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Figure 1: Average expansion.

Purified HSC were seeded at 

a density of 2x10

5

cells per ml in Vuelife bags of various 

sizes (32 ml - 197 ml).  Cultures were frequently assessed for 

total cell counts and viability. Bags were regularly fed with 

fresh complete medium to keep the cell density between 5-10 

x 10

5

cells/ml. Shown are the expansion profiles of 8 

individual donors over time. The average expansion of total 

cells among these 8 donors was 41-fold (range: 18.1-66; st. 

dev.: 17.3).
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Figure 3: Colony Formation Units.

Results from colony 

formation assays of ex vivo derived human MPC on day 8 of 

their culture. 500 cells were plated in triplicates in 

methylcellulose containing either recombinant human SCF, 

Flt3L, IL-3, IL-6, IL-11, Epo, Tpo, and GM-CSF (upper 

panel) or a limited cocktail of just SCF and G-CSF (lower 

panel). Whereas the 8 cytokine cocktail allows simultaneous 

growth of myeloid, erythroid and megakaryocytic colonies 

the latter is aimed to determine better the granulocyte colony 

forming potential. Colonies were counted and scored based 

on their morphology after 14 days of culture.  The average 

number of CFUs using the two different cytokine cocktails 

was 21% and 8.5%, respectively. 


[image: image8.emf]1.00E+05

1.00E+06

1.00E+07

1.00E+08

0 2 4 6 8 10 12

days

w/o G-CSF

A B

Figure 4: Neutrophil potential.

Since the primary function of CLT-

008 is to provide rapid and substantial production of neutrophils we 

wanted to demonstrate that ex vivo derived MPC can generate 

functional neutrophils. MPC were re-plated in fresh complete medium 

containing either no or 300 ng/ml rhG-CSF. (A) As indicated by the 

increase in total viable cells, CLT-008 responded to G-CSF and 

continued to proliferate in response to G-CSF for at least 12 additional 

days. (B) As shown on a cytospin stained with May-Grünwald/Giemsa

within 4 days of culture neutrophils became clearly visible by their 

distinct polymorphic shaped nucleus. 
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Figure 5.

Cells from the above described G-CSF culture 

experiment were stained with CD15 and CD66b antibodies and 

analyzed by FACS. In response to G-CSF more cells become 

CD15

+

. In addition, cells start upregulating CD66b which is 

specifically expressed on mature neutrophil granulocytes.
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Figure 7: In vivo lineage potential of hMPC.

10

7

pooled cryopreserved hMPC/CLT-008 were infused 

into conditioned NOD/SCID. Two weeks post dosing 

bone marrow was stained with various human specific 

antibodies against marker for all major human 

hematopoietic lineages and analyzed by flow 

cytometry. Shown are representative plots all from 

one animal and relative percentages of gated 

populations are given.
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Figure 7: In vivo lineage potential of hMPC.
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pooled cryopreserved hMPC/CLT-008 were infused 

into conditioned NOD/SCID. Two weeks post dosing 

bone marrow was stained with various human specific 

antibodies against marker for all major human 

hematopoietic lineages and analyzed by flow 

cytometry. Shown are representative plots all from 

one animal and relative percentages of gated 

populations are given.
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Abstract

There is a pressing need for treatments that can ameliorate the effects of ionizing radiation injury caused in victims of such exposure, including civilians or military personnel.  Cellerant Therapeutics is developing a novel universal cellular therapy for the treatment of the hematopoietic syndrome resulting from exposure to radiation.  CLT-008 or human Myeloid Progenitor Cells (MPC) is derived ex vivo from human adult hematopoietic stem cells and has the ability to differentiate into functional neutrophils and platelets in vivo.  Pre-clinical in vivo studies in mice with an analog product have demonstrated that myeloid progenitors prevent fungal and bacterial infection, provide protection from lethal radiation, and enable engraftment of low doses of stem cells.  
CLT-008, an off-the-shelf product, is being developed for the treatment of Acute Radiation Syndrome (ARS) under a United States Government contract with the Biomedical Advanced Research and Development Authority (BARDA) in the Office of the Assistant Secretary for Preparedness and Response of the Department of Health and Human Services.  The product is being developed under the U.S. Food and Drug Administration’s Animal Rule for ARS.  Efficacy for approval under the “Animal Rule” is being demonstrated in two animal models and the safety is demonstrated in human clinical trials.  The mouse studies using mouse myeloid progenitors have demonstrated that they can be administered five-seven days post-exposure to lethal radiation (9 Gy and above) and increase survival significantly.  These cells are not matched to the recipient as their function is not MHC-restricted.   An analog product from large animal species has been developed and is currently undergoing in vivo evaluation.  The human product, CLT-008, is currently in two Phase 1/2 clinical trials: (a) patients undergoing cord blood transplantation after chemotherapy and radiation for the treatment of hematological malignancies and (b) patients receiving high-dose chemotherapy for the treatment of Acute Myeloid Leukemia.  We have dosed over thirty patients to date.  CLT-008 offers a novel approach to mitigate conditions of severe neutropenia and potentially provide life saving therapy to warfighters and civilians exposed to radiation. 

