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The impact of mesenchymal stem cells on host immunity
and disease outcome in bacterial lung infection
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Introduction

Bacterial pneumonia is the most common infectious cause of
death worldwide, disease burden is increasing and antibiotic
resistance continues to escalate.”” Novel therapies are needed.
Mesenchymal stem cells (MSCs) are a heterogeneous subset
of stromal stem cells which reside in bone marrow and other
anatomic niches.>® MSCs have been demonstrated to regulate
lung inflammation and enhance bacterial clearance in
preclinical models of pneumonia and sepsis, making them an
attractive novel treatment for bacterial lung infection resistant
to antibiotic therapy.”” There remain many unanswered
questions about the mechanisms by which MSCs achieve their
immunomodulatory effects, particularly relating to MSC
crosstalk with immune effector cells from both the innate and
adaptive immune systems. A putative mechanism by which
MSCs have anti-inflammatory effects is via the recruitment of
regulatory T cells (Tregs).®’

Tregs are a subset of CD4 " T cells acknowledged to be
important in maintaining the fine balance of immune
responses during bacterial infection.' Their precise role in
streptococcal and pseudomonal lung infection is undefined
and their interaction with MSCs in the context of bacterial
infection is undetermined. This project explores the impact
of MSCs on host immunity in bacterial lung infection. This
involves an investigation of MSC antimicrobial effect in
established experimental mouse models of Gram-positive
and Gram-negative bacterial lung infection and exploration
of the potential role of Tregs contributing to the observed
antimicrobial effects.

Materials and methods

Autologous murine MSCs derived from compact bone and bone
marrow are used in mouse models of Streptococcus pneumoniae
and Pseudomonas aeruginosa pneumonia. MSC treatment

is given intravenously 3 hours into a 24-hour infection. All
mice are on a C57Bl/6 background, including the Foxp3-DTR
inducible Treg knockout utilised to investigate the effect of
Treg depletion on MSC function. This mouse has a targeting
construct encoding human diphtheria toxin receptor fused to
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sequences encoding green fluorescent protein (GFP) inserted
into the Foxp3 gene. Exposure to diphtheria toxin leads to
depletion of Tregs. Infection and MSC treatment studies are
carried out with and without Tregs.

Results and discussion

Systemic treatment with MSCs reduced bacterial burden in
lung and bronchoalveolar lavage (BAL) following intranasal
infection with S pneumoniae and P aeruginosa. Levels of
pro-inflammatory cytokines in lung (TNF-a, IL-6, IFN-vy
and IL-17F) and BAL (IL-6) were also significantly reduced.
Depletion of Tregs prior to infection with S pneumoniae
resulted in a significant increase in lung bacterial burden. In
contrast, Treg depletion during P aeruginosa lung infection
did not impact on bacterial burden or inflammatory response.
Following infection with S pneumoniae, bacterial burden and
inflammatory response were greater in MSC-treated Treg-
depleted mice than in the Treg-replete cohort. In contrast, in
the P aeruginosa lung infection model, MSC protective effect
was preserved following Treg depletion.

Conclusion

MSCs may be utilised for the treatment of pneumonia. Tregs
are beneficial to the host response to S pneumoniae, but have
no role in the host response to P aeruginosa. MSC protective
effect for S pneumoniae appears to be partially Treg dependent.
For P aeruginosa, MSC protective effect is independent of
Tregs.m
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