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Abstract
BACKGROUND
Peripheral blood stem cells (PBSC) are commonly cryopreserved awaiting clinical use for hematopoietic stem cell transplant. Long term cryopreservation is commonly defined as five years or longer, and limited data exists regarding how long PBSC can be cryopreserved and retain the ability to successfully engraft. Clinical programs, stem cell banks, and regulatory and accrediting agencies interested in product stability would benefit from such data. Thus, we assessed recovery and colony forming ability of PBSC following long-term cryopreservation as well as their ability to engraft in NOD/SCID/IL-2Rnull (NSG) mice.

AIM
To investigate the in vivo engraftment potential of long-term cryopreserved PBSC units.

METHODS
PBSC units which were collected and frozen using validated clinical protocols were obtained for research use from the Cellular Therapy Laboratory at Indiana University Health. These units were thawed in the Cellular Therapy Laboratory using clinical standards of practice, and the pre-freeze and post-thaw characteristics of the units were compared. Progenitor function was assessed using standard colony-forming assays. CD34-selected cells were transplanted into immunodeficient mice to assess stem cell function.

RESULTS
Ten PBSC units with mean of 17 years in cryopreservation (range 13.6-18.3 years) demonstrated a mean total cell recovery of 88% ± 12% (range 68%-110%) and post-thaw viability of 69% ± 17% (range 34%-86%). BFU-E growth was shown in 9 of 10 units and CFU-GM growth in 7 of 10 units post-thaw. Immunodeficient mice were transplanted with CD34-selected cells from four randomly chosen PBSC units. All mice demonstrated long-term engraftment at 12 wk with mean 34% ± 24% human CD45+ cells, and differentiation with presence of human CD19+, CD3+ and CD33+ cells. Harvested bone marrow from all mice demonstrated growth of erythroid and myeloid colonies.

CONCLUSION
We demonstrated engraftment of clinically-collected and thawed PBSC following cryopreservation up to 18 years in NSG mice, signifying likely successful clinical transplantation of PBSC following long-term cryopreservation.
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Core tip: Peripheral blood stem cells (PBSC) are commonly cryopreserved awaiting clinical use for hematopoietic stem cell transplant. Long term cryopreservation is commonly defined as five years or longer, and limited data exists regarding how long PBSC can be cryopreserved and retain the ability to successfully engraft. We demonstrated engraftment of clinically-collected and thawed PBSC following cryopreservation up to 18 years in NSG mice, signifying likely successful clinical transplantation of PBSC following long-term cryopreservation.



INTRODUCTION 
Peripheral blood stem cells (PBSC) are the most common source of stem cells for hematopoietic stem cell transplantation (HSCT), being used for about two-thirds of all transplants[1]. PBSC are the standard of care for adult HSCT and are often used for pediatric autologous HSCT as well. PBSC are widely used due to the ease of collection from donors, the high numbers and quality of the hematopoietic stem cells (HSC), flexibility of timing for collection, and faster engraftment time compared to marrow. Another reason for this popularity is the relative ease of storage of PBSC. This allows for many centers to initially harvest enough PBSC for multiple transplants and cryopreserve them for future use in the setting of tandem/multiple transplants, or for use after relapse. The potential for long term storage is especially helpful due to the added difficulty of collecting adequate stem cells in a relapse setting after a first transplant[2].
Peripherally collected hematopoietic stem cell (HSC) units are held in cryopreservation around the world waiting to be used for the treatment of malignant and nonmalignant conditions in both children and adults. It is assumed that these cryopreserved cells can be stored for long periods and used with no negative impact on the patient receiving the cells for transplant[3,4]. Clinically, most PBSC units are used within a few months to a year from collection. It is currently not well delineated how long-term cryopreservation (commonly defined as > 60 mo) affects stem cell recovery, viability, and stem cell function during transplantation. 
Whereas the ability to cryopreserve HSC for extended periods has been appreciated for over 25 years[5-8], data on PBSC viability after long-term cryopreservation is limited. Although decreased viability by trypan blue dye exclusion, decreased colony forming ability and/or decreased CD34+ cell content have been described for PBSC units cryopreserved for more than 10 years[9,10], other authors have reported that these in vitro parameters largely remain stable for up to 19 years, at least after initial losses due to freezing[11-13]. Furthermore, several studies report successful clinical engraftment of PBSC cryopreserved for at least 2 up to 11 years[4,12,14,15]. However, there is insufficient data about successful engraftment of PBSC units cryopreserved beyond 11 years. 
Our aim in this study was to determine if long-term cryopreserved PBSC units could exhibit hematopoietic reconstitution after transplantation into immunodeficient mice. Such functional studies in mice document the engraftment capability of long term cryopreserved PBSC units and permit analysis of progenitor and mature cell subtypes present in engrafted mice. We hypothesized that long-term cryopreservation and thawing performed in a clinical Cellular Therapy Lab using validated protocols, would not negatively impact recovery of PBSC nor the ability for engraftment in NOD/SCID/IL-2Rnull (NSG) mice. Knowledge of successful engraftment of long term cryopreserved PBSC units is valuable information for cryopreservation facilities, as it demonstrates clinical use of stored PBSC units. Successful long-term cryopreservation of PBSC units also has implications for banking of HSC from other sources, and the banking of other cellular therapy products.

