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Abstract

Introduction: The placenta protects the fetus from the mother’'s immune system. We have shown that placenta-
derived decidual stromal cells (DSCs) are immunosuppressive and can cure graft-versus-host disease. Acute lung
injury (ALI) is life-threatening and has no specific therapy.

Materials and methods: A 33-year-old man with chronic myeloid leukemia developed ALI after allogeneic
hematopoietic cell transplantation and sepsis. Blood culture yield a-streptococci. He became hypoxic and chest
radiography suggested acute respiratory distress syndrome. He required 15 L/min oxygen by mask.

Result: After infusion of 1x10% DSCs/kg on day +11 after transplantation, oxygen saturation instantly increased
from 92% to 98% and stabilized. The requirement for oxygen decreased and was discontinued on day +16. Chest
radiography improved and normalized. Elevated systemic levels of proinflammatory cytokines/chemokines G-CSF,
IL-6, IL-8, MCP-1, and TNF-a decreased. The patient was discharged on day +22 with normal chest radiography. He

is alive and well nine months after transplant.

Conclusion: Stromal cells may be useful for ALl and deserves to be further explored for this indication.

Keywords: Acute lung injury; Acute respiratory distress syndrome;
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Introduction

Acute lung injury (ALI)/acute respiratory distress syndrome
(ARDS) is the cause of death of approximately 75,000 patients in the
United States annually [1]. The syndrome consists of acute hypoxic
respiratory failure with bilateral pulmonary infiltrates associated with
sepsis, pneumonia, shock following severe trauma, or aspiration of
gastric contents [2,3]. ALI is characterized by rapid alveolar injury,
inflammation, cytokine induction, and neutrophil accumulation. This
causes protein-rich pulmonary edema, which leads to severe hypoxemia
and impaired carbon dioxide excretion. The term ARDS is used if the
patient's PaO,/FiO, ratio is less than 200, but ALI could be applied to a
wider spectrum of lung disorders [4]. Mechanical ventilatory support
was not considered to be a requirement by the American-European
Consensus Conference on ARDS when defining ALI or ARDS [4].
ALI/ARDS has a substantial impact on public health in the USA, being
responsible for 3.6x10°¢ hospital days per year, and there are no efficient
treatments [1,3].

Mesenchymal stromal cells (MSCs) havea strong anti-inflammatory
effect and have been widely used in regenerative medicine for their
multipotent differentiation and immunosuppressive capacities [5,6].
We were the first to use MSCs for treatment of life-threatening acute
graft-versus-host disease (GVHD), with complete resolution of all
symptoms in some patients and no effect in others [7,8]. Long-term
survival in these patients was less encouraging and alternate therapies
were sought after [9]. The fetus is protected from the mother's immune
system by the placenta and the fetal membranes. The decidua, which isa
membrane of maternal origin, plays an important role in feto-maternal
tolerance [10]. We have found that decidual stromal cells (DSCs) are
immunosuppressive and may cure acute GVHD [11,12]. We switched
to DSCs for clinical use because they have a more reproducible
immunomodulatory effect than MSCs, they are easier to obtain, and
they have better expansion capacity than MSCs [11,12].

Preclinical studies have suggested that MSCs may be of value in
treating ALI [13-16]. We used DSCs to treat a 33-year-old man—an
allogeneic hematopoietic cell transplantation (AHCT) recipient—for
ALI/ARDS because this is an often lethal complication after AHCT
[17].

Methods

Patient

A 33-year-old man with chronic myeloid leukemia (CML)
underwent AHCT with a graft from an HLA-identical unrelated
donor due to unresponsiveness to nilotinib and a T315i mutation.
The treatment of choice for patients with CML is thymidine kinase
inhibitors, but patients with this mutation do not respond to this
treatment and are referred for AHCT. He received conditioning
with busulfan (16 mg/kg) orally, given over four days and adjusted
to pharmacokinetics, and 120 mg/kg cyclophosphamide [18].
Immunosuppression was antithymocyte globulin, cyclosporine, and
four doses of methotrexate [19,20]. The transplantation procedure and
supportive care have already been described in detail [19].

