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Abstract: Sepsis and acute respiratory distress syndrome (ARDS) are life threating diseases with 
high mortality and morbidity in all the critical care units around the world. After decades of research, 
and numerous pre-clinical and clinical trials, sepsis and ARDS remain without a specific and effective 
pharmacotherapy and essentially the management remains supportive. In the last years cell therapies gained 
potential as a therapeutic treatment for ARDS and sepsis. Based on numerous pre-clinical studies, there is 
a growing evidence of the potential benefits of cell based therapies for the treatment of sepsis and ARDS. 
Several cell types are used in the last years for the treatment of both syndromes showing high efficiency. 
Embryonic stem cells (ESC), multipotent stem (or stromal) cells (MSC) and epithelial progenitors cells 
(EpPC) have been used for both diseases. Nowadays, the major part of the pre-clinical studies are using 
MSC, however other relevant groups are also using induced pluripotent stem cells (iPSC) for the treatment 
of both syndromes and alveolar type II cells for ARDS treatment. Numerous questions need further study 
including: determining the best source for the progenitor cells isolation, their large scale production and 
cryopreservation. Also, the heterogeneity of patients with sepsis and ARDS is massive, and establish a target 
population or the stratification of the patients will help us to determine better the therapeutic effect of these 
cell therapies. In this review we are going to describe briefly the different cell types, their potential sources 
and characteristics and mechanism of action. Here, also we elucidate the results of several pre-clicinical and 
clinical studies in ARDS and in sepsis and the future directions of these studies.
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Introduction

Sepsis and acute respiratory distress syndrome (ARDS) are 
life threating diseases with high mortality and morbidity 
in all the critical care units around the world. Severe sepsis 
is a complex syndrome produced by the response to a 
systemic infection (1,2). The infection produces a general 
inflammatory response, such as tachycardia, elevated 

white-cell count and systemic release of pro-inflammatory 
cytokines, and this can lead to an acute organ dysfunction 
(3,4). The lung is one of the most affected organs during 
sepsis, and for that reason, one of the main indirect causes of 
ARDS is sepsis (4). ARDS can also be produced by a direct 
injury as a pulmonary infection or a trauma (5,6). ARDS 
is a multifactorial syndrome characterized by increased 
lung permeability, hypoxemia, the absence of cardiogenic 
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pulmonary edema, the disruption of the alveolar-capillary 
barrier and widespread inflammation (7,8).

After decades of research, and numerous pre-clinical 
and clinical trials, sepsis and ARDS remain without a 
specific and effective pharmacotherapy and essentially the 
management remains supportive (4,8). 

On the last two decades, several groups started working 
in cell therapies and gaining potential as a therapeutic 
treatment for ARDS and sepsis. Based on numerous pre-
clinical studies, there is a growing evidence of the potential 
benefits of cell based therapies for the treatment of sepsis 
and ARDS. Several cell types are used in the last years for 
the treatment of both syndromes showing high efficiency. 
This review summarizes the different progenitor cells that 
can be used as a therapy, the mechanisms of action and the 
results in pre-clinical and clinical studies in ARDS and in 
sepsis and future directions.

Different cell-based therapies

Embryonic stem cells (ESC), multipotent stem (or stromal) 
cells (MSC) and epithelial progenitors cells (EpPC) have 
been used for the treatment of sepsis and ARDS. Nowadays, 
the major part of the pre-clinical studies are using MSC, 
however other relevant groups are also using induced 
pluripotent stem cells (iPSC) for the treatment of both 
syndromes and alveolar type II cells for ARDS treatment.

We are going to review briefly the different cell types, 
their potential sources and characteristics; all of these is 
summarized in the Table 1 and represented in the Figure 1. 

