Second workShop “Skin Model & Vaccinology”
Second Scientific Meeting
June 17th-20th 2019 - gSk Vaccines S.r.l., Via fiorentina 1, 53100 Siena, italy

proceedingS

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Skłodowska-Curie grant agreement No 675106.

introdUction
DISSection (Doctoral Industrial School on Human Skin models for Staphylococcal infections) aims at delivering industry-oriented PhD training in the area of Infection and Immunity. The four recruited EarlyStage Researchers (ESRs) experience an intersectoral training programme encompassing a 18 months of
internship in GSK Vaccines (GSKVACSRL), based in Siena, Italy, and 18 months internship at Department
of “Universitair Medisch Centrum Utrecht” (UMCU), NL.
The Program is integrated with complementary courses on dermatology, human skin infections, hydrogel
scaﬀolds, mass spectrometry that will be held by associate partners.
The students will be enrolled in the PhD school Program at Universitair Medisch Centrum Utrecht for a
period of 4 years and will receive a PhD degree in the area of Infection and Immunity.
The ESRs have the chance to learn front-edge technologies and deal with very important and diverse
scientiﬁc aspects of Microbiology, Immunology, Biochemistry, Dermatology and Vaccinology.
For more details and news, visit the website www.dissection.eu

workShopS
Three workshops will be organized during DISSection. In these workshops, the ESRs will attend seminars
from internationally recognized experts in scientiﬁc areas related to the network objectives and
participate to practical courses. The topics selected for the workshops aim at covering the state-of-theart disciplines strongly connected with the DISSection program.
In particular, the second Workshop “Skin Model & Vaccinology” has been organized and hosted by GSK
Vaccines in Siena.
The training event entailed with interactive lectures on Staphylococcus aureus:
Human skin infections with emphasis on pediatric patients and S. aureus cutaneous infections,
host-pathogen interactions and epithelial pathogens, commensalism versus invasive bacterial infections,
basics of microscopy, S. aureus pathogenesis and immune evasion mechanisms, professional phagocytes
and phagocytosis.

Second workShop
“Skin Model &Vaccinology”
Second Scientific Meeting
June 17th-20th 2019 - gSk Vaccines S.r.l., Via fiorentina 1, 53100 Siena, italy

agenda
Monday 17th June 2019 (auditorium Villa gori)
14.30 - 14.45 Welcome and registration

workshop “Skin Model & Vaccinology” - part 1
14.45 - 15.00 introduction to the workshop
Fabio Bagnoli - GlaxoSmithKline Vaccines S.r.l., Italy
15.00 - 16.00 overview of the gSk S. aureus vaccine program
Fabio Bagnoli - GlaxoSmithKline Vaccines S.r.l., Italy
16.00 - 17.00 Bactericidal phospholipases: new insights in the host-pathogen battle
Nina van Sorge - University Medical Center Utrecht, the Netherlands

tuesday 18th June 2019 (auditorium Villa gori and Supervisory Board Meeting in Sala Salk)
diSSection Scientiﬁc Meeting and Scientiﬁc Management committee Meeting (close session)
(auditorium Villa gori)
09.15 - 09.30 introduction to the event
Fabio Bagnoli - GlaxoSmithKline Vaccines S.r.l., Italy
09.30 - 10.10 eSr1 Małgorzata Mnich
10.10 - 10.50 eSr2 elena Boero
10.50 - 11.20 Coﬀee break
11.20 - 12.00 eSr3 astrid hendriks
12.00 - 12.40 eSr4 ana rita Queiroz da cruz
12.40 - 13.30 discussion
13.30 - 15.00 Lunch (Sala Salk)
15.00 - 16.00 Supervisory Board Meeting (Sala Salk)

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Skłodowska-Curie grant agreement No 675106.

Second workShop
“Skin Model &Vaccinology”
Second Scientific Meeting
June 17th-20th 2019 - gSk Vaccines S.r.l., Via fiorentina 1, 53100 Siena, italy
wednesday 19th June 2019 (auditorium Villa gori and research center auditorium)
workshop “Skin Model & Vaccinology” - part 2
09.00 - 10.30 cd4 tissue-resident memory t cells in health and disease: implications for vaccine design
Elisabetta Soldaini - GlaxoSmithKline Vaccines S.r.l., Italy
10.30 - 11.00 Coﬀee break
11.00 - 12.15 Quest for S. aureus immune modulating proteins
Kok van Kessel - University Medical Center Utrecht, the Netherlands
12.15 - 13.30 persister bacteria during infection
Daphne Stapels - University Medical Center Utrecht, the Netherlands
13.30 - 14.45 Lunch
Research Center Auditorium
15.00 - 16.00 S. aureus infections in children
Manuel Ricardo Amieva - Stanford University, USA
16.00 - 17.00 target toxins & evasion in Staphylococcal therapeutics
Jos van Strijp - University Medical Center Utrecht, the Netherlands
20.00

