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Abstract 

Purpose:  Bone marrow-derived, allogeneic, multipotent adult progenitor cells demonstrated safety and efficacy in 
preclinical models of acute respiratory distress syndrome (ARDS).

Methods:  This phase 1/2 trial evaluated the safety and tolerability of intravenous multipotent adult progenitor cells 
in patients with moderate-to-severe ARDS in 12 UK and USA centres. Cohorts 1 and 2 were open-label, evaluating 
acute safety in three subjects receiving 300 or 900 million cells, respectively. Cohort 3 was a randomised, double-
blind, placebo-controlled parallel trial infusing 900 million cells (n = 20) or placebo (n = 10) within 96 h of ARDS 
diagnosis. Primary outcomes were safety and tolerability. Secondary endpoints included clinical outcomes, quality of 
life (QoL) and plasma biomarkers.

Results:  No allergic or serious adverse reactions were associated with cell therapy in any cohort. At baseline, the 
cohort 3 cell group had less severe hypoxia. For cohort 3, 28-day mortality was 25% for cell vs. 45% for placebo recipi‑
ents. Median 28-day free from intensive care unit (ICU) and ventilator-free days in the cell vs. placebo group were 12.5 
(IQR 0,18.5) vs. 4.5 (IQR 0,16.8) and 18.5 (IQR 0,22) vs. 6.5 (IQR 0,18.3), respectively. A prospectively defined severe ARDS 
subpopulation (PaO2/FiO2 < 150 mmHg (20 kPa); n = 16) showed similar trends in mortality, ICU-free days and ventila‑
tor-free days favouring cell therapy. Cell recipients showed greater recovery of QoL through Day 365.

Conclusions:  Multipotent adult progenitor cells were safe and well tolerated in ARDS. The clinical outcomes warrant 
larger trials to evaluate the therapeutic efficacy and optimal patient population.

Keywords:  Acute respiratory distress syndrome (ARDS), Multipotent adult progenitor cells (MAPC), Stem cells

Introduction
Despite multiple clinical studies, no pharmacological 
treatments have proven effective for acute respiratory 
distress syndrome (ARDS) [1, 2]. Recently, corticoster-
oids [3, 4], and possibly IL6 receptor antagonists [5–7], 
have demonstrated favourable results in coronavirus 
disease 2019 (COVID-19) pneumonia [8]. However, a 
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safe treatment that can reduce mortality of patients who 
develop ARDS, and improve quality of life for survivors, 
is still needed.

Mesenchymal stromal cells (MSC) have demonstrated 
anti-inflammatory properties in animal models of ARDS 
[9–14]. Recently, several clinical studies have investigated 
MSC treatment for ARDS [15–19]. Multipotent adult 
progenitor cells are bone marrow-derived, good manu-
facturing practices (GMP)-manufactured, adherent, allo-
geneic stromal cells, with immunomodulatory properties 
similar to MSC. They have been well tolerated in patients 
with stroke, myocardial infarction, and graft vs host dis-
ease [20–22]. Pre-clinical studies in a sheep model of 
ARDS demonstrated that multipotent adult progenitor 
cells improved blood oxygenation and carbon dioxide 
clearance, and reduced inflammation, pulmonary vascu-
lar pressures, and lung oedema [23, 24].

We hypothesize that multipotent adult progenitor 
cells are safe in patients with ARDS, and through pleo-
tropic effects, will shift host immune responses from 
pro-inflammatory towards anti-inflammatory, mitigating 
lung pathophysiology and promoting repair that could 
improve important clinical outcomes. The MUST-ARDS 
study, a multicentre, double-blind, randomised, placebo-
controlled trial of multipotent adult progenitor cells in 
patients with moderate-to-severe ARDS, was presented 
at the 2019 American Thoracic Society International 
Conference [25].

Methods
Study design and oversight
This phase 1/2 multicentre, randomised, dose-escalation 
trial of intravenous multipotent adult progenitor cells 
was designed and conducted through a collaboration 
between Athersys, Cell and Gene Therapy Catapult, and 
senior clinical investigators in critical care, across sites 
in the UK and USA (see online resource 3 for list of sites 
involved). An independent Data and Safety Monitoring 
Board (DSMB) provided oversight of trial governance 
and safety. The study enrolled 2 open-label, escalating 
dose tiers (cohorts 1 and 2), then selected the highest 
well-tolerated dose for a randomised, double-blind, pla-
cebo-controlled tier (cohort 3). The study was approved 
by central and local institutional review boards or ethics 
committees at the 12 participating sites in the UK and 
USA.

