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Abstract Multiple investigators have reported thepresence
of defects in the immune response of the elderly [Castle In:
Clin Infect Dis 31:578, 2000; Ortqvist et al. In: Eur Respir J
30:414-422, 2007; Saurwein-Teissl etal. In: J Immunol
168:5893, 2002; Haynes et al. In: Proc Natl Acad Sci USA
100:15053-15058, 2003]. These defects reduce the magni-
tude of the immune response to infection and to vaccination.
In individuals greater than 55 years of age, the probability of
developing a fully protective neutralizing antibody response
to the yearly multivalent particle inactivated influenza vac-
cine is less than 20% [Jefferson et al. In: Lancet 264:1165—
1174, 2005; Goodwin etal. In: Vaccine 24:1159-1169,
2006; Jackson et al. In: Lancet 372:398—405, 2008; Simonsen
and Taylor In: Lancet 7:658-666, 2007]. The defects in the
aged immune system that are responsible for this limited
response to vaccination in the older age groups include func-
tional defects of the antigen presenting cells, functional
defects in CD4 helper CD4 T cells and monocytes, and an
altered microenvironment [Eaton etal. In: J Exp Med
200:1613-1622, 2004; Dong et al. In: J Gen Virol 84:1623—
1628, 2003; Deng etal. In: Immunology 172:3437-3446,
2004; Cella et al. In: J Exp Med 184:747-752, 1996]. Start-
ing at puberty, the involution of the thymus and the conse-
quent reduction of the export of naive T cells specific to
neo-antigens leads to the reduction of the ratio of antigen
naive to memory cells as chronological age advances [Prelog
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In: AutoimmunRev 5:136-139, 2006; McElhaney et al. In: J
Immunology 176:6333-6339, 2006]. Changes in glycosyla-
tion of T cells and target antigens acquired during the aging
process and the antibodies to these new glycopeptides and
glycoproteins may also contribute to a reduction in the func-
tioning of the adaptive immune response [Ishii et al. In: J
Clin Neurosci 14:110-115, 2007; Shirai et al. In: Clin Exp
Immunol 12:455-464, 1972; Adkins and Riley In: Mech
AgeingDev 103:147-164, 1998; Ben-Yehuda and Weksler
In: Cancer Investigation 10:525-531, 1992]. One of the more
interesting examples of the functional defects in the cells of
the adaptive immune response is a reduced level of expres-
sion in the surface cytoadhesion and activation receptor mol-
ecules on CD4 helper T cells undergoing activation during
vaccination. Upon infection or vaccination, CD40L is typi-
cally increased on the surface of CD4 helper T cells during
activation, and this increased expression is absolutely essen-
tial to the CD40L promotion of expansion of antigen-specific
B cells and CD 8 effector T cells in response to infection or
vaccination [Singh et al. In: Protein Sci 7:1124-1135, 1998;
Grewal and Flavell In: Immunol Res 16: 59-70, 1997;
Kornbluth In: J Hematother Stem Cell Res 11:787-801,
2002; Garcia de Vinuesa et al. In: Eur J Immunol 29:3216—
3224, 1999]. In aged human beings and mice, the reduced
levels of expression of CD40 ligand (CD40L) in activated
CD4 helper T cells is dramatically reduced [Eaton et al. In: J
Exp Med 200:1613-1622, 2004; Dong et al. In: J Gen Virol
84:1623-1628, 2003]. To circumvent the reduction in
CD40L expression and the subsequent reduction in immune
response in the elderly, we have developed a chimeric vac-
cine comprised of the CD40L linked to the target antigen, in
a replication incompetent adenoviral vector and in booster
protein. This review will discuss the implementation the
potential use of this approach for the vaccination of the older
populations for cancer and infection.

