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Biomaterial-Mediated Recruitment of Stem and Progenitor Cells 
Parisa Lotfi, Anju Koshy, Jinhui Shen and Liping Tang. 

Dept. of Bioengineering, University of Texas at Arlington 
Statement of Purpose: We have recently discovered that 
large numbers of migratory stem cells reside adjacent to 
microparticle implants. However, it is not clear whether 
foreign body reactions would lead to the recruitment of 
adult stem cells in the subcutaneous space. Since the 
recruitment of stem cells coincides with the migration of 
inflammatory cells,1 we  hypothesize that stem cell 
recruitment is modulated by the degree of foreign body 
reactions. To test this hypothesis, we first determine the 
migration kinetics of stem cells and immune cells in 
response to particle implants. Then, using various types of 
microparticles to trigger different extent of foreign body 
reactions, we investigate the potential role of biomaterial-
mediated inflammatory responses on stem cell 
recruitment.  
Methods: To study cell migration kinetics, hydroxy-
propyl-cellulose (HPC) microparticles (1ml, 50 wt% 
HPC) were implanted subcutaneously on the back of 
Balb/c mice. After implantation for different periods of 
time, implant-bearing mice were sacrificed and the 
implants and surrounding tissues recovered, frozen 
sectioned and then used for histochemical analysis. In 
addition to H&E staining, tissue sections were stained for 
different types of immune and stem cells. To determine 
the potential role of biomaterial-mediated inflammatory 
responses on stem cell recruitment, similar implantation 
studies were carried out using different types of 
microparticles made of either Hydroxypropylcellulose 
(HPC, 6µm), N-isopropyl-acrylamide (NIPA, 6µm), Poly 
(L- Lactic Acid) (PLLA, 6µm) or Polypropylene (PP, 
6µm). Statistical analyses were carried using linear 
regression and student t test. 
Results: In agreement with many previous findings, 
biomaterial-mediated acute inflammatory responses 
achieve the plateau at day 2, accompanied by a large 
numbers of inflammatory cells (CD11b+) and 
lymphocytes (CD3+) that were found to reside in or 
adjacent to microparticle implants. Most important to this 
investigation, a large number of fibroblast-like cells were 
found to locate in the outer ring of the fibrotic tissue. 
These fibroblast-like cells possess many stem and 
progenitor cell markers, including SCF (hematopietic 
stem cell marker) (Figure 1A), Sca-1 (hematopoietic stem 
cell marker) (Figure 1B), Nanog (embryonic stem cell 
marker) (Figure 1C) and SSEA4+/CD45- (mesenchymal 
stem cell marker) (Figure 1D).  These results suggest that 
different types of stem cells migrated to the implantation 
sites in response to microparticle implants. The maximal 
numbers of inflammatory cells (CD11b+) and 
lymphocytes (CD3+) increase from day 2 and reach their 
maximum at day 4 (Figure 2). Surprisingly, large numbers 
of cells with stem cell markers (SCF, Sca-1 and 
SSEA4+/CD45-) were also found adjacent to the particle 
implants. These implant-associated stem cells achieve 
maximal accumulation around 7 days (Figure 2). Since 

inflammatory responses at the implantation site occurred 
prior to arrival of stem cells, we have thus assumed that 
inflammatory cell products might be responsible for stem 
cell recruitment. To test this hypothesis, 4 different types 
of microparticles (PLLA, HPC, NIPA, and PP) which 
prompt varying degrees of foreign body reactions were 
used in this investigation. As expected, we found that 
NIPA shows a significant decrease in inflammatory 
response and stem cell recruitment compared to other 
polymers. Moreover; statistical analysis of the cell density 
data shows a strong correlation (R2=0.85) between 
inflammatory cells (CD11b+) and stem cells (Sca-1).  

Conclusions:  Our studies have uncovered an interesting 
finding that the implantation of microparticles may 
prompt the recruitment of various types of stem cells 
(mesenchymal stem cells and hematopoietic stem cells) to 
the subcutaneous space. Stem cell migration is likely 
influenced by the chemokine release associated with the 
biomaterial-mediated inflammatory responses. Further 
studies are needed to investigate the detailed mechanism 
governing biomaterial-mediated stem cell recruitment. 
These observations suggest an interesting connection and 
balance between foreign body reactions and tissue 
regeneration. 
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Figure 1: Expression of different stem cell markers including  
hematopietic stem cell markers SCF (A) and Sca-1 (B), 
embryonic stem cell marker (Nanog) (C) and mesenchymal stem 
cell marker (SSEA4+/CD45-) (green fluorescent ) (D) at day 7 
post implantation in tissue surrounding implant..     

Figure 2: Inflammatory cells (CD11b) and lymphocytes (CD3) 
and mesenchymal stem cells (SSEA4+/CD45-) in tissue 
surrounding HPC particles at 0, 1, 2, 4, 7 and 14 days post 
implantation.
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