MATERIALS AND METHODS
PBSC collection, cryopreservation, thawing and separation 
PBSC units used for this study were collected and cryopreserved for clinical use by the Indiana University Health Cellular Therapy Laboratory following standard operating procedures in place at the time of collection. These PBSC units were scheduled for discard once no further clinical needs were identified (reasons include death of patient or clinical practice no longer utilizing HSCT for the indicated disease). PBSC use for research purposes was included in patient consent obtained at the time of PBSC collection. The Institutional Review Board of the Indiana University School of Medicine approved this study. 
Briefly, in a biological safety cabinet, a sample was removed from the apheresis collection bag for required clinical testing (e.g., WBC count, ABO typing, sterility). The product volume was calculated by weighing the bag, and the total WBC/mL was calculated. The minimum freeze volume was next calculated, which is the minimum total volume of cells and freeze solution needed to ensure that the cell concentration was a minimum of 0.50 × 108/mL and a maximum of 5.0 × 108/mL. Plasma depletion was performed if the product volume was significantly greater than the minimum freeze volume. The product was then distributed into the desired number of freezing bags, and cell viability was determined by trypan blue staining prior to the addition of freeze solution. Final freeze volume was calculated by dividing actual volume by 0.8; freeze solution volume was calculated as 20% of the final freeze volume. Freeze solution consisting of a final concentration of donor plasma (if available) or 5% human serum albumin plus 10% DMSO was prepared in a 1:1 ratio, and chilled on ice for at least 15 min before adding to the freezing bags. Freezing mix was slowly added to the cells, and freezing bags were chilled if warming due to DMSO addition occurred. Following removal of samples for preparation of two cryovials for quality assurance and final sterility testing, freezing bags were placed into freezing canisters which were in turn placed into a controlled rate freezer and frozen to -80 °C over approximately 50 min. The final frozen product was transferred to the vapor phase of liquid nitrogen for storage. 
Total nucleated cell count, viability and CD34+ cell content were determined at the time of PBSC collection, and these data were available for comparison at the time of thawing. Products were thawed using a standard clinical thaw and wash procedure. A water bath filled with sterile normal saline was warmed to 39-41 °C. The product bag was removed from the freeze canister and, after identity was confirmed, the bag was submerged into the warmed saline and gently agitated until thawed. After thawing, the bag was transferred to a biological safety cabinet, the port covers removed and swabbed with 70% isopropanol, and the product was washed with a 1:1 ratio of 6% hetastarch and 5% human serum albumin to remove the DMSO prior to beginning experiments. HSC recovery was measured by the following: post-thaw cellular counts and viability as compared to pre-freeze, in vitro colony forming assays, and in vivo transplantation into NSG mice. Cellular measurements included: total nucleated cell counts, CD34+ cell count via flow cytometry, and percent viable cells by trypan blue dye exclusion. 

In vitro colony assays
Thawed cells were plated for colony forming assays to assess burst-forming units-erythroid and colony forming units-granulocyte/macrophage (BFU-E/CFU-GM) utilizing standardized clinical assays. Normal donor PBSC previously validated in the Cellular Therapy Lab were used as a positive control for the BFU/CFU assay. Test cells were plated at concentrations to achieve approximately 100-150 total CFUs per 1mL dish (to yield high enough colony numbers to get accurate colony counts with minimal colony overlap). Cells used in this assay were free of DMSO. Colonies were scored after 14 d incubation in a humidified chamber. 