@ Springer



1950

Cancer Immunol Immunother (2009) 58:1949-1957

Keywords Vaccines - Immunoconjugates - MUC-1 -
CD40L

Introduction

The CD40L/CD40 receptor complex is composed of a
homotrimeric ligand and receptor molecules, which belong
to the TNF family of receptors and ligands [19-22]. The
expression of CD40L on the surface of CD4 helper T cells
is a requisite step for the activation of the adaptive immune
response by vaccination [19, 20]. The goal of vaccination is
to increase the frequency representation of antigen-specific
CDS8 effector T cells, or antigen-specific B cells, from one
in a million to one in a hundred to one in a thousand. Exten-
sive work has documented the permissive effect of the
engagement of the CD40 receptor on dendritic cells (DCs)
or antigen presenting cells, B cells and T cells by the
CD40L on activated CD4 helper T cells on the induction of
the activation and expansion of target-associated antigen
(TAA)-specific CD8 effector cells and the induction of
increases in the levels of TAA-specific antibodies these
cells by vaccination. The binding of the CD40L to the
CD40 receptor on the DCs promotes presentation of TAAs
on Class I MHC molecules, and migration of the DCs to
regional lymph nodes following antigen or virus exposure
[19-22]. Among older test subjects (human beings as well
as test mice), the expression of the CD40L on CD4 helper
cells during activation is delayed and reduced in absolute
level [9, 10]. The absence of the CD40 ligand on activated
CD4 helper T cells in the older age group may result in a
reduced magnitude of response to infections and vaccina-
tions.

One way to overcome this functional defect in CD4
helper T cells in the older age groups has been to administer
the CD40L protein at the time of vaccination (see Refs.
[23-25] for examples of reports of clinical trials in human
subjects using CD40L to induce the immune response).
Intravascular administration of CD40L could be very dan-
gerous due to the presence of CD40 receptors on mono-
cytes, which are present in parenchymal tissue sites (such
as the liver and lung) as well as in atherosclerotic plaques in
the luminal endothelium of the vasculature of older individ-
uals, which could result in the release of cytokines and
resultant cytokine storm and thrombosis [21, 22]. In con-
trast, injection of the CD40L or of its immunoconjugates
into the sc space, or into tumors, is not accompanied by any
significant side effects [23-25]. Insertion of the CD40L
gene into the transcription units of replication incompetent
adenoviral vectors has been shown to induce an increase in
the induction of an anti-tumor response in young test mice
and in human subjects [23]. The intravenous administration
to human subjects of chronic lymphocytic leukemia cells
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infected with replication incompetent adenoviral vectors
carrying the CD40L embedded in an adenoviral vector tran-
scription unit [24] or the injection of an adenoviral vector
into tissue carrying CD40L transcription unit [23, 25] has
been shown not to be associated with significant side
effects. Xiang et al. [26] reported that the oral administra-
tion of bacterial cells transformed with a plasmid carrying a
transcription unit encoding the carboxyl terminus of
CDA40L linked to the aminoterminus of TAA induced an
antitumor response to carcinoembryonic antigen when
administered to young mice. The response induced by this
vaccination was weak since it required the co-administra-
tion of the IL2 protein in order to completely suppress the
growth of colorectal cancer cells injected subcutaneously
[26]. One reason for the observed weakness of this vaccine
was the attachment of the carboxyl terminal end of the
CDA40L to the TAA since the carboxyl terminus of CD40L
is the end, which is necessary for CD40 receptor binding.

Therefore, we have created a chimeric molecule com-
posed of the carboxyl terminal end of the target antigen
linked to the amino terminal end of the extracellular
domain (ecd) of the CD40L by means of a 9 amino acid
linker (Fig. 1). We chose to link the aminoterminal end of
CD40L to the carboxyterminus of TAA, in contrast to
Xiang etal. [26] who linked the carboxylterminus of
CDA40L to the target antigen, as the carboxylterminus of
CD40L is the end of CD40L, which engages the CD40
receptor. Since all of the sequences necessary for the
assembly of the homotrimeric CD40L [27] are contained
within the ecd, and the carboxyl terminal domain engages
the CD40L receptor, we restricted the sequences to be
attached to the target antigen to the aminoterminal domain
of the CD40L that includes the carboxyl terminal end of the
ecd of the CD40L, but not the transmembrane domain nor
the cytoplasmic domain of the CD40L [28-32]. This vac-
cine consists of two sc injections of the Ad-sig-TAA/
ecdCD40L vector, or a single injection of that vector fol-
lowing by two sc injections of the TAA/ecdCD40L protein
as a booster. The advantages of creating a CD40L-target
antigen chimera are as follows:

