de la
utilizacion de detergentes (pag 192, columna izq, 3er parrafo). De lo anterior se
concluye que la modificacién del antigeno principal de la molécula que es el
gangliésido, es igual en los dos estudios.

3. Elsolicitante menciona que la induccion de la inmunogenicidad a expensas de las
células TCD8 efectoras es la propiedad sorprendente de la invencion. Sin
embargo, esta propiedad es un resultado esperado por el uso de este tipo de
particulas VSSP cuyos antigenos estas incluidos de la forma mencionada en el
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numeral anterior, por tanto esta propiedad de respuesta inmune de células TCD8
esta implicita al tipo de particula en siy no es un efecto técnico aportado por la
solicitud.

4. El solicitante menciona como aspecto innovador de la invencién el uso del
gangliésido especifico GM3, porque este ganglidésido especificamente tiene un
efecto tanto funcional como estructural en la particula VSSP. Sin embargo, esta
mencion también se encuentra en D1, en el cual se divulga que el gangliésido
GM3 es considerado el mas inmundgenico de los ensayados (pag 196, columna
izq, 3er parrafo). Por tanto, el efecto de GM3 no puede considerarse como un
aspecto innovador de la invencion.

Por las anteriores consideraciones y en vista de la informacién que habia sido
suministrada por D1, se recomienda Negar el privilegio de patente sobre las
reivindicaciones 1 a 13 (folios 109-110) de la solicitud.
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