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Abstract

Neisseria meningitidis is a harmless commensal bacterium finely adapted to
humans. Unfortunately, under “privileged” conditions, it adopts a “devious”
lifestyle leading to uncontrolled behavior characterized by the unleashing of
molecular weapons causing potentially lethal disease such as sepsis and acute
meningitis. Indeed, despite the lack of a classic repertoire of virulence genes in
N. meningitidis separating commensal from invasive strains, molecular
epidemiology and functional genomics studies suggest that carriage and
invasive strains belong to genetically distinct populations characterized by an
exclusive pathogenic potential. In the last few years, “omics” technologies have
helped scientists to unwrap the framework drawn by N. meningitidis during
different stages of colonization and disease. However, this scenario is still
incomplete and would benefit from the implementation of physiological tissue
models for the reproduction of mucosal and systemic interactions in vitro.
These emerging technologies supported by recent advances in the world of
stem cell biology hold the promise for a further understanding of N. meningitidis
pathogenesis.
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Introduction

Neisseria meningitidis is a versatile organism capable of
adapting to the different environments it encounters during coloni-
zation and invasive disease. Like many other bacterial pathogens,
it finds it beneficial to keep the host alive to allow transmission.
However, it is a fact that in crowded settings such as military camps,
universities, and schools, N. meningitidis tends to become more
virulent'. Whether this is related to the chance to encounter more
appropriate environmental conditions (for example, weakened
immunity, affordable nutrients, and reduced niche competition) or to
the fact that, under low population density, selection pressure would
keep the host alive until transmission is possible is still indefinite.
Nevertheless, household contacts of patients with meningococcal
disease have been shown to be at increased risk of meningococcal
carriage and disease. From a genomic perspective, N. meningitidis
is a highly diverse species, undergoing frequent recombination
characterized by horizontal gene transfer’. However, phyloge-
netic and genealogical analyses have revealed the presence of a
limited number of clonal complexes associated with invasive
disease (often referred to as “hyper-invasive lineages”)’. These lin-
eages show a recurrent antigenic and disease phenotype and have
been an important paradigm for designing intervention strategies.
The advent of “next-generation” sequencing has revolutionized
the molecular epidemiology field by offering the opportunity of a
complete picture of N. meningitidis genotypes and improving our
understanding of meningococcal pathogenesis (for an in depth
review on recent advances in population genomics, see 3). In
this context, initiatives such as the Meningitis Research Founda-
tion meningococcus genome library (http://www.meningitis.org/
research/genome) are expected to facilitate not only population
genomics approaches but also functional genomics by guiding
the selection of the most appropriate isolates and reduce the use
of often irrelevant laboratory strains. An interesting application of
this tool has been in the vaccine field, where this library has been
instrumental in establishing that a recent rise in serogroup W cases
since 2009 belongs to ST-11, a particularly virulent sequence type
with a high case fatality rate*.

For years, the specificity of N. meningitidis for humans has been
the main bottleneck in unravelling the mechanisms beyond its
invasive behavior. In particular, the lack of appropriate animal
models resembling the clinical presentations of the human disease
has affected the capacity to develop efficacious preventive inter-
ventions. In the last decade, molecular and structural evidence has
highlighted a number of surface molecules with a strong specificity
for human serum factors. In particular, factor H-binding protein
(fHbp) has been at the center of great interest not only for its role
in N. meningitidis pathogenesis” but also for its capacity to gener-
ate strong bactericidal antibodies after immunization in humans®.
fHbp is currently one of the components of the recently approved
vaccines against type B meningococcus and likely to contribute to
the extraordinary data on the efficacy of serogroup B meningococ-
cal vaccine in the UK. Serogroup B is now the most common cause
of outbreak-associated disease, and the fact that the novel, multi-
component, protein-based Bexsero™ vaccine turned out to be
82.9% effective after two doses in preventing serogroup B N. men-
ingitidis disease in British infants younger than 12 months of age’
turns a promise into reality. However, the success of the strategy, as
for that of all vaccines, will depend on the breadth of implementa-
tion and the promptness of the pathogen to epidemiologically adapt
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to the evolutionary pressure introduced by vaccination campaigns.
Therefore, whatever would be the most optimistic scenario, it is
important to continue to monitor, investigate, and consider all of the
subtle strategies beyond the peculiar habit of this “smart” microor-
ganism disguised as a commensal but with the license to kill. Several
scientists refer to these events as an “accidental lethality” or “patho-
genic commensalism”. In this commentary, we will go through the
salient steps of N. meningitidis pathogenesis that, thanks to the sup-
port of “omics” technologies and advanced infection models, have
been fully unraveled in the last decade.

Disclosure of Neisseria meningitides pathogenesis
by “omics” and experimental models

N. meningitidis usually resides in the human nasopharynx
where it spends most of its life as a commensal microorganism
by exploiting nutrients present on the mucosae®’. Notably,
Veyrier et al."’ recently postulated that cell shape evolution of
N. meningitidis (from bacillus to coccus) has allowed an increased
adaptation to the nasopharynx by reducing the cell surface sensi-
ble to immune attacks through the modification of the peptidog-
lycan and by redistributing surface determinants such as pili'’.
The initial steps of colonization and pathogenesis are graphically
summarized in Figure 1, in which the emphasis is on the factors that
have been identified so far as essential for N. meningitidis ““sojourn”
in the host.

Crossing of the epithelial cell layer of the nasopharynx is a rare
event but, when it occurs, leads to invasion of the bloodstream,
where bacteria are capable of eluding the immune system and of
reaching the meninges. The ability of N. meningitidis to bind to lig-
ands present on the surface of host cells allows the bacterium to eas-
ily enter in contact with the endothelial cell layer of the brain ves-
sels and to form microcolonies''. This interaction, mediated mainly
by the type IV pili, modulates the endothelial cytoskeleton leading
to the formation of docking structures similar to the ones elicited
by leukocytes during extravasation and the consequent opening of
the intercellular junctions'”. The sterility of the cerebrospinal fluid
of the subarachnoidal space and its low serum protein content but
richness in nutrients (including glucose, sodium chloride, and urea)
greatly favor the replication of N. meningitidis and its dissemina-
tion throughout the meninges'’. Another phenomenon linked to
N. meningitidis invasive disease is a generalized sepsis, in which
bacteria associated with microvessels induce extensive thrombosis,
coagulation, congestion, and vascular leak, leading to an extensive
necrosis of the skin and surrounding tissues'”.

Many of the characters playing a pivotal role in this drama have
recently been disclosed by the application of “omics” technolo-
gies to a number of experimental models mimicking different steps
of N. meningitidis pathogenesis. Functional genomics, by link-
ing genotype to phenotype, have allowed study of the correlation
between gene transcript abundance or deficiency and the capac-
ity of N. meningitidis to behave under various physiological
conditions of the host. The first example of functional genomics in
N. meningitidis was reported by Tang’s group almost 20 years ago".
By genome-wide signature-tagged mutagenesis (STM), 73 genes
essential to bacteremia were identified in an infant rat model”.
A few years later, with the advent of the microarray technology,
new studies focused on the transcriptional events occurring dur-
ing the interaction of N. meningitidis with host cells'*". Then
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Figure 1. From colonization to dissemination: graphical representation of Neisseria meningitidis pathogenesis. (A) N. meningitidis is
spread by exchanging respiratory and throat secretions during close contacts between individuals. (B) It then gets access to the nasopharynx,
where it adheres to the mucosae of the mucociliary epithelium and resides as a commensal microorganism until environmental conditions
are suitable for dissemination. (C) Crossing of the mucosal epithelial barrier occurs by intra- or inter-cellular routes allowing entry into the
bloodstream, where it quickly proliferates. This event causes sepsis and eventually (after translocation of a further physiological barrier
such as the blood-brain barrier) meningitis. The right bottom panel is a list of factors/pathways defined by functional genomics studies to
be determinant during various steps of N. meningitidis pathogenesis such as colonization of the nasopharynx and survival in blood. App,
adhesion and penetration protein; fHbp, factor H-binding protein; FNR, fumarate and nitrate reductase regulator protein; Fur, ferric uptake
regulation protein; Hfq, cofactor RNA-binding protein; LPS, lipopolysaccharide; MIP, macrophage infectivity potentiator MspA, meningococcal
serine protease A; NadA, Neisseriaadhesin A; NalP, Neisseria autotransporter lipoprotein; NhhA, Neisseria hia homologue A; NspA, Neisserial

surface protein A; Opa, opacity protein; Opc, opacity protein C; sRNA, small non-coding RNA.