1. The provision of the CD40L as the composition of mat-
ter of a recombinant protein vaccine provides the
CD40L signal, which is missing in older individuals
that is necessary for the expansion of antigen-specific
B cells and CDS effector cells as well as activation of
DCs. Engagement of the CD40 receptor on DCs carry-
ing TAA leads to an increase in expression of the sur-
face cytoadhesion molecules described as “secondary
signals” that are necessary for sustained induction of
proliferation of antigen-specific CD8 effector T cells.
This also induces expression of CCR 7 mRNA in these
DCs which leads to their migration to the regional
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Fig. 1 Induction of the adaptive
immune response with the TAA/
ecdCDAL vaccine. The TAA/ec-
dCD40L is injected subcutane-
ously. The CD40L end binds the
CDA40L receptor on the DCs
leading to the internalization of
the TAA, which then becomes Tumor
presented by Class I MHC mole- Nodule
cules. The TAA antigen-loaded

activated DCs then migrate to

the regional lymph nodes. The

TAA-loaded CD40L stimulated

DCs activate the expansion of & o

the TAA-specific T cells, which o

then leave the lymph node, o
©o

1: Injection
of Vaccine

course through the peripheral
blood, and then enter into the
extravascular sites of infection,
inflammation or tumor

And Kill TAA Cancer Cells

lymph nodes [28]. This solves the problem of reduced
expression of CD40L on CD4 helper T cells.

2. The engagement of the CD40L to the CD40 receptor
leads to the internalization of the chimeric TAA-CD40L
chimeric molecule into the cytoplasmic compartment.
This has been shown to lead to the presentation of the
TAA peptides on the Class I MHC molecule [28]. Thus,
administration of this chimeric molecule solves another
of the important problems with vaccination: the need to
secure presentation of the TAA by the Class I MHC.

3. A third problem solved by attaching the TAA to the
CDA40L (in the case of weakly immunogenic TAA) is
to increase the immunogenicity of the TAA.

As is well known, there are multiple factors that diminish
the intensity of the adaptive immune response induced by
vaccination in test subjects which are bearing tumor cells.
One example is that most tumor-associated antigens are
self-antigens, resulting in the deletion of T cells with high
affinity antigen recognition receptors for these self-antigens
in the thymus gland. A second example is the anergy to
TAA that results from presentation of TAA on cancer cells,
which are imperfect antigen presenting cells. In order to
provide additional signals that can facilitate and promote
the activation of the immune response, we have also
embedded the transcription unit for the chimeric TAA/
ecdCDA40L protein in a replication incompetent adenoviral
vector. The TAA/ecdCD40L transcription unit is preceded
by a signal sequence for secretion (sig) and a cytomegalovi-
rus (CMV) promoter. The reasons for using the adenoviral
vector for the delivery of the TAA/ecdCD40L recombinant
molecule are as follows:

TAA Marker
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The use of the adenoviral vector induces the release of
cytokines from the antigen presenting cells due to the
binding of viral-specific DNA and RNA motifs to the
Toll like receptor (TLR) 9 on DCs.