In vivo NSG mouse assay
Most importantly, stem cell function was evaluated in vivo by transplantation into NSG mice. McDermott et al established NSG mice as supporting greater engraftment of human hematopoietic stem cells than all other strains[12]. Four randomly chosen thawed PBSC units, as a representative sample from the 10 PBSC units studied, were transplanted into NSG mice (n = 6-7 recipients for each thawed unit) to investigate engraftment potential. Prior to transplantation into immunodeficient mice, CD34+ cells were selected to deplete T cells and prevent recipient mice from developing graft-vs-host disease during the post-transplant period. CD34+ cells were isolated from the PBSC units by incubation with anti-CD34 antibody directly conjugated to magnetic microbeads (Miltenyi, Bergisch-Gladbach, Germany). Positive CD34+ cell selection was performed using the AutoMACS device (Miltenyi) according to the manufacturer’s instructions, and yielded a purity of at least 93% CD34+ cells. NSG mice were conditioned with a single dose of sublethal 300-cGy total-body irradiation using a GammaCell 40 (Nordion International Inc., Ontario Canada). Transplantation was performed as we previously described[15] with 2 × 105 CD34+ cells per mouse in 400 μL of IMDM, 0.1% BSA given by tail vein injection. Controls were age-matched NSG mice that received no irradiation or transplanted human cells. Peripheral blood evaluations at 4 wk represented short-term engraftment, and bone marrow evaluations at 12 wk represented long-term engraftment of human HSC. Evaluations at these time points included determination of the percentage of human CD45+, CD19+, CD3+, and CD33+ cells from the blood and/or bone marrow, and were performed as previously described[16]. All animal experiments were performed under supervision of the In Vivo Therapeutics Core using procedures approved by the Indiana University School of Medicine Institutional Animal Care and Use Committee.

RESULTS 
PBSC units were analyzed pre-freeze (i.e., at the time of initial cryopreservation) and again following validated, standardized clinical thaw procedures (post-thaw). The total nucleated cell (TNC) count and percent viability were measured post-thaw and compared to pre-freeze values. TNC recovery (TNC post-thaw as a percentage of pre-freeze TNC) was calculated. BFU-E and CFU-GM were quantified using standardized colony assays. These data regarding the PBSC units are summarized in Table 1. 
The PBSC units tested were cryopreserved for a mean of 17 years (range 13.6-18.3 years). The mean donor age at the time of collection was 47 years-old (range of 24-66 years). Diseases for which PBSC were clinically collected included glioblastoma multiforme, chronic myelogenous leukemia, multiple myeloma, and non-Hodgkin’s lymphoma. The mean TNC recovery from the 10 units was 88% ± 12% (range 68%-110%). Variable post-thaw viability was evident with a mean of 69% ± 17% viability (range 34%-86%). Eight of the 10 units had a post-thaw viability of > 50%. Of the ten PBSC units, nine exhibited BFU-E growth and seven showed CFU-GM growth. 
Analysis of PBSC post-CD34+ selection and engraftment data in NSG mice were obtained for four random units from patients with four different diagnoses. The four units included the youngest (13.6 years) and second oldest (18.1 years) cryopreserved units. The CD34+ selected cell characteristics and engraftment findings are summarized in Table 2. CD34+ selected cells demonstrated vigorous growth of erythroid and myeloid colonies. Following transplantation, all mice demonstrated short- and long-term engraftment at 4 and 12 wk, respectively. Marrow from transplanted mice harvested at 12 wk post-transplant demonstrated a mean of 34% ± 24% human CD45+ cells, indicating substantial levels of long-term human cell engraftment. PBSC Unit “B” had the highest average human CD45 levels at 63.6%, despite being one of the older cryopreserved units with cryopreservation time of 17.7 years. All mice demonstrated multilineage differentiation on bone marrow at 12 wk with the presence of human CD19+ (B lymphocytes), CD3+ (T lymphocytes) and CD33+ (myeloid) cells by flow cytometry. This transplantation study demonstrates that PBSC can be cryopreserved for up to 18 years (i.e., the age of the oldest cryopreserved unit) while retaining colony forming ability and the capability to engraft into NSG mice. 