—. 24,25

comparative genomics”*, in vitro** and ex vivo’®”’ transcriptom-
ics, proteomics**’, and further STM*"*' completed the picture.

The scenario derived by these studies (intuitively represented in
Figure 1) offers a number of considerations. As expected, adhesion
molecules (such as type IV pili) and serum resistance factors (like
the lipooligosaccharide and genes involved in the synthesis of the
polysialic acid capsule) turned out to be essential to preserve the
fitness of the bacterium under stress conditions or only to main-
tain its “colonizer” status. These molecules, by sensing the external
milieu, need to rapidly respond to changes, whether this means the
proximity to host cell ligands, the interaction with serum factors,
or the availability of nutrients. This substantial surface remodeling
has been exploited to identify putative vaccine candidates, as the
augmented expression of surface antigens under physiological
conditions has been considered a discriminating factor for selec-
tion'*'""”. However, the dynamics ongoing during the adaptation
of N. meningitidis to the host are far more complex and pivotal to
maintain bacterial fitness. Indeed, the most intriguing results gener-
ated from functional genomics studies were relative to the modula-
tion of genes involved in regulatory functions and metabolism. (For
in-depth reviews, see 32 and 33, respectively.) It is not by chance

that genomic regions coding for metabolic functions exhibit high
rates of recombination™>*, a feature shared with genes contributing
to pathogenicity. On the other hand, 35 of the 73 genes reported by
Sun et al. as “essential” to in vivo bacteremia encode for enzymes
involved in metabolism and transport of nutrients'”. This trend was
further corroborated by ex vivo transcriptomic data showing that
N. meningitidis grown in human blood differentially expresses sev-
eral genes involved in nutrient transport and central metabolism”**’.
Overall, transcriptomic studies have highlighted that differential
expressions of genes involved in metabolism of lactate, oxida-
tive stress response, glutathione metabolism, and denitrification
pathways are among the most frequent examples of adap-
tive response during pathogenesis. In particular, the capacity of
N. meningitidis to promptly catabolize lactate has been considered
fundamental to bacterial survival. Lactate is broadly present in the
human body at considerable concentrations (approximately 0.3
to 1.3 mM). Being a substrate for the synthesis of N-acetyl-neu-
raminic acids via the N-acetyl-neuraminic acid synthase (NeuB)
synthetic enzyme, lactate contributes to enhanced serum resist-
ance’ and nasopharyngeal colonization®’**. The evidence that,
in human blood, lactate permease was significantly upregulated™
further confirmed the importance of this sugar in immune
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evasion. However, whether the reported phenotypic behavior may
act as a paradigm for N. meningitidis increased colonization of the
nasopharynx is not clear. Indeed, an increased synthesis of sialic
acid by enhancing capsule levels and lipopolysaccharide sialylation
may result in an impaired ability to bind to mucosal surface. There-
fore, the balance between carriage and invasive attitude is quite
arguable, and more data are needed to understand the contribution
of metabolic and virulence factors to N. meningitidis pathogenesis.
The evolutionary success of N. meningitidis relies on an efficient
replication within the bloodstream because of not only an effica-
cious uptake of nutrients but also the concomitant ability to evade
the innate and acquired immune defenses by exploiting the ben-
efits of an appropriate sugar decoration’. Iron metabolism is also
central to the fitness and ability of N. meningitidis to out-compete
neighborhood bacteria and host defenses. Although iron is pivotal
for DNA replication, electron transfer in the respiratory chain, and
oxidative metabolism, free iron is scarcely available in the host and
meningococci possess several iron uptake systems™. Acquisition
ofiron from host complexes is mediated by surface-located receptors:
two hemoglobin receptors (HmbR and the heterodimeric HpuAB
complex) and TbpBA and LbpBA reported to bind iron-loaded
transferrin and lactoferrin, respectively. However, although iron
uptake is essential to N. meningitidis immune evasion, HmbR was
recently suggested not to be required during the early stages of
disease, calling into question the importance of hemoglobin in
meningococcal pathogenesis’'. Microarray analysis of the effect
of iron addition to N. meningitidis culture revealed a large modu-
lation of genes involved in energy metabolism, protein synthesis,
and cell envelope assembly®. These events appear to be largely
under the control of the ferric uptake regulation protein (Fur)
regulator that, in response to iron, affects the expression of
target genes*’ . For example, since the mucosal surface is rich
in lactoferrin and the bloodstream contains high amounts of
hemoglobin, these proteins were suggested to serve as niche indi-
cators for N. meningitidis, leading to specific changes in gene
expression**.

Environmental oxygen levels represent another important stress
event encountered by N. meningitidis during pathogenesis. An
in-depth analysis of the importance of FNR (fumarate and nitrate
reductase regulator protein) in sensing oxygen concentrations was
reported by Bartolini et al.*°, who elucidated a number of metabolic
pathways modulated under limited oxygen conditions, as faced in
the brain microcirculation.

As mentioned previously, regulatory functions are currently the hot
topic in functional genomics, especially after the discovery of small
non-coding RNAs (sRNAs)"*. In N. meningitidis, a great deal of
importance has been given to Hfq, an RNA binding protein contrib-
uting to base pairing between SRNA and mRNA**’, found to be
modulated in blood”® and essential for serum resistance'”. A number
of transcriptomic and proteomic studies confirmed the relevance of
Hfq in Neisseria response to stress conditions*-'=* and its capacity
to modulate sSRNAs™. Of importance, Capel et al., by exploiting a
Tn-seq strategy coupled to high-throughput DNA sequencing tech-
nologies, reported a comprehensive analysis of SRNAs essential to
colonize epithelial cells and primary brain endothelial cells, provid-
ing a new tool to further investigate meningococcal pathogenesis in
different environments™.
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Unfortunately, our understanding of the pathways activated by
the relevant number of functionally unknown open reading frames
that have often been reported among the most modulated targets. To
this end, Exley et al. found that six out of eight mutants attenuated
for their capacity to adhere to nasopharyngeal explants had transpo-
son insertions in genes of unknown function”. Currently, this major
gap still keeps the whole picture incomplete. It is important to notice
that much of the reported evidence on the contribution of meningo-
coccal “armaments” to adaptation and virulence was obtained by
employing laboratory isolates often belonging to rare genotypes or
not relevant to N. meningitidis pathogenesis. This is to highlight
that we may still underestimate the impact of “hidden” pathways
relevant to hyper-virulent lineages associated with outbreaks.

