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+

n 1 in 2000 Bone marrow cells 

n 2000 fold increase in ability to confer radioprotection 

n Human phenotype CD34+, Thylo, Lin-, Rho123lo 

n Characterize of multipotential stem cell 

   - multilineage differentiation 

   - self renewal capacity 

   - ability to reconstitute after myeloablation 

n Lineage negativity 

   - absence of    T cell: CD2, CD3, CD4, CD7, CD8 

                             B cell: CD19, CD20 

                          NK cell: CD56, CD57 

                Myeloid cell: CD33, CD15 

              Erythroid cell: Glycophorin A 

Hematopoietic stem cells 
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Sources of hematopoietic stem cell 

n Bone marrow stem cells 

n Peripheral blood stem cells 

n Cord blood stem cells 
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Hematopoietic stem cell 
transplantation 

n Autologous 

n Allogeneic: MRD – Matched related donor 

                          MUD – Matched unrelated donor 

                          Haplo-identical donor 

                          Cord blood 

n Syngeneic: Twins 
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Autologous stem cell source 
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+Process of HSCT 

Peripheral blood stem 
cell mobilization Apheresis 

Cryopreservation 
Conditioning 
regimen 
- Radiation 
- Chemotherapy 

Stem cell 
re-infusion 

Recipient	

Donor	

Allogeneic HSCT 

Autologous HSCT 



+US minimal requirement for testing 
of transmissible infectious disease 

Testing Donor of  
HPC-M and HPC-A 

Donor of  
HPC-CB and NC-CB 

Donor of MNC-A, 
NC-WB and NC-M 

Timing of collection 
 
 
HIV type 1 and 2 
Hepatitis B virus 
Hepatitis C virus 
HTLV type I and II 
Cytomegalovirus 
Treponema pallidum 

up to 30 days before of 
7 days after collection 

 
✔
✔ 
✔ 
✔ 
✔ 
✔ 

up to 7 days before or 
after collection 

 
✔ (MS) 
✔ (MS) 
✔ (MS) 
✔ (MS) 
✔ (MS) 
✔ (MS) 

up to 7 days before or 
after collection 

 
✔
✔ 
✔ 
✔ 
✔ 
✔ 

Other tests may be required per facility-specific guidance eg. screening for West Nile virus, 
Trypanosoma cruzi or other infectious agents prevalent in the areas   

Adapted from WMDA Standard 2017 



+EU minimal requirement for testing 
of transmissible infectious disease 

Testing Donor of  
HPC-M and HPC-A 

Donor of  
HPC-CB, NC-CB, MNC-A, NC-M, 

and NC-WB 
Timing of collection 
 
HIV type 1 and 2 
Hepatitis B virus 
Hepatitis C virus 
HTLV type I and II 
Treponema pallidum 

up to 30 days before collection 
 
✔
✔ 
✔ 
✔ 
✔ 

Day of or up to 7 days after delivery 
 

✔ (MS) 
✔ (MS) 
✔ (MS) 
✔ (MS) 
✔  (MS) 

Additional testing may be required depending on the donor’s history and the characteristic of 
cell donated (eg. Malaria, Toxoplasma, Cytomegalovirus, Ebstein-Barr virus or Trypanosoma 
cruzi) 

Adapted from WMDA Standard 2017 
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Bone marrow stem cells vs. 
Peripheral blood stem cells 
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Bone marrow stem cells vs. 
Peripheral blood stem cells 

n Graft composition 
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Bone marrow stem cells vs. 
Peripheral blood stem cells 

n Graft composition & effects on clinical outcome 

- less graft rejection 
- slower neutrophil and 
platelet engraftment 

- more graft versus tumor/ 
graft versus leukemia 
effects 
- faster neutrophil and 
platelet engraftment 
- increased risk of chronic 
graft-versus host disease 
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n Process of collection 

Bone marrow stem cells vs. 
Peripheral blood stem cells 

- Single collection 
- Not require central venous 
catheter 
- Not require cytokine 
mobilization 
- Require operating room, 
general anesthesia and 
personnel to do bone marrow 
aspiration 

- Single to multiple collection 
- Require central venous catheter 
- Require cytokine mobilization 
- Not require operating room and 
general anesthesia 