DISCUSSION
PBSC units are held in cryopreservation around the world awaiting clinical use. The ability to successfully store PBSC units is critical for patients who require multiple transplants or for storing PBSC units for future use if a patient relapses. Whereas frozen cord blood units are entirely infused for a transplant, sufficient PBSC for multiple transplants can be collected from a single donor and used over time. Indeed, tandem (or even triple) autologous transplants are currently used for patients with multiple myeloma, germ cell tumors, neuroblastoma, and pediatric brain tumors, among others. Most of these tandem transplants are performed within a year of PBSC collection; however, under certain circumstances, PBSC will be stored for later transplantation. Many institutions collect sufficient PBSC for at least two transplants for multiple myeloma patients, which may occur years apart. In addition, additional allogeneic PBSC may be collected and stored should the patient relapse and require a second transplant, need a stem cell boost for poor engraftment, or benefit from donor lymphocyte infusions for relapse or declining donor chimerism. Again, these infusions may occur years after the initial PBSC collection. The ability to successfully store and thaw long-term cryopreserved products is particularly important for autologous HSCT patients who may not successfully mobilize PBSC after relapse and salvage therapy and for allogeneic recipients whose donors may no longer be available for subsequent PBSC collections.
Regulatory agencies and accreditation bodies do not currently have specific guidelines or limitations on the duration of storage for cryopreserved cell therapies. The guidelines that are available state that cells used for hematopoietic or immunologic reconstitution must be preserved in a manner that is “appropriate for long-term storage” and that caution should be used for cell units cryopreserved for longer than 5 years[17,18]. Furthermore, clinical transplantation programs as well as stem cell banking facilities are required to develop stability programs to demonstrate proficiency in processing, freezing, storing and thawing clinically-relevant cellular therapy products. At the present, programs must devise their own protocols for thawing frozen products, in part due to the lack of long-term data.
Several groups have demonstrated that viable CD34+ cells and/or colony-forming cells can be isolated in vitro from PBSC units cryopreserved for up to 19 years[3,9,11,12,19]. However, only a few reports exist demonstrating that long-term (defined in these studies as 2-11 years) cryopreserved PBSC can successfully engraft in vivo[2,4,7,8,14]. Two interesting paired studies in particular are enlightening, in which multiple myeloma patients had sufficient PBSC collected for multiple transplants. Patients had one transplant within months of collection, then had a second transplant years later. In this manner, the quality and function of a single PBSC collection could be compared over time. Pavlu et al[4] found no differences in the time to neutrophil and platelet engraftment in 50 myeloma patients who received a second autologous PBSC transplant 2-9 years after the first. Similarly, Liseth et al[14] reported a one day delay in both neutrophil and platelet recovery in 17 myeloma patients receiving a second transplant a mean of 3.5 years after the first; this finding was modest but significant in this small patient population. These studies indicate that PBSC can successfully engraft after cryopreservation for up to 11 years. Unfortunately, essentially no data exists for PBSC units stored beyond 11 years.
The paucity of data on long-term cryopreserved PBSC is somewhat surprising, especially since PBSC are by far the most common stem cell source for HSCT[1]. With limited data on long-term cryopreservation of PBSCs, investigations into the properties of human cord blood may be informative. More data on cryopreserved cord blood may exist since public cord blood banking is stringently regulated, in part because, unlike PBSC, cord blood units are typically used years after processing and freezing; thus, stability programs are necessary to monitor the quality of cord blood units between banks over time. Compounding this issue is the fact that, also unlike PBSC, cord blood units are usually processed and cryopreserved at a different institution, often in a different country, than where the transplant occurs. Efforts are underway to create international standards governing the processing, storage, and distribution of human cells and tissues, especially cord blood, harmonizing regulations from government agencies and adopting selected standards from accrediting bodies such as NetCord-FACT (Federation for the Accreditation of Cellular Therapies) and The Joint Accreditation Committee ISCT-Europe & EBMT (JACIE) to develop a set of minimal criteria for cord blood banking[20]. 