In vitro transcriptomic and mutagenesis studies were mainly car-
ried out by incubating bacteria in the presence of immortalized
human cell lines derived from epithelial and endothelial tissues.
Although they have been a remarkable pioneering attempt to resem-
ble human physiology of the upper respiratory tract and microcir-
culation, these in vitro studies were limited by the specificity of
the events triggered by N. meningitidis in vivo. Recent studies on
mucosal pathogens have revealed the fundamental contribution of
mucosae components in triggering signals to host tissues. Never-
theless, the human specificity of this bacterium makes studying the
pathogenesis of Neisseria infections in vivo very difficult. Seminal
in vitro studies were characterized by the use of cell lines derived
from organs relevant to the meningococcal disease, such as the
respiratory epithelium and the brain endothelium™’. Although
the results of these studies have been pivotal to the understanding
of N. meningitidis pathogenesis, they were limited by the lack of
environmental attributes that contribute to the in vivo response of
the host to pathogens. Experimental models of fulminant menin-
gococcemia in human skin-grafted immune-compromised mice
have recently been engineered*°'. Under these conditions, N. men-
ingitidis adheres to implanted human vessels, triggering extensive
vascular damage, similar to that observed in patients®’. We expect
that this kind of model, together with the increased accessibility to
organoids and three-dimensional (3D) bioprinted organs, will be
extensively exploited not only to confirm the current knowledge on
N. meningitidis pathogenesis but to disclose the hidden pathways
that are essential to bacterial fitness and that could be unraveled
only by recreating a physiological environment. In this con-
text, Deosarkar et al. reported the first dynamic in vitro neonatal
blood-brain barrier on a chip closely mimicking the in vivo micro-
environment®. On the other hand, models for skin, bronchi, blood
vessels, and microcirculation are widely engineered for all sorts of
different applications from basic research to drug discovery (nicely
reviewed in 64). We therefore foresee the adaptation of 3D cellu-
lar models in novel multi-organ systems to study N. meningitidis
pathogenesis, as has extensively been done for intestinal and gas-
tric organoids to study enteric and Helicobacter pylori infections,
respectively. In this context, Marrazzo et al.” recently established an
in vitro 3D system which recapitulates the human tracheo-bronchial
mucosa comprehensive of the pseudostratified epithelium and the
underlying stromal tissue. This model has been exploited to study
initial colonization events triggered by non-typeable Haemophilus
influenzae but could easily be adapted to any other microorganism
colonizing the nasopharynx. Therefore, only by stemming from the
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field of regenerative medicine, we could find the right approaches
to unravel unknown signaling pathways occurring during N. men-
ingitidis pathogenesis. Researchers working in the field of cancer
progression or environmental damage to respiratory organs are
generating sophisticated examples of human airways that scientists

F1000Research 2017, 6(F1000 Faculty Rev):1228 Last updated: 26 JUL 2017

working in the infectious disease world should start considering.
Table 1 is a list of 3D tissue models that have mainly been devel-
oped to study organ physiology but that could be customized to
carry out studies on the strategies used by N. meningitidis to adapt,
colonize, and induce disease in humans.

Table 1. List of in vitro three-dimensional tissue models that could be exploited in studying Neisseria meningitidis colonization and

pathogenesis.

Nasopharynx
Reference
Marrazzo et al.®®, PLOS ONE, 2016

Kuehn et al., JOVE, 2015%
Steinke et al., Biomaterials, 2014

Harrington et al., Molecular
Pharmaceutics, 2014

Nguyen Hoang et al., Am J Physiol
Lung Cell Mol Physiol, 2012%

Pageau et al., Biomaterials, 20117°
Choe et al., Nature Protocols, 2006""

Paquette et al., European Cells and
Materials, 2004

Choe et al., American Journal of
Physiology-Lung Cellular Molecular
Physiology, 2003"

Paquette et al., In Vitro Cellular &
Developmental Biology — Animal, 2003"*

Chakir et al., Journal of Allergy and
Clinical Immunology, 20017

Blood-brain barrier (BBB)
Reference
Phan et al., Exp Biol Med 20177°

Wang et al., Biotechnol Bioeng, 201777

Herland et al., PLOS ONE, 2016™
Cho et al., Scientific reports, 2015”
Brown et al., Biomicrofluidics, 2015

Deosarkar et al., PLOS ONE, 2015%

Vasculature

Reference

Hoch et al., Eur J Cardiothorac Surg, 2014°
Kolesky et al., Adv Mater 2014

Miller et al., Nat Mater, 2012%°

Synopsis

3D reconstruction of the human tracheo-bronchial mucosa comprehensive of the
pseudostratified epithelium and the underlying stromal tissue as an experimental model to
study upper respiratory tract infections

Culture of the organotypic tissue bronchial and nasal culture model to study the impact of
cigarette smoke on airway biology

An engineered 3D human airway mucosa model based on a small intestine submucosa to
investigate interrelations of Bordetella pertussis with human airway mucosa

Exploitation of biomimetic porous electrospun scaffolds to develop an immunocompetent 3D
model of the human respiratory tract comprised of three key cell types present in upper airway
epithelium

Development of a method to generate a 3D organotypic model of the human airway mucosa in
which dendritic cells are implanted

3D in vitro model of the human airway that mimics bronchial morphology and function to study
epithelial-mesenchymal interactions

Human bronchial mucosal model, including a well-differentiated epithelium with functional cilia,
mucus secretion, and sub-epithelial fibroblasts

Tissue-engineered human bronchial equivalents from biopsies of asthmatic and non-asthmatic
volunteers

Tissue culture model of the human airway wall that can be induced to undergo matrix
remodeling in a relevant 3D inflammatory context

Production of tissue-engineered 3D human bronchial models at the air-liquid interface

To evaluate the feasibility of an engineered human bronchial mucosa as a model to study
cellular interactions in asthma

Synopsis

Extensive review of microphysiological systems capturing the complexity of the blood—central
nervous system interface and resembling the BBB

Development of a microfluidic BBB model by deriving brain microvascular endothelial cells
from human-induced pluripotent stem cells and co-culturing them with rat primary astrocytes
on the two sides of a porous membrane

Micro-engineering of a 3D model of the human BBB within a microfluidic chip by creating a
cylindrical collagen gel containing a central hollow lumen inside a microchannel

Construction of a 3D model of BBB on a microfluidic platform

Development of a microfluidic device comprised of a vascular chamber and a brain chamber
separated by a porous membrane mimicking the BBB. This model allows cell-to-cell
communication between endothelial cells, astrocytes, and pericytes.

Development of a BBB on a chip comprising a tissue compartment and vascular channels
placed side-by-side mimicking the 3D morphology, size, and flow characteristics of
microvessels in vivo

Synopsis
Extensive review of bioprinting of artificial blood vessels for 3D tissue engineering

3D bioprinting method for fabricating engineered tissue constructs replete with vasculature,
multiple types of cells, and extracellular matrix

Rigid 3D filament network of carbohydrate glass used as a cyto-compatible sacrificial template
to generate cylindrical networks that could be lined with endothelial cells and perfused with
blood under high-pressure pulsatile flow

References are reported in chronological order and grouped by organ/tissue specificity. 3D, three-dimensional.
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Closing remarks

This commentary started with the hope of a world without
meningococcal meningitis thanks to the implementation of cur-
rent vaccines. However, a lot is still needed to fully understand the
pathophysiology of such a disease. The progress obtained so far
in disclosing N. meningitidis pathogenesis reveals that the ample
evidence for “culprits” is not sufficient to completely unravel the
“murder scene”. Population and functional genomics have had
a great role in defining many of the key pathways activated by
N. meningitidis to successfully colonize our organism, but biotech-
nologies like in vitro 3D human experimental models are emerg-
ing as the new frontier to establish the appropriate environment
to study bacterial pathogenesis. To this end, a multi-disciplinary
approach would be vital to ensure the required progress for fighting
human infections. In the last decade, the input of engineers, phys-
ics, mathematicians, and statisticians has been crucial to several
biology and medicine areas (particularly in “omics” disciplines)
and is expected to have even more relevance in the future. In the
area of infectious diseases, they are becoming the principal inter-
locutors of molecular and cellular microbiologists by playing a
pivotal role in designing, fabricating, miniaturizing, and validating
in vitro tissue models to be exploited in host-pathogen interaction
studies. Technology centers in Europe and the US (for example,

References

F1000Research 2017, 6(F1000 Faculty Rev):1228 Last updated: 26 JUL 2017

the Francis Crick Institute, London, UK, and Wake Forest Institute,
Winston-Salem, NC, USA) and international biotech companies
(for example, Organovo, San Diego, CA, USA, and 3D Bioprinting
Solutions, Moscow, Russia) are already investing in this direction
by holding the promise of a future with curable diseases and a better
quality of life.