Between March 2016 and September 2018, with con-
sent from patients or their legally authorised representa-
tive, we enrolled adults with moderate-to-severe ARDS 
(PaO2/FiO2 < 200  mmHg [27  kPa]), consistent with the 
Berlin definition [26]. We excluded patients with severe 
interstitial lung disease, chronic obstructive pulmo-
nary disease, chronic liver disease, and those with life 

expectancy less than 6 months or history of malignancy 
within the last 2 years. Complete inclusion and exclusion 
criteria are provided in the protocol (Online Resource 1).

Randomisation and masking
Three patients were assigned to receive open-label intra-
venous infusion of 300 million multipotent adult pro-
genitor cells (cohort 1). DSMB safety review of cohort 1 
patient data included vital sign, ventilator, and vasoactive 
medication dose changes over the first 4  h, Suspected 
Unexpected Serious Adverse Reactions (SUSARs) over 
the first 24 h and laboratory data and Treatment Emer-
gent Adverse Events (TEAEs) over the first 3  days. The 
next three patients received 900 million cells (cohort 2). 
Following review of cohort 2 data, the DSMB recom-
mended cohort 3 proceed, evaluating the 900 million 
cells dose. Thirty patients were randomly assigned, in a 
2:1 ratio, to receive intravenous multipotent adult pro-
genitor cells or matched placebo.

Cohort 3, patients were randomised using an interac-
tive web response system (Endpoint—Edinburgh, UK). 
For each patient randomised, an unblinded staff member 
of the local cell processing facility received the patient 
treatment assignment and prepared the cell product or 
placebo, placing a tinted cover over the intravenous infu-
sion bag and tubing to conceal treatment allocation prior 
to dispensing. Patients and all trial personnel, including 
investigators and clinicians, remained blinded to treat-
ment assignment.

Procedures
Cryogenically preserved multipotent adult progeni-
tor cells (Lonza, Walkersville, MD, USA; under contract 
with Athersys) suspended in PlasmaLyte-A containing 
dimethyl sulfoxide (DMSO) and human serum albumin 
(HSA), were thawed, counted, assessed for viability dur-
ing preparation of each clinical dose. Thawed cells had a 
median viability of 92% (IQR 83–94%) and were prepared 
without centrifugation to the appropriate dose of either 
300 million or 900 million cells diluted into 300  ml of 
PlasmaLyte-A. Matching placebo contained PlasmaLyte-
A, DMSO, and HSA in the same volume and concen-
trations (see online resource 3 for further details on cell 
preparation).

Within the 6  h prior to randomisation, participants 
were required to achieve a 2-h baseline period of res-
piratory and haemodynamic stability as well as confir-
mation of persistent ARDS demonstrated by a PaO2/
FiO2 ≤ 300  mmHg (40  kPa). Within 96  h of fulfilling 
moderate-to-severe ARDS criteria, cells or placebo were 
administered, through a 200-micron blood filter tubing 
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set, as a single peripheral or central venous infusion over 
approximately 1 h.

Patients were continuously observed over the first 4 h 
post-infusion, and further assessed at days 1, 2, 3, 7, 28, 
90, and 365 after enrolment. Respiratory mechanics (res-
piratory rate, tidal volume, and airway pressures [peak 
and plateau]), mode of ventilation, PaO2/FiO2 ratio, and 
positive end-expiratory pressure (PEEP) were assessed 
at each visit, while the patient was on mechanical venti-
lation. Blood was sampled for inflammatory biomarker 
multiplex immunoassays (Aeirtec—Newcastle upon 
Tyne, UK) at baseline, and days 1, 2, 3, and 7. See Online 
Resource 1 for detailed Protocol including schedule of 
data collection, pre/post-infusion stability criteria and 
adverse event definitions.

