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RATIONALE FOR HSCT

° High—dose immunosuppression given to deplete auto

reactive T and B cells

« HSC infusion to shorten neutropenia and permit
regeneration of tolerant immune system in absence of

environmental trigger(s)

«  “Reset” immune system by generation of new immune cells

from the stem cell compartment
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Proc. Natl. Acad. Sci. USA
Vol. 82, pp. 2483-2487, April 1985
Medical Sciences

Rationale for bone marrow transplantation in the treatment of
autoimmune diseases

(bone marrow transplantation/BXSB mice/MRL/l mice/T-cell functions)

SusuMU IKEHARA*, ROBERT A. Goobp', TAkaA0o NAKAMURA*, KEN'ICHI SEKITA*, SHUJI INOUE¥*,
MAUNG MAUNG O0%*, Erl Muso™, KATSUHIKO OGAWA*, AND YOSHIHIRO HAMASHIMA*
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1993

1993

1993

Slavin et al. [53]

Drakos et al. [23]

}dammnt [40]

First report of cure of mixed cryoglobulinemia, describing the first patient
fully cured by myeloablatve treatment, suggesting that HSC'T could

be used for treatment of autoimmune diseases

First case suggesting that HSCT could be used as treatment

of Crohn’s disease

First editorial suggesting that HSCT should be used as treatment for SLE

L1995 Buderal 101 Fisteditofal suggesting that HSCT should be used as weaupent for MO

1995  Committee Chair—  EBMT and EULAR establish a working committee on stem cell transplant
Tyndall for autonmmune diseases for Europe and Asia

1995 Committee Chair—  IBMTR and ABMTR establish a working committee on stem cell
Burt transplant for autoimmune diseases for the Amencas

1997  Fassas et al. [27] First report of HSCT for MS in the world

1997 Mammont et al. [41] First report of autologous HSCT for SLE in the world

1997 Burtetal [17] First report of autologous HSCT for SLE in America

1997 Joske et al. [33) First report of autologous HSCT for RA in the world

1997
1998

Tyndall et al. [59]
Burt et al. [18]

First report of autologous HSCT for scleroderma
First report of autologous HSCT for MS in America

U000 Wulllraal et al. [0o]

1999
1999

2000

2001

2001

2002
2004

Burt et al. [13]
Contract principal
investigators—Burt,
Burns, Sullivan
Slavin et al. [55]
Snowden, principal
investigator

van Laar, principal
investigator

Burt et al. [16]
Burt et al. [14]

First report of antologous HSC T Tor juvenile chronic arthritis in the world
First report of autologous HSCT for RA in America

MNational Institutes of Health awards three contracts to develop phase 111
trials of HSCT for autoimmune diseases

First clinical evidence of allogeneic GVA
EBMT/EULAR opens phase 11l irial of autologous HSCT for RA

EBMT/EULAR opens phase 1l tral of autologous HSCT for scleroderma

First report of autologous HSCT for Crohn’s disease in the world
World’s first report of allogeneic HSCT for the indication of RA

N
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Burt et al Springer Semin Immun 2004
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Nonmyeloablative Hematopoietic
Stem Cell Transplantation
for Systemic Lupus Erythematosus

Richard K. Burt. MD o [h=50
Ann Traynor. MD
Laisvyde Statkute, MD " Cyclo + GCSE

Walter . Barr, MD m CD-34 selected
Robert Bosa, MDD

James Schroeder. MD

Larissa Verda, MD), PhD 8 Cy 200 mg/kg
Nela Krosnjar, MDD

C Conditioning

kathleen Quigley, RN " AIG

Kimberly Yaung, RN o Methylprednisolone
h[fuwl].l'.',\ . mj = TRM 2% (infection)

Mivuki Takahashi, MD

Borko Jovanovie, PhlD " Mean fOHOW up 29m (61’]?1—75)’)

Y hyama, ML

T IAMA, February 1, 2006—Vol 2935, No. 5 527
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Figure 1. Probability of Surdval and Relapse in Lupus Patients Undergoing Hematopoletic
Stem Cell Transplantation (HSCT)
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Table 1 Published experience with autologous hematopoietic stem cell transplant in SLE

*Patients Mortality
Transplant related SLE related Relapse-free

Centre/source Reference N Conditioning Overall N (%) N (%) N (%) Overall survival survival