Abbreviations

3D, three-dimensional; fHbp, factor H-binding protein; Hfq, cofac-
tor RNA-binding protein; SRNA, small non-coding RNA; STM,
signature-tagged mutagenesis.

Competing interests
The author declares that he has no competing interests.

Grant information
The author(s) declared that no grants were involved in supporting
this work.

Acknowledgments
I am grateful to Rino Rappuoli for critical discussion of the manu-
script and scientific advice.

F1000 recommended

1. Yazdankhah SP, Caugant DA: Neisseria meningitidis: an overview of the
carriage state. J Med Microbiol. 2004; 53(Pt 9): 821-32.
PubMed Abstract | Publisher Full Text

2. Caugant DA, Maiden MC: Meningococcal carriage and disease--population
biology and evolution. Vaccine. 2009; 27(Suppl 2): B64—70.
PubMed Abstract | Publisher Full Text | Free Full Text

3. Maiden MC, Harrison OB: Population and Functional Genomics of
Neisseria Revealed with Gene-by-Gene Approaches. J Clin Microbiol. 2016;
54(8): 1949-55.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

4. Lucidarme J, Hill DM, Bratcher HB, et al.: Genomic resolution of an
aggressive, widespread, diverse and expanding meningococcal serogroup B,
C and W lineage. J Infect. 2015; 71(5): 544-52.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

5. Schneider MC, Exley RM, Chan H, et al.: Functional significance of factor H
binding to Neisseria meningitidis. J Immunol. 2006; 176(12): 7566—75.
PubMed Abstract | Publisher Full Text

6. Oviedo-Orta E, Ahmed S, Rappuoli R, et al.: Prevention and control of
meningococcal outbreaks: The emerging role of serogroup B meningococcal
vaccines. Vaccine. 2015; 33(31): 3628-35.

PubMed Abstract | Publisher Full Text

7. Parikh SR, Andrews NJ, Beebeejaun K, et al.: Effectiveness and impact of a
reduced infant schedule of 4CMenB vaccine against group B meningococcal
disease in England: a national observational cohort study. Lancet. 2016;
388(10061): 2775-82.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

8. Rosenstein NE, Perkins BA, Stephens DS, et al.: Meningococcal disease. N Eng/
J Med. 2001; 344(18): 1378-88.
PubMed Abstract | Publisher Full Text

9. Stephens DS, Greenwood B, Brandtzaeg P: Epidemic meningitis,
meningocc and Nei ia ingitidis. Lancet. 2007; 369(9580):
2196-210.

PubMed Abstract | Publisher Full Text

10. Veyrier FJ, Biais N, Morales P, et al.: Common Cell Shape Evolution of Two
Nasopharyngeal Pathogens. PLoS Genet. 2015; 11(7): €1005338.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

11.  Coureuil M, Bourdoulous S, Marullo S, et al.: Invasive meningococcal disease: a

disease of the endothelial cells. Trends Mol Med. 2014; 20(10): 571-8.
PubMed Abstract | Publisher Full Text

12.  Coureuil M, Join-Lambert O, Lécuyer H, et al.: Mechanism of meningeal invasion
by Neisseria meningitidis. Virulence. 2012; 3(2): 164-72.
PubMed Abstract | Publisher Full Text | Free Full Text

13. Mairey E, Genovesio A, Donnadieu E, et al.: Cerebral microcirculation shear
stress levels determine Neisseria meningitidis attachment sites along the
blood-brain barrier. J Exp Med. 2006; 203(8): 1939-50.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

14.  Davis CE, Arnold K: Role of meningococcal endotoxin in meningococcal
purpura. J Exp Med. 1974; 140(1): 159-71.
PubMed Abstract | Publisher Full Text | Free Full Text

15.  Sun YH, Bakshi S, Chalmers R, et al.: Functional genomics of Neisseria
meningitidis pathogenesis. Nat Med. 2000; 6(11): 1269-73.
PubMed Abstract | Publisher Full Text
16.  Grifantini R, Bartolini E, Muzzi A, et al.: Gene expression profile in Neisseria
ingitidis and Nei: ia | ica upon host-cell contact: from basic
research to vaccine development. Ann N'Y Acad Sci. 2002; 975: 202-16.
PubMed Abstract | Publisher Full Text

17.  Grifantini R, Bartolini E, Muzzi A, et al.: Previously unrecognized vaccine
candidates against group B meningococcus identified by DNA microarrays.
Nat Biotechnol. 2002; 20(9): 914-21.
PubMed Abstract | Publisher Full Text

18. Dietrich G, Kurz S, Hubner C, et al.: Transcriptome analysis of Neisseria
meningitidis during infection. J Bacteriol. 2003; 185(1): 155-64.
PubMed Abstract | Publisher Full Text | Free Full Text

19.  Kurz S, Hibner C, Aepinus C, et al.: Transcriptome-based antigen identification
for Neisseria meningitidis. Vaccine. 2003; 21(7-8): 768-75.
PubMed Abstract | Publisher Full Text

20. Dunning Hotopp JC, Grifantini R, Kumar N, et al.. Comparative genomics of
Neisseria meningitidis: core genome, islands of horizontal transfer and
pathogen-specific genes. Microbiology. 2006; 152(Pt 12): 3733-49.

PubMed Abstract | Publisher Full Text

21. Rusniok C, Vallenet D, Floquet S, et al.: NeMeSys: a biological resource for
narrowing the gap between sequence and function in the human pathogen
Neisseria meningitidis. Genome Biol. 2009; 10(10): R110.

