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Nobel Prize laureates pave the way
for therapeutic advances in sepsis
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In 1908, Mechnikov and Ehrlich received the Nobel Prize
respectively for the identification of phagocyte cells that
engulf and devour intruders, and for developing a theory
that explained how antibodies released in the blood tackle
invaders. On 3 October 2011, the Nobel Prize in Physi-
ology or Medicine 2011 was awarded to three researchers
for adding milestones on the way opened by Mechnikov
and Ehrlich. One half of the Nobel Prize was shared by
Jules A. Hoffmann (Institut de Biologie Moléculaire et
Cellulaire, Strasbourg, France) and Bruce A. Beutler
(Scripps Research Institute, La Jolla, CA, USA) for their
discoveries of novel mechanisms of activation of the
innate immune response, and the other half by Ralph M.
Steinman (Rockefeller University, New York, NY, USA)
for his discovery of the dendritic cell and its role in

adaptive immunity. Their discoveries established the
modern concepts of host defence to infections that con-
stitute real breakthroughs in the quest for novel
therapeutic targets in sepsis.

Infection by a pathogenic microorganism triggers a
coordinated activation of innate and adaptive immune
responses that aims to control microbial growth and
protect the host. The innate immune response is the first
line of defence against microorganisms and is shared by
all multicellular organisms, including mammals, insects
and plants. It produces an almost immediate, non-specific,
inflammatory response that aims to eradicate invading
microorganisms and to prevent tissue damage. In contrast,
the adaptive immune response is specific for a given
pathogen and is related to the antigen-dependent prolif-
eration of T and B lymphocyte clones. In contrast to
innate immunity, the adaptive immune response is present
only in vertebrates, and requires a few days to become
fully activated. It also carries the immunological memory
that quickens and strengthens the response to subsequent
infections by identical pathogens. Until recently, we had
little insight into how the immune system senses and
identifies infective microorganisms to trigger the innate
immune response, and the link between innate and
adaptive immunity remained enigmatic.

Accurate recognition of microbial-associated molecu-
lar patterns by pattern-recognition receptors is the
cornerstone of the innate immune response. Since fruit
flies do not have an adaptive immune system, their host
defence to infections relies solely on innate immune
response. Jules Hoffmann was awarded for the discovery
of the role of the Toll receptor in Drosophila defence
against infections. The Toll receptor is a transmembrane
receptor that was initially involved in the establishment of
the dorsal–ventral polarity of the Drosophila embryo by
Christiane Nüsslein-Volhard (Nobel Prize 1995). Using
flies with mutations in genes of the Toll signalling path-
way, J. Hoffmann’s team was able to demonstrate that
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Toll controlled the expression of antimicrobial peptide
genes and that deficient Toll signalling dramatically
reduced survival after fungal infection [1]. Toll was also
subsequently involved in Drosophila antibacterial
defence [2].

These results were extended to mammals after the
discovery of homologous receptors named Toll-like
receptors (TLR) in humans and in mice. Bruce Beutler,
also known for the discovery of tumour necrosis factor-a
(TNF-a) [3–5], was awarded for the identification of
TLR4 as the receptor of the Gram-negative bacterial
product lipopolysaccharide (LPS). Injection of LPS in
mice leads to endotoxinic shock that recapitulates the
main features of septic shock. While searching for the
LPS receptor involved in endotoxinic shock, Beutler and
colleagues observed that some mice, which displayed
resistance to the LPS challenge, carried constitutive
mutations in a gene similar to the Drosophila Toll gene.
This gene coded for a receptor now known as TLR4 that
turned out to be a central part of the LPS receptor com-
plex [6]. This is probably one of the most striking
examples of the power of ‘‘forward genetics’’, an
approach that allows one to find genes immediately once
they have been mapped and to identify mutations that
cause phenotype, thereby establishing cause and effect
relationships often with revolutionary consequences.

These discoveries have triggered intense research in
the field of innate immunity—as illustrated by almost
16,000 publications retrieved when entering the search
term ‘‘Toll-like receptors’’ in PubMed. To this day, 10
TLRs have been identified in humans and 13 in mice.
Genetically engineered mice deficient for TLRs or for
downstream signalling molecules have allowed the spe-
cific role of each TLR to be deciphered not only in the
innate immune response but also in the inflammatory
process. Undoubtedly, the discovery of TLRs has revo-
lutionized our understanding of the pathophysiology of
sepsis and inflammation. Beyond their critical role in
antimicrobial host defence, TLRs and their associated
signalling pathways appear to contribute to almost all
inflammatory processes and they are now considered as
targets likely to result in therapeutic advances in the near
future.

Beyond innate immunity, effective clearance of
invading microorganisms relies on the coordinated acti-
vation of adaptive immune responses. Nobel laureate

Ralph Steinman greatly contributed to advance our
understanding of the interplay between the innate and
adaptive components of the immune response. In 1973, he
described dendritic cells as a minority population of
splenic cells acting as the main antigen-presenting cells,
with the unique capacity to activate T cells and orient
adaptive immune response [7–9]. Dendritic cells are able
to sense and engulf pathogens, to process the antigen and
to present it to the T cell receptor, resulting in T lym-
phocytes activation. To this end, dendritic cells undergo a
maturation process leading to overexpression of the type
II major histocompatibility complex and coactivation
molecules, as well as the production of cytokines able to
induce various T cell responses. The maturation process
depends on microbial or inflammatory stimuli sensed by
pattern-recognition receptors including TLRs. Thus, sig-
nals arising from the innate immune response are
integrated by dendritic cells to initiate and to direct T cell
responses. Dendritic cells have been involved in the
pathophysiology of multiple infectious and non-infectious
disorders. Their discovery has prompted the development
of improved anti-infective vaccines, and anti-tumoral
vaccination is currently in the advanced phase of clinical
development. Unfortunately, Ralph Steinman will not see
the important consequences of his pioneering work as he
passed away 3 days before the announcement of his
Nobel Prize.

Thanks to the efforts of J. Hoffmann, B. Beutler and R.
Steinman, improved understanding of how the immune
system deals with pathogens and with endogenous mol-
ecules provides major insights into the prevention or
treatment of infectious diseases. For all the physicians
that have had the chance to hear one of these outstanding
scientists expose their work in critical care congresses and
symposia, it is clear that their fundamental discoveries
will translate into novel treatments at the bedside in the
near future. The comprehension of the molecular and
cellular mechanisms of severe sepsis and septic shock has
already generated new therapeutic approaches in experi-
mental models as well as in clinical trials. It is thus time
to acknowledge the considerable contribution of these
three outstanding scientists and their research teams to the
advancement our knowledge, and pay them a vibrant
tribute in the journal for their major achievements.
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