1.0
INTRODUCTION

Exposure to ionizing radiation due to nuclear/radiological terrorism or due to a nuclear power plant accident could cause significant injury and casualties.  Acute Radiation Syndrome (ARS) occurs after exposure to radiation doses greater than 1 Gy.  Hematopoietic System Syndrome sets in after exposure to radiation doses of 1-7 Gy[1].  Infections and uncontrolled bleeding are two important symptomatic manifestations of ARS-HS.  Functional impairment of leukocytes can result from as little as 2 Gy of radiation exposure. Clinically significant leukopenia can be seen as early as seven days in patients receiving >5 Gy radiation, with leukocyte nadirs generally seen between Weeks 2 and 4. The degree and kinetics of depletion of the various subpopulations of leukocytes in the peripheral blood, like lymphocytes, granulocytes and macrophages, are variable and complex[2].   

Currently, there are no drugs approved by the U.S. Food and Drug Administration for the treatment of hematopoietic syndrome.  There are number of agents that are being developed as radioprotectors for prophylactic administration or radiation mitigators for administration shortly after exposure to radiation[3].  Most of the radiomitigators and therapeutics have demonstrated benefit in animal radiation models when infused within the first 48 hours after exposure to radiation. Presently, supportive care of ARS victims includes growth factors, antibiotics and blood transfusions. Growth factors such as filgrastim (G‑CSF; Neupogen®; Amgen, Thousand Oaks, CA), and antibiotics may play an important role in protecting some patients, but are unlikely to be adequate in cases of severe exposure over 5 Gy where the progenitor and stem cell population may be injured.  Stem cell transplantation has been used to reconstitute the hematopoietic system with limited success in the past after exposure to radiation. Of 31 victims of accidental irradiation that underwent allogeneic stem cell transplantation, only four survived one year, all of whom showed autologous recovery of their hematopoietic system[4]. This demonstrates the limitations of hematopoietic stem cell transplants as a therapeutic option but also shows the potential of autologous reconstitution if a bridging therapy is provided. 
Weissman and colleagues first isolated a population of highly enriched mouse hematopoietic stem cells (HSC) through extensive phenotypic cell surface analysis and in vitro and in vivo functional assays for stem cell activity [5].  The long-term reconstituting HSC (LT-HSC) provides life long hematopoiesis, ultimately giving rise to mature cells of all lineages.  This is the only hematopoietic stem or progenitor cell that durably engrafts, and is the functional component in bone marrow transplantation. Directly downstream of the LT-HSC in the hematopoietic maturation pathway are transiently reconstituting HSCs with identical multilineage potential, but possessing little or no self-renewal capacity [6].  While these multi-potent cells provide only transient repopulating ability, they can be radioprotective [7]. The earliest branch points between the lymphoid and myelo-erythroid lineages are defined as the oligopotent progenitors: the common lymphoid progenitor (CLP) and common myeloid progenitor (CMP).  Like the HSC, both the CLP and CMP have been isolated through techniques utilizing identification with cell surface markers, flow cytometry and an array of functional assays[8,9].  From the CMP, the myelo-erythroid lineages are further defined by discrete progenitors: the granulocyte/macrophage progenitor (GMP) and the megakaryocyte/erythrocyte progenitor (MEP).  None of these cells (the CLP, the CMP and their downstream progenitors) possesses extended self-renewal ability. However, progenitor cells are capable of partially restoring functional hematopoiesis for a limited period of time[10-12].  A combination of CMP/GMP isolated from the bone marrow has been shown to protect neutropenic mice from otherwise lethal doses of pathogenic fungus or bacteria in syngeneic and allogeneic mouse models of hematopoietic cell transplantation (HCT) [11,13]. These data demonstrates that granulocytes derived from progenitors in vivo are capable of functioning in an allogeneic environment.  Furthermore, purified populations of CMP or MEP protect lethally irradiated congenic mice from death in a dose dependent manner, providing radioprotection for this critical period post irradiation.  All mice surviving for 30 days went on to survive for greater than six months and possessed only host derived hematopoiesis after 30 days.  This data illustrates that if a transient bridging therapy is delivered that provides needed red blood cells (RBCs) and platelets during the critical period of bone marrow failure, enough host HSC survive radioablation to restore functional hematopoiesis.  We have developed a method to expand and differentiate mouse HSC into a population of myeloid progenitors (mMPC) in serum-free conditions.  Allogeneic mMPC expand and differentiate in vivo generating cells primarily of the myelo-erythroid lineages.  Infusion of pooled, culture-derived mMPC cells derived from several MHC disparate donors is effective in preventing death from invasive aspergillosis across allogeneic barriers in neutropenic animals.  We have also demonstrated that these ex vivo expanded mouse myeloid progenitors have radioprotective capability and can provide support for allogeneic stem cell transplantation.

