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HSC niche regulation
in steady state
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Engraftment kinetics as a function of CD34

content of PBSC
Characteristics
Patients 692
Age 46 (15-67)
Probablity Gender (M/F) 100/592
ﬁ;j CD34*106/kg
05, >5%10%kg 150
0.7 <5*10%kg>10 196
0.6- >10*10%/kg 346
0.5
:: Cox regression analysis
02 Take p
0.1 ,_ CD34 dose 0.001
ot ! =Ll T T &% 5 s s O-CSF post-transplant 0.001
Days From Infusion CTCb 0.006
Fig 2. The Kaplan-Meier probability of achieving =0.5 x 10* neu-
}"",’",_!';;i"’ ;Eﬁf;{gf ooyt 10 1000 ) and >10x10° Categorical variable analysis
Take p
CD34 doses 0.0001
>5%10%kg

<5*10%kg to <10*10%kg
CH Weaver Blood 1995;86: 3961-3969 >10*10%kg



Number of viable CD34+ 7AAD- cells infused

predicts engraftment

Patients
Age

Product

CD34/kg harvested
CD34/kg post thaw
MNC viability
harvested

MNC viability
post-thaw

Take
ANC>0.5x109/1
PLT>20x10%1
Antibiotics
Hospitalization

36 % of patients and viable CD34+ cells/kg
41 (16-68) at the time of engraftment
3.6 (3.6-182) ANC take day
2.0 (0.7-110) >13 <13 p
99%(99-100) CD34/kg>2*10¢ 57% 33%  ns

CD34/kg>5*108 29% 0% 0.03
76%(46-91)

day

13 (9-22) PLT take day

14 (9-42) >14 <14 p

12 (2_411?1) CD34/kg>2*10° 68% 14%  0.002
(5-44) CD34/kg>5*108 27% 0%  0.06

DS Allan BMT 2002;29:967-972




Association of post-thaw viable CD34+ cells and
CFU-GM with time to hematopoietic engraftment
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Association of post-thaw viable CD34+ cells and
CFU-GM with time to hematopoietic engraftment
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Effect of DMSO doses and cooling rate on

cryopreservation of hematopoietic stem cell
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Engraftment Probability ®
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Comparaison cryopreservation using DMSO vs
DMSO hydrossyethylstarch

Patients 294 5% 10%
DMSO/HES DMSO
146 148

— owso  CD34+infused  6.5(1.9-55.6) 6.4 (3.6-82.0)
MO TNC infused 7.3(1.1-76.2) 7.6 (0.9-59.8)

o 4

5 0 15 20 2 20 \WBC>1.0x10° 10 11
oave ANC>500x10° 11 11
- +— PLT>20x10° 10 10
Hospital dischar 16 17
Ant stoppage 13 14

RBC (Units) 4 (0-20) 4 (0-60)

— owso  PLT (Units) 14(0-276) 14(0-202)
TRM 8 7

10

20 30 40 50 60
Days

0.91
0.69
0.04
0.05
0.99
0.54
0.04
0.98
0.57
0.98

SD Rowley BMT 2003;3:1043-1053



Evaluation of overnight storage conditions for autologous peripheral
blood stem cell products: comparison of three different conditions
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CD34+ Cells (x 10%)/Kg Body Weight

CFU-GM (x 10%) / Kg Body Weight

Cryopreserved HSC evaluation of extended
(5-14 years) cryostorage

Post-Storage CD34" HSC Content
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FLOW CHART COLLECTION

Tailored
Leukapheresis
(LVL)

I

Collection
DOSE: Single 5 (4 - 6) Double 10 (8 -12)

QC of collection ] Reduction of
Flow (CD34/7AAD) plasma volume
Colture (CFC) J ~100 ml

Cryopreservation
TNC =200*10%/ml DMSO 10%
Controlled freezing rate

I_I

Report to
Hematology Unit




FLOW CHART TRANSPLANTATION

Request from
Hematology Unit

QC vials Check units
Flow (CD34/7AAD) Check documents
Colture (CFC)

—

Report to
Hematology Unit
T ( QC of bags
Thawing Flow (CD34/7AAD) ]
J L Colture (CFC)

[ Infusion bedside ]




FLOW CHART FLOW CYTOMETRY
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ISHAGE Protocol: Are we doing it correctly?

- 1A resa 13311.0M
=73 TRUCOUNT-. < %géﬁ#’
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PMN 66.5%
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MNC viability 99.6%
CD34/uL 1121385
CD34/kg 4.2*106
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Gate Statistics

File: 1A resa 133011001 Log Data Units: Linear Yalues
Gate: Total Bvents: 100000

Gate Events % Gated % Total
ALMNE STEM CELLS BE7 | 99.86 0.70 |
TOTAL STEM CELLS G498 100.00 0.0
DEAD STEM CELLE 1 014 0.00

WBC 93840 4384 9384
ALWVEWBC 93261 93.26 493.26
BEADS 5994 099 099

A Whitby Cytometry 2012,82B:9-17




QC of cryopreserved hematopoietic progenitors cells

QC %2 week before release

IA nunc 133/11:001 : PM N 66 1 %
TRUCOUNT, L = IA nunc 133/11.001 MNC 33.9%
i3 " MNC viability 96.2%
i W “: CD34 rec 78%
0 1 2 3 4 o 3 : _ 0
100 10h 1ol 100 10 e, GFU-GM rec 75%
CD45 FITC
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3 CD45DIM 1
L|i..

