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NIH DefinitionsNIH Definitions

•• Stem cells Stem cells -- cells that have the ability to divide for indefinite cells that have the ability to divide for indefinite 
periods in culture and to give rise to specialized cells. periods in culture and to give rise to specialized cells. 

•• Pluripotent Pluripotent --capable of giving rise to most tissues of an capable of giving rise to most tissues of an 
organism. organism. 

•• Totipotent Totipotent -- having unlimited capability. Totipotent cells have having unlimited capability. Totipotent cells have 
the capacity to specialize into extraembryonic membranes the capacity to specialize into extraembryonic membranes 
and tissues, the embryo, and all postembryonic tissues and and tissues, the embryo, and all postembryonic tissues and 
organs. organs. 

Totipotent vs. Pluripotent Stem CellsTotipotent vs. Pluripotent Stem Cells
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Hematopoiesis of bone cells and marrow stromal cells

N.B.:
1. Filgrastim 300ug, 480ug vials dose rounded off 
2. large volume apheresis 25L

Schedules for Collection of Mobilized PBSC

Cyclo 2.5g/m2

1   2   3   4   5   6   7   8   9   10   11   12   131   2   3   4   5   6   7   8   9   10   11   12   131   2   3   4   5   6   7   8   9   10   11   12   13

1.  G1.  G--CSF (5CSF (5--10ug/kg)10ug/kg)

2.  G2.  G--CSF +SCF (5CSF +SCF (5--10 ug/kg 20ug/kg)10 ug/kg 20ug/kg)

3.  G3.  G--CSF (5CSF (5--10ug/kg)10ug/kg)

5.  G5.  G--CSF +SCF (5CSF +SCF (5--10 ug/kg 20ug/kg)10 ug/kg 20ug/kg)

4.  G4.  G--CSF (16ug/kg)CSF (16ug/kg)



Advantages of PBSC Support Compared to Advantages of PBSC Support Compared to 
BMTBMT

–– Outpatient proceduresOutpatient procedures
–– No ORNo OR
–– Platelets engraft fasterPlatelets engraft faster
–– Decreased cost of treatmentDecreased cost of treatment
–– Decreased chance of tumor contamination in peripheral Decreased chance of tumor contamination in peripheral 

bloodblood
–– Faster recovery of WBCFaster recovery of WBC
–– Reduced infection, antibiotic use and hospitalizationReduced infection, antibiotic use and hospitalization

Cell SeparationCell Separation

Cyclophosphamide + Cyclophosphamide + 

Filgrastim 10 Filgrastim 10 µµg/kg/dg/kg/d

LeukapheresisLeukapheresis

High dose High dose 
ChemotherapyChemotherapy

EngraftmentEngraftment

FilgrastimFilgrastim
10 10 µµg/kg/dg/kg/d

PBPCPBPC

Autologous Transplant SynopsisAutologous Transplant Synopsis

DHAP 
chemotherapy

Indications Indications for Autologous Transplantfor Autologous Transplant

•• Relapsed Aggressive histology NHLRelapsed Aggressive histology NHL
•• Relapsed HodgkinRelapsed Hodgkin’’s Diseases Disease
•• MyelomaMyeloma

ExperimentalExperimental
•• Low grade lymphoma with marrow purgingLow grade lymphoma with marrow purging
•• Aggressive (highAggressive (high--grade) lymphomagrade) lymphoma

Steps to PSCTSteps to PSCT

1.1. Insertion of pheresis catheterInsertion of pheresis catheter
2.2. Mobilization of stem cellsMobilization of stem cells
3.3. Stem Cell HarvestStem Cell Harvest
4.4. Transplant chemo Transplant chemo ““High dose chemoHigh dose chemo””
5.5. ReRe--infusion of stem cellsinfusion of stem cells
6.6. GCSF and recoveryGCSF and recovery
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Gate Events % Gated
G1 57102 100.00
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R7

R6

R8

all 
events

singlet 
beads

R1

R1+R2 R1+R2+R3

R6

all 
events

Lymphs (R5)

pre-select

Pre select PBSC  
 
   Abs CD34+ cells  
     = 2553  x 993 
        5418 
 
     = 468/ µ l  
 
   Abs CD3+ cells  
     = 10713  x 993   
         5418 
 
     = 1963/ µ l  
 
 
 Post  CD34+ select
 
   Abs CD3+ cells  
    
  = 0.86/ µ l 
 

R8

Figure 4.  Simultaneous flow cytometric 
analysis of CD34+ and CD3+ cells before and
after CD34+ cell selection using a modified 
single platform ISHAGE protocol.