In addition, the injection of the adenoviral vector to
deliver the TAA/ecdCD40L results in the in vivo syn-
thesis of the recombinant TAA/ecdCD40L protein.
The expression of the TAA/ecdCD40L induced by the
infection of the cells surrounding the subcutaneous (sc)
injection site of the Ad-sig-TAA/ecdCD40L vector
lasts for 10-14 days, thus further amplifying the aggre-
gate impact of the vaccination on the immune response
induced by the Ad-sig-TAA/ecdCD40L vector vaccine.
The infection of the DCs by the adenoviral vector
carrying the chimeric TAA/ecdCD40L transcription
unit results in the release of the CD40L molecule in
the regional lymph node following migration of the
DC:s to this site. This provides CD40L for the activa-
tion of CD40 receptor on CD8 T cells to induce the
proliferation of the antigen (TAA)-specific T cells. In
order to maximize the effect of infection of cells by the
Ad-sig-TAA/ecdCD40L vector, the TAA/ecdCD40L
transcription unit in the Ad vector is preceded by a
secretory sequence (sig) and the transmembrane
domain of the CD40L has been removed. This ensures
that the TAA/ecdCD40L protein will be released by the
Ad-sig-TAA/ecdCD40L infected cells. We have shown
that the effect of the TAA/ecdCD40L vector on induc-
tion of the immune response is dependent on the secre-
tion of the TAA/ecdCD40L from the adenoviral
infected cells.
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These advantages of the use of an adenoviral system to
deliver the TAA/ecdCD40L transcription unit will make it
useful in disease states like cancer in which there is acquisi-
tion of peripheral tolerance to TAA in addition to the exis-
tence of central tolerance to self-antigen TAA acquired
early in life (which deletes the T cells bearing high affinity
antigen recognition receptors to tumor-associated ‘“‘self”’
antigens). One more measure that could be taken that
would expand the magnitude of the immune response
induced by the Ad-sig-TAA/ecdCD40L vector would be
the use of sc injections of the TAA/ecdCD40L protein.

Summary of pre-clinical results on cancer
Ad-sig-TAA/ecdCD40L vector vaccines

The first type of experiment that we carried out with the
TAA/ecdCD40L chimeric vaccine is the use of two sc
injections of the Ad-sig-TAA/ecdCD40L vector 7 days
apart [28-32]. We have tried the Ad-sig-TAA/ecdCD40L
vector vaccine with the following tumor-associated self-
antigens: the hMUC-1 (human MUC-1 antigen) that is
overexpressed in over 80% of recurrent epithelial neo-
plasms, the rat Her-2-Neu (rH2N) growth factor receptor
antigen which is overexpressed in 30% of breast cancers at
diagnosis, the tyrosinase related protein-2 (TRP-2) mela-
noma antigen, a junctional peptide from the bcrabl gene for
chronic myelogenous leukemia (Bcr-Abl), and the E7 pro-
tein expressed in human papilloma virus (HPV)-associated
cervical cancer cells. All of these antigens are self-antigens
except for E7 that is a viral antigen.

Two of the self-antigens tested (hMUC-1 and rH2N),
which are overexpressed in epithelial malignancies with a
poor prognosis, were tested in mouse strains transgenic for
the human Mucin-1 gene (hMUC-1.Tg) or the rat Her-2-Neu
gene (rH2N.Tg). These mouse strains were therefore
anergic to the hMUC-1 or rH2N target xeno-antigens.
These mouse models are very relevant to the situation
encountered in the human cancer subject in which there is
usually an anergic state to the tumor-associated target anti-
gen, which are self-antigens. Two sc injections of the
Ad-sig-TAA/ecdCD40L vaccination completely prevented
the growth of sc deposits of cancer cells positive for the
target antigen [28-32]. The magnitude of the cellular
immune response induced in the mouse by two sc injections
of the Ad-sig-TAA/ecdCD40L by ELISPOT assay is in the
50-100 antigen-specific T cells/100,000 spleen cell range
[28-30]. This is true for the rH2N and hMUC-1 antigens as
well as the rest of the other self-antigens tested (the
P210Bcr-Abl junctional peptide, or TRP-2 antigens) as well
as the HPV-associated cervical cancer antigen. Two
Ad-sig-TAA/ecdCD40L vector injections are sufficient to
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induce antigen-specific memory cells [28]. This claim is
based on the fact that two sc injections of the Ad-sig-TAA/
ecdCD40L in tumor-bearing mice produces spleen cells,
which can be collected 1 year after vaccination and then
used to passively transfer protection to syngeneic nude
mice. The intra-peritoneal injection of the spleen cells col-
lected from the mice vaccinated with the Ad-sig-TAA/
ecdCDA40L 1 year earlier, suppressed the growth of TAA-
specific cancer cells. The vaccine also induces an increase
in the release of IL-12 and interferon gamma from the CDS§
effector T cells, but does not change the level of IL6, IL10
or TNF alpha in the plasma of test mice.