Outcomes
Primary outcome measures were safety and tolerability 
of multipotent adult progenitor cells as assessed by (1) 
physiologic response within 4 h of administration, moni-
toring vital signs, ventilator volumes and pressures, PaO2 
or pulse oximetry, and ventilator setting or vasoactive 
medication dose adjustment, every 15  min for the first 
2 h and at 3 and 4 h after infusion start; and (2) occur-
rence of SUSARs within 24 h of administration.

Secondary safety outcomes included assessment of 
vital signs and laboratory parameters through Day 28, 
and TEAEs through Day 365.

Secondary efficacy outcomes were ventilator-free days, 
days free from intensive care unit (ICU), and total length 
of hospital stay through Day 28; changes in PaO2/FiO2 
ratio and PEEP requirements from baseline through Days 
1, 2, 3, 7 and 28; changes in respiratory physiologic meas-
ures (peak and plateau pressures) from baseline through 
the time the subject is extubated; and all-cause mortality 
at Days 28, 90 and 365.

Exploratory endpoints included changes in circulat-
ing biomarkers of inflammation and lung injury between 
baseline and Days 1, 2, 3 and 7; and health-related quality 
of life (EQ-5D-3L) at Days 28, 90 and 365.

Statistical analysis
Descriptive analysis was performed on primary and 
secondary safety outcomes among all cohorts. Patients 
randomized in cohort 3 constituted the assessable pop-
ulation for secondary efficacy endpoints, exploratory 
plasma biomarkers and quality of life assessments. Effi-
cacy assessments were additionally evaluated for a pro-
spectively defined subgroup of patients with baseline 
PaO2/FiO2 < 150  mmHg (20  kPa). Recent literature sug-
gests patients below this cutoff differ in their anatomical 
and physiological characteristics, and potentially exhibit 

differential responses to adjunctive ARDS interventions 
such as prone positioning and cisatracurium [27, 28].

The DSMB reviewed safety data following cohorts 
1 and 2, and after 10 and 20 patients were enrolled to 
cohort 3. This fully completed study is registered with 
ClinicalTrials.gov: NCT02611609.

Role of the funding sources
The National Institute on Alcohol Abuse and Alcohol-
ism, and Innovate UK were not involved in the study 
design, data analysis, data interpretation, or writing of 
this report. Athersys was involved in study design and in 
data interpretation. All data collection and analysis were 
overseen by Synequanon (Norfolk, UK). Two employees 
of Athersys (AT and EJ) were represented on the writ-
ing committee. The corresponding author and the writ-
ing group had full access to all the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Four patients consented and enrolled in cohort 1. One 
patient withdrew consent prior to receiving cell infusion 
and was replaced. Baseline characteristics of patients 
who were dosed in each cohort are presented in Table 1. 
Three patients enrolled in cohort 1 received 300 million 
multipotent adult progenitor cells. Vital signs, and any 
ventilator and vasoactive medication dose adjustments 
over the first 4 h were carefully evaluated by the DSMB 
for evidence of deleterious physiologic response to intra-
venous cell administration. No pattern suggestive of 
harm was identified. There were no treatment-emergent 
adverse events causally related cell administration and 
review of laboratory data revealed no trends concerning 
for adverse reactions to the therapy through at least the 
first 3 days following infusion. Reported TEAEs for each 
cohort are depicted in Table 2.

In cohort 2, 3 patients received 900 million cells. One 
death occurred in cohort 2, that was determined by the 
DSMB to be unrelated to cell therapy. Cohort 2 data 
review revealed no evidence of harm from cell therapy.

After the DSMB confirmed no acute safety concerns 
with the 900 million cells dose, 34 patients were con-
sented to cohort 3 with four patients excluded for no 
longer meeting inclusion criteria at time of randomiza-
tion. Twenty patients received 900 million cells and 10 
patients received placebo (Fig. 1).