Yamamoto et al[21] evaluated 18 cord blood units in storage for over 10 years and found 84% viability, with CD34+ counts and in vitro colony forming unit activity (CFU) similar to controls. In the most extensive non-clinical studies to date, Broxmeyer et al[22-24], through a series of publications, evaluated cord blood units in cryopreservation for 9-10 years, 15 years and 21-23.5 years. In the 15-year study, this group found highly efficient cell recovery in 9 cord blood units, with post-thaw CD34+ counts similar to pre-cryopreservation counts. Furthermore, 3 of 4 units tested were successfully transplanted into NSG mice with evidence of engraftment. In the 21-year study, this group again found highly efficient cell recovery in 23 cord blood units with post-thaw CD34+ counts similar to pre-cryopreservation counts, cell recovery with colony formation, as well as successful engraftment into NSG mice with secondary repopulation. 
Several groups examined engraftment of long-term cryopreserved cord blood in patients[25-27]. Parmar et al[25] described engraftment of 15 cord blood units cryopreserved for 5-12 years. The only factors identified as significant for recipient survival were myeloablative conditioning and HLA mismatch, not the age of the cord blood unit. Two other groups transplanted 62 cord blood units cryopreserved from 5 to 11 years[27] and 22 cord blood units cryopreserved for 10-13.4 years[26], respectively, and found no difference in engraftment compared to younger units. In sum, these clinical studies indicate that cryopreserved cord blood retains its engraftment potential in vivo for at least 11 years. 
Our study evaluated PBSC after an average of 17 years in cryopreservation. We focused upon PBSC units from patients which were collected, frozen and thawed using validated clinical protocols for human transplantation in place at the time of freezing and thawing, respectively; an evaluation of PBSC frozen using experimental procedures, such as uncontrolled freezing methods and/or storing frozen cells in mechanical freezers rather in vapor phase of liquid nitrogen[10,28] is beyond the scope of this study. We assessed the in vitro proliferative abilities of these cells, and, most importantly, assessed the in vivo capacity of these recovered cells to engraft and repopulate the hematopoietic system of sublethally irradiated NSG mice. The post-thaw viability of the 10 older units (mean 69 ± 17% viability, range 34%-86%) was similar to that obtained in the Cellular Therapy Lab for PBSC units frozen for < 7 wk and transplanted in quarter 4 of 2019 (73% ± 6% viability, range: 61%-84%, n = 55). Of the ten different PBSC units, nine exhibited BFU-E growth and seven showed CFU-GM growth. Interestingly, PBSC unit “F” that lacked both BFU-E and CFU-GM growth was the unit with the lowest post thaw percent viability of 34%, but this was not one of the oldest or youngest cryopreserved units. PBSC unit “F” was, however, obtained from the oldest patient in our cohort of samples. Moreover, the two units (units “E” and “I”) which had no CFU-GM growth, and the unit which had no CFU-GM or BFU-E growth (unit “F”), were all from multiple myeloma patients. Of note, mobilization and collection of PBSC from patients with multiple myeloma often presents a challenge[29], and thawed PBSC products from myeloma patients may exhibit lower viability and TNC recovery than products from patients with other diagnoses[30]. Furthermore, colony formation is known to be reduced in myeloma patients relative to healthy donors[31]; however, PBSC from myeloma patients can still successfully engraft in immunodeficient mice[31] and patients[32] despite reduced or even absent colony-forming ability. Overall, these data indicate a highly efficient total cell recovery and viability, which is an important factor in determining the likelihood of engraftment. 
Most importantly, both short- and long-term engraftment was demonstrated in NSG mice with differentiation into multilineage phenotypes. Although the ultimate success for PBSC following long-term cryopreservation would be long-term engraftment in humans, our data build upon the pre-clinical and clinical experiences with PBSC and cord blood detailed above, and imply that older PBSC units could also successfully be used for clinical applications. Based on these data, our institution increased the time of “safe storage” from 5 years to 12 years without requiring additional testing of the unit for viability (e.g., thawing of a cryovial for testing), and will continue to increase the duration of safe storage based on ongoing stability data with longer cryopreservation times. 