Cellerant is developing CLT-008, a human myeloid progenitor cell product, for the treatment of chemotherapy and radiation induced neutropenia.  These cells, derived from adult hematopoietic stem cells, will have the potential of differentiating into neutrophils and platelets in vivo thus providing transient hematopoietic support to ARS victims until their own bone marrow reconstitutes the blood system or they go on to receive an allogeneic stem cell transplant.  It is being developed as off-the-shelf cryopreserved product that would not require HLA matching.  In this manuscript we describe the production of CLT-008, phenotypic characterization of the product, in vitro functionality and in vivo differentiation.  Based on the preclinical safety and functionality demonstrated for CLT-008, multiple clinical studies have been initiated in neutropenic cord blood transplantation and leukemia patients.
2. 0
MATERIALS AND METHODS

2.1
Mobilization and Leukapheresis

G-CSF mobilized peripheral blood (MPB) was obtained from volunteer donors LifeBlood (Memphis, TN). Donors were between 18–45 years of age and tested negative for HIV, hepatitis B and C. Donors received daily injection of 10µg/kg/day G-CSF (Neupogen®, Amgen) for five days followed by two apharesis processes performed on Day 5 and Day 6 with collection of three-blood volumes each day using a COBE Spectra device (GambroBCT, Lakewood, CO). The donor protocol was approved by the Institutional Review Board with jurisdiction over the leukapheresis site.

2.2
Purification of HSC

The CD34+ starting material for the production of hMPC/CLT-008 was obtained from G-CSF mobilized peripheral blood (MPB) from volunteer donors.  All donors met eligibility criteria. Donors were mobilized by daily injections of 10µg/kg/day G-CSF (Neupogen®, Amgen) for five days followed by two apheresis processes performed on Day 5 and Day 6 with collection of three-blood volumes each day using a COBE Spectra device (GambroBCT, Lakewood, CO). CD34+ cells were enriched using a Baxter ISOLEX300i magnetic cell selection system (Baxter, Deerfield, IL) in combination with the Baxter Stem Cell Isolation Kit or later using the Miltenyi CliniMACS system (Miltenyi), tested for purity and cryopreserved.

2.3
Cell Counting

Trypan Blue exclusion was used to determine the number of total nucleated cells (TNC) and for differential counting of viable and dead cells using a haemocytometer and microscope at 100x magnification.

