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may be actually effective in

changing the natural history of
the disease??

—— 10 be studied

a change in rheumatologists’ mind is required



Clinical outcome in SSc after transplantation
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ASTIS trial

Autologous Stem Cell Transplantation International Scleroderma trial

Patients with severe SSc

| }
Immunoablation + SCT Control treatment
1. Mobilisation (CYC 2x2 g/m?, 12x monthly
G-CSF 10 mg/kg) IV pulse CYC 750 mg/m?

2. Leukapheresis/CD34 selection

3. Conditioning (CYC 200 mg/kg,
rabbit ATG 7.5 mg/kQ)

4. Reinfusion CD34+ cells
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ASTIS trial

Table 2. Treatment Responses in Clinical Outcome Variables, Change in the

Area under the Time Response Curve from Baseline until 2 Years Follow-up™

Clinical outcome wvariable

Weight (kg)

Treatment

Transplant
(N=67)

-0.5 £ 9.1

Control
(N=64)

-0.7 £ 9.1

P value

0.87

Iﬂoﬁﬂed Rodnan skin score

-19.6 £ 10.2

-8.6 £ 121

<0.001 >

Creatinine clearance (ml/min)t
LVEF (9% ) by cardiac echo
VC (9% predicted)

DLCO (9% predicted)

-11.9 + 28.6
-1.8 £ 14.7
2.7 £ 18.1

4.7 £ 13.4

-0.95 = 22.9
-1.9 £ 13.7
-2.8x17.2

-4.1+£17.6

0.017
0.96
0.006

0.84

HAQ-DI score

-0.55 + 1.14

-0.19+ 0.77

0.040 >

SF-36 score

<_Physical component

9.0x 15.3

3.7 £ 10.7

0.028 >

Mental component

1.3+ 13.9

3.1+ 16.6

0.50

Van Laar et al., JAMA, 2014




ASTIS trial

A Event-free Survival B Overall Survival
100 100+
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FU(yr)  HR(25%C)  Pwvalue i FUD  HR(O%C)  Pvalue L
404 14 2.04 (0.75- 5.51) 0.16 404 14 245 (0.76 - 7.89) 013
112 1.30 (0.60 - 2.84) 0.50 112 1.42(0.58 - 3.51) 0.44
0 1 045(022-091) 0026 20- 1 039(0.18-0 82)  0.014
>2 028 (0.11-0.69)  0.006 22 0.22(0.08-0.58)  0.002
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0 1 2 3 4 5 6 7 8 g 10 0 1 2 3 4 5 6 7 8 g 10

Years Years
Number at risk Number at risk
Control 77 68 63 55 40 31 21 14 8 6 3 Control 77 69 64 55 40 31 21 15 9 7 3
Transplant 79 66 65 62 53 37 25 17 11 10 6 Transplant 79 68 67 64 55 39 26 19 12 11 7

J. Van Laar JAMA 2014




ASTIS trial

conclusions

In patients with early, severe diffuse cutaneous systemic

sclerosis, ,
but was associated with severe toxicities including treatment-

related mortality of 10.1% and viral infections.



Number of patients and their epidemiological data

N° F/IM Enrolment Mean age Disease
pts period at HSTC duration | mRSS | DLCO | ESSG
/disease (months)
worsening
(years)
41 24 21.9 68.9 5.4
HSTC 17 12/5 2003-2009 (20-64) (18-47) (19.6-24.2) (61-76.8) (4.9-5.8)
Case 44 26.3 20.4 67.7 5.0
control sk 26/10 1991-2010 (19-62) (21-31.6) (18.7-22.1) | (64.7-70.7) | (5.1-5.7)

Del Papa et al. Bone Marrow Transplantation 2016
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HSCT-treated patients with SSc show significant improvement of
outcome parameters, with respect to matched not-trasplanted

patients.