Networking dinner at Gli Orti di San Domenico

thursday 20th June 2019 (auditorium Villa gori)
workshop “Skin Model & Vaccinology” - part 3
09.15 - 10.30 innate immunity versus Bacteria
Jos van Strijp - University Medical Center Utrecht, the Netherlands
10.30 - 11.00 Coﬀee break
11.00 - 12.15 Specialized bacterial hideouts for colonization and persistence
Manuel Ricardo Amieva - Stanford University, USA
12.15 - 13.30 assays to capture vaccine-speciﬁc t-cell responses
Elisabetta Soldaini - GlaxoSmithKline Vaccines S.r.l., Italy
13.30 - 15.00 Lunch
15.00 - 16.30 human igg3, a useful tool to ﬁght against S. aureus
Andrea Guido Manetti - GlaxoSmithKline Vaccines S.r.l., Italy
16.30 -17.00 concluding remarks
Fabio Bagnoli - GlaxoSmithKline Vaccines S.r.l., Italy
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Bactericidal phospholipases: new insights in the host-pathogen battle
Nina van Sorge - University Medical Center Utrecht, the Netherlands

Human Group IIA-Secreted Phospholipase A2 (hGIIA), a potent cationic bactericidal enzyme
present in plasma and tissue ﬂuids, is an important innate defense mechanism against
Gram-positive bacteria. Gram-positive bacteria vary in their susceptibility to hGIIA, which may
limit the eﬃcacy of hGIIA in clearing invading pathogens. Insight into molecular resistance
mechanisms of human pathogens provides insight into hGIIA mechanism of action and may open
up new avenues for alternative treatments of bacterial infections. We focus on the activity of hGIIA
against two formidable human pathogens, Staphylococcus aureus and Group A Streptococcus
(GAS).
This presentation will highlight some of our recent ﬁndings in this area. First, we have identiﬁed
that streptococcal cell wall glycopolymers are critical for hGIIA to exert its bactericidal eﬀects (1).
Second, our sPLA2-IIA susceptibility studies resulted in the discovery of a structural modiﬁcation
on the GAS rhamnose polysaccharides (2), which likely also has implications for vaccine design in
this area. Finally, we identiﬁed lspA, encoding a lipoprotein signal peptidase, as a3 new S. aureus
resistance gene against sPLA2-IIA as well as the last-resort antibiotic daptomycin. Furthermore,
treatment of methicillin-resistant S. aureus (MRSA) with a LspA inhibitor sensitized bacteria to
hGIIA-mediated killing. Therefore, inhibition of LspA may represent an interesting adjunct treatment strategy to sensitize MRSA to both endogenous and synthetic antibiotics.

References
1.
V. P. van Hensbergen et al., Streptococcal Lanceﬁeld polysaccharides are critical cell wall determinants for human Group IIA secreted
phospholipase A2 to exert its bactericidal eﬀects. PLoS Pathog 14, e1007348 (2018).
2.
R. J. Edgar et al., Discovery of glycerol phosphate modiﬁcation on streptococcal rhamnose polysaccharides. Nat Chem Biol 15, 463-471 (2019).
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cd4 tissue-resident memory t cells in health and disease: implications for
vaccine design
Elisabetta Soldaini - GlaxoSmithKline Vaccines S.r.l., Italy