Demographic and baseline clinical information for 
cohort 3 is presented in Table  1. Notable between 
group differences included mean modified SOFA (lower 
in the cells group: 10.9 vs 12.2 for placebo), PaO2/
FiO2 (less severe among cell recipients: 173  mmHg 
[23.1  kPa] than placebo: 128  mmHg [17.1  kPa]) and 
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age (cells: 51 yr vs placebo: 59 year). The cell treatment 
group had a greater proportion requiring vasopressor 
support (45%) than the placebo group (30%). A pro-
spectively defined subset for analysis, comprising 16 
patients (n = 8 cells; n = 8 placebo) with severe hypoxia 
(baseline PaO2/FiO2 < 150 mmHg [20 kPa]), had similar 
group mean baseline PaO2/FiO2 ratios of 121  mmHg 

(16.1 kPa) vs. 117 mmHg (15.6 kPa), respectively, while 
a greater proportion of the cell treatment subgroup 
required vasopressor at baseline (38% vs 25%). Among 
all cohort 3 patients, 60% in the cell treatment group, 
and 80% in the placebo group, received corticosteroids 
at some point between Day minus2 and Day 3.

Table 1  Baseline Characteristics

Data are n (%) or mean (SD)

ARDS acute respiratory distress syndrome, SOFA sequential organ failure assessment, PaO2/FiO2 ratio of partial pressure of oxygen to fractional inspired oxygen, PEEP 
positive end-expiratory pressure
a  For SOFA scoring, all patients were assigned a nervous system domain score + 4 = Glasgow Coma Score (GCS) < 6

Patient characteristics Multipotent adult progenitor cells Placebo

Cohort 1 (n = 3) Cohort 2 (n = 3) Cohort 3 (n = 20) Cohort 3 (n = 10)

Age (years) 61 (10) 63 (20) 51 (14) 59 (18)

Sex

 Male 2 (67%) 2 (67%) 13 (65%) 6 (60%)

Cause of ARDS

 Pneumonia 3 (100%) 2 (67%) 11 (55%) 4 (40%)

 Pneumonia/Sepsis 0 0 3 (15%) 4 (40%)

 Sepsis 0 0 3 (15%) 1 (10%)

 Aspiration 0 0 3 (15%) 0

 Other 0 1 (33%) 0 1 (10%)

Modified SOFAa ND 11.3 (3.2) 10.9 (2.2) 12.2 (4.2)

PaO2/FiO2 (mmHg) 145 (27.8) 158 (14.9) 173 (56.4) 128 (35.1)

Vasopressor Use ND 2 (67%) 9 (45%) 3 (30%)

Tidal volume/predicted body weight (mL/Kg) 5.4 (1.16) 7.2 (0.83) 6.8 (1.63) 6.8 (1.24)

PEEP (cmH2O) 10 (1) 8 (1.7) 10 (3.5) 10 (2.1)

Time to dosing from ARDS diagnosis (h) 49 (19.3) 60 (14.2) 43 (19.9) 53 (24.9)

Table 2  Treatment Emergent Adverse Events (TEAE), Deaths, and Adverse Events of Special Interest (AESI) through 1 year

Data are number of subjects n (%) and [events]

An adverse event was considered treatment-emergent if the start time of the event was on or after the start of treatment infusion. AESI include: sustained hypoxemia 
or hypotension and cardiac arrhythmia. Further details for Adverse Events are available in Online Resource 3

Multipotent adult progenitor cells Placebo

Cohort 1 (n = 3) Cohort 2 (n = 3) Cohort 3 (n = 20) Cohort 3 (n = 10)

Safety population n = 3 n = 3 n = 20 n = 10

At least 1 TEAE 2 (67) [24] 3 (100) [5] 18 (90) [35] 6 (60) [12]

Serious TEAE 1 (33) [13] 2 (67) [2] 12 (60) [16] 6 (60) [7]

Death 0 1 (33) 8 (40) 5 (50)

TEAE possibly related to study drug 0 0 1 0

Serious TEAEs related to study drug 0 0 0 0

Total number of infusion related AESIs assessed through 4 h post-infusion 0 0 0 0

Total number of infusion related AESIs assessed through 3 days post-
infusion

0 0 0 0

Total number of subjects with TEAEs leading to cessation of cells or 
Placebo

0 0 0 0
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The primary outcome of the study was acute safety and 
tolerability of multipotent adult progenitor cells. Close 
observation during 4 h following administration revealed 
no evidence of infusional toxicities or protocol speci-
fied Adverse Events of Special Interest (AESI), including 
hypoxemic, haemodynamic, and cardiac events. There 
were no SUSARs observed within 24 h of administration.