MRss Remission curve

mRSS < 14

p <0.0001
Chi-square=26.44

Survival probability (%%6)

4 5

DLCO Survival curve

DLCO > 45%

p=0.0001
Chi-square=19.3

HSCT pts
— CTX controls
noCTX controls

Del Papa et al. Bone Marrow Transplantation 2016
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HSCT-treated patients with SSc show significant improvement of
several outcome parameters, including disease activity and death,
with respect to matched not- trasplanted patients

ESSG Survival Survival Probabilit

Survival probability (%)

HSCT pts
— CTX controls
noCTX controls

Del Papa et al. Bone Marrow Transplantation 2016
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Mesenchymal stem cells

Systemic administration

Endocrine effects Distal
- Distant tissues:i.e. lung, liver homing
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Systemic administration of mesenchymal stem cells can trigger distal (endocrine)
or local (paracrine) effects that include cell mediated actions.

Immunomodulation
*--------------------



Marked improvement of severe progressive systemic sclerosis after transplantation of
mesenchymal stem cells from an allogeneic haploidentical-related donor mediated by
ligation of CD137L

M Christopeit’*, M Schendel®*, | IE')_\ll"’, LP Miiller!,
G Ke-%,-‘sserl and G Behre'

Leukemia (2008) 22, 1062—-1064; doi:10.1038/sj.leu.2404996;
published online 1 November 2007
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Representation of results of vascular ultrasound before and 6 months after transplantation.




OriciNAL RESEARCH Annals of Internal Medicine

Autologous Mesenchymal Stem Cells Foster Revascularization of

Ischemic Limbs in Systemic Sclerosis

A Case Report
Serena Guiducd, MD; Francesor Porta, M D; Riocardoe Sacandi, M O: Stedano Swidl, M O Lidia Ibba-f anmeschi, FBD; Mbrkeo M anetti, PhD;

Benedetia Mazzanti, B5C; Simone Dal Pozo, B5c Anna Franda Milia, PhD; 5ilvia Bellando-Randons, MD; repe A iniati, B0;
ineyTa Fior, MD; Bossana Fomtana. MD; Laura Amanzi, HP; Francesca Braschi, HP: Alberio Bosi, MDDy and Marco Matuco-Cerinic, MDD, PFhiD

Figure 2 Anglography of patient at admission (A) and after recelwing 3 cycles of expanded awtologous bone mamow—derived
mesenchymal stem cells by Intravenous infusion (8).




MSCs and SSc

Preliminary results

Improvement of dcSSc following allogenic MSCs
(Christopeit et al. Leukemia 2008)

Revascularization of leg ischemia following

autologous MSCs
(Guiducci et al. Ann Intern Med 2011)

5 cases of scleroderma treated with MSCs
(Keyszer et al. Arthritis Rheum.2011)

Skin & ASC

Scuderi et al. Cell Transplant 2012
Bank et al. J Plast Reconstr Surg 2014
Del Papa et al. Cell Transplant 2014
Granel et al. Ann Rheum Dis 2014

Del Papa et al. Cell Transplant 2015



Autologous adipose tissue in Raynaud’s phenomenon

13 refractory RP
(21 treated hands)

All received Botulinum 18 months of follow-up

- 2 CTD; 9 SSc; 2 PRP toxin and 11 prior
sympathectomy

Bank et al. 2014



Autologous adipose tissue in Raynaud’s phenomenon

e [mprovement in Pain
(p < 0.001)

e Number, duration and severity of

cold attacks (p < 0.001 for all)

e Reduction in number of ulcers
(57% —>5%) (p = 0.016)

Bank et al. 2014



AUTOLOGOUS FAT GRAFTING IN THE TREATMENT OF FIBROTIC PERIORAL
CHANGES IN PATIENTS WITH SYSTEMIC SCLEROSIS
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Del Papa et al. Cell Transplantation 2013



Implantation of autologous adipose tissue-derived cells
Induces a prompt healing of long-lasting digital ulcers in
SSc, rapid resolution of DU-related pain and improvement

In local vascular features
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<0.0001
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Del Papa et al. Cell Transplantation 2015