ARTICLE HIGHLIGHTS
Research background
Peripheral blood stem cells (PBSC) are commonly cryopreserved awaiting clinical use for hematopoietic stem cell transplant (HSCT). Long term cryopreservation is commonly defined as five years or longer, and limited data exists regarding how long PBSC can be cryopreserved and retain the ability to successfully engraft. Our study examines the engraftment potential of long-term cryopreserved PBSC units. This could allow for PBSC units to be stored for a longer time without repeated viability testing and for these units to be utilized in clinical HSCT. 

Research motivation
We investigated the viability and colony-forming unit capacity in vitro, and the in vivo engraftment potential of long-term cryopreserved PBSC units. This was done to gain an understanding of the viability of long-term cryopreserved PBSC units so that these long-term cryopreserved units could be used for clinical HSCT. 

Research objectives 
Our intention was to investigate if long-term cryopreserved PBSC units, which are being preserved in stem cell banks for many years, can be utilized with successful in vivo engraftment. This will help with gaining insight to the potential use of long-term cryopreserved PBSC units. 

Research methods
PBSC units were collected and frozen as per validated clinical protocols. The units were then thawed as per clinical standards of practice. Progenitor function was assessed with standard colony-forming assays. CD34-selected cells were transplanted into NOD/ SCID/IL-2Rnull (NSG) mice and stem cell function was assessed. 

Research results
Ten long-term cryopreserved PBSC units (mean of 17 years) demonstrated appropriate post-thaw viability of which nine had BFU-E growth and seven showed CFU-GM growth. Immunodeficient NSG mice (6-7 recipient mice/PBSC unit) were transplanted with 4 randomly selected PBSC units that were cryopreserved for up to 18 years, and all mice showed short-term and long-term engraftment and reconstitution of human myeloid and lymphoid cells. Moving forward it will be important to analyze the engraftment of long-term cryopreserved PBSC units in vivo on a larger scale. 

Research conclusions
This study demonstrates the appropriate long term engraftment of clinically collected and thawed PBSC units follow cryopreservation up to 17 years in immunodeficient mice. This is one of few studies that analyzes the in vivo engraftment potential of long-term cryopreserved PBSC units. This can allow institutions to safely increase the time of safe storage for PBSC units, without further viability testing of the units. These findings are beneficial for clinical programs, stem cell banks, and regulatory and accrediting agencies interested in product stability. 

Research perspectives
In summary, this study demonstrates that long-term cryopreserved PBSC can exhibit short- and long-term engraftment in immunodeficient mice with differentiation into multilineage phenotypes. Future research would be to expand studies to look at in vivo engraftment on a larger scale and ultimately to apply this to clinical transplantation in humans. 
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Table 1 Cryopreserved peripheral blood stem cells unit characteristics
	PBSC unit
	Unit characteristics
	Pre-freeze characteristics
	Post-thaw characteristics
	Colony forming ability

	
	Donor age (yr)
	Disease
	Cryopreservation (yr)
	TNC × 103/µL
	%CD34
	TNC × 103/µL
	%TNC Recovery
	%Via-bility
	BFU-E/105
	CFU-GM/106

	A
	25
	GLIO
	18.1
	110
	0.2
	121
	110
	84
	2
	2

	B
	58
	CML
	17.7
	120
	0.5
	111
	103
	86
	6
	10

	C
	46
	MM
	13.6
	120
	3.9
	116
	81
	68
	++
	++

	D
	24
	NHL
	14.6
	116
	3.8
	110
	68
	67
	++
	++

	E
	52
	MM
	17.9
	127
	0.2
	164
	90
	86
	0.3
	0

	F
	66
	MM
	17
	102
	0.5
	145
	95
	34
	0
	0

	G
	54
	MM
	18.3
	134
	0.5
	114
	79
	81
	4
	6

	H
	52
	MM
	17.9
	120
	0.2
	150
	90
	70
	9
	6

	I
	47
	MM
	17.2
	114
	1.5
	120
	80
	62
	0.3
	0

	J
	47
	MM
	17.1
	114
	1.5
	124
	83
	49
	++
	++


TNC: Total nucleated cells; BFU: Burst forming units; PBSC: Peripheral blood stem cells; CFU: Colony forming units; GLIO: Glioblastoma multiforme; CML: Chronic myelogenous leukemia; MM: Multiple myeloma; NHL: Non-Hodgkin's lymphoma; ++: Overgrowth too numerous to count.
Table 2 Post-CD34 selection characteristics and engraftment data
	PBSC unit
	Cryopreservation (yr)
	Post-CD34 selection characteristics
	Mouse bone marrow engraftment

	
	
	TNC × 103/µL
	%Viability
	%Purity
	BFU-E/105
	CFU-GM/106
	Mean %CD45
	Mean %CD19
	Mean %CD3
	Mean %CD33

	A
	18.1
	0.3
	96
	95
	19
	56
	43.4
	14.8
	1.1
	12.6

	B
	17.7
	0.3
	94
	93
	54
	85
	63.6
	20.8
	0.4
	13.1

	C
	13.6
	2.5
	96
	98
	++
	++
	10.3
	2.8
	1
	5.6

	D
	14.6
	2.4
	95
	98
	++
	++
	20.3
	6.8
	0.5
	7.8


TNC: Total nucleated cells; PBSC: Peripheral blood stem cells; BFU: Burst forming units; CFU: Colony forming units; ++: Overgrowth too numerous to count.