Decidual stromal cells

Human term placentas were obtained from healthy mothers
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during elective caesarian-section births, after obtaining informed
consent. Ethical approval to culture DSCs from placentas, and also to
use them clinically for GVHD, inflammation and toxicity after AHCT,
was obtained from the Institutional Ethical Review Board of Karolinska
Institutet (2009/4-18-31/4,2010/452-31/4). The procedure for isolation,
expansion, and freeze-thawing of DSCs using good manufacturing
practice has been published [12]. Viability after thawing is above 90%.
DSCs were characterized by flow cytometry and they were positive for
CD29, CD44, CD73, CD90, and CD105 but negative for hematopoietic
markers CD45, CD14, and CD34 and for endothelial and epithelial
markers CD31 and EpCAM-1, respectively. DSCs showed some
adipogenic differentiation but poor capacity to differentiate into
osteoblasts and chondrocytes when grown in induction media [12,21].
DSCs inhibited alloantigen-stimulated lymphocytes in vitro [11,12].

Cytokine analysis

Blood samples were collected before and at several time points after
DSC infusion. Cytokines were measured in patient serum by Bio-Plex
Human Cytokine 27-Plex assay (Bio-Rad, CA).

Results

Patient outcome

After myeloablative conditioning and AHCT, the patients are
neutropenic for about two weeks. During the neutropenic phase,
most patients develop fever and around half of them have sepsis.
On day +8 after AHCT, during neutropenia, the patient developed
fever (40°C) and was treated with high-dose piperacillin/tazobactam
(Figures 1A-C). Chest radiography was unchanged compared to
before transplantation. On day +9, the high fever continued with a
maximum pulse of 155/min. Blood pressure was 120/60 mmHg. Blood
culture yielded a-streptococci. Due to sepsis, hemoglobin decreased
from 100 to 60 g/L. Two units of erythrocytes and one unit of platelets
were given. Weight increased from 77 kg to 82 kg, most likely due to
pulmonary edema. There was no swelling and no ascites. His serum
creatinine and phase reactive protein increased. On the following day
(+10), he became short of breath and oxygen saturation showed 92%
(Figures 2A and 2B). Chest radiography suggested ARDS (Figure 3A).
Oxygen supply, which had been 2-4 L/min during the previous day,
was now increased to 15 L/min (Figure 2B). Albumin had decreased
from 29 g/L to 19 g/L (Figure 1B). Over 48 h, he was given 100 mL
(20 g) albumin six times and a total dose of 250 mg furosemide
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Figure 1A: Total white blood cells (WBC)x10%L and absolute neutrophil
count (ANC)x10°%L. This shows neutropenia after conditioning and donor cell
engraftment and increase from day +11 after transplantation.
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Figure 1B: Weight (kg) and albumin (g/L). Arrows indicate albumin and
furosemide infusions. Weight increased due to ALI/ARDS with pulmonary
edema and low serum albumin. After treatment with albumin and diuretics,
the weight and fluid overload in the lungs was stabilized. After DSCs were
given, weight and albumin normalized.
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Figure 1C: Levels of G-CSF, IL-6, IL-8, MCP-1, and TNF-a in serum before
infusion of decidual stromal cells and after three hours, one week, two weeks
and four weeks.
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Figure 2A: Oxygen saturation and oxygen supply. A) Oxygen saturation by
pulse oximetry (%). The y-axis shows days after transplantation. The arrow
shows when decidual stromal cells (DSCs) were given and the prompt
increase in saturation.
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Figure 2B: Oxygen supply (L/min) given to the patient by mask on various
days after transplantation. After DSCs were given (arrow), the oxygen supply
was reduced and discontinued five days later.