PubMed Abstract | Publisher Full Text | Free Full Text

22. Hao W, Ma JH, Warren K, et al.: Extensive genomic variation within clonal

Page 7 of 10


http://www.ncbi.nlm.nih.gov/pubmed/15314188
http://dx.doi.org/10.1099/jmm.0.45529-0
http://www.ncbi.nlm.nih.gov/pubmed/19464092
http://dx.doi.org/10.1016/j.vaccine.2009.04.061
http://www.ncbi.nlm.nih.gov/pmc/articles/2719693
https://f1000.com/prime/726304139
http://www.ncbi.nlm.nih.gov/pubmed/27098959
http://dx.doi.org/10.1128/JCM.00301-16
http://www.ncbi.nlm.nih.gov/pmc/articles/4963508
https://f1000.com/prime/726304139
https://f1000.com/prime/725689148
http://www.ncbi.nlm.nih.gov/pubmed/26226598
http://dx.doi.org/10.1016/j.jinf.2015.07.007
http://www.ncbi.nlm.nih.gov/pmc/articles/4635312
https://f1000.com/prime/725689148
http://www.ncbi.nlm.nih.gov/pubmed/16751403
http://dx.doi.org/10.4049/jimmunol.176.12.7566
http://www.ncbi.nlm.nih.gov/pubmed/26093201
http://dx.doi.org/10.1016/j.vaccine.2015.06.046
https://f1000.com/prime/727223621
http://www.ncbi.nlm.nih.gov/pubmed/28100432
http://dx.doi.org/10.1016/S0140-6736(16)31921-3
https://f1000.com/prime/727223621
http://www.ncbi.nlm.nih.gov/pubmed/11333996
http://dx.doi.org/10.1056/NEJM200105033441807
http://www.ncbi.nlm.nih.gov/pubmed/17604802
http://dx.doi.org/10.1016/S0140-6736(07)61016-2
https://f1000.com/prime/725634231
http://www.ncbi.nlm.nih.gov/pubmed/26162030
http://dx.doi.org/10.1371/journal.pgen.1005338
http://www.ncbi.nlm.nih.gov/pmc/articles/4498754
https://f1000.com/prime/725634231
http://www.ncbi.nlm.nih.gov/pubmed/25178566
http://dx.doi.org/10.1016/j.molmed.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/22366962
http://dx.doi.org/10.4161/viru.18639
http://www.ncbi.nlm.nih.gov/pmc/articles/3396695
https://f1000.com/prime/1033870
http://www.ncbi.nlm.nih.gov/pubmed/16864659
http://dx.doi.org/10.1084/jem.20060482
http://www.ncbi.nlm.nih.gov/pmc/articles/2118386
https://f1000.com/prime/1033870
http://www.ncbi.nlm.nih.gov/pubmed/4209358
http://dx.doi.org/10.1084/jem.140.1.159
http://www.ncbi.nlm.nih.gov/pmc/articles/2139705
http://www.ncbi.nlm.nih.gov/pubmed/11062540
http://dx.doi.org/10.1038/81380
http://www.ncbi.nlm.nih.gov/pubmed/12538166
http://dx.doi.org/10.1111/j.1749-6632.2002.tb05953.x
http://www.ncbi.nlm.nih.gov/pubmed/12172557
http://dx.doi.org/10.1038/nbt728
http://www.ncbi.nlm.nih.gov/pubmed/12486052
http://dx.doi.org/10.1128/JB.185.1.155-164.2003
http://www.ncbi.nlm.nih.gov/pmc/articles/141974
http://www.ncbi.nlm.nih.gov/pubmed/12531357
http://dx.doi.org/10.1016/S0264-410X(02)00596-0
http://www.ncbi.nlm.nih.gov/pubmed/17159225
http://dx.doi.org/10.1099/mic.0.29261-0
http://www.ncbi.nlm.nih.gov/pubmed/19818133
http://dx.doi.org/10.1186/gb-2009-10-10-r110
http://www.ncbi.nlm.nih.gov/pmc/articles/2784325

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

complexes of Neisseria meningitidis. Genome Biol Evol. 2011; 3: 1406—18.
PubMed Abstract | Publisher Full Text | Free Full Text

Joseph B, Schneiker-Bekel S, Schramm-Gliick A, et al.: Comparative genome
biology of a serogroup B carriage and disease strain supports a polygenic
nature of meningococcal virulence. J Bacteriol. 2010; 192(20): 5363-77.
PubMed Abstract | Publisher Full Text | Free Full Text

Joseph B, Frosch M, Schoen C, et al.: Transcriptome analyses in the interaction
of Nei ia ingitidis with lian host cells. Methods Mol Biol. 2012;
799: 267-93.

PubMed Abstract | Publisher Full Text

Hey A, Li MS, Hudson MJ, et al.: Transcriptional profiling of Neisseria
meningitidis interacting with human epithelial cells in a long-term in vitro
colonization model. Infect Immun. 2013; 81(11): 4149-59.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Echenique-Rivera H, Muzzi A, Del Tordello E, et al.: Transcriptome analysis of
Neisseria meningitidis in human whole blood and mutagenesis studies identify
virulence factors involved in blood survival. PLoS Pathog. 2011; 7(5): e1002027.
PubMed Abstract | Publisher Full Text | Free Full Text

Hedman AK, Li MS, Langford PR, et al.: Transcriptional profiling of serogroup

B Neisseria meningitidis growing in human blood: an approach to vaccine
antigen discovery. PLoS One. 2012; 7(6): e39718.

PubMed Abstract | Publisher Full Text | Free Full Text

Bernardini G, Braconi D, Santucci A: The analysis of Neisseria meningitidis
proteomes: Reference maps and their applications. Proteomics. 2007; 7(16):
2933-46.

PubMed Abstract | Publisher Full Text

van Alen T, Claus H, Zahedi RP, et al.: Comparative proteomic analysis of
biofilm and planktonic cells of Neisseria meningitidis. Proteomics. 2010; 10(24):
4512-21.

PubMed Abstract | Publisher Full Text

Exley RM, Sim R, Goodwin L, et al.: Identification of meningococcal genes
necessary for colonization of human upper airway tissue. /nfect Immun. 2009;
77(1): 45-51.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Mendum TA, Newcombe J, Mannan AA, et al.: Interrogation of global
mutagenesis data with a genome scale model of Neisseria meningitidis to
assess gene fitness in vitro and in sera. Genome Biol. 2011; 12(12): R127.
PubMed Abstract | Publisher Full Text | Free Full Text

Del Tordello E, Serruto D: Functional genomics studies of the human pathogen
Neisseria meningitidis. Brief Funct Genomics. 2013; 12(4): 328-40.
PubMed Abstract | Publisher Full Text

Schoen C, Kischkies L, Elias J, et al.: Metabolism and virulence in Neisseria
meningitidis. Front Cell Infect Microbiol. 2014; 4: 114.

PubMed Abstract | Publisher Full Text | Free Full Text

Vimr ER, Kalivoda KA, Deszo EL, et al.: Diversity of microbial sialic acid
metabolism. Microbiol Mol Biol Rev. 2004; 68(1): 132-53.

PubMed Abstract | Publisher Full Text | Free Full Text

Smith H, Tang CM, Exley RM: Effect of host lactate on gonococci and
meningococci: new concepts on the role of metabolites in pathogenicity. Infect
Immun. 2007; 75(9): 4190-8.

PubMed Abstract | Publisher Full Text | Free Full Text

Exley RM, Shaw J, Mowe E, et al.: Available carbon source influences the

resi 1ce of Nei ia ingitidis agai complement. J Exp Med. 2005;
201(10): 1637-45.

PubMed Abstract | Publisher Full Text | Free Full Text

Exley RM, Goodwin L, Mowe E, et al.: Nei ia ingitidis | per

is required for nasopharyngeal colonization. Infect Immun. 2005; 73(9): 5762—-6.
PubMed Abstract | Publisher Full Text | Free Full Text

Exley RM, Wu H, Shaw J, et al.: Lactate acquisition promotes successful
colonization of the murine genital tract by Neisseria gonorrhoeae. Infect
Immun. 2007; 75(3): 1318-24.

PubMed Abstract | Publisher Full Text | Free Full Text

Lo H, Tang CM, Exley RM: Mechanisms of avoidance of host immunity by
Neisseria meningitidis and its effect on vaccine development. Lancet Infect Dis.
2009; 9(7): 418-27.