2.4
Cell Culture

Cells were cultured in serum free X-VIVO 15 medium (Lonza, Wakersville, MD) supplemented with 1mM L-Glutamax (Invitrogen, Carlsbad, CA), 100 ng/ml SCF, 100 ng/ml Flt3L (both Amgen), 10 ng/ml IL-3 (Invitrogen), and 10nM mimetic TPO (custom made by Anaspec, San Jose, CA). Purified HSC were seeded at 2x105 cells/ml medium and incubated in static Vuelife bags (American Fluoroseal, Gaithersburg, MD). Bags were sampled daily via their luer lock ports using a 1 ml syringe. Cell count and viability was determined by trypan blue. Bags were regularly fed with fresh complete medium to keep the cell density between 5–10 × 105 cells/ml. Typically after eight days of culture cells were analyzed or cryopreserved at a density of 5–6 × 106 cells/ ml using a controlled rate freezer (CBS Freezer 2100) and stored in the vapor phase of liquid nitrogen. 
2.5
Flow Cytometry

Cells were analyzed and sorted using a FACSAria cytometer (BD Biosciences, San Jose, CA) and FlowJo software (TreeStar, Ashland, OR) was used for flow cytometric data analysis. Cells were stained in HBSS / 1% FBS and blocked with 10 µg/ml anti-rat and anti-mouse IgG (Biomeda, Foster City, CA). The following antibodies were used to analyze and sort cells: CD34 (8G12), CD38 (HB7), CD56 (B159), CD19 (SJ25C1), CD33 (P67.6), CD235a (GA-R2/HIR2), and CD123 (9F5) (all BD Biosciences); CD15 (HI98), CD11b (ICRF44), and CD20 (2H7) (all eBioscience, San Diego, CA); CD41 (290AS-10) (Chemicon, Temecula, CA); CD14 (TÜK4), CD3 (S4.1), and CD45LCA (HI30) (all Invitrogen);  CD66b (G10F5) (BioLegend, San Diego, CA).  

2.6
Cytospins and Cytochemistry

Cells were cytospun onto glass slides using a Shandon Cytospin3 centrifuge. To evaluate cell morphology slides were stained with May-Grünwald/Giemsa according to the manufacturer’s protocol (SigmaAldrich, St. Louis, MO). To test for enzymatic activity diagnostic kits for myeloperoxidase, naphtol as-D-chloroacetate esterase, (-naphtol-acetate-esterase (all SigmaAldrich) were used.
2.7
Colony Formations Assays

To test for colony formation potential usually 500 cells were taken up in X-VIVO 15 or  IMDM  (Invitrogen) media and mixed with Methocult H4230 (StemCell Technologies, Vancouver, Canada) supplemented with 10 ng/ml recombinant human (rh) SCF, 10 ng/ml rhFlt3L (both Amgen), 10 ng/ml rhIL-3, 10 ng/ml rhIL-6, 10 ng/ml rhIL-11, 4 U/ml rhEpo, 50 ng/ml rh TPO, and 50 ng/ml rhGM-CSF (all Biosource/Invitrogen) to a final concentration of 0.8% methyl cellulose. To determine the potential for granulocyte colony formation (CFU-G) a limited cytokine cocktail containing only 10 ng/ml rhSCF and 100 ng/ml rhG-CSF was used. Cells were plated out in triplicates in 1ml medium per 35mm dish. Cultures were incubated for 14 days in a humidified chamber at 37°C, 5% CO2 and scored using an inverted microscope (Nikon Eclipse TS100). Plating efficiency is expressed as percentage of plated cells (number of colonies counted / number of cells plated x 100). 
2.8
Neutrophil Function Assays

Cryopreserved MPC were thawed and plated at 2x105 cells/ml in complete expansion medium with or without 300 ng/ml rhG-CSF (Neupogen®, Amgen). Total number of viable cells was determined daily by trypan blue exclusion. After 4 or 6 days, cells were harvested for phenotypic and functional assays. 

2.9
Animals

The ability of ex vivo expanded MPC to engraft and differentiate in vivo was tested using the NOD/SCID mouse model[14-16]. Male 6–8 week-old NOD.CB17-Prkdcscid/J (NOD/SCID) mice were purchased from Jackson Laboratory (Bar Harbor, Maine) and housed in individually ventilated cages of up to five mice per cage on a 12 hour light/dark cycle at 21 ± 2 (C with 10–15 hourly cycles of fresh air. One day (Day -1) prior to cell administration mice received a dose of 275 rad of whole body x-ray irradiation and on Days -1 and 5 50ul of anti-Asialo GM1 (Wako Chemicals, Richmond, VA) polyclonal antiserum to deplete radio resistant natural killer (NK) cells. For cell infusions mice were anesthetized with isoflurane aerosol (Abbott Laboratories, Chicago, IL) and transfused intravenously (retro-orbital sinus) with a 0.5 ml insulin syringe and 28 G needle. Each mouse received 150 (l of cell suspension containing the desired number of mMPC or vehicle. Antibiotics (106 U/L polymixin B sulfate and 1.1 g/L neomycin sulfate) were added to drinking water of irradiated mice for the first four weeks. All animal procedures were performed according to a protocol approved by the Institutional Animal Care and Use Committee. 
3. 0
RESULTS