Figure 3A: Radiography findings. A) Chest radiography on day +10,
suggesting acute respiratory distress syndrome.

intravenously, divided into five doses. This was given to mobilize fluid
and decrease the pulmonary edema. Urinary output was 4.9 L on day
+10 and 4.8 L on day +11. Weight was stable at around 80 kg and
central venous pressure (CVP) ranged from +1.5 mmHg to +8 mmHg.
On day +11, chest radiography was slightly worse, compared to the day
before (Figure 3B). He had signs of engraftment with white blood cells
(WBCs) and absolute neutrophil count (ANC) of 0.2x10°/L (Figure
1A). Bilirubin increased from 13 mmol/L to 45 mmol/L. Betametason,
6 mg i.v., was given once daily, although not proven to be effective [3].
By this time he was completely exhausted.

On a compassionate basis and after obtaining written informed
consent, 1x10° DSCs/kg were infused during five minutes. Before
infusion, oxygen saturation in blood was 92% and within minutes
after infusion it increased to 98% (Figure 2A). Then oxygen saturation
stabilized; the requirement for oxygen decreased and it was discontinued
on day +16 (Figure 2B). Chest radiography improved (Figure 3C).

On day +22, the patient was discharged from hospital with normal
chest radiography (Figure 3D). Weight was 74 kg, hemoglobin 118 g/L
(normal value 134-145), WBCs 2.1x10°/L (3.5-8.8), ANC 1.2x10°/L
(1.6-7.5), platelets 88x10°/L (145-348), and serum creatinine 56 pmol/L
(<100) (Figure 1A). His laboratory values are satisfactory for being

three weeks after AHCT, although blood counts are lower than in the
normal population. The patient went home, is still well, and is being
followed at the outpatient clinic now nine months after AHCT.

Cytokine and chemokine analysis

Elevated systemic levels of proinflammatory cytokines/
chemokines, granulocyte colony-stimulating factor (G-CSF), IL-6, IL-
8, and MCP-1 decreased already 3 h after treatment with DSCs (Figure
1C). The concentrations continued to drop at 1 week after infusion,

1
‘ll
Figure 3B: Chest radiography on day +11 after transplantation with neutrophil

recovery and before decidual stromal cells were infused. The radiography is
slightly worse than on day +10.

Figure 3C: Chest radiography three days after infusion of DSCs on days +14
after transplantation; it is now improved.

Figure 3D: Chest radiography on day +22 after transplantation at the time of
discharge; it is now normal.
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and remained low thereafter. The level of TNF-a was only marginally
increased before infusion with DSCs, probably due to the low
monocyte count, but it showed the same pattern as the other cytokines
and gradually decreased. The levels of IL-10 remained low throughout
the monitoring time.

Discussion

There was a significant clinical response to DSCs in this case,
with improved oxygen saturation, reduced need for oxygen, and
improvement in chest radiography. Proinflammatory cytokines are
increased during sepsis and ALI/ARDS [3]. The high levels of G-CSF,
IL-6, IL-8, and MCP-1 in this patient decreased after infusion with
DSCs (Figure 1C). TNF-a also decreased. In ALI/ARDS, alveolar
macrophages and epithelial cells secrete these cytokines, which act
locally to stimulate chemotaxis and activate neutrophils [3]. After
neutrophil engraftment, it was feared that activated neutrophils would
release oxidants, proteases, leukotrienes, and other proinflammatory
molecules, which would be expected to worsen lung damage and
pulmonary function in this patient. The DSCs, which are strongly anti-
inflammatory and induce immune modulation, probably dampened
this effect.

The positive effects of MSCs on various types of lung injury and
sepsis have been demonstrated in several animal models [13,14,16]. In
addition, it has been shown that amniotic epithelial cells isolated from
the placenta can abrogate lung fibrosis and enhanced alveolar repair in
a murine model [22]. MSCs have been shown to dampen lung injury by
E. coli endotoxin in an ex vivo perfused human lung [15]. In a mouse
model, where MSCs attenuated sepsis, the effect was dependent on
MSC-derived prostaglandin E,, which reprogrammed macrophages
in septic lung to become potent producers of anti-inflammatory
IL-10 [16]. We did not see any change in IL-10 in the serum of this
patient, which contrasts with some animal studies [3,14,15]. In line
with these experimental models, we have previously found that DSCs
induce IL-10 production from peripheral blood mononuclear cells
in vitro [11]. The unchanged levels of IL-10 in this patient may be
explained by species differences or simply by the absence of enough
myeloid cells at the time of DSC infusion. DSCs require cell contact
to be immunosuppressive, an effect that is induced by indoleamine-
2,3-dioxygenase, prostaglandin E,, interferon-y, and PD-L1 [21]. The
immunomodulatory and anti-inflammatory effects by DSCs seem
slightly different from those induced by MSCs. Further research is
therefore needed to explore the exact mechanism how DSCs influence
ALL The mechanisms how DSCs worked in this case are that they
first home to the lung in large numbers and probably had a strong
local effect on the cytokine-induced ALI The effect on cytokines was
systemic and measurable in blood.

