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Kenneth DeSantes, MD: University of Wisconsin – American Family 

Children’s Hospital; Director, Pediatric Hematopoietic Stem Cell Transplant 
Program; Clinical Director, Pediatric Hematology and Oncology Program 
 
PACT Center: Waisman Biomanufacturing, University of Wisconsin-
Madison, Derek Hei, PhD, PACT PI 
 
PACT Project: Treatment of Refractory or Relapsed Neuroblastoma with 
Expanded Haploidentical NK cells and Long-term Infusion of Hu14.18-IL2 

 
Q: Please describe your clinical and research interests. 
 

A: My research interests are focused on the utilization of cellular immunotherapy to treat pediat-
ric malignancies.  I am particularly invested in exploring the use of allogeneic natural killer (NK) 
cells to treat children with relapsed neuroblastoma, as well as other pediatric cancers.  Neuro-
blastoma is the most common extracranial solid tumor of children, and the prognosis for chil-
dren with refractory disease is currently dismal.  Laboratory and clinical data that we, and oth-
ers have generated, strongly suggest that NK cells have potent activity against neuroblastoma 
after stem cell transplantation, and in patients with chemotherapy resistant disease. 

 

Q:  How has PACT been a resource for you in pursuing a clinical trial in cell therapy? 
 

A: Our hospital currently does not have a cGMP facility.  Thus, by working with Dr. Hei and his 
team at Waisman Biomanufacturing, we have been able to validate the methodology required 
to activate and expand allogeneic NK cells for investigational use in human clinical studies. 
These cells will initially be administered in combination with an anti-GD2 immunocytokine to 
treat children with relapsed neuroblastoma.  However, this approach would also be ideally 
suited to treat patients who relapse after allogeneic stem cell transplant, since NK cells do not 
appear to cause graft vs. host disease (GVHD). 

 

Q: How has your partnership with the PACT team at Waisman Biomanufacturing impacted your 
research? 

 

A: My collaboration with the PACT team has played a crucial role in allowing us to develop a 
novel clinical trial for children afflicted with a fatal illness.  To our knowledge, this will be the 
first pediatric trial to explore the administration of ex vivo expanded allogeneic NK cells in 
combination with an immunocytokine.  Data from this study will lead to a better understand-
ing of how well allogeneic NK cells survive and function when utilized in a non-transplant set-
ting.  Clearly, this work would not have been possible without the support of the PACT team. 
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Natalia Lapteva1, G. Doug Myers2 and Cliona Rooney1 

1 Center for Cell and Gene Therapy, Baylor College of Medicine, Houston, TX 

2 Children’s Mercy Hospitals and Clinics, Kansas City, MO 
 

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a treatment option for multiply relapsed neuroblastoma. 
Early clinical studies suggested that allo-HSCT may reduce relapse rates of neuroblastoma by avoiding reinfusion of malignant cells 
and providing a “graft versus tumor” effect. However, reactivation and new infections with common community viruses remain a 
major cause of mortality and morbidity after allo-HSCT. T-cells specific for Epstein-Barr virus (EBV), cytomegalovirus (CMV), and 
adenoviruses can prevent these opportunistic infections and have successfully been used in many clinical trials (1-3). Genetic modi-
fication of these tri-virus specific T cells (tri-VSTs) with chimeric antigen receptors (CARs) to tumor antigens may redirect them to 
tumor and induce long-lasting tumor regression and remissions (4, 5).  

As one of the Centers for Production Assistance for Cellular Therapies (PACT), our group in the Center for Cell and Gene Ther-
apy (CAGT) at Baylor College of Medicine was charged with T-cell manufacturing for Dr. G. Doug Myers’s study at Children’s Mercy 
Hospitals and Clinics (Kansas City, MO). Children with relapsed/refractory neuroblastoma were to receive haploidentical-HSCT, fol-
lowed by infusions of donor-derived tri-VSTs expressing a transgenic CAR for the disialoganglioside (GD2) that is highly expressed 
on neuroblastoma. This strategy would test the hypothesis that GD2.CAR-modified tri-VSTs will expand after infusion, reconstitute 
antiviral immunity post-HSCT and concurrently augment anti-tumor immune responses. 

PACT supported a translational phase in which we optimized the manufacturing process and a clinical phase in which we 
manufactured patient-specific products. At the time this application came to our center we had expertise in manufacturing T-cells 
specific for multiple viruses, and in transduction of monospecific VSTs using retroviral vectors. (4, 5) To simultaneously transduce T-
cells with specificity for all three viruses (EBV, CMV and adenovirus), PBMCs were stimulated with autologous irradiated EBV-
transformed B lymphoblastoid cell lines (LCLs) transduced with an adenovirus vector expressing pp65 of CMV (Ad5f35-pp65). 
Transduced EBV-LCLs naturally express EBV latent and early lytic cycle antigens, express CMV-pp65 as a transgene and process and 
present adenovirus virion proteins from the adenoviral vector.(6) Hence three clinical grade virus/vectors were required in this 
manufacturing process.  The T-cells were subsequently transduced with a retrovirus vector expressing a GD2.CAR, which is com-
prised of linked variable regions of a 14g2a monoclonal antibody attached through a flexible hinge region to the transmembrane 
and cytoplasmic portion of T cell receptor (TCR) zeta chain.(7)  

 In earlier studies effective retroviral transduction of EBV-specific T-cells (EBVSTs) could be achieved only after the third anti-
genic stimulation, approximately day 20, when the T-cells were vigorously proliferating (Figure 1). Thus, EBVSTs were harvested on 
day 30 at the earliest so that the final product consisted of “aged” effector memory T cells, which may lack proliferating capacity 
and persistence once infused in patients.  

