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Still no therapy for ARDS....
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Ashbaugh et al. Lancet 1967

Ashbaugh et al.
described using “a clinical
trial of a variety of drugs,
respirators and fluid
regimens” with limited
success




What are STEM CELLS?
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Embryonic Stem Cells
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Induced Pluripotent Stem Cells

NEJM 2006: Nobel Prize 2012
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Bone Marrow Stem/Stromal Cells




Stem Cell Therapies -

focusing on lung Repair?
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Acute lung injury

ORIGINAL ARTICLE
NMesenchymal stem cells enhance recovery and repair

following ventilator-induced lung injury in the rat

Gerard F Curley,'"? Mairead Hayes,''? Bilal Ansari,'? Georgina Shaw,® Aideen Ryan,>
Frank Barry,® Timothy O’Brien,® Daniel O'Toole,?> John G Laffey' %>
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MSCs enhance injury resolution

following VILI
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CRITICAL CARE MEDICINE
Therapeutic Efficacy of Human Mesenchymal Stromal
Cells in the Repair of Established Ventilator-induced

Lung Injury in the Rat
Mairead Hayes, M.D., F.C.A.l., Claire Masterson, Ph.D., James Devaney, Ph.D.,

Frank Barry, Ph.D., Steve Elliman, Ph.D., Timothy O’'Brien, M.D., Ph.D., Daniel O’ Toole, Ph.D.,
Gerard F. Curley, M.B., Ph.D., FEC.A.l., John G. Laffey, M.D., M.A., FC.A.l.,
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Human MSCs Enhance Lung Repair

Anesthesiology 2015; 122:363-73
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hMSCs modulate Immune Response
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Survival {%)
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Respiratory infection

ORIGINAL ARTICLE

Mesenchymal stem cells enhance survival and
bacterial clearance in murine Escherichia

col/ pneumonia

Naveen Gupta,'* Anna Krasnodembskaya,?* Maria Kapetanaki,' Majd Mouded,’
Xinping Tan,' Vladimir Serikov,®> Michael A Matthay?

Gupta, Krasnodembskaya et al, Thorax 2012



Umbilical cord MSCs

5. Subamnion

1. Umbilical cord blood

2. Umbilical vein suben

Amnion

Ease of accessibility

Absence of risk for the
donor

Absence of pain for
donor

Consistency in terms of
age at collection



Umbilical cord MSCs attenuate E. coli

Pneumonia
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How do MSCs work?



CRITICAL CARE MEDICINE Intratracheal MSCs Enhance Lung Repair

Effects of Intratracheal Mesenchymal Stromal Cell

Therapy during Recovery and Resolution after
Ventilator-induced Lung Injury
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Am J Physiol Lung Cell Mol Physiol 306: L809-L815, 2014,
First published February 14, 2014; doi:10.1152/ajplung.00358.2013.

Clinical grade allogeneic human mesenchymal stem cells restore alveolar fluid

clearance 1n human lungs rejected for transplantation

D. F. McAuley,"* G. F. Curley,> U. I. Hamid,' J. G. Laffey,*> J. Abbott,®> D. H. McKenna,* X. Fang,®
M. A. Matthay,’ and J. W. Lee’

50- D ien s .

* P significant by ANOVA vs Baseline 50, P significant by ANOVA versus Baseline
e Vv P significant by ANOVA vs IV MSC o *
S 40 % 40-
S o
9 * Q9
0 -:- 30' O — 30'
T < =
3 2 53
. 207 W= 201
o <
o 0
o
> 10 S 10
g v < T

Baseline +IVMSC Perfusion only 0 Baseline + Control + Goat
GoatlgG Anti KGF Ab

McAuley et al, AJP Lung 2014



Human Mesenchymal Stem (Stromal) Cells Promote the
Resolution of Acute Lung Injury in Part through Lipoxin A4

Xiaohui Fang,” Jason Abbott,* Linda CllEllg. Jennifer K. Colby,” Jae Woo Lee,”
Bruce D. Levy,” and Michael A. Matthay*"* J Immunol 2015; 195:875-881
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Human Mesenchymal Stem (Stromal) Cells Promote the
Resolution of Acute Lung Injury in Part through Lipoxin A,

Xiaohui Fang,* Jason Abbott,* Linda Cheng,* Jennifer K. Colby,” Jae Woo Lee,”

Bruce D. Levy,” and Michael A. Matthay#*5 J Immunol 2015; 195:875-881
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STEM CEILS"
RANSLATIONAL AND CLINICATL RESEARCH

Human Mesenchymal Stem Cell Microvesicles for Treatment of E.coli

Endotoxin-Induced Acute Lung Injury in Mice

mg gang Zhu', Xiao-mei Feng”, Jason Abbott , Xiao-hui Fang’, Qi Hao", Antoine Monsel®, Jie-
y' MlchaelA Mattha 43 _Jae W. Lee™”




Mesenchymal Stem Cells Reduce Inflammation while
Enhancing Bacterial Clearance and Improving

Survival in Sepsis

Shirley H. ). Mei'**, Jack ). Haitsma?*, Claudia C. Dos Santos2?, Yupu Deng', Patrick F. H. Lai*, Arthur S. Slutsky?4,
W. Conrad Liles*#5#, and Duncan |. Stewart!#

CLP/ Saline - 1
CLP/ Saline - 2
CLP/ Saline -3
CLP/ Saline - 4
CLP/MSCs -1
CLP/MSCs -2
CLP/MSCs -3
CLP/MSCs -4
Sham/ Saline - 1
Sham/ Saline - 2
Sham/ Saline - 3
Sham/ Saline - 4

Low € > High

R Expression Intensity
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So how do MSCs exert anti-

bacterial effects?