EBMT registry 19 25 85 Various 18 (21) 11(13) 5 (6) 79% At 5 years 44% At 5 years

(35 centres)’ (95% CI 5 to 17) (95% Cl 66 to 86) (95% Cl 32 to
56)

Northwestern 20 50 CY+ATG 8 (16) 2(4) 4(8) 84% 50% at 5 years

University, USA

Zhengzhou, China 29 18 TLI+CY+ATG NR 0(0) NR 72% (13/18) At
median 12 (3-26)
months’ follow-up

Seoul, South Korea 30 7 CY+ATG 0(0) 0(0) 0(0) 100% At median
13 (3—26) months’
follow-up

Berlin, Germany 23 7 CY+ATG 2 (29) 1(14) 1(14) 71% (5/7) 72% At 60 months
(range, 24-96
months)

National Institutes 24 8 CY+fludarabine 2 (25) 2 (25) 0(0) 75% 75% At a median

of Health, USA —+rituximab 54 months (range,

36-60 months)

Ann Rheum Dis 2011
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Figure 1. Computed tomography scan images of the patient’s chest
obtained before (top) and after (bottom) autologous stem cell trans-
plantation (ASCT). The signs of lupus pneumonitis in the image
obtained before ASCT are absent in the image obtained after ASCT.

Brunner et al. Arth Rheum 2002/
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Frocugre 2. Change in DLco prior to and following HSCT. Salid lines indicate significant lupus activity
currently; broken lines indicate persistent SLE activity currently.
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Bone Marrow Transplantation (2007) 40, £7-53
& 2007 Nature Pubishing Group M| rights reserved 0268-336%707 530,00

wwnw.nature.com/brmt

ORIGINAL ARTICLE

Autologous hematopoietic stem cell transplantation in systemic lupus
erythematosus patients with cardiac dystunction: teasibility and reversibility
of ventricular and valvular dystunction with transplant-induced remission

Y Loh', Y Ovyama', L Statkute'. A Traynor®, J Satkus'. K Quigley’, K Yaung'. W Barr?®. J Bucha',
M Gheorghiade® and RK Burt'

| Division of Immunotherapy, Department of Medicine, Northwestern University Feinberg School of Medicine, Chicago, IL, USA;
*Depariment of Medicine, Maine General Medical Center, Waterville, ME, USA; * Division of Rhewnatology, Depariment of
Medicine, Northwestern University Feinberg School of Medicine, Chicago, 1L, USA and *Division of Cardiology, Department of
Medicine, Northwestern University Feinberg School of Medicine, Chicago, IL, USA
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Table 2 Progress of patients with impaired left ventricular function

Number — Time last flu (month ) SLEDAL NYHA class LVEF (%) RWMA
Pre  Last  Pre Last Pre  Last  Fre Last
I i 27 4 I | 45 50 Global hypokinesia Nil
» 9 (death at 11.5month) 16 I 45 30 Not evaluated Not evaluated
3 M 10 0 I | 3 30 Mild septal hypokinesia Nil
4 A 30 3 1l I 3 60-65| Inferior and posterior wall akinesia Nl
5 12 (death at 19month) 17 4 IV Il 25 |1 30-35] Extensive global hypokinesia Global hypokinesia
ia M 16 4 | Il 47 () Not evaluated Not evaluated
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Loh et al. Bone Marrow Transplant 2007 /




2009 113: 214-223
Prepublished online Sep 29, 2008;
doi: 10 1182/blood-2008-07-168286

Depletion of autoreactive immunologic memory followed by autologous
hematopoietic stem cell transplantation in patients with refractory SLE

induces long-term remission through de novo generation of a juvenile
and tolerant immune system

Tobias Alexander, Andreas Thiel, Oliver Rosen, Gero Massenkeil, Arne Sattler, Siegfried Kohler,
Henrik Mei, Hartmut Radtke, Erika Gromnica-lhle, Gerd-Rldiger Burmester, Renate Arnold, Andreas
Radbruch and Falk Hiepe

" n=7
5 Cy + GCSF; CD-34 selected graft

" Cy +ATG/ methylprednisolone
= Follow up to 8yrs
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Figure 1 Recovery of CD4+ T-cell subsets over time in SLE patients treated by
iImmunoablation and ASCT versus levels in age-matched healthy controls
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Copyright ©2009 American Society of Hematology. Copyright restrictions may apply.
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Zhang et al. J Immunol 2009

CD4+ T cell responses to nucleosomal autoepitopes in patients pre- and
post- transplant

* Patient samples before and after transplant of CD4+ Tcells stimulated with

-

autoepitopes shows lower IFNgamma responses but increased anti—inﬂammatory

IL13 responses
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% of proliferated CD4 T cells

% of proliferated CD4 T cells
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CASE

® 30 yr old female, engineer SLE diagnosed Dec 08 p/w
fever, joint pains, TTP, pancytopenia, rash, class IV
nephritis, malignant hypt with PRES and seizures.