0 L1 a2 3T g A —
" " cosape " 10% 10 CDlngITC 10° 10t Gate Statistics
File: 1A nunc 1331 1.001 Log Data Units: Linear Walues
IA nunc 133/11.001 & nunc 13341001 Gate: Total Events: 100000
; =¥ Gate Events % Gated % Total
. z 3 ALIVE STEMCELLS  G10 | G744 0.671 ]
- 7 3 TOTAL STEM CELLS 626 100.00  0.53
§ LYMPHOMONO T 3 TAAD DEAD STEM CELLS 16 256  0.02
3 el © o WBC  BETET  96.77 8677
: T e o Q- ALvE wBCc 47708 [ 4780 47.80]
0 200 400 600 800 1000 (R L VR [ 1 BEADS 3106 311 311
FSC-Height TAAD P Accorsi Vox Sanguinis 2011;101:255-75



QC of thawed hematopoietic progenitors cells

1A SACOA 139/11.001___ . IASACGA183/11.001 Collection dec 2011
TRUCOUNT % o
v B ; Thaw oct 2012
' e ) 0
F . D45 MNC recovery 96%
_ T o)
w 2 CD34 rec 7%
N ] - 0
'1 '2 3 4 & T T - T CFU-GM reC 72 /O
100 ol 110 100 10" 102 10 104 *
COASFITE CD45 FITC CD34/kg BW 5.87*106
4 SACTA 13311.001
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L a
T )
T -:C.Q3_4 7
///// [y = - -\.-?:;:Mgl-.-: : T T T TTTI 1I =TT T T .
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Gate Statistics
,,,,, IA SACCA 133/11.001 File: 14 3ACCA 133M11.001 Loo Data Units: Linear Yalues
S AR e ) Gate: TOTAL STEM CELLS Total Events: 100000
FE N Gate Events % Gated % Total
] = ALIVE STEM CELLS 525
b LYMPHOMONO 3 s TOTALSTEMCELLS 545 10000 055
no DEAD STEM CELLS 20 367 002
- j — e . ¥ e R WBC  9BE2Y gFF3 G663
S TRV YT r e p——— ; ALWEWBC 48235 | 4823 4823
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Freezing/Thawing Damages

> lce Formation

> Rise in solute concentration
» Changes in solution tonicity
» Toxic damage of DMSO

o Concentration of all solutes and biomolecules
that aggregate

o ‘Salting out’ of protein molecules

o Marked changes in solution pH

o Disruption of sulfur bonds

o Concentration of potentially toxic impurity
above a toxic threshold

SM Watt SM, E Austin, S Armitage in Cryopreservation and Freeze-Drying Protocols 2007



Flow cytometry assesment of apoptotic CD34+ by annexin V
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, T Irradiated BM 33.3£9.7 17.916.0
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Annexin V evaluations in cryopreserved samples
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PESCARA year 2012

Patients

Age

Gender(M/F)
NHL/MM

Trasplant

N° of apheresis
TNC viability

MNC viability

CD34 viability
CD34/10*%kg frozen
CD34/10*°kg infused
CFU-GM 10*¥kg
Take PMN

Take PLT

52
97(19-69)
25/27
13/39
34 single 18 double
72 (1-3)
66% (11-92.2%)
85.8% (56.7-98%)
96.3% (56.7-98%)
5.6 (3.2-19.1)
4.5 (0.7-11.1)
102 (51-8095)

9 (7-25)
12 (7-21)



vial WBC/ml

vial MNC/ml

Correlation of QCs post cryopreservation
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Correlation of viable CD34 and CFU-GM and
PMN and PLT engraftment

Take PLT 20000

Take PMN 500

P= 0,005
R= 0,381

CD 34+7AAD-x10%kg

P= 0,002
R=0,418

CD 34+7AAD-x10%kg

Take PMN 500

Take PLT 20000

P=0,036
R= 0,283

CFU-GMx105kg

CFU-GMx105kg




HPC-A 80417-NHL G-CSF + CHT
aa 56 weight 91kg

-t AD resa 41712001 AD 417H7.001
=1 TRUCOUNT @;-7 AD resa 417/12.001 resa '
o ' : = TAAD
T o ] o
B 3 3 i :
o= . (x 3"
] ] s e v
% : ] d
BT /L T/ N 1 R T S R ... o PP S e ey
CD45 FITC 100 101 102 103 104 10 10 ?1ADAD 10 10
CD45 FITC
AD resa 417/12.001 Gate Statistics
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”””” v File: AD resa 4171 2.001 Log Data Units: Linear Yalues
a L Gate Total Events: 100000
a ]
jE’JI”jﬁ 7 CD45DIM Gate Events Gated % Total

