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Bacterial infections worldwide

Escherichia coli,
Staphylococcus aureus,
Klebsiella pneumoniae,
Streptococcus pneumoniae,
Acinetobacter baumannii,
Pseudomonas aeruginosa,
by order of number of deaths

1.27 million deaths per year are directly attributable to AMR!
Murray et al. The Lancet (https://doi.org/10.1016/S0140-6736(21)02724-0), 2021

Petrosillo et al., 2014. Chapter 20 - Acinetobacter Infections,
Editor(s): Onder Ergoniil, Fisun Can, Lawrence Madoff, Murat Akova, Emerging Infectious Diseases, Academic Press, 2014


https://doi.org/10.1016/S0140-6736(21)02724-0

A. baumannii: one of the most dangerous ESKAPE pathogens UJ
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A step back: The discovery of Acinetobacter spp. tD

1911: Beijerinck discovered the Acinetobacter spp. genus using a
medium containing calcium acetate = Micrococcus calcoaceticus

1954: Brisou and Prévot renamed the genus Acinetobacter spp. (2

species)

1968: Baumann et al. suggested its inclusion in the Moraxellaceae family
1986: Bouvet and Grimont proposed the definition of genospecies
(genomic groups) with 12 genospecies

Today: 108 species have been described, with 83 having validated

nomenclature, including synonyms

Martinus Beijerinck



The Acinetobacter calcoaceticus—Acinetobacter baumannii ED
complex (ACB complex)

A bunch of very closely related and display similar phenotypic and biochemical properties:
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Rangel, K., & De-Simone, S. G. (2024). Treatment and management of Acinetobacter pneumonia: lessons learned from recent world event.rand drug resistance, 507-529.



Acinetobacter baumannii: main features

Gram-negative Coccobacillus in pairs Strictly aerobic Grows @ 44°C
Non-motile Non-fermenter Oxidase negative Catalase positive

Considered a low-virulence pathogen until the 70's

Today, superbug status with strains resistant to all available antibiotics and a global incidence in
healthcare facilities of more than 1,000,000 cases annually

I with




Distribution of A. baumannii International Clones ED

The majority of infections are caused by IC2 IC2
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reservoir
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Li, S., Jiang, G., Wang, S. et al. Emergence and global spread of a dominant multidrug-resistant clade within Acinetobacter baumannii. Nat Commun 16, 2787 (2025).



Carbapenem-resistance: a global concern tD

flucrequinolone-resistant
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A. baumannii vicious cycle of MDR dissemination UJ

e Ventilators
e  Ventilator circuits

~ e  Patient monitors

e  X-ray view boxes

e Equipment carts

. Bed rails

e Bedside tables

. Mattress

e Pillow

o Curtains
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e Air humidifiers



Routes of infections caused by A. baumannii
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A. baumannii: A number of virulence factors

Biofilm

Anti-Microbial
Resistance

Twitching Motility

Hydrolytic Enzymes

Outer Membrane
Vesicles
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Host Cell Adhesion



A. baumannii: A biofilm former UJ

Bap, biofilm-associated protein

- Ata, autotransporter

Classical chaperone-usher pili

gNonclassical chaperone-usher pili, type IV pili
£

PNAG, poly-(1-6)-N-acetylglucosamine

Q Tuf, moonlighting protein;

Fusion of micro-

\ A. baumannii < Enzymes Transmission of
colonies

@@ Exopolysaccharides micro-colonies
Water ‘_' Proteins

‘h? Bacterial DNA Cell proliferation /\
and colonization

A. baumannii

Bacterial cell

\0‘. aggregation

A. baumannii biofilm (formed)

At the air-liquid interface
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Biofilm l

B ) Microbiological Research g

The role of quorum sensing, biofilm
formation, and iron acquisition as key
virulence mechanisms in Acinetobacter
baumannii and the corresponding anti-
virulence strategies

ﬂ microorganisms

Review
Gram-Negative Bacteria Holding Together in a Biofilm: The
Acinetobacter baumannii Way
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A. baumannii can adhere to & invade epithelial host cells UJ

ZIPPER-LIKE MECHANISM
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A. baumannii interacts with Toll-like receptors 2 & 4

Human lung epithelial cells
(A549 cell line)

Neutrophils
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Host receptors for bacterial adhesion UJ

CFTR Collagen PAFR CEACAMs

cystic fibrosis type IV platelet-activating carcmoembryo'nlc antigen related
cell adhesion molecules
transmembrane factor receptor

conductance regulator

Fibronectin DAF Gp96

decay heat shock

accelerating protein gp96
factor

REVIEW ng:no-mm
erotisiogy 2017183421430 gt

Temporal upregulation of host surface receptors provides a
window of opportunity for bacterial adhesion and disease
J ! Shakti . Shukla* jene M. Walters’ an n e