Vector prime-protein boost vaccination in young mice

We have also tested the use of a single injection of the Ad-
sig-TAA/ecdCD40L vector followed in 7 and 21 days with
sc injections of the TAA/ecdCD40L recombinant protein as
booster injections. The use of the booster injections
increases the level of the TAA-specific CD8 effector T cells
and the TAA-specific antibodies by sixfold when compared
with mice injected twice with the Ad-sig-TAA/ecdCD4L
vector alone. We call this the TAA/ecdCD40L VPP vacci-
nation [30]. We have also tested the use of the TAA/
ecdCC40L VPP vaccination in mice in which there was
progressive cancer. The TAA/ecdCD40L VPP vaccine
completely suppresses the growth of pre-existing estab-
lished and growing sc nodules of cancer even in old mice
[30]. In addition, the VPP vaccination induces regressions
of established pulmonary metastases [30-32]. Finally, the
VPP vaccine has been shown to prevent the development of
spontaneous mammary cancer in the rat Her-2-Neu trans-
genic cancer mouse model (rH2N.Tg mice), thus suggest-
ing that the TAA/ecdCD40L VPP vaccine is successful
with slowly developing spontaneous tumors which take
months to develop [30]. The spontaneous tumors are differ-
ent from sc nodules that develop in 10 days from sc injec-
tion of cancers cells derived from established cell lines. The
development of spontaneous tumors involves a multistep
process requiring months of increasing severity of epithe-
lial dysplasia from the second to the sixth months of life.
The development of mammary tumor nodules and the
development of metastatic tumor are only seen at §—10
months of life in the rH2N.Tg mice, where as only 10 days
are required for tumors to form following the sc injection of
cells derived from established cancer cell lines.

Vector prime-protein boost vaccine in old mice

As outlined in the introduction, the vaccine was designed
to overcome the defects that exist in the aged immune
response system. We have therefore tested the Ad-sig-
TAA/ecdCD40L vector prime-TAA/ecdCD40L protein
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boost vaccine in 18-month-old mice. The same defects in
expression of the CD40L that were reported in the fifth and
sixth decades of life in the aged human subjects, are also
found in the activated CD4 helper T cells of 18-month-old
mice. Our experiments [30] showed that the combination
of the Ad-sig-TAA/ecdCD40L vector prime-TAA/
ecdCD40L protein boost vaccine induced a 10-fold
increase in the levels of the TAA-specific CD8 effector T
cells in the sc tumor nodules of 18-month-old mice. Fur-
thermore, the use of the Ad-sig-TAA/ecdcD40L vector
prime-TAA/ecdCD40L protein boost vaccine induced a
robust TAA-specific humoral immune response in the aged
mouse test subjects that induced regressions in sc tumor
nodules, which were progressing in size prior to the
administration of the vaccine [30]. This effect was accom-
panied by an increase in the release of IL-12 and interferon
gamma from the CD8 effector T cells, but no change the
level of IL6, IL10 or TNF alpha in the plasma of test mice
were detected.

Clinical trials in women with recurrent carcinoma
of the breast and in men with recurrent carcinoma
of the prostate

On the basis of these pre-clinical results, the FDA gave its
permission for patient entry on phase I trials to evaluate the
toxicity and efficacy of the Ad-sig-hMUC-1/ecdCD40L
vaccine in women with recurrent carcinoma of the breast,
which is only partially responsive to front line salvage che-
motherapy. This trial was opened for accrual of women
with recurrent breast cancer in 2008. In addition, a phase I
trial for the toxicity of the Ad-sig-hMUC-1/ecdCD40L vec-
tor vaccine in men with recurrent prostate cancer which has
failed hormonal therapy and only partially responded to
chemotherapy has also been opened for patient accrual by
the FDA.

