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Stem cell transplants

 Tx of haematopoietic progenitor cells is
being increasingly used:

 To replace dysfunctional BM
 E.g. aplastic anaemia, congenital disorders

 To destroy unhealthy BM
 E.g. Leukaemia, myeloma



The importance of CD34

 HPC are found in BM, umbilical cord
blood and mobilised peripheral blood

 CD34 antigen is present on immature
HPC and all haematopoietic colony-
forming cells



haematopoietic
progenitor cells

 Ability to generate all lymphoid and
myeloid lineages

 Extensive proliferative and
differentiation potential

 Capacity to maintain long term
haematopoiesis by a process of self
renewal





CD34+ cell quantification

   Relied upon to determine:

  Optimal timing of collection (PBSCH)
  Confirm adequacy of harvests
  Confirm CD34’s post processing
  Confirm CD34’s post freeze



CD34+ enumeration by FC

 Best predictor of successful collection
 Best measure of engraftment potential
 Only method capable of using all HPC

sources
 But number of assays used
 Divergent data generated

 Needed to be standardised



ISHAGE –1996 Sutherland et al

 Rapid, reliable and reproducible
 Used a sequential gating strategy
 Negated the use of an isotype neg ctl
 4 parameter/2 colour FC method

 CD45 FITC
 CD34 PE
 Side scatter
 Forward scatter



ISHAGE gating

 Highly efficient at excluding non-specifically
stained CD34+ cells

 Utility proven on variety of FC at diff centres
 Very sensitive

 10-20 CD34+ per 100,000 CD45+ nucleated WBC

 Highly specific
 When using appropriate conjugates



    CD34 = 1.40%

CD34 ISAHGE Sequential Gating



Dose

Number of CD34+ cells transplanted/kg
body weight is calculated

   CD34/kg =  % CD34 x Abs NCC x 1000
      Patient weight (kg)



Clin Lab Haem 1999: 21 301-308

Guidelines for FC CD34 assays

 Specimen collection
 Frequency of testing
 Monoclonal ab selection
 Lysing, counting and gating techniques
 determination of absolute counts
 Instrument QC
 Analysis and reporting



Clin Lab Haem 1999: 21 301-308

Antibody Selection
 Must select appropriate Ab clone:

- high specificity
- high avidity binding

 Stem cell enumeration
Class II PE-conjugated   OR
Class III any conjugate

 PE conjugate class III was recommended



Clin Lab Haem 1999: 21 301-308

Analysis
 Minimum of 100 CD34+ events should

be collected

 Sequential gating strategy (ISHAGE)

 CD34+ determination performed in
duplicate & mean value used



Prompt engraftment
Eur J of Haem (2006) 78:1 21 -28

 Dependent on no. CD34+ HPC
 Dose 2-5 x 106/kg = rapid & sustained

engraftment
 Faster haematopoietic recovery
 Reduced period of pancytopenia
 Reduced transfusions & antibiotics
 Shorter hospital stay



 CD34 dose
 Biology of Blood and BMT (2000)13:339-334

 Engraftment is dependent on no. CD34
+ve cells infused

 Higher CD34 dose  leads to an
accelerated haematopoietic
reconstitution

 A threshold of 2.00 x106 CD34/kg
 >7.00 x106 CD34/kg the positive effect

was minimal and may lead to inc GVHD



Single platform FC Absolute
CD34+   Cytometry (1998) 34:64-70

 ISHAGE gating
 Single platform using known number of

fluorospheres
 Use of 7-amino actinomycin D (7-AAD)

to exclude dead cells
 Ammonium Chloride Lyse

 Esp useful for thawed cryo samples





Loss of CD34’s

 CD34+ cells may lost or become non-
viable:
 During collection
 During storage
 During processing
 During the freezing process
 During the thawing process



 Two Study’s

AIM:  To determine the cumulative effects of
crypreservation, thawing, washing of PBSC
collections on CD34+ cell viability & evaluate
the association between the number of
thawed CD34+ cells and rates of
haematopoietic engraftment.



Engraftment Data

 Platelet recovery:
3 cons. days Plts > 20 x 109/L

(no plt support in 48 h)

 Neutrophil recovery:
3 cons. days count > 0.5 x 109/L



Study 1:
Allan et al -  BMT (2002) 29:967:972

 Using single platform
 ISHAGE guidelines
 7-AAD for viability
 36 patients
 PBSCH
 PB counts determined daily



Allan et al. Bone Marrow
Transplantation 29:967-972, 2002

     Stem Cell Characteristics

  Median   Range
Abs CD34+/kg harvested    3.6 x106/kg   1.3-182
Abs CD34+/kg post thaw     2.0 x106/kg   0.7-110
Cell Viability harvested            99 %    99-100
Cell Viability post thaw            76 %     46-91



Allan et al. Bone Marrow
Transplantation 29:967-972, 2002

Patient Numbers: CD34+ dose/kg

<2x106 2-5x106 >5x106
________________________________________________________________________________________________________________________________________________________

No. Patients
PBSC Harvest    3     20     13
Post Thaw    17     13     6

Median Time Engraftment
Neutrophil       16 (10-22)      14 (10-19)    12 (9-13)
Platelet           17(12-42)      12 (11-16)    10 (9-14)



Platelet Engraftment
stratified by viable CD34+ cells re-infused
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Allan et al. Bone Marrow
Transplantation 29:967-972, 2002

Discussion
 Quantitative correlation: viable CD34+ &

platelet engraftment

 CD34 < 2.0 x 106/kg due to loss of
viability = slower haematopoietic
engraftment

 Harvest:     92% patients > 2.0 x 106/kg
Reinfusion: 46% patients < 2.0 x 106/kg



Study 2:
S. Lee et al -Vox Sanguinis (2008) 94:146-152

 Using single platform
 ISHAGE guidelines
 7-AAD for viability
 36 patients, 46 PBSC harvests
 6 failed to engraft (data not included)



Vox Sanguinis (2008) 94:146-152

0.04-14.82.2Viable CD34+ (106/kg)
30.5-88.771.2CD34+ Viability %
0.1-22.73.2Total CD34+ (106/kg)

Post-thaw

0.05-21.23.6Viable CD34+ (106/kg)
69.7-100.097.5CD34+ Viability %
0.1-22.23.8Total CD34+ (106/kg)

RangeMedianPre-freeze

Enumeration of CD34+ Cells



Vox Sanguinis (2008) 94:146-152

Patient Numbers: CD34+ dose/kg

<2x106   ≥2x106
________________________________________________________________________________________________________________________________________________________

No. Patients
PBSC Harvest      4                 36
Post Thaw    16        24

Median Time Engraftment
Neutrophil          13 (10-35)     10 (8-12)
Platelet              17 (7-53)       13 (5-25)



Vox Sanguinis (2008) 94:146-152

 Comparison of stem cells stored in
liquid nitrogen freezers for 5,10 and 15
years revealed no significant difference
in cell viability or proliferation

 Loss of cell viability occurs during the
freezing/thawing process and not
storage



Summary

 Careful monitoring of CD34+ cells is
crucial for determining timing and
adequacy of collection

 Blood, PBSC Cord blood, bone marrow -
may contain many dead cells

 Assay with viability assessment
essential for accurate identification and
enumeration of CD34+ cells



 PBSC stored overnight - essential
 Post-cryopreserved samples - essential
 the number of VIABLE CD34+ cells

infused into a recipient is a critical
determinant of rapid and sustained
engraftment
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