+Products 
n HPC-M 
   volume of collection range from 100 - 2,000 ml (should not  

        exceed 10-20 ml/kg of donor’s BW) 

   marrow placed in a sterile container with appropriate  

        anticoagulation and electrolyte solution then filtered to remove  

        fat, bone particles and cellular debris 

 

n HPC-A 

   obtained from peripheral blood using an apheresis technology  

        usually after mobilization 

   for allogeneic HSCT, product usually given fresh, unlike autologous  

       HSCT, product usually undergone cryopreservation with DMSO 



+Products 
n HPC-CB 

   obtained from the umbilical cord during the third stage of  

        labor or after delivery of the placenta  

   collected by gravity drainage into standard collection bag  

        containing anticoagulant 

 

n MNC-A 

   collected from peripheral blood by apheresis   

   allogeneic MNC-A are most commonly used as donor lymphocyte 

       infusion (DLI) 

   dose usually based on the number of T-cell (eg. CD3+ cells),  

       nucleated cells, or mononuclear cells 
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Mobilization is… 

n  The term ‘mobilization’ first used in 1977 to describe a 4-fold 
increase of circulating myeloid progenitors (CFU-GM) after 
administration of endotoxin to healthy volunteer 

n  In 1976, a high levels of CFU-GM was discovered after 
recovery from myelosuppressive chemotherapy in human 

n  In 1980s, First time using chemotherapy-moblilized HSCs for 
transplantation was established – A single high dose 
cyclophosphamide was developed as a generic mobilizer 

n  In 1988, there is a study that showed the potential of G-SCF in 
mobilization. Subsequently, 2 Australian centers the usage of 
G-CSF in mobilizing HSCs for transplantation for the first 
time     
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§  Cytokine alone 

§  Chemotherapy 
plus cytokine 

§  Pre-emptive 
plerixafor for 
poor mobilizer 

PBSC mobilization 
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Mechanisms of mobilization 

n Cytokines: Colony stimulating factors 

-  protease: neutrophil elastase, cathepsin G, metrix 
metalloprotenase-9  à cleave and inactivate VCAM-1, SDF1, 
CXCR4, c-Kit and SCF 

-  BM macrophages loss àdown regulation of SDF-1, SCF, and 
VCAM-1 expression by the niche cells 

-  Complement, thrombolytic pathway, chemotactic gradients of 
SDF-1 and sphingosine-1-phosphate (S1P) 

n Chemotherapy: down regulate CXCL12 

n CXCR4 antagonist: release SDF-1 from CXCR4 

 

HSC niche 
-adhesive and chemotactic interaction 
-cell supporting the niche cells 

HSC 



+
Plerixafor (AMD3100, Mozobil®) 

§  CXCR4 receptor 
antagonist 

§  Subcutaneous inj. 

§  10-14 hours before 
apheresis (peak 
CD34+ count) 



Bio	Blood	Marrow	Transplant.	2012;18:1564-72	
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Mobilization scheme 

G-SCF	Alone	
D1	 D2	 D3	 D4	 D5	 D6	 D7	

G-CSF	10	µg/kg	

Stem	cell	collecKon	

Peripheral	blood	CD34+	and	CBC	
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Mobilization scheme 

Cyclophosphamide	plus	G-CSF	

D6	D3	 D8	 D10	

G-CSF	10	µg/kg	

Peripheral	blood	CD34+	and	CBC	

Stem	cell	collecKon	

D11	 D12	D13	D1	

Cyclophosphamide	2-4	gm/m2	OR	Ifosfamide	plus	Etoposide	

D2	 D4	 D5	 D7	 D9	 D14	

Ifosfamide/Etoposide	plus	G-CSF	
OR 
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Chemotherapy plus cytokine 
mobilization 
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Days following chemotherapy administration 

CMT G-CSF 



+Stem cell dosage 

Vol. collected CD34 content¶ CD3 content¶ Target cell dose 

Bone marrow 10-20 ml/kg 2-4x106/kg 25x106/kg TNC >2x108/kg 

Peripheral blood 150-400 ml 2-10x106/kg 250x106/kg CD34+ 2-10x106/kg 

Cord blood 80-160 ml 0.2-0.5x106/kg 2.5x106/kg TNC >3-4x107/kg 
¶ Median 



+
The Poor mobilizer – what will 
happen next 

n Potentially loss of HSCT as a treatment option 

n Increase resource use, morbidity, and patient/care 
giver inconvenience if repeated attempts for 
mobilization is needed 



+
How can we define who will 
mobilizer poorly….  

n Patient: Advanced age, Diagnosis subtype, Diabetes, 
Iron overload, Infection 

n Treatment: Chemotherapy (Melphalan, Fludarabine, 
Lenalidomide), Radiation 

n Bone marrow: low platelet count, bone marrow 
involvement at baseline, bone marrow cellularity 

 

Transfusion	and	Apheresis	science	2015.	
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Who will probably lose??? 