ESC

ESCs are pluripotent cells derived from the inner blastocyst 
cell mass and constitute a potentially unlimited source of 
cells that could be differentiated into any progenitor cell 
and that could be used in the clinical (9,10). ESC could give 
rise to all cell types following therapeutic transplantation, 
and this will allow the complete regeneration of the tissue. 
Because of their plasticity and theoretically unlimited 
capacity for self-renewal, ESCs have been suggested for 
regenerative medicine and tissue replacement after injury 
or disease (11). However, their embryologic origin is linked 
to significant ethical issues regarding the use of these cells. 
Many crucial questions remain to be addressed before the 
full potential of ESC can be applied.

iPSC 

iPSCs are a new type of pluripotent cells that can be 
obtained by reprogramming animal and human somatic 
(differentiated) cells. iPSC can be obtained from dermal 
fibroblasts that have suffered dedifferentiation following 
reprogramming and finally are able to express four 

Table 1 Summary of the cell sources and their benefits

Cell type Harvest method Advantages Disadvantages Benefits in ARDS Benefits in sepsis

ESC Embryos Totipotent High tumorigenic potential. 
Ethical problem

Easy to differentiate to AEC2. 
No tested in vivo

Reduce mortality 
and decreases lung 
inflammation

iPSC Skin biopsy Easy isolation. No 
rejection

High tumorigenic potential Easy to differentiate to AEC2. 
No tested in vivo

–

MSC Bone marrow or 
adipose tissue

Easy isolation. No 
rejection

High tumorigenic potential Immunomodulatory effect. 
Reduce inflammation and 
lung edema

Reduce mortality and 
inflammation. Anti-bacterial 
activity and anti-apoptotic 
activity

EnPC Blood Non tumorigenic Difficult isolation and small 
amount

Maintain the integrity of the 
lung and improve the lung 
function

Reduce the sepsis damage 
re-establishing micro and 
macrocirculation

EpPC Donor tissue Non tumorigenic Difficult isolation and small 
amount

AEC2 cells were tested 
improving lung function and 
reducing inflammation

–

ARDS, acute respiratory distress syndrome; ESC, embryonic stem cells; iPSC, induced pluripotent stem cells; MSC, multipotent stem (or 
stromal) cells; EnPC, endothelial progenitor cells ; EpPC, epithelial progenitors cells.
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transcription factors, Ocet3/4, Sox2, Klf-4 and c-Myc 
(12,13). These cells can be obtained in autologous way 
eliminating the problem of immune rejection associated 
with other cells. They have the potential of growing 
indefinitely and differentiating into all cell types of 
the human body (14). The potential applications of 
iPSCs in sepsis and ARDS are numerous. However, the 
dedifferentiation and reprogramming have low efficiency, 
and their genomic modification could create associated 
problems that until now are unknown or have not been 
studied and have a high tumorigenicity risk (15). 

Endothelial progenitor cells (EnPC)

The endothelial damage is one of the main hallmarks of 
ARDS and EnPCs have the ability to regenerate endothelial 
tubes and could have an unlimited role in repairing 
the damaged endothelium. EnPcs have been defined as 
circulating cells that express hematopoietic surface cell 
markers such as CD34 and have the ability to adhere to the 

endothelium at sites of hypoxia and ischemia secrete pro-
angiogenic factors and generate a new vessel (16). Also, 
the role, isolation and identification of these cells are not 
completly elucidated. These cells might be a regenerative 
tool for the treatment of vascular diseases and to restrict 
angiogenesis in tumors. Nevertheless, the role of EnPC in 
vascular biology is still in debate and conflicting results have 
been published (17,18). More investigations are required; 
a few pre-clinical and clinical trials using EnPCs have been 
published and it is necessary to explore more areas and 
therapeutic potential of EnPCs. 

EpPC

EpPCs are specified during development in each tissue and 
are highly regulated by epithelial-mesenchymal interactions. 
There are several functional variances in EpPCs amongst 
the different tissues, but their maintenance, activation and 
differentiation is regulated by the same pathways between 
in all the tissues (19). The deregulation of some of these 
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Figure 1 Potential sources of progenitor cells.
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pathways can origin some pathological disorders such as 
cancer. Some epithelial progenitors of the lung alveolar 
compartment have also been identified (20,21). However, 
their isolation is really difficult and the number of cells that 
could be obtained is really low. 