— ALIWE STEM CELLS 1623 99.74 1.52
TOTAL STEM CELLS 1627 Qoo 1.54
DEAD STEM CELLE 4 0.26 0.00

T T T — T_*
0 1 2 3 4
10 10 10 10 10 WEC 96421 9642 9642
CD34 PE

CD45 FITC ALWEWEC 94215 9422  04.27
BEADS 2198 320 3.20

AD resa 417/12.001 AD resa 417M7.004

i
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- Ir TAMD MNC 824%
i : " CD34 1399730/uL

o

T o we e gl | CD34 4.5*108/kg
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AD nunc 417/12.001 AD nunc 4171 2.001

LYMPHOMONO
¥
& 7AAD
L I B R B B | = e
200 400 600 800 1000 107 Tl 102 10° 10
FSC-Height 7 BAD

AD bag 417/12.002

AD bag 41712002

LYMPHOMONO

v 1 1
200 400 600 800 1000
FSC-Height

Gate Statistics

File: AD nunc 41711 2.001

Log Data Units: Linear Yalue:

Gate: Total Events: 100000

Gate Events % Gated % Total
ALIVE STEM CELLS 1494 | 98.48  1.49 |

TOTAL STEM CELLS 1517 10000  1.52
DEAD STEM CELLE 23 152 002
DEAD STEM CELLE 23 0.0z 002
WBC 95614 9561 9561
ALWEWBC 78572 [7es7T  T8AT
BEADS 3976 388 3098

Gate Statistics

File: AD bag 41712.002

Log Drata Units: Linear Walue:

Thaw Jul

PMN

PMN viability

MNC

MNC viability

CD34

CD34 recovery
CFU-GM recovery

16%
22%
84%
95.5%

4.3*108/kg
95%
99%

Gate Total Events: 100000
Gate Events %-lated Stlolal

ALINE STEM CELLS 1341 | 47.05 1.34
TOTAL STEM CELLS 1392 100.00 1.38
DEAD STEM CELLE 41 2495 0.04
WBC 95597 95 70 9870
ALIVEWBC 77044 Tr.05 7T.048
BEADS 33549 3.3k 3.3k




HPC-A MM G-CSF + plerixafor
aa 54 weight 50kg

FA RESA 852/12.001
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107

104

Log Data Units: Linear Value:

Gate: Total BEvents: 100000

Gate Events % Gated % Total
ALIVE STEM CELLS g | 9857 o007 |

TOTAL STEM CELLS 70 10000 007
DEAD STEM CELLE 1 1.43 000
WBC 95847 9585 9585
ALIVEWBC 95208 9521 9521
BEADS 4132 413 413

Bag 852/12
CD34/kg
Bag 857/12
CD34/kg
PMN

MNC

1.9*106

1.1*106
87.2%
12.8%




o FA nunc 852/12.001 FA nunc 852/12.001 Gate Statistics

///// 3 =3 File: FA nunc 85201 2.001 Log Data Units: Linear values
o ] Gate: TOTAL STEM CELLS Total Events: 100000
LYMPHOMONO E 3 ate otal Events
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T3 .
27 o TAAD Gate Events % Gated % Total
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CLONAL SUCCESSION MODEL

HSC Aging

Genomic Instability

DMA damage

Telomere erosion

Altered Transcription

Loss of epigenetic

marks

Myeloid genesT
Lymphoid genes-

Checkpoint Controls

Apoptosis

Cellular senescence

Dysregulated gene
expression

Lineage skewing

Blood Aging

Diminished stress

respanse

Clonal Diseases

Cancer

Myeloproliferative
disorders

Immunosenescence

Lin-Sca+CD150+CD48-

090% in GO
0 6% in G1/S G2/M

\Cﬂluh{ STy Low — el High

i

Level of p53 =

Acthvity -

" N
[ ﬂnTI-Dﬂd'il‘L‘[‘"
i = Maintenance
Functions of p53 ot sterw el Cell cycle arrest Nk
= DINA repair
self-renswal,
kqulescem:e J W 7
Prevention of Repalrof Eliminaticn of
Ctome DNA damage [ damaged cells ] [ damaged cells |

P53 in Hematopoietic Svem Cell Biolagy §

B Normal Conditions B stressConditions
Mef —3 Mdm2 ATM
ps3 ps3tt
Mecdin 1! p21 Puma |—Slug
Gfi-1 IE[ D

VR 4

Quiescence  Seli-Renewal Cell Cycle Arrest . Apoplosis
DMA repalr

LA Warren, DJ Rossi Mechan Ageing and Dev, 2009; 130:46-53



ALDEHYEDE DEHYDROGENASE
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Hematopoietic stem cell Parwise relationship
In its place models of hematopoiesis
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