PROVEN Poor mobilizer PREDICTED Poor mobilizer 

q  Peak PB CD34+ < 20 μL on 
D4-6 after adequate 
mobilization§ 

OR 

q  HPC-A¶ CD34+ < 2x106/kg 
following up to 3 apheresis 

 
§Adequate mobilization (G-CSF dose >10 μg/kg if use 
alone or >5 μg/kg if use in conjunction with 
chemotherapy) 
¶HPC-A = Hematopoietic cell apheresis 

At least 1 major or 2 minor criteria 
Major criteria 
q  Failed previous mobilization attempt 
q  Previous extensive RT to marrow 
q  Full course of therapy including 

melphalan, fludarabine ot other 
therapy  

Minor criteria 
q  Advanced phase of disease 
q  Refractory disease (≥ 2 previous 

cytotoxic lines) 
q  Extensive BM involvement 
q  BM cellularity < 30% 
q  Age >65 years 

Adapted	from	a	GITMO	consensus:	DefiniKon	of	poor	mobilizer	
Bone	Marrow	Transplant.	2012;47:342-351	
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What we can (or cannot) do for the 
POOR mobilizer? 
n Things you cannot change 

Patient age, disease (type, stage), baseline CD34+ count, SDF-1 gene 
polymorphism  

n Things you can change 

Prior treatment 

 

Mobilization regimen 

CSF dose/type, novel agent 

Moblilize and collect early in 
disease course 
Avoid marrow toxic drugs 
Avoid  RT or collect before RT  

What you can do 

CSF in conjunction with chemotherapy 

Higher dose of CSF 
Biosimilar??? 
Novel mobilizing agents - Plerixafor 



+Viability determination 

§ Light microscope 
    - Trypan Blue  
 
 
 
 
 
 
 
 
 
§ Flow cytometry 
    - 7 amino-actinomycin D (7-AAD) 
     - Propidium Iodide (PI) 

Dead 

Live 



+CD34+ Enumeration 
n History 

1985	Siena,	et	al	
Milan	Protocol	
ü  Dual	pla_orm	
ü  FSC/SSC	
ü  50k	or50	CD34+)	events	
ü  Class	III	CD34	clone	(1991)	

1994	Bender	
ü  CD45	 1995	Owens	and	Loken	

ü  7-AAD	viability	dye	 1994,	1996	Sutherland	
Original	ISHAGE	Protocol	
ü  Dual	pla_orm	
ü  4	Parameter,	2	colors	
						-	FSC/SSC	
						-	CD34	PE	/	CD45	FITC	
ü  Requires	isotype	

control	
1998	BD	Procount	Kit	
Single	pla_orm	with	Trucount	beads	
ü  Nucleic	acid	staining	
ü  Isotype	control	included	
ü  Lyse/no	wash	methodology	
ü  Leukapheresis	and	peripheral	blood	

1998	Keeney,	et	al	
Modified	ISHAGE	Protocol	
ü  Single	pla_orm	with	counKng	

beads	
ü  75k	or	100	CD34	
ü  7-AAD	viability	dye	
ü  4	Parameter,	2	colors	
						-	FSC/SSC	
						-	CD34	PE	/	CD45	FITC	
ü  SequenKal	gaKng	eliminates	use	of	

isotype	control	



+Sequential gating for true viable CD34+ 
cells (Modified ISHAGE) 

Viable	CD45	

Viable	CD34	

Beads	

Total	CD34	

Viable	lymphs	

Total	CD45	

Debris	

G10	

G3	

G2	

R1	and	R8	

R2	and	“Viable	CD45”	

R3	and	G2	

R4	and	G3	

R6	

R1,	R2	and	R3	

R1	and	not	Beads	

R7	

R5	and	R8	

R10	



+Cryopreservation and storage 

§ Non controlled rate freezing “Dump freezing” 
§ Controlled rate freezing 
     - trigger freezing and reduce heat of fusion 



+DMSO 
n Dimethyl sulfoxide ((CH3)2SO) 

n most commonly used cryoprotective agent 

n typically final concentration 5-10% (v/v) 

n permeate across cell membranes to inhibit intracellular 
ice formation and to prevent cell injury triggered by 
severe dehydration 

n garlic-like odor and taste (by its metabolite -- dimethyl 
sulfide) 

n ~45% of DMSO excreted through urine but a proportion 
of DMSO reduced to dimethyl sulfide and secreted 
through skin, breath, feces and urine 

n can induce histamine release and affect the central 
limbic-hypothalamic pathway 



+Cryopreservation and storage 

§ Storage at minimum of -80°C 
§ Mechanical freezer: -80°C to -150°C 
§ Liquid/Vapor nitrogen tanks: below -150°C 
§ Need back up plan with alternate storage location 

“Fail-safe” and regular temperature monitoring 
§ Overnight storage: 4°C 



+Stem cell processing and 
manipulation 
n   None 

n   Minimally manipulation 

    - Plasma removal (Minor ABO mismatch) 

     - Rbc removal (Major ABO mismatch)  

     - Cryopreservation and thawing 

     - Cell enrichment and depletion 

n   Extensive manipulation 

    - Cell enrichment and depletion 

     - Ex-vivo expansion of specific subset (eg. CTLs) 

     - Gene manipulation (eg. suicidal gene insertion) 



+Cost 

n HPC-Apheresis: 12,500 bath/each apheresis 

n Cryopreservation: 5,000 - 7,000 bath/bag 

n Additional cost:  Hospitalization 

                                  CVC insertion 

                                  Cytokines +/- Chemotherapy 

                                  Transportation 

                                  Etc. 

n Plerixafor: 297,000 bath/vial 

 