Another strategy is the use of alveolar-epithelial type II 
cells (AEC2); these cells are more differentiated than EPCs, 
but still can proliferate and differentiate into alveolar-
epithelial type I cell, that are the complete differentiated 
cells in the lung epithelia (22,23). AEC2 cells could be 
isolated from the lungs of organ donors and have less 
ethical problems and tumorogenicity potential. However 
their isolation is not easy and their use as therapy should be 
always associated to the rejection problem. 

Mesenchymal stem (or stromal) cells

MSCs are the best described cells and the most used as a 
cell therapy. The International Society of Cellular Therapy 
defined that MSCs should follow three criteria: (I) MSCs 
must be adherent to plastic; (II) MSCs must express some 
cell surface markers, such as CD105, CD90 and CD73, but 
must not express other markers, including CD45, CD34, 
CD14 or CD11b; and (III) MSCs must have the capacity 
to differentiate into mesenchymal lineages (osteoblasts, 

adipocytes and chrondoblasts) in in vitro conditions (24).
MSC are multipotent cells that have been isolated from 

several tissues such as umbilical cord blood, placenta, 
adipose tissue, lung and bone marrow (25,26). MSCs have 
a high degree of plasticity and can be differentiate into a 
variety of cell lineages, but they do not possess the complete 
plasticity of ESCs. However, MSCs have some advantages 
because of their easy isolation and enormous propagation 
in culture and also because their use does not involve the 
ethical problems associated to the use of ESCs (27,28). 
Moreover, they can be obtained autologous diminishing the 
immune rejection problem. Several experimental studies 
have indicated that MSCs may have potential therapeutic 
application in sepsis and ARDS. It has also been reported 
that MSC release several micro-vesicles that might have 
therapeutic potential (29). 

Cell therapies in pre-clinical research

In this second part of this review we are going to discuss 
the safety and efficacy of all these progenitor cells in the 
treatment of sepsis or ARDS. Here, we are going to point 
out the most relevant pre-clinical studies using cell therapy 
in these two syndromes and the most significant results 
(Figure 2).

Figure 2 Schematic diagram demonstrating the potential mechanisms of progenitor cells. Some of them can modulate the immune 
response, have antibacterial properties and can differentiate to several tissues regenerating them.
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Use of cell therapies for the treatment of ARDS

During ARDS, endogenous stem cells participate in the 
remodeling of the injured lung. The EPCs resident in 
the lung and the circulating epithelial, endothelial and 
mesenchymal cells migrate to the lung and try to contribute 
to the re-epithelialization. However, sometimes endogenous 
cells are not enough to re-establish the correct function of 
the lung, and then, exogenous progenitor cells can be used 
as a therapy. 

On the one hand, ESCs or iPSCs offer the possibility 
to differentiate into any cell of the lung and replace any 
damaged cell. ESCs were differentiated in vitro to AEC2 
by Rippon et al. (30,31) and the differentiated cells were 
able to express all the normal markers of the AEC2, 
however they were never tested in vivo. Similarly, iPSC 
were differentiated into AEC2 for several groups, but their 
effect was also not tested in vivo (32-34). The pluripotency 
of ESC and iPSC and their  abil i ty to proliferate 
indefinitely without differentiating increases the risk of a 
neoplasia and for that reason their use in in vivo models 
is really limited; researchers are concerned about the 
restrictions of their use. 

