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Listeria as a vaccine vector
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Abstract

The immunostimulatory characteristics and intracellular niche of Listeria monocytogenes make it uniquely suitable for use as a live bacterial
vaccine vector. Preclinical results supporting this idea, and current strategies to induce beneficial cell-mediated immunity to both infectious dis-
eases and cancer with this vector, are discussed in this review.
� 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The continued search for safer, more effective, therapeutic
vaccines has led to multiple strategies to induce beneficial
immune responses in the host. One strategy capitalizes on
the immunostimulatory nature of live bacteria, utilizing
them as vectors to deliver heterologous target antigens to
the immune system. Basic research on the intracellular bacte-
rium Listeria monocytogenes has revealed several unique bi-
ological and immunological characteristics that make it an
ideal vaccine vector. L. monocytogenes triggers potent innate
and adaptive immune responses in an infected host that are
required for clearance of the organism. Its ability to inhabit
both phagosomal and cytoplasmic compartments of host
cells, combined with its inherent immunostimulatory capac-
ities, results in enhanced antigen presentation and stimulation
of effector and memory T cells. The efficiency of these

cell-mediated immune responses has encouraged efforts to
develop this bacterium as a recombinant antigen delivery
vector to induce protective cellular immunity against infec-
tion or cancer.

Other viral and bacterial species have been utilized as
live antigen delivery vectors, including vaccinia virus, Sal-
monella, Shigella, Legionella, Lactococcus and Mycobacte-
rium (BCG), but several aspects of L. monocytogenes
make it a uniquely attractive vaccine candidate. The bacte-
rium can be grown under standard BSL2 laboratory condi-
tions, and protocols to genetically manipulate the organism
are well-established, allowing straightforward construction
of recombinant vaccine strains. Large and/or multiple gene
products can be expressed from a single recombinant strain.
Much is known about the life cycle, genetics, and immuno-
logical characteristics of L. monocytogenes. This forms the
foundation for the rational design of potent, specific, and
safe vaccine platforms. Several laboratories have success-
fully induced protective immune responses by recombinant
L. monocytogenes strains. At least two companies have ini-
tiated phase I/II clinical trials with specific Listeria vac-
cines. This review outlines relevant preclinical studies and
their implications for the future development of recombinant
Listeria as an effective clinical option to combat infectious
diseases or tumor progression.
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2. Listeria as an antigen delivery vehicle

2.1. Bacterial life cycle

Listeria is a facultative intracellular bacterium with a wide
mammalian host range [1,2]. Its natural route of infection is
oral, and translocation occurs across the gut epithelium prior
to systemic dissemination. The bacterium can enter host cells
via internalins, surface molecules that facilitate entry into non-
phagocytic cells such as epithelial cells and hepatocytes. Dis-
seminated bacteria are rapidly phagocytosed by macrophages
and other phagocytic cells, predominantly in the liver (by
Kupffer cells) and the spleen (by resident macrophages). Fol-
lowing internalization, fusion of phagosomal compartments
with lysosomes normally leads to degradation of the invading
bacterium. Listeria, however, is capable of escaping degrada-
tion by expressing the hly gene, which encodes a hemolysin
called listeriolysin O (LLO). This enzyme degrades the phag-
osomal membrane and allows a small fraction of the bacteria
to enter the cytoplasm. Once cytoplasmic, Listeria replicates,
polymerizes host cell actin monomers to become motile, and
ultimately spreads from cell to cell without leaving the intra-
cellular compartment [3]. This ability of Listeria to inhabit
the cytoplasmic niche facilitates its in vivo survival; bacteria
that do not establish this niche (heat-killed bacteria, hly
deletion mutants, LLO cytotoxicity mutants) are rapidly
cleared.

2.2. Antigen presentation to CD4þ and CD8þ T cells

The ability of L. monocytogenes to inhabit the cytoplasm of
host antigen presenting cells (APC) was a significant early ra-
tionalization for its use as an antigen delivery vector. Bacterial
proteins secreted into the cytoplasm are directly accessible to
the proteasomal machinery. This allows for protein degrada-
tion, transport of peptides into the endoplasmic reticulum,
and loading onto MHC class I molecules (Fig. 1A) [4]. This
endogenous pathway of sampling proteins for presentation to
CD8þ T cells (which normally displays self proteins) contrasts
with the exogenous pathway, in which phagocytosed foreign
material is directed into the MHC class II loading pathway
and presented to CD4þ T cells [5]. The presence of Listeria
in both phagosomal and cytoplasmic compartments results in
bacterial proteins having direct access to both MHC class II
and class I molecules for antigen presentation to CD4þ and
CD8þ T cells. Both of these T cell subsets are required for
optimal clearance of Listeria. Effector CD8þ cytotoxic T lym-
phocytes (CTL) expand following infection, mediate recogni-
tion and destruction of infected cells, then undergo
a contraction phase which leaves a population of long-lived,
protective memory T cells [6]. Activated CD4þ helper T cells
that differentiate into TH1 effectors are critical for the produc-
tion of cytokines, especially IFN-g, that regulate development
of persistent CTL. This effective T cell induction against Lis-
teria-expressed proteins provides the rationale for the design
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Fig. 1. Antigen presentation pathways for listerial antigens. (A) Phagocytosed bacteria are degraded in phagolysosomal compartments and protein fragments are

directed into MHC class II-containing vesicles for loading and presentation to CD4þ T cells (exogenous pathway) [5]. Listeria that escape into the cytoplasm

secrete proteins that are processed by the cytosolic proteosomal machinery, and peptides are transported into the endoplasmic reticulum (ER) for loading onto

MHC class I molecules and presentation to CD8þ T cells (endogenous pathway) [4]. (B) Bacterial proteins originating from infected macrophages or other

cell types can be acquired by dendritic cells (DCs) through a variety of mechanisms (phagocytosis, receptor-mediated endocytosis, etc.) and shuttled into both

class II and class I pathways. These alternate means of acquiring and presenting antigen are termed ‘‘cross-presentation’’ [10].
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