U,

Platelet-activating factor (PAF): A phospholipid mediator of inflammation

3

PAF/PAFLL PAFIPAFLL%

M AN
Gi
‘. | | l
N I’

PI3K /Tyk2 / Jak2 /

ERK / GTPAse pathways PAF/PAFLL
Ca’ release
~ \
® |
Endoplasm\\ .ﬁmm
reticulum 999.'(@3\?\
TN
R :
e ;
R v
Q& W MAPK / NF-kB
WA S mRNA VEGFA / iINOS /
W XD
\\\?\\\\g\\éﬁ. COX-2 / Cytokines

SN
R \i ) .
i.\\‘:i\\\% Nucleus

.0.\3‘55



Phosphorylcholine (ChoP): A phosphate bonded to a choline group

Phosphorylcholine Phosphatidylcholine Platelet-activating factor Sphingomyelin
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Streptococcus pneumoniae Haemophilus influenzae Neisseria meningitidis Pseudomonas aeruginosa
Trends in Microbiology

Zhang, Y., Jen, F. E. C., Fox, K. L., Edwards, J. L., & Jennings, M. P. (2023). The biosynthesis and role of phosphorylcholine in pathogenic and nonpathogenic bacteria. Trends in
microbiology, 31(7), 692-706.



PAFR

platelet-activating
factor receptor

Human lung epithelial cells
(A549 cell line)

Structure
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Bert van den Berg

A. baumannii interacts with PAFR
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Carcinoembryonic antigen-related cell adhesion molecules (CEACAMS) UJ

A subgroup of the CEA family of immunoglobulin-related proteins, encoded in the human genome by 12 genes that

affect various normal and pathogenic processes associated with cellular growth and differentiation.
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The complex structure of CEACAM proteins
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The 11th different isoforms of CEACAM1 UJ

CEACAM1: 9 exons that can be alternatively spliced
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ITIM, immune-receptor tyrosine-based inhibitory motif that provides intracellular inhibitory signaling
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Pathogenic & non-pathogenic bacteria exploit UJ
CEACAMSs during mucosal colonization

epithelial CEACAMs

pathogen receptors

Signaling by epithelial members of the CEACAM
family - mucosa ing sites for pathogenic



CEACAM family members are microbial targets

Many, if not most, bacteria probably use one or more adhesins to colonize host cells



Why CEACAM family members are microbial targets? ED

* Prominent surface exposure on the host cell
 Wide range of hosts due to their structural conservation
* Bacterial internalization

 Manipulation of host immune responses

Genes & |mmunity www.nature.com/gene

dates

REVIEW ARTICLE
Microscale communication between bacterial pathogens and

the host epithelium

Ann-Kathrin Mix', Griseldis Goob', Erik Sontowski' and Christof R. Hauck 1282



Does also A. baumannii bind to CEACAMSs? UJ




Schematic summary of our experimental plan UJ

A. baumannii AB5075

RESEARCH ARTICLE

AB5075, a Highly Virulent Isolate of Acinetobacter baumannii, as a
Model Strain for the Evaluation of Pathogenesis and Antimicrobial
Treatments

Anna C. Jacobs, Mitchell G. Thompson,® Chad C. Black, Jennifer L. Kessler,2 Lily P. Clark,® Christin N. McQueary,? Hanan Y. Gancz,?
Brendan W. Corey,® Jay K. Moon,® Yuanzheng Si,® Matthew T. Owen,? Justin D. Hallock,® Yoon I. Kwak,¢ Amy Summers,
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Rena L. Stewart,® Luis A. Actis,® Thomas J. Palys, David W. Craft,® Daniel V. Zurawski®

[ V-like Ig domains- \‘
| N domain I
I @y C2-like Ig domains- |
I termed A I
I . C2-like Ig domains- |

termed B

I

I Transmembrane
I domains

I

‘e IV _/ CEACAM1 CEACAM5 CEACAM6 CEACAMS



A. baumannii binds to CEACAM receptors UJ

CEACAM1 CEACAMIAN CEACAMS CEACAMeé CEACAMS
_ Ctrl PD1  Ctrl PDIAN Ctl PD6 Ctrl PD6  Ctrl PD8 kpa

BF Anti-CEACAMs Merge




Host-A. baumannii interaction UJ

A549 [ATCC CCL-185]:
epithelial cells isolated from lung tissue derived from a 58-year-old, white, male with lung cancer

A. baumannii
AB5075

Uninfected Infected



Increased A. baumannii adherence to and invasion ED
of CEACAM-expressing lung epithelial cells
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A. baumannii-CEACAM1 interaction does not involve

N-glycan moieties of the receptor
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What is the A. baumannii intracellular lifestyle UJ
upon CEACAMSs binding?
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Acidification has detrimental effects on A. baumannii viability ED
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What microscale communication A. baumannii
triggers upon CEACAMSs binding?