PubMed Abstract | Publisher Full Text

Perkins-Balding D, Ratliff-Griffin M, Stojilikovic I: Iron transport systems in
Neisseria meningitidis. Microbiol Mol Biol Rev. 2004; 68(1): 154—71.
PubMed Abstract | Publisher Full Text | Free Full Text

Bidmos FA, Chan H, Praekelt U, et al.: Investigation into the Antigenic
Properties and Contributions to Growth in Blood of the Meningococcal
Haemoglobin Receptors, HpuAB and HmbR. PLoS One. 2015; 10(7): e0133855.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Grifantini R, Sebastian S, Frigimelica E, et al.: Identification of iron-activated
and -repressed Fur-dependent genes by transcriptome analysis of Neisseria
meningitidis group B. Proc Nat/ Acad Sci U S A. 2003; 100(16): 9542—7.
PubMed Abstract | Publisher Full Text | Free Full Text

E Delany |, Rappuoli R, Scarlato V: Fur functions as an activator and as a
repressor of putative virul genes in Nei ia ingitidis. Mol Microbiol.
2004; 52(4): 1081-90.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

F1000Research 2017, 6(F1000 Faculty Rev):1228 Last updated: 26 JUL 2017

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Delany |, Grifantini R, Bartolini E, et al.: Effect of Neisseria meningitidis fur mutations
on global control of gene transcription. J Bacteriol. 2006; 188(7): 2483-92.
PubMed Abstract | Publisher Full Text | Free Full Text

Jordan PW, Saunders NJ: Host iron binding proteins acting as niche indicators
for Neisseria meningitidis. PLoS One. 2009; 4(4): €5198.

PubMed Abstract | Publisher Full Text | Free Full Text

Bartolini E, Frigimelica E, Giovinazzi S, et al.: Role of FNR and FNR-regulated,
sugar fermentation genes in Neisseria ingitidis infection. Mol Microbiol.
2006; 60(4): 963-72.

PubMed Abstract | Publisher Full Text | Free Full Text

Papenfort K, Vogel J: Regulatory RNA in bacterial pathogens. Cell Host Microbe.
2010; 8(1): 116-27.

PubMed Abstract | Publisher Full Text

Pannekoek Y, van der Ende A: Identification and functional characterization of
sRNAs in Neisseria meningitidis. Methods Mol Biol. 2012; 799: 73-89.

PubMed Abstract | Publisher Full Text

Pannekoek Y, Huis in 't Veld R, Hopman CT, et al.: Molecular characterization
and identification of proteins regulated by Hfq in Neisseria ingitidis. FEMS
Microbiol Lett. 2009; 294(2): 216-24.

PubMed Abstract | Publisher Full Text | Free Full Text

Vogel J, Luisi BF: Hfq and its constellation of RNA. Nat Rev Microbiol. 2011; 9(8):
578-89.
PubMed Abstract | Publisher Full Text | Free Full Text

Fantappie L, Metruccio MM, Seib KL, et al.: The RNA chaperone Hfq is involved
in stress response and virulence in Neisseria meningitidis and is a pleiotropic
regulator of protein expression. Infect Immun. 2009; 77(5): 1842-53.

PubMed Abstract | Publisher Full Text | Free Full Text

Fantappie L, Oriente F, Muzzi A, et al.: A novel Hfg-dependent sRNA that

is under FNR control and is synthesized in oxygen limitation in Neisseria
meningitidis. Mol Microbiol. 2011; 80(2): 507-23.

PubMed Abstract | Publisher Full Text

Mellin JR, McClure R, Lopez D, et al.: Role of Hfq in iron-dependent and -independent
gene regulation in Neisseria meningitidis. Microbiol. 2010; 156(Pt 8): 2316-26.
PubMed Abstract | Publisher Full Text | Free Full Text

Metruccio MM, Fantappie L, Serruto D, et al.: The Hfg-dependent small
noncoding RNA NrrF directly mediates Fur-dependent positive regulation of
succinate dehydrogenase in Neisseria meningitidis. J Bacteriol. 2009; 191(4):
1330-42.

PubMed Abstract | Publisher Full Text | Free Full Text

Capel E, Zomer AL, Nussbaumer T, et al.: Comprehensive Identification of
Meningococcal Genes and Small Noncoding RNAs Required for Host Cell
Colonization. MBio. 2016; 7(4): pii: €01173-16.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Sutherland TC, Quattroni P, Exley RM, et al.: Transcellular passage of Neisseria
meningitidis across a polarized respiratory epithelium. Infect Immun. 2010;
78(9): 3832-47.

PubMed Abstract | Publisher Full Text | Free Full Text

Barrile R, Kasendra M, Rossi-Paccani S, et al.: Neisseria meningitidis subverts
the polarized organization and intracellular trafficking of host cells to cross
the epithelial barrier. Cell Microbiol. 2015; 17(9): 1365-75.

PubMed Abstract | Publisher Full Text

Sa E Cunha C, Griffiths NJ, Virji M: Neisseria meningitidis Opc invasin binds to
the sulphated tyrosines of activated vitronectin to attach to and invade human
brain endothelial cells. PLoS Pathog. 2010; 6(5): e1000911.

PubMed Abstract | Publisher Full Text | Free Full Text

E Coureuil M, Lécuyer H, Scott MG, et al.: Meningococcus Hijacks a
p2-adrenoceptor/p-Arrestin pathway to cross brain microvasculature
endothelium. Cell. 2010; 143(7): 1149-60.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Join-Lambert O, Lecuyer H, Miller F, et al.: Meningococcal interaction to
microvasculature triggers the tissular lesions of purpura fulminans. J Infect
Dis. 2013; 208(10): 1590-7.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Melican K, Michea Veloso P, Martin T, et al.: Adhesion of Neisseria
meningitidis to dermal vessels leads to local vascular damage and purpura in
a humanized mouse model. PLoS Pathog. 2013; 9(1): e1003139.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Melican K, Aubey F, Duménil G: Humanized mouse model to study bacterial
infections targeting the microvasculature. J Vis Exp. 2014; (86): €51134.
PubMed Abstract | Publisher Full Text | Free Full Text

Deosarkar SP, Prabhakarpandian B, Wang B, et al.: A Novel Dynamic
Neonatal Blood-Brain Barrier on a Chip. PLoS One. 2015; 10(11): e0142725.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Murphy SV, Atala A: 3D bioprinting of tissues and organs. Nat Biotechnol. 2014;

32(8): 773-85.

PubMed Abstract | Publisher Full Text

Marrazzo P, Maccari S, Taddei A, et al.: 3D Reconstruction of the Human Airway
Mucosa In Vitro as an Experimental Model to Study NTHi Infections. PLoS One.
2016; 11(4): €0153985.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 8 of 10