A fresh peripheral blood stem cell collection 
was accurately diluted to about 20 x 10e6/ml 
with PBS/1%FBS.  100 microlitres of the 
sample was accurately pipetted into a tube 
containing 10 microlitres of CD45FITC, CD34 
PE and CD3PE:Cy5 (clones J33, 581 and 
UCHT1 respectively [Beckman-Coulter]).  
After 20 minutes, 2ml of ammonium chloride 
lysis buffer were added and the sample lysed fo
10-15 minutes at room temperature.  100 
microlitres or resuspended Flow-Count 
fluorospheres (Beckman-Coulter) were 
accurately pipetted into the lysed sample and 
gently dispersed.  The sample was analysed on 
A FACScan flow cytometer (BD Biosystems) 
using standard Cellquest software.  At least 100
events were collected in gate 4 to maintain 
precision (i.e., a C.V. of less than 10%).  CD34+
cells were enumerated using the single platform
ISHAGE protocol (plots 1 though 7).  Listmode
file contains 2553 bona fide CD34+ cells (G4) 
satisfying the cumulative gating criteria R1 
though R4.  5418 singlet beads were collected in
the same file (G7 = R6 and R7). Diluted sample
thus contains 468 CD34+ cells per microlitre.  
Sample also contains 10,713 CD3+ cells 
(satisfying the gating criteria R1, R8 and R4 
(G8) (bottom row, middle plot).  Sample thus 
contains 1,963 CD3+ cells/microlitre. After 
CD34+ cell selection on CliniMacs device 
(Miltenyi Biotec), only 177 CD3+ cells 
enumerated (R8). Residual absolute CD3+ cell 
count was thus 0.86 cells/microlitre (bottom 
right plot).  
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Minimum: Minimum: 2 x 102 x 1066/kg body weight/kg body weight

Optimal:Optimal: 5 x 105 x 1066/ kg body weight/ kg body weight



“Poor Mobilizers”

• bone marrow harvesting
• remobilization with same or more intensive 

regimen
• dose escalation of available cytokines
• combination of cytokines

Influence of Patient Characteristics on PBSC MobilizationInfluence of Patient Characteristics on PBSC Mobilization
Variable Average No. CD34 cell/kg* Median P†

Mobilization G-CSF 119 1.52 .0001
Chemotherapy + CSF 124 3.93
No. of chemotherapy cycles
<6 181 2.42 .0227
>6 62 1.98
Diagnosis
Breast Cancer 87 2.61 .0211
Non-Hodgkin’s Lymphoma 77 2.44 .0758
Other 79 1.71
Marrow disease   
Yes 58 1.71 .0338
No 185 2.77
Prior radiation
Yes 86 1.79 .0455
No 157 2.77
Disease status
Remission 65 2.15 NS
Relapse 178 2.41

Abbreviation NS:  Not significant
*Total number of CD34+ cells collected per kilogram divided by number of collection days
†By regression analysis Y1=B0=B1X11+B2 X21+E1
Bensinger et al. Journal of Clinical Oncology Vol 13, No. 10 (October) 1995: pp 2547-2555

Previous Therapy Scoring System

Toxicity factor Drug
0 Prednisone, Dexamethsone

1 Vincristine, Vinblastine, Bleomycin, IFNα

2 Cyclophosphamide, Anthracyclines, Cisplatin,

Etoposide

3 Chlorambucil, Procarbazine

4 Melphalan, Carmustine, Mechlorethamine, 
Lomustine

TF x N (# courses) = < 60 or > 60 P = 0.02

Any exposure to TF 4 drugs P = 0.038 ***

Drake et al, Drake et al, BJHBJH 19971997

Description and BiologyDescription and Biology

Galli SJ, et al. Galli SJ, et al. Adv ImmunolAdv Immunol. 1994;55:1. 1994;55:1--96.96.