Engagement of CEACAMSs by A. baumannii
transduces different signaling pathways
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The noncanonical autophagy process: UJ
L C3-associated phagocytosis (LAP)

Classical phagocytosis Macroautophagy LAP
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Engagement of CEACAMS and CEACAM®G by ED
A. baumannii increases NOX2 and Rubicon expression
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The CEACAMI1-A. baumannii signaling pathway UJ
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B sz, | Systems ey
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Acinetobacter baumannii Targets Human Carcinoembryonic
Antigen-Related Cell Adhesion Molecules (CEACAMs) for [ ]} [
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® |nterleukin-8

(e
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The CEACAM5-CEACAMG-A. baumannii signaling pathway UJ
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Acinetobacter baumannii Targets Human Carcinoembryonic
Antigen-Related Cell Adhesion Molecules (CEACAMs) for
Invasion of Pneumocytes

Cecilia Ambrosi;* Daniela Scribano, Meysam Sarshar,4+! Carlo Zagaglia,® Bernhard B. Singer,# Anna Teresa Palamara®4



Do cell lines represent a reliable model UJ
to study host-microbe interactions?

 Relatively inexpensive

* Widely available

* Unlimited proliferation

* Little maintenance

* Minimal technical expertise

* Storable

* Easy to sequence

e Allow high-throughput assays

* Genetic and phenotypic change
* Cross-contaminations

 Lack of differentiation

* Cancerogenic cells

* Unknown cancerogenic origin

* Aging

* Lack of tissue architecture/complexity
* Not sufficiently clinically predictive

Capes-Davis 2019. doi: 10.1021/acs.chemrestox.9b00215



Transition from Monolayers to Organoids

Organoids are three-dimensional structures that self-organize in vitro, recapitulating the
microarchitecture and physiology of the tissue of origin, hence, are also called «mini-organs»

Embryonic stem cells (ESCs) Induced pluripotent stem cells (iPSCs) Adult stem cells (ASCs)
(&‘5
5-6 day old human blastocyst Reprogramming differentiated adult cells Somatic stem cells

Thompson et al., 1998 Takashi & Yamanada, 2006, 2007 Sato et al., 2009




The airway and alveolar organoids

T Airway Organoids
Y R\ or proximal respiratory tract Alveolar Organoids

\/

Basal cell
I AT2
‘ |
Club cell lonocyte AT1
Neuroendocirine cell Ciliated cell Tuft cell

Goblet cell

Unlike the gut epithelium, the lung epithelium is only
slowly self-renewing under non-damage conditions

van der Vaart & Clevers. 2021. Journal of internal medicine, 289(5), 604-613.
Demchenko et al., 2022- Cell and Tissue Research, 390(3), 317-333.



Setting up the mouse airway/alveolar organoid model UJ
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The Air Liquid Interface (ALI) culture system

Commercial Expansion in flask Expansion in inserts Differentiation in inserts

Normal Bronchial
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Human Epithelial cells
(NBHE)

Isolated from epithelial
lining of airways above
bifurcation of the lungs
of an healthy donor
(2nd passage)




Stay connected! Follow us on Instagram for the latest updates!
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Take home messages ED

The study of host—pathogen interactions contributes to:
*Revealing how microbes attach to, invade, and exploit host cells to evade immunity and find new therapeutic strategies

*Pioneering the field of cellular immunology, showing that control of intracellular infections relies on cell-mediated rather
than humoral immunity

*Leading to key discoveries in immune system biology, including antigen-presenting pathways, T cell subsets, and cellular
receptors

*Establishing the discipline of cellular microbiology, highlighting how pathogens hijack host signaling, cytoskeletal
structures, and cell death pathways for their survival

*Enabling the dissection of fundamental cellular processes such as signal transduction, intracellular trafficking, and host—
pathogen metabolism

*Uncovering the co-evolution of intracellular pathogens and host cells through the development of tightly linked
metabolic interactions

*Providing insights on new strategies for managing inflammatory diseases and cancers, with broader applications in
oncology and chronic conditions.
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