3.1
Reproducible Expansion of CD34+ MPB using Defined Culture Condition. 

Our goal was to develop a culture system using serum-free medium and a defined cytokine cocktail free of any animal products to expand CD34+ enriched hematopoietic stem cells (HSCs) in vitro and to direct their development to neutrophil progenitors that can be cryopreserved. Such culture conditions should result in human myeloid progenitor cells (hMPC or product name CLT-008) that are significantly depleted of HSCs and lymphoid cells and contain mostly neutrophil progenitors at various maturation stages. To achieve this we tested a number of commercially available serum-free media formulations and various hematopoietic cytokines. Growth factors, including SCF, Flt3L, Tpo, IL-3, IL-6, GM-CSF and others were evaluated in various combinations. Consistent with previously published work[17] we found that a combination of SCF, Flt3L, IL3 and Tpo led  to the highest overall fold expansion of CD34+ cells and total number of CFUs during an eight day culture. All research scale production was done in static Vuelife bags. Bags were regularly fed with fresh complete medium to keep the cell density between 5-10x105 cells/ml. To determine the growth kinetics we periodically sampled the cultures to determine total cell counts and viability by trypan blue staining procedures. Figure 1 shows the total fold expansion of viable cells of eight individual donors cultured separately. At this scale the average expansion of total viable cells was approximately 40-fold. Although we observed some donor-to-donor variability in overall growth, all donors tested expanded under the chosen culture conditions. After the culture process cells were harvested by centrifugation, resuspended in cryopreservation medium CS10 or CS5 (both BioLifeSolutions, Owego, NY), frozen in cryo bags or vials using a controlled rate freezer (CBS Freezer 2100, Custom Biogenic Systems, Romeo, MI) and stored in the vapor phase of liquid nitrogen. All subsequent cell characterization and functional studies were done with cryopreserved MPC. 

3.2
Composition of ex vivo Expanded Human MPC

Since freshly isolated mouse CMP/GMP had been shown to prevent infections[11,13,18] and CMP could also radioprotect lethally irradiated animals[12] we wanted to ensure that the human CLT-008 product primarily consisted of hematopoietic progenitor cells that are committed to the myeloid, erythroid or megakaryoid lineages. We therefore analyzed the cellular composition of CLT-008 phenotypically and functionally.  Based on surface marker analyses using flow cytometry an average of 95% of the cells expressed the progenitor and myeloid cell marker CD33 and 77% expressed the progenitor marker CD34 (see Figure 2 and Table 1), indicating a high level of myeloid progenitors in CLT-008. Additional markers detected included CD38, CD45RA, and CD123 (IL3R(), all consistent with the expression profile of human myeloid progenitor cells[19]. Other clearly defined populations included CD15+ cells (myeloid committed progenitor with GMP-like function), CD41+ cells (megakaryocyte precursor), and CD11b+ cells (monocyte/macrophage precursors). Few or no mature myeloid CD14+ cells (monocytes/macrophages) or CD66b+ cells (neutrophils) were detected.  A small proportion (an average 3%) of the CD34+ cells co-expressed CD90/Thy1 and could therefore contain multilineage progenitors with both myeloid and lymphoid potential. No mature lymphoid cells, including CD3+ T cells, CD19+ B cells or CD56+ NK cells were detected in the CLT-008 population. Other lymphoid markers found to be negative included: CD2, CD4, CD7, CD8, CD20, CD127 (IL-7R(). Virtually all cells expressed MHC class I (HLA-ABC) and the majority also expressed MHC class II (HLA-DR), which is typical for myeloid progenitors[19]. 
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Table 1. Phenotypic Characterization of Day 8 hMPC. Average contribution of identifiable subpopulations among fresh day eight hMPC from up to 15 different, individual donors. Cells were stained with antibodies and analyzed by flow cytometry. Given are the number (n) of samples, the average percentage of cells being positive for one particular marker or the combination of two, as well as its standard deviation (St. Dev.), its median, and its range (lowest/highest value). Note, values for CD2+CD3+ T cells and CD19+ B cells are below the detection limit of the method used.
	