Upon the ﬁrst encounter with a bacterium, antigen-speciﬁc T cells expand. Once bacteria are
cleared, T cell response contracts giving rise to memory T cells that are more numerous, more
rapid to counteract the bacterium through their eﬀector functions, and have distinct traﬃcking
behaviours as compared to naïve T cells. In particular, central memory T cells (TCM) exert a recirculating-surveillance of secondary lymphoid organs (SLO) while eﬀector memory T cells (TEM)
exert a recirculating-surveillance of non-lymphoid tissues (NLT). More recently, the central role of
tissue-resident memory T cells (TRM) in local surveillance of NLT has emerged. TRM cells
diﬀerentiate at the infection site from eﬀector T cells or TEM in response to cues encountered
within NLT yet to be deﬁned. Notably, TRM acquire a unique transcriptional program that is not
shared with recirculating memory T cell subsets. TRM park long-term within tissues without
recirculating, allowing the organism to bias immunosurveillance to speciﬁc sites that experienced
previous infections. TRM represent the local adaptive ﬁrst line of defense. Unfortunately, there
are several hurdles to study TRM in humans. In particular, TRM cannot be analyzed in blood and
tissue biopsy is needed. In addition, the TRM recovery upon isolation is usually poor. The lack of
unambiguous TRM marker coupled to the high heterogeneity of TRM coming from diﬀerent
tissues complicates matters. The identiﬁcation of circulating precursors of TRM would be extremely
helpful. TRM reside not only at body surfaces (e.g. skin, lungs, intestine, reproductive tract) but
also in visceral organs (e.g. liver, brain, lymph nodes). TRM are abundant in numerous human
tissues and may actually comprise the largest memory T cell lineage in free-living organisms with
physiological infectious experience. There are several tools to study TRM, like parabiosis, in which
only circulating cells are exchanged, intravascular staining that selectively stains circulating T cells,
intravital imaging, which allows to track cells in vivo, treatment with FTY720, which is a
Sphingosine-1-Phosphate Receptor 1 antagonist that prevents T cell egress from lymphoid organs,
and adoptive transfer of TRM cells. Evidences mainly from mouse infection models have shown
that TRM protect against many viral, bacterial, parasitic and fungal infections at diﬀerent body
sites. The route of immunization and the kind of vaccine used (attenuated vs. killed pathogen or
recombinant vaccine) are determinant to eﬃcaciously induce TRM cells. Importantly, modulation
of vaccine-induced CD4 TRM cells has been obtained with adjuvants.
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Quest for S. aureus immune modulating proteins
Kok van Kessel - University Medical Center Utrecht, the Netherlands

The innate immune system plays a major role in the host defense against Staphylococcus aureus.
Neutrophils are the major phagocytes that contribute to the clearing of bacteria in cooperation
with the complement system and pre- existing antibodies. Since we encounter bacteria regular
already starting early in life, most healthy human have mounted an antibody response. S. aureus
is known to secrete an abundant quantity and variety of proteins into its environment, including
potential immune evasion candidates that hamper the proper clearing of infection.
This presentation will highlight some of our strategies employed to discover staphylococcal
immune evasion molecules. Is started more than 20 years ago with a basic example of ﬁshing in
the supernate of bacteria for interference with in vitro neutrophil functions. Important lessons
from this expedition are that success depends on a robust, simple, straightforward screening assay
for a relevant function with a potential candidate that is produced in suﬃcient quantities.
Screening several strains, the use of primary cells, creative puriﬁcation choices, and faith in the
outcome are important as well. The presentation follows a historical timeline starting from our
ﬁrst success, the Chemotaxis Inhibitory Protein of S.aureus (CHIPS), expanding the diﬀerent
directions for the discovery of new (and known) immune evasion molecules. Although diﬀerent
starting points were employed, basic criteria for discovery are still valid. Most of the immune
evasion molecules have some basic features in common: are relatively small (ranging from 7 to
30 kda), have a distinct signal peptide signature, are located in genomic hotspots (clustered
together) that are often mobile, and despite their small size bear often more than one function
(in separate regions of the molecule). The quest for these (new) molecules was exciting and gives
insight in not only the arsenal of S.aureus to combat the host defense, but also gained knowledge
of their targets, like receptors on neutrophils and complement components. Some of the immune
evasion molecules could serve as a template for the development of new drugs that could tackle
its target in inﬂammatory conditions, but at least in vitro these proteins are useful as speciﬁc
inhibitors provided by nature. In the light of vaccination strategies one should consider to include
immune evasion molecules, although the redundancy and plethora of candidates is a challenge.
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persister bacteria during infection
Daphne Stapels - University Medical Center Utrecht, the Netherlands

Many bacterial infections are hard to treat and tend to relapse, due to the presence of persister
cells. These are a transient subpopulation of bacteria that are tolerant to antibiotics, most often
achieved by arresting growth. They retain the capacity to regrow, which is thought to be associated with relapse of infection. The internalisation of Salmonella by macrophages induces formation
of such non-growing persisters that, in contrast to bacterial persisters formed in laboratory medium, remain in a metabolically-active state. This activity is essential for Salmonella persisters to
manipulate host macrophages and ensure their own survival (1).
The techniques used to study growing Salmonella and non-growing Salmonella persisters (ﬂuorescent dilution), their metabolic activity (transcriptional fusion constructs), and their way of manipulating the host (dual RNA-sequencing) will be discussed.
Staphylococcus aureus is another pathogen that often causes persistent infections. Mainly in and
around bone implants. Although the biology is not completely understood, infection outcome
will be a result of the interplay between bone cells, immune cells, the implant, and the bacteria.
The applicability of lessons and techniques learned from Salmonella persisters during infection,
will be discussed in the light of these staphylococcal bone infections.
1.

