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Acute respiratory distress syndrome (ARDS) is a clinical syndrome of severe acute hypoxaemic respiratory
failure with clinical features including reduced lung compliance and permeability-induced pulmonary
oedema, which can frequently progress to multiple organ failure [1, 2]. ARDS occurs in 10% of all
critically patients in ICU and nearly one quarter of all mechanically ventilated patients [3]. Common
underlying causes of ARDS include bacterial or viral pneumonia, sepsis, pulmonary aspiration and
trauma [4]. The burden of ARDS is substantial, with hospital mortality rates varying, depending on ARDS
severity, from 30–45% of affected patients [5]. Of further concern, ARDS survivors are often left with
debilitating long-term sequelae which reduces their quality of life.

A dysregulated immune response is central to the pathogenesis of ARDS. Classically, there is activation of
the immune system in response to a pulmonary or extrapulmonary inciting event, which leads to
generalised inflammation of the lung, with invasion of neutrophils and macrophages into the alveolar
space, the production of pro-inflammatory cytokines, such as interleukin (IL)-6, IL-1β, IL-8 and tumour
necrosis factor (TNF)-α, activation of the clotting cascade and production of reactive oxygen species [6].
This inflammatory microenvironment in the lung leads to injury, with fibrin deposition and hyaline
membrane formation, necrosis and loss of type 1 and 2 pneumocytes, and damage to the capillary
endothelium leading to loss of the permeability barrier and lung oedema, and diffuse alveolar damage [7].

Despite decades of research, there are no direct therapies for ARDS. Management remains supportive, with a
focus on protective mechanical ventilation and fluid-restrictive strategies to minimise iatrogenic harm while
treating underlying causes, such as infection [8]. Consequently, there is a pressing need to discover innovative
therapies for ARDS. Attention has turned to cell-based therapies for ARDS, particularly mesenchymal stromal
cells (MSCs), which possess multiple potentially relevant properties. These include immune-modulating
effects [9], direct and indirect anti-microbial effects [10], enhancement of alveolar fluid clearance [11], and
pro-resolution effects that restore alveolar function and pulmonary capillary permeability barrier function [12].
Other properties that make them attractive, if proven therapeutically effective, include their relative ease of
isolation and availability from several tissue sources [13], including bone marrow, umbilical cord and adipose
tissue, and their relatively low immunogenicity, which together facilitate their use as an allogenic therapy,
which could be available “off the shelf”, in contrast to many other potential cell therapies [11, 14].

MSCs demonstrate therapeutic promise in relevant preclinical ARDS models and the mechanisms of action
of MSCs are increasingly well understood. Studies show that administration of MSCs to healthy volunteers
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appears safe with no adverse effects reported in relation to any inflammatory response [15]. Recent results
have demonstrated that infusion of a high dose of MSCs (1.3×108) to healthy volunteers was well-tolerated
with an anti-inflammatory effect observed 6 months after infusion [16]. Paralleling this, phase I and early
phase II clinical trials accumulate attesting to the safety and tolerability of these cells. While these are
important advances, clear evidence of therapeutic promise is less evident and, generally, there is a lack of
strong biological signals that would signal therapeutic promise. The significant challenges to translation of
cell therapies to clinical testing may partly explain this, ranging from practical scale-up challenges relating to
cell dose manufacture and storage, inter-study variations in MSC dosage, source and treatment regimens, to
the biological heterogeneity within ARDS populations. Consequently, it is important to continue to search for
strategies that might enhance MSC therapeutic potential. One approach in this regard is to better understand
the interaction between the MSC and the host. While it has long been recognised that MSCs are responsive
to the host environment [17], the precise inter-play between the MSC and the lung microenvironment in
health and disease, and how this might impact MSC function, remains poorly understood. A better
understanding of this interaction may allow us to develop enhanced MSC therapeutics for testing in ARDS.