http://www.ncbi.nlm.nih.gov/pubmed/22084315
http://dx.doi.org/10.1093/gbe/evr119
http://www.ncbi.nlm.nih.gov/pmc/articles/3242501
http://www.ncbi.nlm.nih.gov/pubmed/20709895
http://dx.doi.org/10.1128/JB.00883-10
http://www.ncbi.nlm.nih.gov/pmc/articles/2950490
http://www.ncbi.nlm.nih.gov/pubmed/21993652
http://dx.doi.org/10.1007/978-1-61779-346-2_17
https://f1000.com/prime/718087344
http://www.ncbi.nlm.nih.gov/pubmed/23980104
http://dx.doi.org/10.1128/IAI.00397-13
http://www.ncbi.nlm.nih.gov/pmc/articles/3811814
https://f1000.com/prime/718087344
http://www.ncbi.nlm.nih.gov/pubmed/21589640
http://dx.doi.org/10.1371/journal.ppat.1002027
http://www.ncbi.nlm.nih.gov/pmc/articles/3088726
http://www.ncbi.nlm.nih.gov/pubmed/22745818
http://dx.doi.org/10.1371/journal.pone.0039718
http://www.ncbi.nlm.nih.gov/pmc/articles/3382141
http://www.ncbi.nlm.nih.gov/pubmed/17628027
http://dx.doi.org/10.1002/pmic.200700094
http://www.ncbi.nlm.nih.gov/pubmed/21136603
http://dx.doi.org/10.1002/pmic.201000267
https://f1000.com/prime/1147266
http://www.ncbi.nlm.nih.gov/pubmed/18936183
http://dx.doi.org/10.1128/IAI.00968-08
http://www.ncbi.nlm.nih.gov/pmc/articles/2612245
https://f1000.com/prime/1147266
http://www.ncbi.nlm.nih.gov/pubmed/22208880
http://dx.doi.org/10.1186/gb-2011-12-12-r127
http://www.ncbi.nlm.nih.gov/pmc/articles/3334622
http://www.ncbi.nlm.nih.gov/pubmed/23723380
http://dx.doi.org/10.1093/bfgp/elt018
http://www.ncbi.nlm.nih.gov/pubmed/25191646
http://dx.doi.org/10.3389/fcimb.2014.00114
http://www.ncbi.nlm.nih.gov/pmc/articles/4138514
http://www.ncbi.nlm.nih.gov/pubmed/15007099
http://dx.doi.org/10.1128/MMBR.68.1.132-153.2004
http://www.ncbi.nlm.nih.gov/pmc/articles/362108
http://www.ncbi.nlm.nih.gov/pubmed/17562766
http://dx.doi.org/10.1128/IAI.00117-07
http://www.ncbi.nlm.nih.gov/pmc/articles/1951187
http://www.ncbi.nlm.nih.gov/pubmed/15897277
http://dx.doi.org/10.1084/jem.20041548
http://www.ncbi.nlm.nih.gov/pmc/articles/2212924
http://www.ncbi.nlm.nih.gov/pubmed/16113293
http://dx.doi.org/10.1128/IAI.73.9.5762-5766.2005
http://www.ncbi.nlm.nih.gov/pmc/articles/1231078
http://www.ncbi.nlm.nih.gov/pubmed/17158905
http://dx.doi.org/10.1128/IAI.01530-06
http://www.ncbi.nlm.nih.gov/pmc/articles/1828543
http://www.ncbi.nlm.nih.gov/pubmed/19555901
http://dx.doi.org/10.1016/S1473-3099(09)70132-X
http://www.ncbi.nlm.nih.gov/pubmed/15007100
http://dx.doi.org/10.1128/MMBR.68.1.154-171.2004
http://www.ncbi.nlm.nih.gov/pmc/articles/362107
https://f1000.com/prime/727573290
http://www.ncbi.nlm.nih.gov/pubmed/26208277
http://dx.doi.org/10.1371/journal.pone.0133855
http://www.ncbi.nlm.nih.gov/pmc/articles/4514712
https://f1000.com/prime/727573290
http://www.ncbi.nlm.nih.gov/pubmed/12883001
http://dx.doi.org/10.1073/pnas.1033001100
http://www.ncbi.nlm.nih.gov/pmc/articles/170954
https://f1000.com/prime/1019494
http://www.ncbi.nlm.nih.gov/pubmed/15130126
http://dx.doi.org/10.1111/j.1365-2958.2004.04030.x
https://f1000.com/prime/1019494
http://www.ncbi.nlm.nih.gov/pubmed/16547035
http://dx.doi.org/10.1128/JB.188.7.2483-2492.2006
http://www.ncbi.nlm.nih.gov/pmc/articles/1428404
http://www.ncbi.nlm.nih.gov/pubmed/19352437
http://dx.doi.org/10.1371/journal.pone.0005198
http://www.ncbi.nlm.nih.gov/pmc/articles/2662411
http://www.ncbi.nlm.nih.gov/pubmed/16677307
http://dx.doi.org/10.1111/j.1365-2958.2006.05163.x
http://www.ncbi.nlm.nih.gov/pmc/articles/2258229
http://www.ncbi.nlm.nih.gov/pubmed/20638647
http://dx.doi.org/10.1016/j.chom.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/21993640
http://dx.doi.org/10.1007/978-1-61779-346-2_5
http://www.ncbi.nlm.nih.gov/pubmed/19374669
http://dx.doi.org/10.1111/j.1574-6968.2009.01568.x
http://www.ncbi.nlm.nih.gov/pmc/articles/2734931
http://www.ncbi.nlm.nih.gov/pubmed/21760622
http://dx.doi.org/10.1038/nrmicro2615
http://www.ncbi.nlm.nih.gov/pmc/articles/4615618
http://www.ncbi.nlm.nih.gov/pubmed/19223479
http://dx.doi.org/10.1128/IAI.01216-08
http://www.ncbi.nlm.nih.gov/pmc/articles/2681778
http://www.ncbi.nlm.nih.gov/pubmed/21338417
http://dx.doi.org/10.1111/j.1365-2958.2011.07592.x
http://www.ncbi.nlm.nih.gov/pubmed/20430815
http://dx.doi.org/10.1099/mic.0.039040-0
http://www.ncbi.nlm.nih.gov/pmc/articles/3068672
http://www.ncbi.nlm.nih.gov/pubmed/19060140
http://dx.doi.org/10.1128/JB.00849-08
http://www.ncbi.nlm.nih.gov/pmc/articles/2631994
https://f1000.com/prime/726606085
http://www.ncbi.nlm.nih.gov/pubmed/27486197
http://dx.doi.org/10.1128/mBio.01173-16
http://www.ncbi.nlm.nih.gov/pmc/articles/4981724
https://f1000.com/prime/726606085
http://www.ncbi.nlm.nih.gov/pubmed/20584970
http://dx.doi.org/10.1128/IAI.01377-09
http://www.ncbi.nlm.nih.gov/pmc/articles/2937448
http://www.ncbi.nlm.nih.gov/pubmed/25801707
http://dx.doi.org/10.1111/cmi.12439
http://www.ncbi.nlm.nih.gov/pubmed/20502634
http://dx.doi.org/10.1371/journal.ppat.1000911
http://www.ncbi.nlm.nih.gov/pmc/articles/2873925
https://f1000.com/prime/8510956
http://www.ncbi.nlm.nih.gov/pubmed/21183077
http://dx.doi.org/10.1016/j.cell.2010.11.035
https://f1000.com/prime/8510956
https://f1000.com/prime/727797216
http://www.ncbi.nlm.nih.gov/pubmed/23840047
http://dx.doi.org/10.1093/infdis/jit301
https://f1000.com/prime/727797216
https://f1000.com/prime/717973644
http://www.ncbi.nlm.nih.gov/pubmed/23359320
http://dx.doi.org/10.1371/journal.ppat.1003139
http://www.ncbi.nlm.nih.gov/pmc/articles/3554624
https://f1000.com/prime/717973644
http://www.ncbi.nlm.nih.gov/pubmed/24747976
http://dx.doi.org/10.3791/51134
http://www.ncbi.nlm.nih.gov/pmc/articles/4161007
https://f1000.com/prime/725929157
http://www.ncbi.nlm.nih.gov/pubmed/26555149
http://dx.doi.org/10.1371/journal.pone.0142725
http://www.ncbi.nlm.nih.gov/pmc/articles/4640840
https://f1000.com/prime/725929157
http://www.ncbi.nlm.nih.gov/pubmed/25093879
http://dx.doi.org/10.1038/nbt.2958
http://www.ncbi.nlm.nih.gov/pubmed/27101006
http://dx.doi.org/10.1371/journal.pone.0153985
http://www.ncbi.nlm.nih.gov/pmc/articles/4839639

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Kuehn D, Majeed S, Gued; E, et al.: Impact assessment of repeated exposure of
organotypic 3D bronchial and nasal tissue culture models to whole cigarette
smoke. J Vis Exp. 2015; (96): €52325.

PubMed Abstract | Publisher Full Text | Free Full Text

Steinke M, Gross R, Walles H, et al.: An engineered 3D human airway mucosa
model based on an SIS scaffold. Biomaterials. 2014; 35(26): 7355—62.