On the other hand, MSCs have more immunomodulatory 
potential; they are able to reprogram the immune system 
and reduce inflammation. MSCs have been widely used for 
the treatment of direct and indirect ARDS in several in vivo 
models. Moreover, MSCs were described effective to reduce 
ARDS induced by a ventilator (VILI) (35-37), sepsis (38,39) 
or pneumonia (40,41). It has been described by several 
groups that MSCs are not engrafted and differentiates to 
lung alveolar-epithelial cells; simply, they are doing their 
effect following paracrine mechanisms. MSC seems to 
release several mediators such as miRNAs, mitochondria, 
proteins and acids nucleic directly or via microvesicles 
and exosomes that are able to modulate other cells such as 
macrophages, dendritic cells, neutrophils, natural killers, 
alveolar-epithelial cells and T and B lymphocytes. 

We can find in literature more than 30 papers published 
in the last decade indicating that MSCs reduce mortality 
and improve several clinical course indicators (39,42-44). 
Also, it has been extensively described that MSCs decrease 
the expression of several pro-inflammatory cytokines such 
as TNF-α, IL-1β, IL-6, and IFN-γ and increase anti-
inflammatory cytokines such as IL-4 and IL-10 (39,43,44). 
At the end, the resolution of the ARDS is improved by the 
release of several paracrine factors produced by MSC that 
restore lung function.

EnPCs were also tested in animal models with ARDS 
and these progenitor cells were also able to maintain the 
integrity of the lung epithelium and improve the lung 
function (45,46). EnPCs reduced inflammation via the 
reduction of IL-1β and increased anti-inflammatory IL-10 
expression (47,48). 

To finish this section, we want to highlight the 
preliminary results of the direct treatment of ARDS with 
AEC2. These cells are more differentiated than other cells 
and their progenitor function is limited, however, their 
possible tumorigenicity and transdifferentiation to cells 
that we do not want might be also less than ESC, iPSC and 
MSCs. AEC2 therapy also increase survival, lung function 
and reduces pulmonary inflammation (49). 

The major part of al l  these studies cited here, 
administered the progenitor cells via intratracheal in the 
lung and usually in the first hours after the induction 
of ARDS. However, the variety of species, doses, and 
parameters evaluated makes difficult to obtain a common 
conclusion; however all  of the studies showed an 
improvement in the lung function diminishing ARDS.

Use of cell therapies for the treatment of sepsis

The therapeutic potential of the different progenitor 
cells was widely tested in a cecal and ligation puncture 
(CLP) model in rat and mice that origins a polymicrobial 
sepsis. These progenitor cells were always administered 
systemically by an intravenously administration. 

As we explained previously in ARDS section, ESCs or 
iPSCs offer the possibility to migrate and differentiate 
into any tissue, giving them a huge potential and also a 
high risk. As far as we observed, there is only one pre-
clinical study published in sepsis in which ESCs have been  
used (50), any there is none using iPSC. Toya et al. injected 
human ESC one hour after cecal ligation and puncture 
and they described that transplantation reduce mortality 
in a 40% and decreases lung inflammation and edema as 
well as production of tumor necrosis factor-α (TNF-α) and 
interferon-γ in lungs (IFN-γ) (50).

MSCs are in sepsis, as well as in ARDS, the most used 
cells. Their easy isolation and expansion make them 
perfect for a therapy. MSCs treatment of pre-clinical sepsis 
significantly reduced mortality (39,44,51,52). Also it was 
reported that MSCs improved bacteria clearance; they do 
not have phagocytic activity (44,51,53), nevertheless they 
are able to induce phagocytosis of macrophages (41,44), 
neutrophils (54) and peripheral monocytes (53).
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MSCs administration in septic animals also resulted 
in decreased levels of IL-1α, IL-6, and IFN-γ in plasma 
compared to septic animals. No changes usually are 
observed in IL-4 or IL-10 (39,55). In several papers it has 
been reported the anti-apoptotic effect of MSC for example 
in host neutrophils or monocytes. This effect seems 
that is mediated by the production of the anti-apoptotic 
cytokine interleukin and the factor growth factor-7 (FGF7) 
(53,56). The combination of reducing inflammation and 
apoptosis leads to a decrease in the multiple organ failure, 
also described as an effect of the MSC therapy for several 
groups. Mostly, it is well described that animals treated 
with MSC developed less ARDS or the ARDS is less  
destructive (57), moreover other studies described also less 
acute kidney injury or liver injury after the MSC treatment 
(58-60). In summary, sepsis initiate endothelial damage 
caused by an increased apoptosis and inflammation and 
altogether leads to an organ failure; the use of MSC is able 
to stop this cascade at several points and is a promising 
alternative for the sepsis treatment.