D.A.C. Stapels et al., Salmonella persisters undermine host immune defenses during antibiotic treatment. Science 362, 1156-1160 (2018).
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S. aureus infections in children
Manuel Ricardo Amieva - Stanford University, USA

This lecture will focus on the clinical manifestations of Staphylococcus aureus infections in children.
As a Pediatric Infectious Diseases expert, I care for children with serious infections, and
Staphylococcus aureus is the most common pathogen I encounter in my practice. I will discuss six
cases of children with S. aureus infection I have recently cared for. These cases illustrate not just
the range of clinical manifestations and severity caused by S. aureus infection but will also give
the audience a sense for the complexity of issues we need to consider when managing these
infections. For instance when to treat, how to treat (orally with IV antibiotics), when to admit a
patient to the hospital, what kind of additional studies need to be done (labs, imaging), when to
discharge home, how long to treat. We will also discuss patients of diﬀerent ages ranging from
newborns to teenagers and consider how age and immunological status aﬀects our management.
The ﬁrst case will involve the skin, and we will then discuss how skin colonization is related to
invasive infections such as bloodstream infection, lung infection, infections in the heart, infections
of the bones and joints, and infections at surgical sites and in prosthetic devices. From the bacterial
perspective, we will try to explore the question of how S. aureus beneﬁts from causing infection
(or not) and how its virulence determinants are involved in conferring ﬁtness during colonization
and infection of the skin. We will also try to link the role of some virulence factors to disease
manifestation in diﬀerent scenarios. We will end with a discussion of medically vulnerable children
with underlying medical conditions, and some of the special circumstances in which S. aureus
infection is very hard to eradicate.
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target toxins & evasion in Staphylococcal therapeutics
Jos van Strijp - University Medical Center Utrecht, the Netherlands

In this lecture the basic principles of antibacterial defense by our innate immune system are ﬁrst
shown. Then switch to mechanisms of how Staphylococcus aureus can evade this attack of the
immune system by a vast number of highly speciﬁc secreted proteins, that, one by one, inhibit
diﬀerent parts of that immune system by competitive inhibition with critical molecular
interactions. Examples are shown of inhibition of extravasation, chemotaxis, complement
activation and cellular activation. Many Staphylococcal toxins are known for decades. Next, it is
shown that many of the highly potent toxins (leukocidins and hemolysins) are indeed also
immune evasion molecules. Through our recent discovery of all cellular receptors of these toxins,
we were able to prove the cellular speciﬁcity of each and every toxin. Clearly the main target of
these toxins is the phagocyte. Killing phagocytes is a hallmark example of innate immune evasion.
Examples are provided of the underlying molecular mechanistic principles.
In the remainder of the talk the implication of these ﬁndings for various therapeutic approaches
is shown, especially aimed at future vaccination strategies.
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innate immunity versus Bacteria
Jos van Strijp - University Medical Center Utrecht, the Netherlands

In this lecture an extensive overview of the underlying molecular principles of recognition of
microbes by our innate immune system is given. In the remainder of the lecture, two aspects that
were not addressed in other talks from the Utrecht team are shown: Intracellular acting toxins
and Complement evasion.
The intracellular acting toxins are illustrated by showing the results of our studies with the
so-called Phenol Soluble Modulins from Staphylococcus aureus (PSM), their sensitivity for
neutralization by HDL from serum and their intracellular production as regulated by Quorum
Sensing in the phagosome. This explains how a non-speciﬁc detergent can have a highly speciﬁc
eﬀect on a speciﬁc cell type ( in this case phagocytes).
The complement system is targeted trough a large variety of staphylococcal virulence factors.
After explaining the human complement system and their receptors in detail, the presentation
focuses on the diﬀerent complement evasion molecules from S. aureus and their molecular mode
of action as we discerned through the past decades. Inhibition of C3 as well as of C5 convertases,
opsonin removal, C5 inhibition and C3 degradation and the molecules that cause these dramatic
attacks on the complement system are discussed, as well as the observed consequences in vitro
and in vivo.
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Specialized bacterial hideouts for colonization and persistence
Manuel Ricardo Amieva - Stanford University, USA

