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Cell culture: Cord blood was purchased from The Cleveland Cord Blood Bank 

and used for cell expansion and differentiation. 

 

Preparation of scaffolds for cell expansion: Polyethersulfone (PES) nanofiber 

meshes were fabricated by electrospinning and subjected to surface amination. 

 

Cell counting: The number of viable cells was counted under microscope using a 

Hemacytometer after mixing cells with trypan blue. 

 

Flow cytometry: Cultured cells were immunostained and analyzed using a C6 

flow cytometer (Accuri). Monoclonal antibodies of CD36, CD71, and 

glycophorin-A (CD235a) were purchased from Beckman-Coulter. Anti-

Duffy/FY/DARC polyclonal antibody was purchased from Thermo Scientific. 

 

Giemsa stain: Culture cells were washed in PBS, smeared on slides, fixed with 

methanol prior to Giemsa staining. 

 

Data Analysis: C-Flow Plus (Accuri) was used to analyze all flow cytometry 

data.  

Materials and Methods Introduction and Background 

• NANEX™ offers better expansion of CD34+ and primitive erythroid 

progenitor cells than conventional TCPS cultureware. 

 

• NANEX™ technology is a promising method for overcoming the limitations 

of cord blood as a source of HSPCs through its efficient expansion of CD34. 

 

• The differentiated cells expressed glycophorin-A (CD235a), a marker for the 

human erythrocyte membrane. ~20% of cells were CD36+, and ~80% were 

CD71+ indicating an erythroid lineage. 

 

•The differentiated cells are also duffy antigen positive, which would be 

favorable for P. vivax parasites invasion as a cell model. 

 

• Our novel feeder layer free expansion/differentiation technology can produce a 

population that has ~70% reticulocytes that is >60,000-fold larger than the 

starting population of HSPCs, and will provide a unique platform to enable 

large scale ex vivo production of DARC+ reticulocytes.  
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Expansion and differentiation of human CD34+ cells 
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Despite more than 25 years as a priority project at WRAIR and NMRC, malaria 

remains a top health concern for our military servicemen and women abroad. 

Plasmodium vivax malaria is a significant challenge for active duty personnel 

operating in the Middle East, Southern Asia, Africa, and Latin America. Though 

rarely fatal, P. vivax infections result in significant loss of working days (up to 15) 

with substantial risk for relapse. P. vivax preferentially infects reticulocytes by 

attaching to the Fya/Fyb Duffy antigens (DARC). Due to the low frequency of 

human reticulocytes in circulation, there is a distinct lack of experimental models 

to evaluate vaccine candidates. To address this challenge, we are developing a 

large-scale production of DARC expressing reticulocytes using our novel ex vivo 

expansion technology (NANEX™) combined with standard differentiation 

methods. Access to pure populations of reticulocytes will drastically improve 

researchers’ ability to test new prevention/intervention strategies for P. vivax (and 

some strains of P. falciparum) malaria. 

 

NANEX™ Ex Vivo Expansion Technology 

The proprietary NANEX™ Hematopoietic Stem and Progenitor Cell (HSPC) 

Expansion Technology is built on a functionalized nanofiber-based scaffold. 

Electrospun polyethersulfone fibers are subsequently aminated to provide a 3-

dimensional substrate with a well-defined surface chemistry and nanoscale 

topography that partially mimics the human bone marrow niche. When used in 

combination with serum-free medium and an optimized cytokine cocktail, the 

NANEX™ system enables rapid expansion of HSPC from multiple sources. This 

technology permits up to 100-fold HSPC proliferation ex vivo in 7 – 10 days. 

 

 

 

 

 

 

 

 

 

 

 

 

Cord blood (CB)-derived HSPCs, in particular, have demonstrated excellent results 

using the NANEX™ system; efficient expansion of both fresh and cryopreserved 

CB CD34+ cells has been observed. Following expansion, over 50% of these cells 

retain HSPC phenotype. Characterization of NANEX™-expanded CB CD34+ cells 

using standard colony formation assays has demonstrated that these cells maintain 

the progenitor phenotypes after expansion. CFU assays performed following HSPC 

expansion indicate that NANEX™ is favorable in producing early erythroid 

progenitors with 50% more BFU-E colonies than cells expanded on tissue culture 

polystyrene (TCPS) plates.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Production of DARC+ Reticulocytes For P. vivax Infection Studies 

Following NANEX™ expansion, we adopted a feeder layer-free 3-step 

differentiation protocol using cytokines that results in a population containing 

predominately enucleated reticulocyte-like cells. We are partnering with leading 

malaria vaccine researchers to demonstrate that these reticulocytes can be 

parasitized by P. vivax. We believe that this will provide a unique platform for 

jumpstarting research of malaria parasites and enabling rapid development of 

effective vaccines. Further development of this technology may also have 

significant implications for large-scale ex vivo production of erythrocytes for 

general use. 

0

2000

4000

6000

8000

10000

12000

14000

Unexpanded

TCPS

NANEXC
F
U

 C
o
u

n
t 

BFU-E                                 CFU-GM 

Lineage commitment of NANEX-expanded cells 

Cord Blood Derived HSPCs on the NANEX™ 

We have demonstrated that 7-day NANEXTM expansion and 21-day 

differentiation produces a majority cell yield exhibiting phenotypical 

characteristics of erythrocytes, with significant expansion over this time period. 

This is a significantly better result than possible with existing enrichment 

strategies that are limited to 20% purity from .  

 

We are partnering with leading malaria vaccine researchers to demonstrate that 

these reticulocytes can be parasitized by P. vivax. Evaluation of invasion studies 

is ongoing. Preliminary experiments indicate significant invasion by P. vivax in 

our ex vivo produced DARC+ reticulocytes (data analysis is in process). We are 

also in the process of optimizing these expansion/differentiation technologies 

for purity and yield. Our nanofiber-based expansion and differentiation 

technology will provide a unique platform to jumpstart research of malaria 

parasites and enable rapid development of effective vaccines.  

Conclusion 