In this issue of the European Respiratory Journal, ROLANDSSON ENES et al. [18] present a paper that
considerably advances our knowledge in this area, by examining the effects of bronchoalveolar lavage
(BAL) fluid samples from healthy and ARDS patients on important aspects of MSC function and
response. They found that the exposure to BAL fluid from healthy volunteers produced an increase in
MSC pro-inflammatory cytokine gene expression, activation of coagulant pathways, and apoptotic
pathways mediators such as the FAS ligand. On the other hand, BAL fluid taken from patients with ARDS
did not produce this pro-inflammatory increase but stimulated neutrophil trafficking-related genes, such as
CXCL1 and CXCL2. They then investigated the effect of this BAL fluid on MSC expression of surface
markers related to recognition by the host immune system. The potential for MSCs to evade detection by
the host immune response is due, at least in part, to their low expression of HLA-1 and no expression of
HLA-2, and this facilitates allogeneic therapy. MSCs exposed to BAL fluid from healthy volunteers
increased their expression of genes related to HLA-1 and HLA-2 surface proteins. In contrast, exposure to
BAL fluid from ARDS patients led to reduced MSC expression of the HLA-1 and HLA-2 genes. This
differential response raises the possibility that an inflammatory microenvironment might extend the
presence of the MSC in the lung by reducing MSC expression of immunogenic proteins and apoptotic
signalling, giving the cells more time to exert any therapeutic effect. On the other hand, MSC exposed to a
healthy lung environment might become more visible to the immune system, possibly enhancing the
clearance of these cells. Interestingly, a recent preclinical study of retention of administered human MSCs
within the rodent lung found that MSCs were cleared from healthy lungs within 24 h but were retained for
longer periods in the presence of pulmonary infection [19], supporting this concept.

These findings offer novel insights into the interaction of MSCs with the lung environment. They
complement a growing understanding of the impact of the lung microenvironment on MSC effects from
other recent studies. ISLAM et al. [20] found that different preclinical lung injury models produced distinct
proteomic profiles, and that this appeared to modulate the MSC effects seen. Specifically, MSCs exerted
effects that ranged from beneficial in a model of high stretch ventilation to deleterious in models of
acid-primed lung injury. The lung environment where MSCs worsened injury were characterised by high
levels of IL-6 and fibronectin, along with low antioxidant capacity. Of clinical relevance, these distinct
proteomic profiles were detected in clinical samples from patients with ARDS. Of therapeutic relevance,
these detrimental effects of MSCs could be abrogated by restoring antioxidant capacity in the lung
microenvironment, or by enhancing MSC expression of IL-10. Similar findings have also been reported for
other lung conditions, such as cystic fibrosis [21], suggesting this interaction between the MSC and lung
microenvironment is of broad relevance to lung diseases and requires further study as a priority.

These insights will inform the development of strategies to favourably modulate the interaction between
the MSC and the lung microenvironment to enhance beneficial effects and/or reduce the potential for
adverse effects, such as fibrosis. Many strategies to “precondition” MSCs involve in vitro exposure to
elements that replicate the inflammatory microenvironment. This strategy of pre-conditioning (also known
as pre-activating, or licencing) MSCs has been a topic of much focus in the past few years. Prior exposure
of MSCs to pro-inflammatory cytokine mixtures (e.g. cytomix) has been reported to produce an anti-
inflammatory MSC phenotype [22]. This strategy enhances MSC-induced resolution of ventilation-induced
lung injury in a rodent model [23]. Similarly, prior incubation of MSCs with interferon (IFN)-γ [24] and
poly I:C [25] and environmental “stressors”, such as starvation [26], cell stretch [27] and different growth
substrates [28], have been used to enhance MSCs effects in relevant preclinical models. We have yet to see
the effects of this technique in humans, but clinical trials are in progress testing use of IFN-γ-primed
MSCs for the treatment of acute graft versus host disease (NCT04328714).
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In conclusion, the findings of ROLANDSSON ENES et al. [18] support a growing understanding of the impact
of the lung microenvironment on the effect profile of MSCs. While important knowledge gaps remain,
such as the optimal MSC source, the most effective pre-activation strategy to use, whether to use of MSC
cell products rather than whole cell administration, and the exact effects of these cells on the immune
system in health and disease, these advances offer the potential that we may be able to favourably modify
the risk/benefit profile of MSC therapies for ARDS. By harnessing these insights, we can ultimately
develop MSC therapeutics that are more likely to be found effective in subsequent clinical trials.