Implantation of autologous adipose tissue-derived cells
Induces a prompt healing of long-lasting digital ulcers in
SSc, rapid resolution of DU-related pain and improvement
In local vascular features
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Del Papa et al. Cell Transplantation 2015



Effect of autologous adipose tissue injection on vascular manifestations

RCS/10
MeanSD
Median (range)

MeanSD
Median (range)

Dominant hand
MeanSD
Median (range)
Non-dominant hand
MeantSD
Median (range)

Baseline

7.20.9
7.5 (6.5-8.0)

Hand visual analogue scale/100

59.4+17.2
58.5 (50.0-72.5)

Capillaroscopy data
Number of capillary loops

136.3£78.9
124.0 (42-298)

159.5+96.9
122.0 (45-298)

Dominan
MeanSD
Median (range)
Non-dominant hand
MeantSD
Median (range

~Number of giant capillaries

20.3+20.3
12.0 (0-64)

18.3+11.7
13.0 (0-39)

umber of dystrophic capillaries

Dominant hahd
MeantSD
Median (range)
Non-dominant hand
MeantSD
Median (range)

23.3+26.8
14.0 (0-79)

23.2+22.8
17.0 (0-58)

2 months

4.5+1.9
5.0 (4.0-5.5)

21.6+17.5
19.0 (7.0-40.0)

124.1460.1
118.0 (30-226)

142.1£71.0
139.0 (42-277)
17.8+18.0

13.0 (1-67)
18.2+20.5

12.5 (0-77)
13.0+11.6

14.0 (0-30)

11.249.5
8.0 (0-29)

Change
(2 months—
baseline)

—2.742.2
-2.0 (-6.5—-1.0)

-37.8428.6
-39.0 (-80.0-21.0)

-12.2440.9
-12.5 (-98-61)

-23.5454.1
-13.0 (-137-33)
-2.4+8.4

1.0 (-22-7)
-5.5+7.9

-3.0 (-20-3)
-10.317.9

-2.0 (-53-6)

-11.4414.9
-4.0 (-37-6)

p Value*

<0.001

0.001

0.325

0.181

0.341

0.046

0.115

0.030

6 months

2.9+1.4
3.0 (2.5-3.0)

17.8+15.3
13.6 (9.0-26.0)

138.5+60.8
132.5 (48-232)

152.3+75.2
131.5 (70-308)
15.3+17.9

9.0 (0-63)
18.1+18.6

13.0 (0-72)
11.0+10.3

8.5 (0-29)

9.746.7
10.5 (0-22)

Change
(6 months—
baseline)

-4.312.1
-4.5 (-7.0—-1.5)

-41.7422.7
-44.0 (-80.0-10.0)

2.3+47.9
8.0 (-97-92)

-11.7+42.0
-10.0 (-103-34)
-4.917.8

-1.0 (-17-6)
-5.1+8.9

-3.0 (-23-4)
-12.3+20.2

-1.0 (-57-5)

-13.5+19.8
-6.0 (-45-15)

p Valuet

<0.001

<0.001

0.874

0.377

Granel B. et al

.Ann Rheum Dis 2015




Effect of autologous adipose tissue injection on scleroderma and skin thickness

Change Change
Baseline 2 months (2 months— p Value* 6 months (6 months-— p Valuet
baseline) baseline)
Mean circumference of F1-F5 (ring size)
Dominant hand
MeantSD 61.9+2.2 60.7+2.3 -1.2+1.4 0.013 59.8+2.4 -2.1+1.1 <0.001
(ra':':;'a" 61.8 (58.8-66)  60.8 (57-65)  —0.9 (-4.6-0.6) 60 (56-64.4)  -2.3 (-4.6—0.4)
Non-dominant hand
MeanzSD 60.7+2.3 59.3+1.7 -1.3+1.4 0.008 58.1+2.2 -2.511.5 <0.001
(ra“::;'a“ 61(57-64.2) 59 (56.8-63.4) -1.2 (-3.4-0.8) 58 (54-62.8)  -2.5 (-4.8-0.4)
MRSS applied to hand/18
Whole population
MeantSD 10.9%4.9 10.015.3 -0.9t1.6 0.067 9.916.0 -1.0+2.8 0.246
Median 11.5 (3-18) 10.5 (2-18) 0.5 (-4-1) 12 (1-18) -2 (-5-4)
(range) ) ) )
Global MRSS/51
Whole population
MeantSD 13.949.8 11.71+9.8 -2.3+2.5 0.010 11.5+10.1 -2.4+2.8 0.013
Median
(range) 12 (3-32) 9 (2-29) -2 (-6-3) 8.5 (1-29) -2 (-7-2)