We chose the human mucin-1 protein (hMUC-1) as the
tumor- or target-associated antigen because:

1. Overexpression of hMUC-1 correlates with adverse
therapy outcome in carcinomas of the prostate, ovary
and breast;

2. hMUC-1 is hypoglycosylated in cancer thereby pro-
ducing a tumor-specific antigen;

3. In cancer, overexpression of the transmembrane sub-
unit of MUC-1 correlates with reduced expression of
pS3 [33], leading to chemotherapy resistance, and to
activation of NFkappaB [34], which leads increased
proliferation and metastasis;

4. hMUC-1 is expressed on the “cancer stem cells” as
well as in the more mature cells in epithelial cancer
thus making MUC-1 a target, which will direct the

immune response to the most aggressive cells in the
tumor population when it is included in a cancer vac-
cine [35].

5. The hMUV-1lecdCD40L TAA chimeric vaccine has
been shown to decrease the level of the hMUC-1
CD44 + CD24neg/low cells, which are MUC-1 posi-
tive by over 20-fold.

In this phase I clinical trial, we are measuring endpoints
of toxicity as well as endpoints of the immune response
to the vaccine. In addition, we are using pheresis to col-
lect peripheral blood cancer cells before and after vacci-
nation. We are purifying these cancer cells from the vast
excess of hematopoietic cells with magnetic bead conju-
gated antibodies. We are able to generate populations of
peripheral blood cancer cells that are over 90% pure and
number in the 150,000 range. We then subject them to
the following assays: gene expression microarray profil-
ing; in vitro chemotherapy resistance; in vitro migration;
tumorigenicity in NODXSCID mice; and self-renewal
by multiple passage in NODXSCID mice. We are testing
for correlations between individual and combination
gene expression signatures and the outcome of in vitro
assays for chemotherapy resistance, in vitro migration
(a surrogate for metastasis), and in vivo assays of self-
renewal and tumorigenicity of the human peripheral
blood cancer cells in NODXSCID mice. We plan on
using the data to develop RT-CR tests for gene expres-
sion signatures in peripheral blood cancer cells which
can predict prognosis, response to therapy, and provide
new targets for therapy development.

Pre-clinical studies of the TAA/ecdCD40L vaccine
with avian influenza antigens

As outlined in the introduction, the percent of human
subjects vaccinated with the yearly multivalent particle
inactivated human influenza vaccine who develop a fully
protective neutralizing antibody response to vaccination
is 20% in individuals above the age of 55 years, and
80% among individuals less than 55 years of age [5-8].
Moreover, the clinical experience with vaccination to
avian influenza antigens is that avian influenza antigens
appear to be only very weakly stimulatory to the human
immune response even in young human subjects [36—39]
Therefore, we compared the immune response induced
the TAA/ecdCD40L VPP vaccine when the TAA was an
antigen that was strongly immunostimulatory antigen
(like the hemagglutinin (HA) antigen of the HSN1 avian
influenza virus), with that induced by an antigen that is
known to be only weakly immunostimulatory, like to
M2 antigen of the HSN1 avian influenza virus.
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Fig.2 Study of the Ad-sig-HA/ecdCD40L vector prime-HA/
ecdCD40L protein boost vaccine for the hemagglutinin antigen of the
avian influenza virus. a HA/ecdCD40L protein boost injections
at 7 day intervals starting 7 days after the initial vector injection in
2-month-old C57BL6 mice (n = 4) and in 18-month-old C57BL6 mice
(n=4). We compared the levels of HA-specific splenic CD8 T cells
(ELISPOT assay) and the levels of the HA-specific serum antibodies
(ELISA assay) of vaccinated versus unvaccinated mice. The levels of

Comparison of the levels of HSN1 HA-specific CD8 T cells
and antibodies in 18-month-old (aged) versus 2-month-old
(young) test mice