Secondary safety evaluation of vital signs and labora-
tory parameters through Day 28, and TEAEs through 
Day 365, revealed no serious TEAEs attributed to the 
cells. The occurrence of TEAEs was higher in the Mul-
tiStem groups compared to placebo (91.3% for patients 
receiving 900 million cells vs. 60% for placebo), but 
the occurrence of serious TEAEs was similar (60.9% 
vs. 60%, respectively). TEAEs reported for 2 or more 

subjects were those expected in a critically ill popula-
tion, including pyrexia, sepsis, pneumonia, pleural 
effusion, venous thrombosis, respiratory and multi-
organ failure, hypernatremia, and cardiac arrest. Only 
1 possibly related, non-serious TEAE (Common Ter-
minology Criteria for Adverse Events [CTCAE] Grade 
1 pyrexia), that resolved without intervention, occurred 
in the cell treatment group of cohort 3 (further details 
on Adverse Events see Online Resource 1& 3).

Mortality (Table 3) at Day 28, was lower in the cohort 
3 cell treatment group, 5/20 (25%), than in the placebo 
group, 4/10 (40%). In the prespecified severe hypoxia 
subpopulation of cohort 3, patients with baseline PaO2/
FiO2 < 150  mmHg (20  kPa), Day-28 mortality was 2/8 
(25%) in the cell treatment group, and 4/8 (50%) for 

Subjects Screened
(~n=936)

Subjects consented
(n=34)

Excluded (n=4)
• Inclusion criteria no longer met (n=4)

Randomized
(n=30)

Allocated to Cell Group (n=20)
• Received allocated interven�on (n=20)

Allocated to Placebo (n=10)
• Received allocated interven�on (n=10)

Lost to follow-up (n=0) Lost to follow-up (n=0)

Analysed (n=20) Analysed (n=10)

Alloca�on

28 Day 
Follow-up

28 Day 
Analysis

Fig. 1  Trial Design for Cohort 3

Table 3  Day-28 clinical outcomes for all Cohort 3 and the Cohort 3 severe hypoxemia subset

Data are n (%), mean (SD) or median [IQR]

ITT intent to treat, ICU intensive care unit, PaO2/FiO2 ratio of partial pressure of oxygen to fractional inspired oxygen

Multipotent adult progenitor cells Placebo
ITT population n = 20 n = 10

Day-28 mortality 5 (25%) 4 (40%)

Ventilator-free days 18.5 [0,22] 6.5 [0,18.3]

ICU-free days 12.5 [0,18.5] 4.5 [0,16.8]

Subjects with PaO2/FiO2 < 150 mmHg n = 8 n = 8

Baseline 121 (25.6) 117 (25.9)

Day-28 Mortality 2 (25%) 4 (50%)

Ventilator-free days 18.5 [9,21.3] 3.5 [0,16.8]

ICU-free days 12.5 [6.8,18] 1.0 [0,9.5]
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placebo. Day-365, cohort 3 mortality remained lower 
in the cell treatment group 8/20 (40%) than the placebo 
group 5/10 (50%) (Table  2). Reported causes of death 
included respiratory and multi-organ failure, sepsis, 
pneumonia, aspiration, pulmonary haemorrhage, and 
intestinal ischemia.

Through Day 28, the cell treatment group had higher 
median ventilator-free days, 18.5 (IQR 0, 22), vs 6.5 (IQR 
0, 18.3) for the placebo group; and higher median ICU-
free days, 12.5 (IQR 0, 18.5), vs to 4.5 (IQR 0, 16.8) for 
the placebo group (Table 3). For the prespecified severe 
hypoxia subpopulation, median ventilator-free days 
was 18.5 (IQR 9, 21.3) in the cell treatment subgroup 
compared to 3.5 (IQR 0, 16.8) in the placebo subgroup. 
Median ICU-free days were 12.5 (IQR 6.8, 18) in the 
cell treatment subgroup vs 1 (IQR 0,9.5) for the placebo 
subgroup.