	n
	Mean
	St. Dev.
	Median 
	Range

	CD34+
	15
	76.56
	10.64
	74.63
	64.96-94.22

	CD34+CD90+
	15
	3.72
	2.3
	3.52
	0.15-10.18

	CD33+
	15
	95.01
	7.82
	98.6
	68.49-99.46

	CD15+
	15
	11.63
	4.48
	11.0
	3.56-21.3

	CD14+
	10
	0.75
	0.34
	0.65
	0.28-1.36

	CD41+
	10
	12.77
	7.25
	11.21
	6.59-30.58

	CD11b+
	15
	21.53
	7.19
	18.32
	8.77-34.35

	CD2+CD3+
	15
	0.01
	0.02
	0.01
	0.0-0.05

	CD19+
	7
	0.16
	0.08
	0.13
	0.08-0.33


Microscopic analysis of May-Grünwald/Giemsa stained cytospins revealed that the majority of cells are myeloid precursors with few macrophages, dendritic cells, pro-megakaryocytes, megakaryocytes and eosinophils present but no polymorphonuclear neutrophils (data not shown). 

3.3 Progenitor Function of Cryopreserved CLT-008
To demonstrate that cryopreserved CLT-008 functionally contains myeloid/erythroid/megakaryoid progenitors we performed in vitro colony formation assays using a cytokine cocktail that allows simultaneous readout of these three lineages.  Independent of donor material used, all expanded cells formed colonies with a plating efficiency of approximately 21% on average (see Figure 3 upper panel). Colonies included cells of the myeloid and erythroid lineages as expected for the desired cell population. The majority of observed colonies consisted of up to thousands of cells indicating that CLT-008 has substantial proliferative capacity. To better determine the granulocyte colony formation (CFU-G) potential, we also performed a second colony formation assay using a limited cytokine cocktail containing only rhSCF and rhG-CSF, which resulted in an average plating efficiency of approximately 9% (see Figure 3 lower panel). We also subjected sorted, defined subpopulations to colony formation tests (data not shown) which revealed that the progenitor activity lies mostly in the CD34+ fraction; but the CD34-CD15+ as well as CD34-CD38+ cells also showed progenitor activity. CD11b+ and CD41+ cells usually had no or little colony forming potential and are likely to be immediate precursors of monocytes/macrophages or megakaryocytes, respectively. 

3.4
In vitro Generation of Functional Mature Neutrophils from Cryopreserved CLT-008

As mentioned previously, CLT-008 cultures contained no mature neutrophils that were detectable either by morphology (polymorphonuclear cells in cytospins) or surface phenotype (CD15+CD66b+). The colony formation potential as well as the generation of CD15+ cells suggests that CLT-008 has significant granulocyte forming potential. When thawed cryopreserved CLT-008 product is placed into liquid cultures with G-CSF, cells continued to proliferate for at least 12 days and polymorphonuclear neutrophils became readily detectable within 3-4 days (see Figure 4A). Their relative numbers usually peaked around Day 6 (data not shown). Neutrophils were identified by their distinct morphology (see Figure 4B) and by surface expression of CD15 and CD66b (see Figure 5). 
Cytochemistry methods also showed the generation of cells at a high frequency that have the desired enzymatic profile of granulocytes including myeloperoxidase and (-naphtol-acetate-esterase activity.   

To show that cryopreserved CLT-008 can generate functional mature neutrophils we also performed in vitro phagocytosis assays using labeled inactivated E.coli bio-particles and measured the release of reactive oxygen species to specific stimuli. In all of these assays CLT-008 derived neutrophils showed activity comparable to neutrophils freshly isolated from human blood (data not shown). 
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Figure 6: Enzyme activity of CLT-008.

Cryopreserved CLT-008 product was thawed 

and cultured for 6 days in the presence of G-CSF to induce neutrophil differentiations. 