We injected the Ad-sig-HA/ecdCD40OL vector sc once
followed by 3 HA/ecdCD40L protein boost injections at
7 day intervals starting 7 days after the initial vector
injection in 2 month-old C57BL6 mice (n=4) and in
18-month-old C57BL6 mice (n =4). We compared the
levels of HA-specific splenic CD8 T cells (ELISPOT
assay) and the levels of the HA-specific serum antibodies
(ELISA assay) of vaccinated versus unvaccinated mice.
As shown in Fig. 2a, the levels of HA-specific splenic
CD8 T cells of the vaccinated mice were statistically sig-
nificantly increased in both the 2 month old (p = 0.0004)
as well as the 18-month-old mice (p = 0.0001). In addi-
tion, as shown in Fig. 2b, the level of serum antibodies
specific for the HSN1 HA antigen was statistically sig-
nificantly increased in the vaccinated versus the control
mice at the p = 0.004 level in the 2-month-old mice and
at the p =0.015 level in the 18-month-old mice (1/250
dilution).

Conclusions

It is feasible to use the Ad-sig-HA/ecdCD40L vector
prime-HA/ecdCD40L protein boost strategy to induce a
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HA-specific splenic CD8 T cells of the vaccinated mice were statisti-
cally significantly increased in both the 2-month-old (p = 0.0004) as
well as the 18-month-old mice (p = 0.0001). b The level of serum anti-
bodies specific for the HSN1 HA antigen was statistically significantly
increased in the vaccinated versus the control mice at the p = 0.004 lev-
el in the 2-month-old mice and at the p = 0.015 level in the 18-month-
old mice (1/250 dilution)

potent immune response to the HSN1 HA antigen in 18-
month-old mice as well as in young mice. These data sug-
gest that the vaccine is feasible and potentially of high
impact for influenza antigens.

Testing of the feasibility of using the Ad-sig-M2/
ecdCDA40L vector prime-M2/ecdC40L protein boost
vaccine strategy (VPPP) to induce a potent immune
response for a weak antigen (M2) for a universal vaccine
for avian influenza in young and aged mice

The amino acid structure of the HSN1 M2 protein does not
change in strains with influenza harboring transitions of
amino acid sequence in the HA antigen. However, M2 has
been shown to be a weak antigen during vaccination. To
overcome this, we linked the CD40L to the M2 gene in the
Ad-sig-M2/ecdCD40L. We hypothesized that the Ad-sig-
M2/ecdCD40L vector prime-M2/ecdCD40L protein boost
vaccine strategy might create a potent “universal vaccine”
for all strains of H5N1 influenza virus. This would be a
vaccine which could be produced and stockpiled prior to a
H5N1 pandemic and before each year’s H3N2 human influ-
enza viruses epidemics as well.

As shown in Fig. 3a and in Fig. 3b, the sc injection of
the Ad-sig-M2/ecdCD40L vector followed at 7 and 21 days
with the sc injection of the M2/ecdCD40L protein (VPPP)
induced an increase in the level of the M2-specific splenic
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Fig.3 Study of the Ad-sig-M2/ecdCD40L vector prime-M2/ec-
dCDA40L protein boost vaccine for the avian influenza virus. a The sc
injection of the Ad-sig-M2/ecdCD40L vector was followed at 7 and
21 days with the sc injection of the M2/ecdCD40L protein (VPPP).
This induced an increase in the level of the M2-specific splenic CD8 T
cells and M2-specific serum antibodies in the vaccinated mice. This
was the case for both the 2-month-old (n = 5) as well as the 18-month-
old (n = 5) C57BL6 mice. The levels of the M2-specific splenic CD8 T
cells in unvaccinated versus vaccinated mice was statistically signifi-