The combination of MSC with other treatments such as 
antibiotics administration (44,61) or the application of novel 
techniques such as extracorporeal membrane oxygenation 
(ECMO) may give us more fascinating results in a close 
future (62).

EnPCs were also tested for the sepsis treatment with 
positive results. Sepsis alters endothelial function in the 
macro and microcirculation and causes damage in the 
endothelial barrier, so the treatment with EnPCs seems 
interesting to reduce the sepsis damage. In three published 
studies with EnPC, their administration reduced mortality 
and down-regulated TLR4, TNF-α, IL-1β, IL-6 and IL-10 
levels (63-65). EnPC transplantation was able to diminish 
significantly lung, liver, and kidney tissue damage (63,64).

Overall, cell therapies are able to improve survival, 
reducing inflammation and apoptosis, improving the 
clearance of bacteria and producing less organ failure. To 
go in deep into the several mechanisms is necessary to 
determine which population is better in each situation and 
could cause fewer side effects.

Clinical trials with cell therapy in sepsis and ARDS 

At the moment, there are several ongoing clinical trials 
registered, mainly using MSCs. A few numbers of reports 
describing results have been published. One of the earliest 
studies was conducted by Zheng et al and they studied 
the safety of MSCs in ARDS patients. In this phase I, 12 

patients were randomized and received an intravenous 
administration of either 100 mL saline or a single dose of 
allogeneic MSCs obtained from adipose tissue (66). The 
authors reported that the cell therapy was safe, but they did 
not find significant differences in total length of hospital 
stay, ICU-free days, and ventilator-free days or in serum 
ARDS biomarkers. Another trial conducted by Galstyan 
et al. with 27 patients (13 received conventional treatment 
while 14 received conventional treatment plus a single 
dose of 1×106 MSC) was performed to assess the effect 
of MSC in sepsis (septic shock) (67). The group treated 
with MSCs had a significant increase in 28-day survival 
rates (57% vs. 15%) that was associated with a decrease in 
SOFA-score. However, there was no difference in post-28 
day survival rates. Wilson et al. presented results of a phase 
I, multicenter, open label, dose-escalation pilot study, 
(START) in patients with moderate to severe ARDS (68). 
The study demonstrated that allogeneic MSC isolated 
from bone marrow were well tolerated, however they did 
not find any change in the pro-inflammatory markers. 
The results from all of these clinical trials have provided 
promising results that MSCs can offer a therapeutic 
benefit.

Nowadays, there are in progress several phase 2a clinical 
trials to establish safety in ARDS and similarly in sepsis. In 
the Table 2 we summarized the results of phase 1 clinical 
trials and we report the ongoing phase 2a clinical trials.

Conclusions

Still, numerous questions need further study including: 
determining the best source for the MSCs isolation, their 
large scale production and cryopreservation. Moreover, 
the therapeutic potential of MSCs and its conditioned 
media need to be studied for checking their efficacy in 
short term and long term follow up studies. A lot of work 
for the better characterization and potential of the several 
progenitor cells need to be performed.

The heterogeneity of patients with sepsis and ARDS 
is massive, and establish a target population or the 
stratification of the patients will help us to determine 
better the therapeutic effect of these cell therapies. 
Furthermore, define better biomarkers and evaluate them 
in all the future clinical trials at the same time points will 
give us an extensive view of the benefits of cell therapies. 
Probably, the patients in a hyperactive inflammatory phase 
may have more benefits of these therapies and will show 
more improvement. 
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