(A) Some cells showed myeloperoxidase (MPO) and (B) the majority showed naphtol

as-D-chloroacetate (NAD) activity, which is indicative for granulocytic cells. In 

contrast, almost no analyzed cells stained positive for α-napthtol-acetate-esterase (NAE), 

which is typical for monocytes/macrophages. The low percentage NAE positive cells is 

consistent with the percentage of CD14+ cells found. 

        
3.5
In Vivo Lineage Potential and Biodistribution of CLT-008 Infused into NOD/SCID Mice

To evaluate the engraftment and lineage potential of cryopreserved human CLT-008 we performed in vivo studies in conditioned NOD/SCID mice which are widely used as an animal model to study the engraftment, persistence, and developmental potential of human hematopoietic cells[20]. NOD/SCID mice readily accept human grafts and support long term engraftment of human hematopoietic stem cells as well as multilineage differentiation including all lymphoid cell types (T, B, and NK cells) although they preferentially read out B cells[15,21]. NOD/SCID mice are often used in tumorigenicity experiments of human hematopoietic malignancies and it has been shown that many human leukemias and lymphomas are transplantable to NOD/SCID mice and engraft[16]. Therefore any transformation of CLT-008 cells during the culture process could read out in this animal model. As part of the conditioning regimen all mice received a dose of 275 rad of whole body irradiation on Day -1 as well as two doses (Day -1 and 5) of anti-Asialo GM1 polyclonal antiserum to deplete radio resistant natural killer (NK) cells. Animals were dosed with 1x107 CLT-008 per mouse by intra-venous injection on Day 0 and analyzed four weeks post infusion for the presence of human cells by flow cytometry of bone marrow, spleen and blood. 
Myeloid cells expressing CD11b, CD13, CD14, CD15, and CD33 were readily detectable as well as CD41+ megakaryoid cells, and at lower levels CD34+ progenitor cells and CD235a+ erythroid cells (see Figure 7). Most cells resided in bone marrow, which was identified as the primary target tissue of myeloid progenitors. This is consistent with the normal localization of endogenous hMPC in situ. Lower levels of persistence were detectable in spleen, blood and liver (data not shown). Mature hMPC derived myeloid cells (mostly macrophages) were occasionally found in the lung at four weeks post infusion indicating that this is a secondary target site. No CD3+ T cells were detected at any time point. No human CD19+ cells were detected after one or two weeks but some animals showed a low level of human CD19+ B cells at four weeks (data not shown). 
4. 0
DISCUSSION
CLT-008, a cryopreserved committed myeloid progenitor product is being developed by Cellerant for the treatment of neutropenia in ARS, cord blood transplantation and leukemia patients. Towards this effort we have developed a culture system using a defined serum-free media and cytokine formulation free of animal products that can expand CD34+ enriched HSCs in vitro and generate committed myeloid progenitor cells that upon administration to patients will produce neutrophils. In vitro and in vivo assays as described in this communication have confirmed the specificity and functionality of CLT-008 as a promising treatment for neutropenia. 

To ensure that the human CLT-008 product’s primary composition consists of committed myeloid progenitor cells, we analyzed the cellular composition of CLT-008 and found that 95% of the cells expressed the progenitor and myeloid cell marker CD33 while 77% expressed the progenitor marker CD34, reflecting a high level of committed myeloid progenitors in the CLT-008 product with a minor fraction of erythroid and megakaryocytic progenitors. The functionality of cryopreserved CLT-008 was confirmed in colony formation assays that demonstrated CLT-008 has the ability to form myeloid and erythroid lineage colonies in vitro. When CLT-008 cultures were analyzed for the presence of mature neutrophils, no cells of that type were detectable. The colony formation potential as well as the generation of CD15+ cells in vitro demonstrates that CLT-008 has significant granulocyte generation potential. Additionally, when cryopreserved CLT-008 product was cultured with G-CSF, cells proliferated for at least 12 days, producing functional neutrophils within 3-4 days of culture. Cryopreserved CLT-008 cells demonstrated good engraftment and myeloid lineage potential in in vivo studies in NOD/SCID mice, confirming the in vivo functionality of the product for engraftment and myeloid cell production. Biodistribution studies of CLT-008 found that most cells distributed to the bone marrow in mice, which is the primary resident tissue of myeloid progenitors, and is consistent with the normal localization of endogenous hMPC in situ. Importantly, no human B cells were detected after two weeks of engraftment in vivo, confirming the selectivity of CLT-008 for myeloid cell generation.