We used a fluid-conservative strategy, which has been proven to
be effective in ARDS, in contrast to pharmacological treatments [3,23].
We also wanted to avoid ventilator assistance, because this may worsen
lung injury in patients who have undergone AHCT. This happens
despite the fact that a lung-protective ventilatory strategy introduced
in recent years, using lower tidal volumes and lower airway pressure,
is protective in ALI—in contrast to previously used traditional tidal
volumes [3].

When using MSCs or DSCs to treat steroid-refractory acute
GVHD, a proportion of the patients respond [8,12]. In a similar
way, it is probable that not all patients with ALI/ARDS would benefit
from stromal cell therapy. Three years ago, we treated a 13-year-old

boy with white lungs (appearing after granulocyte transfusions given
due to prolonged neutropenia after AHCT) with 1x10° MSCs/kg.
He subsequently required ventilatory assistance and died of massive
aspergillosis pneumonia. A long-term follow-up study found that
many patients with acute GVHD that was treated with MSCs died from
invasive fungal infection [9]. Thus, antifungals should be considered
in patients treated with stromal cells, especially if they have had acute
GVHD.

DSCs, like MSCs, first home to the lung after i.v. infusion and
have potent anti-inflammatory effects [24]. In addition, MSCs home
to damaged tissue [25]. Thus, they may be useful for ALI/ARDS.
Stromal cells—MSCs and DSCs—have no acute toxic side effects
[8,12,25]. We have now treated 55 patients with 116 infusions of DSCs
and have not seen any acute side-effects (Ringdén et al, unpublished
data). Bone marrow-derived MSCs have been used in more than
2,000 patients in hundreds of clinical trials without any acute toxicity
reported [26,27]. There is some concern with the report of pulmonary
embolism following infusion of adipose-derived MSCs [28]. As there is
no effective therapy for ALL there is little to lose and much to gain by
treating patients with stromal cells.

In the USA, the Osiris Company has a patent on MSCs for a large
number of clinical indications. This makes it difficult to use MSCs
expanded in research laboratories for clinical studies in the USA. DSCs
are a different type of cell, with different features and a slightly different
mechanism of action [21]. The use of DSCs affords the possibility of
performing clinical stromal cell research at US institutions. If one cell
type is more effective than the other remains to be elucidated. There is
a great interest and potential of using stromal cells for lung disorders
(3,26,27,29].

A small prospective randomized placebo-controlled study
using adipose-derived MSCs including 12 patients with ARDS was
reported [30]. There was no difference in clinical outcome or effect on
biomarkers between the two groups. Sixty-two patients were included
in a placebo-controlled randomized study of MSCs for chronic
obstructive lung disease [31]. The only positive effect was a significant
decrease of C-reactive protein in the MSC group with elevated levels
prior to infusion. Otherwise, there were no differences between the
MSC group and the placebo group regarding outcome parameters. The
two randomized studies showed that systemic MSC administration
was safe and there were no side-effects seen [30,31]. These studies
provide the basis for subsequent cell therapy investigations and further
optimization of this strategy is required. If DSCs have any advantages
compared to MSCs in the treatment of lung diseases remains to be
elucidated.

The case described here is encouraging and calls for further pilot
studies and subsequently prospective, controlled studies with DSCs or
MSC:s for the treatment of ALI/ARDS.
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