Antibacterial Effect of Human Mesenchymal Stem Cells Is Mediated
in Part from Secretion of the Antimicrobial Peptide LL-37

ANNA KRASNODEMBSKAYA.” YUANLIN S()N(:.," X1a0HUI FANG.® NAVEEN GUPTA.S VLADIMIR SERIKm-'.,d

a.b.e

JAE-Wo00 LEE*® MicHAEL A. MATTHAY'
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Krasnodembskaya et al, Stem Cells 2010



Human mesenchymal stromal cells decrease the
severity of acute lung injury induced by E. coli in the rat

James Devaney, '"? Shahd Horie,'"? Claire Masterson,''? Steve Elliman,® Frank Barry,?
Timothy O’Brien,? Gerard F Curley,* Daniel O’ Toole,'? John G Laffey?
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MSCs enhance Macrophage Phagocytosis of

Bacteria
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hMSCs for ARDS...moving

forward to clinical testing

Don’t worry.
| had ARDS too

‘ and MSCs cured me!

~ PAL I
—
First clue that the latest medical
breakthrough isn’t quite there yet.




Mesenchymal stem (stromal) cells for treatment of ARDS:
a phase 1 clinical trial Lancet Respir Med 2014

Jennifer G Wilson, Kathleen D Liu, Hanjing Zhuo, Lizette Caballero, Melanie McMillan, Xiaohui Fang, Katherine Cosgrove, Rosemary Vojnik,
Carolyn S Calfee, Jae-Woo Lee, Angela ] Rogers, Joseph Levitt, Jeanine Wiener-Kronish, Ednan K Bajwa, Andrew Leavitt, David McKenna,
B Taylor Thompson, Michael A Matthay

www.thelancet.com/respiratory Published online December 17, 2014 http://dx.doi.org/10.1016/52213-2600(14)70291-7

Age Sex APACHE Primary Tidal Plateau = PEEP Pa0,:Fi0, Lung
(years) 1 cause of volume pressure (cm (mmHg) injury
ARDS (mL/kg (cmH,0) H,0) score
PBW)
1 million cells/kg PBW
Patient1 29 Female 81 Pre- 7-0 28 10 173 3-25
eclampsia
Patient2 86 Female 121 Pneumonia 6-6 31 10 101 325
Patient3 59 Female 130 Aspiration 6-0 25 10 168 2:50
5 million cells/kg PBW
Patient4 67 Female 133 Aspiration 63 21 10 105 275
Patient5 62 Female 109 Pneumonia 5-6 20 14 111 2:50
Patient6 46 Female 83 Aspiration 6-0 19 10 153 3-00
10 million cells/kg PBW
Patient 7 52 Male 121 Pneumonia 71 23 10 154 2-75
Patient8 55 Female 127 Sepsis 59 34 10 194 350
(biliary)
Patientg 38 Male 68 Pneumonia 6-0 Not 8 118 2:33
measured

APACHE=Acute Physiology and Chronic Health Evaluation. ARDS=acute respiratory distress syndrome. PBW=predicted
bodyweight. PEEP=positive end-expiratory pressure.

Table 1: Baseline characteristics




Mesenchymal stem (stromal) cells for treatment of ARDS:
a phase 1 clinical trial Lancet Respir Med 2014

Jennifer G Wilson, Kathleen D Liu, Hanjing Zhuo, Lizette Caballero, Melanie McMillan, Xiachui Fang, Katherine Cosgrove, Rosemary Vojnik,
Carolyn S Calfee, Jae-Woo Lee, Angela J Rogers, Joseph Levitt, Jeanine Wiener-Kronish, Ednan K Bajwa, Andrew Leavitt, David McKenna,
B Taylor Thompson, Michael A Matthay

www.thelancet.com/respiratory Published online December 17, 2014 http://dx.doi.org/10.1016/52213-2600(14)70291-7

Durationof  Ventilator- Oxygenation Durationof Intensivecare Vital status
mechanical freedays index (day 3) vasopressor unit-freedays and day of
ventilation  (upto day use (days) (uptoday28) discharge
(days) 28)
Low dose
1 5 24 233 0 24 Alive, day 8
2 10 0 13-91 10 0 Dead, day 9
3 11 18 5.78 4 14 Alive, day 22
Intermediate dose
4 7 22 4-63 0 21 Alive, day 34
5 31 0 536 2 0 Dead, day 31
6 3 27 * 3 26 Alive, day 5
High dose
7 3 26 10 0 22 Alive, day 7
8 17 12 * 0 9 Alive, day 25
9 19 20 6-39 0 18 Alive, day 14
Oxygenation index=FiO, x mean airway pressure/Pa0,. *Extubated.
Table 3: Secondary respiratory and systemic results by dosing cohort




Stem Cells for ARDS - Challenges

Understanding mechanisms of action

Batch to batch variability

Potency assays

Optimal cell source

Scale up challenges

Turning critical care doctors into transplant physicians...
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http://content.nejm.org/content/vol342/issue18/images/large/06f3.jpeg

Is there a future for Stem Cells in ARDS?

Stem cell therapies offer considerable potential for ARDS

— Pre-clinical studies highly encouraging

« MSCs now in early phase Clinical Studies for ARDS

« The potential for adverse effects of stem cells is a concern
— Fibrosis [MSCs?]

— Malignancy [Embryonic stem cells??]

* A better understanding of mechanisms of action key to
developing an effective cell therapy for ARDS

St. Michael’s
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http://content.nejm.org/content/vol342/issue18/images/large/06f3.jpeg
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