Granel B.etal.

Ann Rheum Dis 2015



Adipose tissue as source of stem cells

Adipocytes

(white adipose cells) \

Respond to insulin

Secrete adipokines
(leptin and adiponectin)

Store triglycerides

Adipose Tissue
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BM-MSC phenotypes and properties in SSc

Impairment of Endothelial Cell Differentiation From Bone
Marrow—Derived Mesenchymal Stem Cells

(Del Papa et al. Arthritis Rheum, 2006;
Cipriani et al Arthritis 2007)

Immulogical properties (Larghero et al. ARD 2008)

Altered phenotypes and hyperexpression of TGFbRII
(Vanneaux et al. BMJ 2013)

Senescent phenotype but preserved immunomodulation
properties
(Cipriani et al. Clin Exp Immunol 2013)



Adipose-derived MSCs from SSc patients have phenotypical and
functional properties similar to normal donors

Population Doublings Immunophenotype

e ATS-MSC1 W ATMSC-55¢
ATSMSC2 .. WATMSC-Normal

== ATSMS(3 l
A TS M5
- AT MSCS
—— ATEMSCE
— AT M7
ATSMSCB
e ATNASCL , "
=t ATN-MSC2 Y]
e ATH-MSCA = ; E
g / ®
ATN-MSCE - :
= ATN-MSCT

(D45 (D34 (D14 31 D73 (D30 (D105 HLA-ABC HLA-DR (D10 (D26 (D106 (D146

Cumulative Population doublings (PDs)

Del Papa et al. submitted




Adipose-derived MSCs from SSc patients have phenotypical and
functional properties similar to normal donors

Adipogenic Osteogenic

ATMSC-SSc ATMSC-Normal ~ ATMSC-SSc ATMSC-Normal

Del Papa et al. submitted



Adipose-derived MSCs from SS5c patients have functional properties similar to normal donors

Immunosuppression

Proliferation Index (PI)

PBMC alone PBMC + PHA PBMC + PHA +

ATMSC-SSc ATMSC-Normal

Del Papa et al. submitted



ATN and ATS-MSCs assist Normal-ECs and SSc-EC tube formation
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Conimnts lists mvailable ot Sciencelirec
Journal of Autoimmunity

journal homapage: www.elsevier.com/loocate

Human adipose mesenchymal stem cells as potent anti-fibrosis
therapy for systemic sclerosis

Alexandre TJ. Maria =", Karine Toupet **, Marie Maumus *°, Guillaume Fonteneau =",

Alain Le Quellec ® <, Chrstian Jorgensen *-* %, Philippe Guilpain *=*=,
Daniéle Mogl =51




Effect of BM-MSCs in the HOCI-induced SSc murine model

Maria ATJ et al. J Autoimmunity 2016



Effect of human BM-MSC and ASC in lungs in the HOCI-induced SSc model
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Cell therapies in SSc

Cells: ideal source,

type, and
preparation/primingly Challenges and

limitations

Route of cell
delivery

repetitive

[Dosing: single vs.|

Timing: early vs.
delayed

Dose-response
relationship?

[ Determinants of

cell function

cell-based
. therapy /

selection, novel
diagnostic tools

[ Endpoint

Limitations:
viability, retention

Identification of
responders
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