Conflict of interest: C. Masterson has nothing to disclose. H. Gonzalez has nothing to disclose. J.G. Laffey reports
grants/contracts from Science Foundation Ireland and Health Research Board; consulting fees from Baxter
Healthcare and GlaxoSmithKline; payment or honoraria for lectures, presentations, speakers bureaus, manuscript
writing or educational events from Baxter Healthcare; and was a participant on a data safety monitoring board for
a stem cell trial in COVID-19 in Toronto.

References
1 Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and outcomes of acute lung injury. N Engl J Med 2005;

353: 1685–1693.
2 Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med 2000; 342: 1334–1349.
3 McNicholas BA, Rooney GM, Laffey JG. Lessons to learn from epidemiologic studies in ARDS. Curr Opin Crit

Care 2018; 24: 41–48.
4 Bellani G, Laffey JG, Pham T, et al. Epidemiology, patterns of care, and mortality for patients with acute

respiratory distress syndrome in intensive care units in 50 countries. JAMA 2016; 315: 788–800.
5 Máca J, Jor O, Holub M, et al. Past and present ARDS mortality rates: a systematic review. Respir Care 2017;

62: 113–122.
6 Kellner M, Noonepalle S, Lu Q, et al. ROS signaling in the pathogenesis of acute lung injury (ALI) and acute

respiratory distress syndrome (ARDS). Adv Exp Med Biol 2017; 967: 105–137.
7 Fanelli V, Vlachou A, Ghannadian S, et al. Acute respiratory distress syndrome: new definition, current and

future therapeutic options. J Thorac Dis 2013; 5: 326–334.
8 Ranieri VM, Rubenfeld GD, Thompson BT, et al. Acute respiratory distress syndrome: the Berlin Definition.

JAMA 2012; 307: 2526–2533.
9 Byrnes D, Masterson CH, Artigas A, et al. Mesenchymal stem/stromal cells therapy for sepsis and acute

respiratory distress syndrome. Semin Respir Crit Care Med 2021; 42: 20–39.
10 Alcayaga-Miranda F, Cuenca J, Khoury M. Antimicrobial activity of mesenchymal stem cells: current status

and new perspectives of antimicrobial peptide-based therapies. Front Immunol 2017; 8: 339.
11 McAuley DF, Curley GF, Hamid UI, et al. Clinical grade allogeneic human mesenchymal stem cells restore

alveolar fluid clearance in human lungs rejected for transplantation. Am J Physiol Lung Cell Mol Physiol 2014;
306: L809–L815.

12 Laffey JG, Matthay MA. Fifty years of research in ARDS. Cell-based therapy for acute respiratory distress
syndrome. Biology and potential therapeutic value. Am J Respir Crit Care Med 2017; 196: 266–273.

13 Ding DC, Shyu WC, Lin SZ. Mesenchymal stem cells. Cell Transplant 2011; 20: 5–14.
14 Hosseinikia R, Nikbakht MR, Moghaddam AA, et al. Molecular and cellular interactions of allogenic and

autologus mesenchymal stem cells with innate and acquired immunity and their role in regenerative
medicine. Int J Hematol Oncol Stem Cell Res 2017; 11: 63–77.