PubMed Abstract | Publisher Full Text

Harrington H, Cato P, Salazar F, et al.: Imnmunocompetent 3D model of
human upper airway for disease modeling and in vitro drug evaluation. Mo/
Pharm. 2014; 11(7): 2082-91.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Nguyen Hoang AT, Chen P, Juarez J, et al.: Dendritic cell functional properties
in a three-dimensional tissue model of human lung mucosa. Am J Physiol Lung
Cell Mol Physiol. 2012; 302(2): L226-37.

PubMed Abstract | Publisher Full Text

Pageau SC, Sazonova OV, Wong JY, et al.: The effect of stromal components
on the modulation of the phenotype of human bronchial epithelial cells in 3D
culture. Biomaterials. 2011; 32(29): 7169-80.

PubMed Abstract | Publisher Full Text

Choe MM, Tomei AA, Swartz MA: Physiological 3D tissue model of the airway
wall and mucosa. Nat Protoc. 2006; 1(1): 357-62.
PubMed Abstract | Publisher Full Text

Paquette JS, Moulin V, Tremblay P, et al.: Tissue-engineered human asthmatic
bronchial equivalents. Eur Cell Mater. 2004; 7: 1—11; discussion 1-11.
PubMed Abstract | Publisher Full Text

Choe MM, Sporn PH, Swartz MA: An in vitro airway wall model of remodeling.
Am J Physiol Lung Cell Mol Physiol. 2003; 285(2): L427-33.

PubMed Abstract | Publisher Full Text

Paquette JS, Tremblay P, Bernier V, et al.: Production of tissue-engineered
three-dimensional human bronchial models. /n Vitro Cell Dev Biol Anim. 2003;
39(5-6): 213-20.

PubMed Abstract | Publisher Full Text

Chakir J, Pagé N, Hamid Q, et al.: Bronchial mucosa produced by tissue
engineering: a new tool to study cellular interactions in asthma. J Allergy Clin

F1000Research 2017, 6(F1000 Faculty Rev):1228 Last updated: 26 JUL 2017

76.

77.

78.

79.

80.

81.

82.

83.

Immunol. 2001; 107(1): 36—40.

PubMed Abstract | Publisher Full Text

Phan DT, Bender RH, Andrejecsk JW, et al.: Blood-brain barrier-on-a-chip:
Microphysiological systems that capture the complexity of the blood-central
nervous system interface. Exp Biol Med (Maywood). 2017; 1535370217694100.
PubMed Abstract | Publisher Full Text

E Wang YI, Abaci HE, Shuler ML: Microfluidic blood-brain barrier model
provides in vivo-like barrier properties for drug permeability screening.
Biotechnol Bioeng. 2017; 114(1): 184-94.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Herland A, van der Meer AD, FitzGerald EA, et al.: Distinct Contributions

of Astrocytes and Pericytes to Neuroinflammation Identified in a 3D Human
Blood-Brain Barrier on a Chip. PLoS One. 2016; 11(3): e0150360.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Cho H, Seo JH, Wong KH, et al.: Three-Dimensional Blood-Brain Barrier
Model for in vitro Studies of Neurovascular Pathology. Sci Rep. 2015; 5:

15222.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Brown JA, Pensabene V, Markov DA, et al.: Recreating blood-brain barrier
physiology and structure on chip: A novel neurovascular microfluidic
bioreactor. Biomicrofluidics. 2015; 9(5): 54124.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Hoch E, Tovar GE, Borchers K: Bioprinting of artificial blood vessels: current
approaches towards a demanding goal. Eur J Cardiothorac Surg. 2014; 46(5):
767-78.

PubMed Abstract | Publisher Full Text

Kolesky DB, Truby RL, Gladman AS, et al.: 3D bioprinting of vascularized,
heterogeneous cell-laden tissue constructs. Adv Mater. 2014; 26(19): 3124-30.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Miller JS, Stevens KR, Yang MT, et al.: Rapid casting of patterned vascular
networks for perfusable engineered three-dimensional tissues. Nat Mater.
2012; 11(9): 768-74.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Page 9 of 10


http://www.ncbi.nlm.nih.gov/pubmed/25741927
http://dx.doi.org/10.3791/52325
http://www.ncbi.nlm.nih.gov/pmc/articles/4354636
http://www.ncbi.nlm.nih.gov/pubmed/24912816
http://dx.doi.org/10.1016/j.biomaterials.2014.05.031
https://f1000.com/prime/718316087
http://www.ncbi.nlm.nih.gov/pubmed/24628276
http://dx.doi.org/10.1021/mp5000295
http://www.ncbi.nlm.nih.gov/pmc/articles/4086737
https://f1000.com/prime/718316087
http://www.ncbi.nlm.nih.gov/pubmed/22101763
http://dx.doi.org/10.1152/ajplung.00059.2011
http://www.ncbi.nlm.nih.gov/pubmed/21724251
http://dx.doi.org/10.1016/j.biomaterials.2011.06.017
http://www.ncbi.nlm.nih.gov/pubmed/17406256
http://dx.doi.org/10.1038/nprot.2006.54
http://www.ncbi.nlm.nih.gov/pubmed/15015133
http://dx.doi.org/10.22203/eCM.v007a01
http://www.ncbi.nlm.nih.gov/pubmed/12851213
http://dx.doi.org/10.1152/ajplung.00005.2003
http://www.ncbi.nlm.nih.gov/pubmed/14613331
http://dx.doi.org/10.1290/1543-706X(2003)039<0213:POTTHB>2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/11149988
http://dx.doi.org/10.1067/mai.2001.111929
http://www.ncbi.nlm.nih.gov/pubmed/28195514
http://dx.doi.org/10.1177/1535370217694100
https://f1000.com/prime/726494757
http://www.ncbi.nlm.nih.gov/pubmed/27399645
http://dx.doi.org/10.1002/bit.26045
https://f1000.com/prime/726494757
https://f1000.com/prime/726182938
http://www.ncbi.nlm.nih.gov/pubmed/26930059
http://dx.doi.org/10.1371/journal.pone.0150360
http://www.ncbi.nlm.nih.gov/pmc/articles/4773137
https://f1000.com/prime/726182938
https://f1000.com/prime/725882895
http://www.ncbi.nlm.nih.gov/pubmed/26503597
http://dx.doi.org/10.1038/srep15222
http://www.ncbi.nlm.nih.gov/pmc/articles/4622078
https://f1000.com/prime/725882895
https://f1000.com/prime/725946343
http://www.ncbi.nlm.nih.gov/pubmed/26576206
http://dx.doi.org/10.1063/1.4934713
http://www.ncbi.nlm.nih.gov/pmc/articles/4627929
https://f1000.com/prime/725946343
http://www.ncbi.nlm.nih.gov/pubmed/24970571
http://dx.doi.org/10.1093/ejcts/ezu242
https://f1000.com/prime/718438609
http://www.ncbi.nlm.nih.gov/pubmed/24550124
http://dx.doi.org/10.1002/adma.201305506
https://f1000.com/prime/718438609
https://f1000.com/prime/717955276
http://www.ncbi.nlm.nih.gov/pubmed/22751181
http://dx.doi.org/10.1038/nmat3357
http://www.ncbi.nlm.nih.gov/pmc/articles/3586565
https://f1000.com/prime/717955276

FIOOOResearch F1000Research 2017, 6(F1000 Faculty Rev):1228 Last updated: 26 JUL 2017

Open Peer Review

Current Referee Status: v v

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Muhamed-Kheir Taha Institut Pasteur, Centre National de Référence des Méningocoques, Paris, France
Competing Interests: No competing interests were disclosed.

1 Martin Maiden ', Odile Harrison 2 ' Department of Zoology, University of Oxford, Oxford, UK
2 University of Oxford, Oxford, UK
Competing Interests: No competing interests were disclosed.

Page 10 of 10


http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