® Treated with corticosteroids, cyclophosphamide,
hydroxychloroquine, vincristine, rituximab and daily

plasmapheresis daily for over 3 months

e Referred for autologous HCT in March 09




* Underwent mobilization with cyclo + GCSF uneventfully 25
Mar 2009 cell dose 4.54 x 10/\6/kg CD34

° Autologous HCT with Cy/ATG conditioning 2 3rd Apr 2009

interspersed with plasma exchange

* Complications: fluid overload requiring dialysis, ICU
admission for hypertensive urgency, neutropenic
enterocolitis, CMV reactivation

° Neutrophil engraftrnent d+11

e Eventual weaning down and discontinuation of plasrna

exchange by June 09
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° Currently no longer on immunosuppressants
¢ Has mild renal impairment with creat 110-120mmol/L

e Has returned to full-time work since Dec 2009
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MULTIPLE SCLEROSIS
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Lancet Newral 2009 8: 244-53

> @ Autologous non-myeloablative haemopoietic stem cell
transplantation in relapsing-remitting multiple sclerosis:
a phase I/ll study

Richard K Burt, Yvonne Loh, Bruce Cohen, Dusan Stefosky, Roumen Balabanov, George Katsamakis, Yu Oyama Eric | Russell, Jessica Stern,

« N=21, RR-MS

 Median EDSS 3.1 (2.0-5.5)

* Mobilization Cy (2g/m ) + GCSF

« Conditioning Cy (200mg/kg) + Alemtuzumab 20mg (n=16) or ATG 6mg/kg (n=5)

N .
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JEM ARTICLE

Thymic output generates a new and diverse
TCR repertoire after autologous stem cell
transplantation in multiple sclerosis patients
Paolo A. Muraro,! Daniel C. Douek,* Amy Packer,! Katherine Chung,’
Francisco J. Guenaga,* Riccardo Cassiani-Ingoni,! Catherine Campbell,?

Sarfraz Memon,® James W. Nagle,® Frances T. Hakim,> Ronald E. Gress,>
Henry E McFarland,! Richard K. Burt,’ and Roland Martin'

* Patients from Northwestern University undergoing autologous HCT after cyclophosphamide and
ATG conditioning and aT cell depleted graft
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. P =0.008 (RM-ANOVA)
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o P =10.012 (RM-ANOVA)
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P=001 P=0.027
! ]

P=MNS

peripheral proliferation of lymphocytes in response
to lymphopenia

Significant increase in naive CD4+ Tcells post
transplant

Significant decrease in central memory T cells

Approx Y4 of the CD4+ T cell pool occupied by

central memory Tcells was replaced by naive Tcells




SINGAPORE EXPERIENCE

e HSCT for autoimmune diseases initiated in 2002 in MS

patients

nd ___

+

+11 to +14

.
N F: fludarabine 30mg/m? ; C: cyclophosphamide 50mg/kg
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6.0

5.0 "\
4.0

0—\ \ (] ] —4—patient 1
3.0

: \‘\‘ == patient 2
2.0 == patient 3

EDSS

1.0 - o
0.0
1 0 3 b 12
@, oo ror




g N

5 TETOURNAL o CD39+Fuxp3+ Regulatory T Cells Suppress
% JIMMUNOLOGY Pathogenic Th17 Cells and Are Impaired in

Multiple Sclerosis
This inf tion i t Jean M. Fletcher, Roisin Lonergan, Lisa Costelloe, Katie
Dfﬁﬂf;ﬁﬂi f_lzﬁlﬁuﬁﬂl " Kinsella. Barry Moran. Cliona O'Farrelly. Niall Tubridy and
Kingston H. G. Mills

J Immunol 2009:183:7602-7610; Prepublished online 16

November 2009:
do1:10.4049/jimmunol.0901881
http://www . jimmunol.org/content/183/11/7602
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