With the caveat that ventilator management was not 
standardized, tidal volumes (mean ± SD) increased 
25.4 ± 118.16  mL by Day 3 in the cell treatment group, 
compared to a decrease of 14.3 ± 98.73 mL in the placebo 
group. Peak inspiratory pressure and plateau inspiratory 
pressure also showed an increase at Day 3 in the cell treat-
ment group (1.2 ± 6.54 cmH2O and 1.7 ± 5.33 cmH2O, 
respectively), compared to a decrease in the placebo 
group (−  4.5 ± 10.62 cmH2O and −  0.6 ± 6.97 cmH2O, 
respectively). Increases in PaO2/FiO2 were seen in both 
groups, indicating improving lung function among ven-
tilated survivors. Notwithstanding the observed base-
line differences between groups, the increases in PaO2/
FiO2 through Day 3 were greater in the placebo group, at 
89.7 ± 109.3  mmHg (12 ± 14.6  kPa), than the cell treat-
ment group at 24 ± 65.7 mmHg (3.2 ± 1.9 kPa) (detailed 
changes of respiratory physiologic measures over the 
monitoring period are provided in Online Resource 2).

While no statistical analyses were performed, within 
cohort 3, several pro-inflammatory biomarkers decreased 
on average through Day 7 in the cell treatment group 
and increased through Day 7 among the placebo group 
(Fig. 2). These include IFN-gamma, IL-1 beta, IL-1R2, IL 
6, IL 12, KGF, PD-1, RAGE, and TNF-alpha. Biomarkers 
that increased through Day 7 in the cell treatment group 
and decreased in the placebo group included SP-D and 
TSP-1 (Full biomarker results see Online Resource 2).

Patient well-being during recovery was assessed using 
the EQ-5D-3L to measure health-related quality of life. 
Through the course of the study, improvements in the 
mobility, self-care, usual activities, and anxiety/depres-
sion domains of the EQ-5D-3L were seen among survi-
vors in both the cell treatment and placebo groups. The 
EQ-5D-3L index and visual analogue scale (VAS) scores 
were more favourable at each timepoint among survivors 
who had received cells (see Online Resource 2).

Discussion
This study, conducted prior to the COVID-19 pan-
demic, focused on the results of close observation dur-
ing the four hours immediately following infusion of 
multipotent adult progenitor cells, and on the number 
of reported adverse events in the first 24 h. Neither of 
the open-label cohorts (300 million or 900 million cells) 
showed any safety critical events within 24  h. Safety 
was further supported by the double-blind placebo-
controlled cohort 3, wherein no increased rates of 4-h 
safety events or 24-h adverse events were associated 
with cell treatment. No serious adverse events related 
to the cells were observed over the course of the study. 
One, possibly related, treated-emergent adverse event, 
Grade-1 pyrexia that resolved quickly without interven-
tion, was reported.

While not powered for efficacy, and with clear base-
line imbalances between the study groups, the outcomes 
from cohort 3 suggest the cells may have beneficial 
effects in ARDS. At Day 28, cell recipients had greater 
ventilator-free days, ICU-free days and lower mortality. 
However, we reiterate the baseline differences between 
treatment groups. Cell recipients were younger and had 
higher baseline PaO2/FiO2 and lower SOFA scores than 
the placebo group. Conversely, a greater proportion of 
the cell treatment group required vasopressor support 
at baseline. Although containing only 8 subjects per 
treatment allocation, the prospectively defined severe 
hypoxia subgroup (with more comparable baseline PaO2/
FiO2 < 150 mmHg [20 kPa]) revealed lower Day-28 mor-
tality among those receiving cells. Overall, results are 
consistent with therapeutic benefits observed in large 
animal studies [23, 24] and support conduct of a clinical 
trial to determine if there is sustained and real clinical 
benefit.

Several clinical studies have demonstrated adult stem 
cells are well tolerated in patients with ARDS [15–19]. 
The largest of these, the START study, infused 10 × 106 
MSC/kg in 60 patients with moderate to severe ARDS. 
Although the START investigators found no signifi-
cant differences in 28-day mortality, the results revealed 
numerically higher mortality in the cell group compared 
to placebo (30% vs 15%). Importantly, in START, MSC 
viability was variable, ranging from 36 to 85%, compared 
to a median value of 92% (IQR 83–94%) in this study. In 
post hoc analysis, Matthay and colleagues reported that 
outcomes in START participants improved as the cell 
viability improved [17].

Although this was a small study, with inadequate power 
to discern significant differences, the cell treatment 
group had better EQ-5D-3L VAS and index quality of life 
outcome scores at all three time points through Day 365. 
The EQ-5D-3L results, numerically favouring cell therapy 
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treated patients, are reassuring, in that greater survival 
among the cell treatment group does not appear to be 
accompanied by reduced QoL among those survivors.