Victims of high level radiation exposure events such as nuclear attacks or accidents, develop acute radiation syndrome (ARS), resulting in life-threatening pancytopenias and death. Key health risks of ARS include severe thrombocytopenia and neutropenia which can result in hemorrhage and infection[22]. Rescue of ARS victims suffering from radiation exposure is dependent on the reconstitution of hematopoietic stem cells (HSC) either through recovery of surviving HSC in the victim over time or by transplantation of allogeneic HSC. These cells replenish the hematopoietic compartment with resumption of normal blood cell production and function, but there often is a significant lag time in this process and ARS victims require a therapy that supplies transient neutrophil support to mitigate the risk of life threatening infections. Another key issue is the ability to afford rapid effective treatment to large population centers exposed to a major nuclear event, and this poses significant logistical and biological hurdles.  Rapid and timely intervention is essential to for ARS victims that are at risk of life threatening infections due to their neutropenic state. Growth factor-based approaches are likely to be of limited benefit in this setting due to the absence of committed progenitor cells that can rapidly repopulate the host and form mature functional neutrophils for protection from lethal infection. Hence, the development of cell-based approaches to rapidly allow transient reconstitution of neutrophils will serve as a protective “bridge” for ARS victims, allowing additional supportive care to be employed and eventual hematopoietic recovery by standard care measures. Multiple studies have now demonstrated that the administration of HSCs or hematopoietic myeloid progenitors has protective effects in lethally irradiated animal models[6,13,18,23], demonstrating that this is a promising approach for the treatment of victims of radiation-induced hematopoietic failure.  CLT-008, a human myeloid progenitor cell product, is being developed for the treatment of hematopoietic syndrome of ARS.  
CLT-008, derived from adult hematopoietic stem cells, has the potential to differentiate into neutrophils and platelets in vivo, providing transient hematopoietic support to ARS victims until their own bone marrow reconstitutes the blood system or they go on to receive an allogeneic stem cell transplant. Key aspects of developing CLT-008 include demonstrating that it can be produced in a scalable, GMP-compliant manner as an off-the-shelf cryopreserved product that will not require HLA matching having the appropriate functional characteristics required for the generation of neutrophils in myelosuppressed subjects.  Studies in mouse models suggest that the myeloid progenitor product can be administered five-seven days post exposure to radiation and increase survival.

In this communication we demonstrate the ability to produce CLT-008 as a product for use in the treatment of neutropenia that has the appropriate functional characteristics required for its intended use. These in vitro functionality studies and in vivo engraftment studies, along with prior work demonstrating that treatment of lethally irradiated mice with mouse myeloid progenitors results in survival benefit serves as a robust demonstration of the potential therapeutic applicability of CLT-008 for the treatment of neutropenia in ARS victims. Preclinical safety studies with CLT-008 have demonstrated its transient engraftment phenotype and lack of tumorigenicity, demonstrating acceptable safety criteria for use in humans. CLT-008 is currently in two Phase I/II clinical trials: (a) patients undergoing cord blood transplantation after chemotherapy and radiation for the treatment of hematological malignancies and (b) patients receiving high-dose chemotherapy for the treatment of Acute Myeloid Leukemia.  We have dosed over thirty patients to date, and these studies are ongoing.
5. 0
CONCLUSION
The development of a cell-based medical countermeasure to mitigate neutropenia that occurs as a consequence of ARS will serve as a post-event response to a nuclear exposure incident. Cellerant is developing CLT-008 as an off-the-shelf, allogeneic cell product consisting of myeloid precursor cells that is capable of generating neutrophils upon transfusion into ARS victims. We believe the generation of a functional and safe MPC product will permit treatment of subjects as late as 3-5 days post-radiation exposure based on observations made with our mouse myeloid progenitor cell analogue. CLT-008 offers a novel, timely and cost-effective approach to mitigate conditions of severe neutropenia and potentially provide life saving therapy to warfighters and civilians exposed to radiation.
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