Stem Cell FactorStem Cell Factor

•• Glycoprotein growth factor produced in bone marrow Glycoprotein growth factor produced in bone marrow 
stromal cellsstromal cells

•• Also called Also called cc--kitkit ligand or steel factorligand or steel factor
•• Found in soluble and membraneFound in soluble and membrane--bound formsbound forms
•• Acts on primitive and mature blood cell progenitorsActs on primitive and mature blood cell progenitors
•• SCF receptors widely distributed in normal tissues and SCF receptors widely distributed in normal tissues and 

some tumor cellssome tumor cells

CliniMacs 
Instrument

CD34 Positive Concentrate

50ml CD34+ 
Concentrate
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Figure 2.  Immunophenotypic analysis of CD34+ selected PBSC product (Patient 2).  
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AntigenAntigen

HSVHSV

AdenovirusAdenovirus

NucleusNucleus

Genetic Vaccination

G-CSF 10 ug/kg/d

DC/Adgp100 in Metastatic Melanoma

Metastatic Melanoma

•Stage IV

•HMB-45 +

•No visceral mets

5 days

CD34+ PBPC 

selection

Ad2gp100v2 (MOI = 100)

2 x 108 cells s.c (2 sites) and i.v  q 28 days x 3 cycles

Cryopreservation 

GM-CSF, TNF, Flt-3  12 
days
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Examples of Successful Immunotherapy

cGVHD

C
linical M

anifestations

Graft vs. LeukemiaGraft vs. Leukemia

•• Immune system very important to prevent growth of Immune system very important to prevent growth of 
cancerscancers

•• Major part of the efficacy of allogeneic transplantation is Major part of the efficacy of allogeneic transplantation is 
the donor immune system killing any residual cancer the donor immune system killing any residual cancer 
cellscells

•• GvHD is a marker of GvLGvHD is a marker of GvL
•• Little bit of GvHD is a good thingLittle bit of GvHD is a good thing

Umbilical Cord BloodUmbilical Cord Blood

•• High concentration of blood stem/progenitor cellsHigh concentration of blood stem/progenitor cells
•• Immunologic immaturity of lymphocytesImmunologic immaturity of lymphocytes
•• RiskRisk--free collectionfree collection
•• Banked cord blood units Banked cord blood units –– ‘‘offoff--thethe--shelfshelf’’ substitute for substitute for 

blood or marrow units for transplantationblood or marrow units for transplantation

Cord blood Cord blood -- transplantationtransplantation

•• Approches to increasing stem cell numberApproches to increasing stem cell number
–– ex vivo expansionex vivo expansion
–– combination of several cord unitscombination of several cord units

•• Approaches to reducing GVHDApproaches to reducing GVHD
–– depletion of hostdepletion of host--reactive treactive t--cells from graftcells from graft
–– treatment of graft with irradiated recipient cells and treatment of graft with irradiated recipient cells and 

antianti--B7:CD28 antibodyB7:CD28 antibody

Cord blood Cord blood -- transplantationtransplantation Characteristics of  Stem CellsCharacteristics of  Stem Cells

PropertiesProperties
CD34++CD34++
ThyThy--1+1+

SSCSSC--lowlow
cc--kit+kit+
HLADRHLADR--
CD45RACD45RA--
CD38CD38--
linlin--
CD13CD13--
CD33CD33--

in vitroin vitro AssaysAssays in vivo in vivo AssaysAssays

LTCLTC--IC                      Tx sheep IC                      Tx sheep in uteroin utero
CAFCCAFC
CFUCFU--Blast                      SCID miceBlast                      SCID mice