Asymptomatic colonization of the skin by S. aureus is the main risk factor for invasive disease, that
is, people with invasive infections usually acquire them from their own colonizing strains. Thus
an important role of a future vaccine may be to reduce (not necessarily eradicate) colonization
density in the skin to reduce the risk of invasive disease. Understanding the precise niche where
S. aureus survives in the skin and how it utilizes particular molecular factors for persistence may
be crucial in reducing colonization. We know S. aureus does not colonize all the skin equally, but
rather prefers the anterior nares as well as other moist sites containing squamous epithelium and
associated glandular secretory structures. However the precise microscopic location where it
persists is not well understood. In other models of mucosal colonization, specialized
microniches are being discovered that confer bacteria advantages for colonization, persistence,
and competition against other microbes (colonization resistance). In this lecture, we will discuss
work from my laboratory to understand how a diﬀerent human pathogen, Helicobacter pylori,
ﬁnds and colonizes specialized microscopic mucosal niches for persistence. H. pylori chronically
colonizes about half of the human population and usually the same strain persists for the lifetime
of the individual. As with S. aureus, colonization by H. pylori is asymptomatic in most people, but
is also the main risk factor for serious diseases, in this case stomach ulcers and gastric cancer. We
will explore how its major virulence factors are involved in both disease and colonization, and the
techniques we are using to follow an map colonization of the stomach to identify the niches for
persistence and how to control them.
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assays to capture vaccine-speciﬁc cd4 t-cell responses
Elisabetta Soldaini - GlaxoSmithKline Vaccines S.r.l., Italy

Abstract not available. The document was not made available for publication as part of the conference
proceedings.

K I C K - O F F M E E TproceedingS
ING
February 20th-21st, 2017 - Berlin, Germany
human igg3, a useful tool to ﬁght against S. aureus - an innovative assay to
assess the functionality of anti-Spa antibodies in human sera
Nina M. van Sorge - Universitair Medisch Centrum Utrecht, The Netherlands

Protein A of Staphylococcus aureus (SpA) is a virulence factor which exploits multiple mechanisms
to impair the host immune response. Among the major immunosuppressive functions is the
capacity of SpA to bind IgG molecules through their Fc portion, thereby rendering Fc unable to
bind Fc gamma receptors (FcγRs) on the surface of phagocytic cells and consequently inhibiting
antibody-mediated bacterial uptake and killing.
The purpose of this functional assay is to evaluate the ability of human SpA antibodies to bind
the wild type antigen speciﬁcally, e.g. through the Fab portion, thus promoting engagement of
FcγRs and inducing phagocytic activity.
We set up a high-throughput Luminex-based assay using a recombinant human FcγRI protein
(rhFcγRI). Luminex beads coated with wild type SpA were incubated with serially diluted human
sera or plasma. The speciﬁc binding of anti-SpA antibodies to biotinylated rhFcγRI was then
detected with phycoerythrin-conjugated streptavidin (SAPE). The signal detected is to be
attributed to the amount of antibodies speciﬁcally binding to SpA, thus allowing the Fc portion
to interact with rhFcγRI.
Results showed a serum dose-dependent signal when IgGs bound speciﬁcally the wild type
antigen. Interestingly, some sera, although the high content of SpA IgGs, were not able to engage
the biotinylated rhFcγRI, suggesting the importance of the antibody aﬃnity.
We then veriﬁed if SpA-speciﬁc antibodies were able to trigger an eﬀective FcγR-mediated
phagocytosis. Fluorescent beads coated with SpA were allowed to react with serially diluted
human serum or plasma. The beads were then incubated with THP-1 cells, a human monocytic
cell line expressing multiple isoforms of Fcγ receptors. Then, the cell-associated ﬂuorescence was
detected by FACS. The results conﬁrmed an eﬀector function for the same samples able to mediate
FcγRI binding in the Luminex assay. Finally, a time lapse ﬂuorescent microscopy analysis conﬁrmed
that SpA ﬂuorescent beads coupled with speciﬁc antibodies were phagocytized by THP-1.
In conclusion, these data suggest the presence of antibodies able to bind speciﬁcally to SpA
through the Fab portion and to trigger phagocytosis.
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