CD8 T cells and M2-specific serum antibodies in the vacci-
nated mice. This was the case for both the 2-month-old
(n=15) as well as the 18-month-old (n =5) C57BL6 mice.
The levels of the M2-specific splenic CD8 T cells in unvac-
cinated versus vaccinated mice was statistically signifi-
cantly different in the 2-month-old mice (young) at the
p =0.0006 level and in the 18-month-old mice at the
p =0.0009 level. In addition, as shown in Fig. 3b, the level
of serum antibodies specific for the HSN1 M2 antigen was
statistically significantly increased in the vaccinated versus
the control mice, both in the 2-month-old mice (p = 0.0028)
and in the 18-month-old mice (p = 0.0025) at a dilution of
1/250. The magnitude of the cellular immune response to
the M2 vaccine was equivalent to that seen with the HA
vaccine. However, the increase of M2-specific antibodies
with the M2 vaccine (Fig. 3b) was less than that seen with
the HA vaccine (Fig. 2b).

Conclusions

This data shows that the linkage of the CD40L to the M2
protein in the Ad-sig-M2/ecdCD40L vaccine prime-M2/
ecdCD40L protein boost vaccine makes it possible to make
a weak antigen a strongly immunostimulatory antigen as
measured by its induction of a significant immune response.
Thus, it may be possible to develop a “universal vaccine”
for all strains of HSN1 using the M2/ecdCD40L VPPP vac-
cine. This could be mass produced in cells (not eggs) and
stockpiled prior to an epidemic.

—{— Young M2 Control —O— Old M2 Control

cantly different in the 2-month-old mice (young) at the p = 0.0006 level
and in the 18-month-old mice at the p = 0.0009 level. b We tested for
the level of serum antibodies specific for the HSN1 M2 antigen using
an ELISA assay and peptides for M2 adherent to the plastic. The level
of the M2-specific antibodies in the vaccinated group was statistically
significantly increased in the vaccinated versus the control mice, both
in the 2-month-old mice (p = 0.0028) and in the 18-month-old mice
(p =0.0025) at a dilution of 1/250

Neutralization antibody levels in mice vaccinated
with the HA/ecdCD40L PPP vaccine

We then tested whether these antibodies induced by 3 sc
injections of the HA/ecdCD40OL protein vaccine in test
mice contained neutralizing activity to the HSN1 influenza
virus (avian influenza virus). The sera from the vaccinated
mice were pooled from several mice and sent to a contract
laboratory, which could work with live HSN1 virus. These
studies showed that levels of neutralizing antibodies were
present at a 1/4,000 dilution.

Conclusions

The experimental results with the TAA/ecdCD40L vaccine
show that the TAA/ecdCD40L vaccine induces memory,
overcomes the defective response in older test subjects,
overcomes the anergy present in TAA.Tg transgenic mice,
prevents development of tumor formation and growth in
spontaneous cancer transgenic mouse models, and induces
complete regressions in the older “tumor progressor” mice.
Having shown that the vaccine works in the cancer setting
as well as for weak foreign viral antigens like M2, it is
appropriate to speculate in what other infectious disease
settings the Ad-sig-TAA/ecdCD40L vector prime-TAA/
ecdCD40L protein boost vaccine or the TAA/ecdCD40L
protein boost might have importance. There are many
instances in which chronic viral infections, like hepatitis B,
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induce tolerance to the viral antigens so that the existing
vaccines work in the preventative but not the therapeutic
setting. Tuberculosis, hepatitis, influenza, malaria, dengue
fever, and HPV are examples of infectious diseases in
which chronic infection induces a state of tolerance that
prevents therapeutic vaccines from being effective. Our lab-
oratory plans to develop the TAA/ecdCD40L vaccine for
infectious diseases as well as for cancer applications. Since
the majority of individuals afflicted with epithelial neo-
plasms are above the age of 60, and these older patients are
less able to withstand the rigors of chemotherapy, the TAA/
ecdCD40L vaccine strategy which can induce an increase
in the level of antigen-specific CD8 T cells in the tumor
masses, as well as the level of the antigen-specific antibod-
ies in the serum, will fill an unmet need in these older can-
cer patients. We plan to pursue the combination of this
vaccine strategy with chemotherapy for the treatment of
recurrent disease, and to employ the vaccine alone and in
combination with other modalities in the setting of adjuvant
therapy to prevent recurrence.
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