There are several potential mechanisms of benefit for 
multipotent adult progenitor cells in patients with ARDS. 
Temporal changes in the plasma biomarkers, demon-
strating a reduction in pro-inflammatory cytokines, sup-
port previously investigated immunomodulatory effects 

of the multipotent adult progenitor cells. It is notable that 
the majority of cohort 3 patients (60% cell; 80% placebo), 
received corticosteroids between Day minus2 and Day 3, 
likely resulting in corticosteroid pharmacologic effects 
coinciding with cell biological activity. Trials evaluating 
specific agents to block selected inflammatory pathways 
(e.g., statins, ketoconazole, N-acetylcysteine) or to pro-
mote resolution (e.g., KGF), have largely failed [1, 29–31]. 

Fig. 2  Ratio of Day 7 to baseline values of biomarker plasma concentrations. The ratio of the biomarker value at Day 7 compared to the baseline 
values are presented as medians with upper and lower quartiles. Biomarkers include: angiopoietin 1 (ANG1), angiopoietin 2 (ANG2), C-X-C Motif 
chemokine ligand 10 (CXCL10), Interferon (IFN) gamma, interleukin 1 beta (IL-1b), interleukin 1 receptor 2 (IL-1R2), interleukin 1 receptor antagonist 
(IL-1RA), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 10 (IL-10), interleukin 12 (IL-12), keratinocyte growth factor (KGF), matrix metalloproteinase 
2 (MMP-2), programmed cell death protein (PD-1), receptor for advanced glycation end-products (RAGE), regulated on activation, normal T cell 
expressed and secreted (RANTES), surfactant protein D (SP-D), tumour necrosis factor alpha (TNF alpha), soluble TNF receptor 1 (sTNFR1) and throm‑
bospondin 1 (TSP-1). Green = patients receiving multipotent adult progenitor cells (n = 19); Blue = patients receiving placebo (n = 7)
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One potential advantage of multipotent adult progeni-
tor cells is that they modulate multiple host responses 
to tissue injury simultaneously, including down-regula-
tion of hyperinflammatory responses, stimulation of tis-
sue repair, and restoration immune system balance [32]. 
Similar acute plasma biomarker responses to multipotent 
adult progenitor cells, including decreases in pro-inflam-
matory cytokines IL-1beta, TNFα, IL-6, IFN-gamma, 
and IL-2, have been observed to correlate with improved 
clinical outcomes following ischemic stroke [20]. Future 
studies might determine if plasma biomarkers track the 
efficacy of multipotent adult progenitor cell therapy for 
ARDS, and whether they might be used to optimize dos-
ing. However, there may be changes within the lung, evi-
denced by bronchoalveolar lavage but not detectable in 
circulation [33].

The strengths of this study include evaluation of 2 dose 
levels of multipotent adult progenitor cells, a double-
blind placebo-controlled cohort, performance across 
multiple centres internationally, and delivery of cells 
within 96 h of diagnosis. The study confirmed safety and 
assessed a number of important secondary and explora-
tory endpoints, including Day-28 clinical outcomes, QoL 
over one year, and acute changes in plasma biomarkers. 
The study evaluated an off-the-shelf, standardized, and 
highly consistent preparation of cryopreserved alloge-
neic bone marrow-derived stromal cells, demonstrating 
that delivery without prior centrifugation or washing 
preserves high cell viability, and that consent, dose prepa-
ration, and infusion early in the course of ARDS is logisti-
cally feasible and safe. The largest weakness of this study 
was a sample size designed to confirm the safety and tol-
erability of multipotent adult progenitor. A larger study 
will be required to confirm clinical outcome benefits 
from multipotent adult progenitor cells in ARDS.

Conclusion
This important first study, using multipotent adult 
progenitor cells in ARDS patients, was a phase 1/2 
randomised, blinded, placebo-controlled trial that dem-
onstrated safety and tolerability of intravenous adminis-
tration of multipotent adult progenitor cells, at doses up 
to 900 million cells, in patients with ARDS. Our findings 
support progression to a larger trial to investigate their 
therapeutic efficacy.
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