Recently we showed that the combination of cytokines IL-4 and IL-7 selectively promotes the specific expansion and survival of 
VSTs (8). Therefore, we implemented early transduction of VSTs, specifically on day 2 or 3 after culture initiation in the presence of 
IL-4 and IL-7 (Figure 1). This enabled us to transduce “young” VSTs with GD2.CAR retrovirus with high efficiency and to higher levels 
than if transduced after the third stimulation (66 ± 4% versus 13 ± 4%). The rapid cytokine-induced expansion of the transduced tri-
VSTs allowed us to cryopreserve T-cells for infusion after the first stimulation for most patients. Transduced tri-VSTs frozen after 
the first stimulation contained higher frequencies of CD45RO+CCR7+ central memory T cells (40.2% in early transduced cells com-
pared to 14.2% in late transduced cells), which are crucial for long lasting anti-tumor immunity.  

Since VSTs expand exponentially after infusion into HSCT recipients, very low numbers of T-cells (10-20x10e6 cells per m2) are 
required for infusion, particularly for children as in this study. The fold VST expansion after one stimulation was 3.7±0.5-fold, there-
fore multiple doses could be produced from a low starting volume of 40 mL blood within 8 days. If higher cell numbers of cells are 
required, a second stimulation with Ad5f35-pp65LCLs can be performed, producing ~167-fold expansion, without significant loss of 
specificity and with a further increase in transgene expression. Thus, after a second stimulation up to 4.5x109 gene-modified tri-
VSTs can be obtained from 40 mL of blood, sufficient for multiple infusions even of adult patients with higher cells doses, such as 
2x108 cells/m2. 

As of June 2014, we have manufactured four products for Dr Myer’s study, and three products have been infused. The pheno-
typic and functional release criteria for the products are  (1) more than 70% viable cells (by 7-AAD flow cytometry test), (2) less 
than 2% of CD19+ LCLs, (3) more than 20% of GD2.CAR-positive cells, and (4) killing of more than 20% of GD2-positive cells in 
51chromium release cytotoxicity assay and have been exceeded by far. Additional release requirements are, (5) HLA-A, B loci iden-
tity between donor blood and the cell therapy product and (6) sterility, i.e. negative for mycoplasma, bacterial and fungal BACTEC 
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sterilities and less than 5 EU/mL of endotoxin. For information only we confirm that the T cell products are tri-virus specific using 
an interferon-g (IFN-g) ELISPOT assay using overlapping peptide libraries spanning adenovirus hexon and penton proteins, CMV 
pp65 and LCLs (Figure 2) as antigens. We also test all the retrovirus-transduced cell products for replication competent retrovirus 
and autonomous growth, however these results are not available at the time of infusion.  

PACT also supported the immune monitoring of patients on this protocol. Specifically, our good laboratory practice (GLP) labo-
ratory in CAGT and CLIA and CAP-certified flow cytometry facility perform transgene detection by PCR, phenotyping and IFN-g ELIS-
pot assay on peripheral blood mononuclear cells from follow-up patient samples. 

In conclusion, PACT enabled us to successfully optimize a rapid GMP-compliant method of manufacturing of GD2.CAR-
modified tri-VSTs. The safety and therapeutic potency of these cells is currently being tested in patients with relapsed neuroblas-
toma after haploidentical HSCT by Dr. Myers at Children’s Mercy Hospitals and Clinics. 

◄ Figure 1. Late and early transduction methods for generation of 
GD2.CAR modified multi-virus specific T cells (M-VSTs) for treatment 
of neuroblastoma. Top panel: old methodology includes two stimu-
lations of T cells with irradiated lymphoblastoid cell line (LCLs) 
transduced with Ad5f35-pp65 without cytokines. VSTs are trans-
duced with retrovirus expressing GD2.CAR after the third stimula-
tion in presence of IL-2. GD2.CAR-transduced VSTs are cryopre-
served for infusion on day 30 of ex vivo culture. Bottom panel: 
PBMCs are stimulated with LCLs and transduced with retrovirus on 
day 2-3 of culture with IL-4 and IL-7. The final product for infusion 
could be frozen between days 8 and 10. 
 

 

 

► Figure 2. Tri-virus specificities of GD2.CAR transduced VSTs 

from donor seropositive for all three viruses. Standard IFN-g 

ELISpot assay was used to analyze the specificities to viruses of 

the cells with overlapping peptide libraries to hexon, penton 

(adenovirus antigens), pp65 (CMV antigen) and 1x105 LCLs 

(expressing EBV antigens). 
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