15 Thompson M, Mei SHJ, Wolfe D, et al. Cell therapy with intravascular administration of mesenchymal stromal
cells continues to appear safe: an updated systematic review and meta-analysis. EClinicalMedicine 2020; 19:
100249.

16 Chin SP, Mohd-Shahrizal MY, Liyana MZ, et al. High dose of intravenous allogeneic umbilical cord-derived
mesenchymal stem cells (CLV-100) infusion displays better immunomodulatory effect among healthy
volunteers: a phase 1 clinical study. Stem Cells Int 2020; 2020: 8877003.

17 Kusuma GD, Carthew J, Lim R, et al. Effect of the microenvironment on mesenchymal stem cell paracrine
signaling: opportunities to engineer the therapeutic effect. Stem Cells Dev 2017; 26: 617–631.

18 Rolandsson Enes S, Hampton TH, Barua J, et al. Healthy versus inflamed lung environments differentially
affect mesenchymal stromal cells. Eur Respir J 2021; 58: 2004149.

19 Masterson CH, Tabuchi A, Hogan G, et al. Intra-vital imaging of mesenchymal stromal cell kinetics in the
pulmonary vasculature during infection. Sci Rep 2021; 11: 5265.

20 Islam D, Huang Y, Fanelli V, et al. Identification and modulation of microenvironment is crucial for effective
mesenchymal stromal cell therapy in acute lung injury. Am J Respir Crit Care Med 2019; 199: 1214–1224.

21 Abreu SC, Hampton TH, Hoffman E, et al. Differential effects of the cystic fibrosis lung inflammatory
environment on mesenchymal stromal cells. Am J Physiol Lung Cell Mol Physiol 2020; 319: L908–L925.

https://doi.org/10.1183/13993003.00986-2021 3

EUROPEAN RESPIRATORY JOURNAL EDITORIAL | C. MASTERSON ET AL.



22 Rodriguez LA II, Mohammadipoor A, Alvarado L, et al. Preconditioning in an inflammatory milieu augments
the immunotherapeutic function of mesenchymal stromal cells. Cells 2019; 8: 462.

23 Horie S, Gaynard S, Murphy M, et al. Cytokine pre-activation of cryopreserved xenogeneic-free human
mesenchymal stromal cells enhances resolution and repair following ventilator-induced lung injury
potentially via a KGF-dependent mechanism. Intensive Care Med Exp 2020; 8: 8.

24 Varkouhi AK, Jerkic M, Ormesher L, et al. Extracellular vesicles from interferon-gamma-primed human
umbilical cord mesenchymal stromal cells reduce Escherichia coli-induced acute lung injury in rats.
Anesthesiology 2019; 130: 778–790.

25 Cassatella MA, Mosna F, Micheletti A, et al. Toll-like receptor-3-activated human mesenchymal stromal cells
significantly prolong the survival and function of neutrophils. Stem Cells 2011; 29: 1001–1011.

26 Chang CL, Leu S, Sung HC, et al. Impact of apoptotic adipose-derived mesenchymal stem cells on
attenuating organ damage and reducing mortality in rat sepsis syndrome induced by cecal puncture and
ligation. J Transl Med 2012; 10: 244.

27 Zhu Z, Gan X, Fan H, et al. Mechanical stretch endows mesenchymal stem cells stronger angiogenic and
anti-apoptotic capacities via NFkappaB activation. Biochem Biophys Res Commun 2015; 468: 601–605.

28 Darnell M, O’Neil A, Mao A, et al. Material microenvironmental properties couple to induce distinct
transcriptional programs in mammalian stem cells. Proc Natl Acad Sci USA 2018; 115: E8368–E8377.

https://doi.org/10.1183/13993003.00986-2021 4

EUROPEAN RESPIRATORY JOURNAL EDITORIAL | C. MASTERSON ET AL.


	Understanding the impact of the lung microenvironment to enhance the therapeutic potential of mesenchymal stromal cells for acute respiratory distress syndrome
	References