SCIDSCID--HuHu
PrimatesPrimates
Human BMTHuman BMT

RhRh--123low123low
FSCFSC--lowlow



What are Stem Cells?What are Stem Cells? Potential therapeutic uses of Potential therapeutic uses of 
embryonic stem cellsembryonic stem cells

•• Traumatic injuriesTraumatic injuries
–– Spinal cord and head traumaSpinal cord and head trauma
–– Bone fracturesBone fractures
–– OsteoarthritisOsteoarthritis
–– Skin (burns, ulcers, lacerations)Skin (burns, ulcers, lacerations)

•• Degenerative, ischemic and autoimmune diseasesDegenerative, ischemic and autoimmune diseases
–– ParkinsonParkinson’’s diseases disease
–– Myocardial infarctionMyocardial infarction
–– Diabetes mellitusDiabetes mellitus
–– Multiple sclerosisMultiple sclerosis
–– Muscular dystrophyMuscular dystrophy

Risks and potential pitfalls of Risks and potential pitfalls of 
embryonic stem cell therapeuticsembryonic stem cell therapeutics

•• Reliability of differentiation uncertainReliability of differentiation uncertain
•• Transplantation and engraftmentTransplantation and engraftment

–– ? Requirements for tissue typing? Requirements for tissue typing
–– ? Uncontrolled growth? Uncontrolled growth
–– ? Stability and regulation of therapeutic functions? Stability and regulation of therapeutic functions

Ethical controversies in stem cell Ethical controversies in stem cell 
researchresearch

•• Sources of embryosSources of embryos
–– Extra embryos from clinical Extra embryos from clinical in vitroin vitro fertilizationfertilization
–– Intentional fertilization for researchIntentional fertilization for research
–– CloningCloning

•• Is an oligocellular embryo in a Is an oligocellular embryo in a ‘‘test tubetest tube’’ actually a human being?actually a human being?
–– Genetic instructions and protoplasmic substratesGenetic instructions and protoplasmic substrates
–– Hurdles to generation of whole organismHurdles to generation of whole organism

•• ImplantationImplantation
•• OrganogenesisOrganogenesis
•• High risk of spontaneous abortionHigh risk of spontaneous abortion

Derivation of embryonic stem cell linesDerivation of embryonic stem cell lines

•• Isolation of cellsIsolation of cells

–– Mechanical and enzymatic Mechanical and enzymatic 
disruption of zygote disruption of zygote 

–– Excision of inner cell Excision of inner cell 
massmass

•• Culture on feeder cell layer in Culture on feeder cell layer in 
dishdish

•• Differentiate into specialized Differentiate into specialized 
cellscells

–– Growth factorsGrowth factors
–– Gene transfectionGene transfection
–– TransplantationTransplantation

PostPost--embryonic stem cellsembryonic stem cells

•• Bone marrowBone marrow
•• BloodBlood
•• MuscleMuscle
•• BrainBrain
•• FatFat
•• LiverLiver
•• PancreasPancreas
•• OtherOther



What about Adult Stem Cells?What about Adult Stem Cells?

•• Some Stem cells live in the body of humans.  Some Stem cells live in the body of humans.  
•• Most of these cells are called Most of these cells are called Multipotent (most adult stem Multipotent (most adult stem 

cells)cells).  They can be induced to become fewer tissues .  They can be induced to become fewer tissues 
than than PluripotentPluripotent Stem cells that are derived from Stem cells that are derived from 
Embryos.  Embryos.  

•• New research is showing that we can induce adult stem New research is showing that we can induce adult stem 
cells to become more pluripotent.cells to become more pluripotent.

Potential BenefitsPotential Benefits

•• Organ shortage (long Organ shortage (long 
term)term)

•• Tissues for Treatments Tissues for Treatments 
(shorter term)(shorter term)
–– Valves, Skin, Nerves Valves, Skin, Nerves 

for Spinal Cord for Spinal Cord 
InjuriesInjuries

–– Diabetes (Type 1)Diabetes (Type 1)


