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Administrations of peripheral blood CD34-positive cells contribute to medial collateral ligament
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<Introduction>

Revascularization plays an essential role in the initial phase of ligament healing. Adult human
circulating CD34+ cells, an endothelial/hematopoietic progenitor-enriched cell population, have
been reported to contribute fo neomgiogenesis, however the therapeutic potential of CD34+ cells for
ligament healing is still unclear. Therefore, we performed a series of experiments to test our
hypothesis that ligament healing is supported by CD34+ cells via vasculogenesis.

<Materials and Methods>
Animal Model & Cell transplantation
64 female athymic nude rats (F344/N Jcl mu/mu, 8~12W) were used in this study. After creating

medial collateral ligament injury, 1x10° human granulocyte-stimulating factor mobilized peripheral
blood (GM-PB) CD34+ cells (CD34+ group) or mononuclear cells (MNC group) (Cambrex Bio
Science Inc.) were transplanted with a bolus of atelocollagen (n=32 for each group) in the
experimental knee. Atelocollagen without cells was transplanted in the injured MCL of the
contralateral knee as a control group. The institutional animal care and use committees of Kobe
University approved all animal procedures including human cell transplantation,
Detection of human cells derived vasculogenesis

Immunohistochemical s.taining (n=5 in each group) was performed at week 1 with following
human-specific antibodies; human leukocyte antibody (HLA)-ABC (BD Pharmingen) and
human-specific Ulex europaeus. lectin type 1 (UEA-1) (Vector Laboratories, Inc) for human
e,xidothelial cells (ECs). The number of cells was morphometrically ‘evaluated. Total RNA was
obtained from the rat tissues at the peri-injury site of MCL at week 1, and examined by RT-PCR
with hCD31, hVE-cadherin, and hGAPDH (n=3 in each group).
Evaluation of negvascularization

Immunohistochemistry for isolectin B4 (Vector Laboratories) as a rat EC marker was visualized
with fluorescence, and capillary density was morphometrically evaluated (n=5 in each group). And
molecular biologically, real time RT-PCR analysis was performed with rat VEGF at week 1 (n=3 in
each group).
Assessment of MCL healing

To evaluate MCL healing, in 6 knees from each group euthanized at 2 and 4 weeks after surgery,
the cut portions of MCLs were inspected macroscopically. Real time RT-PCR analysis was also
performed with rat tenomodulin (rTeM) and rat collagen 1A2 (rCollA2) at week 1. Furthermore,

bio-mechanical tensile test of injured ligament was performed (n=6 in each group, each period).

<Results>
Detection of human cell-derived vasculogenesis

In immunohistochemical staining for UEA-1 and HLA, the existence of survived human cells and
the phenomenon of human cell-derived vasculogenesis were detected. The number of the cells in the
CD34+ group was significantly higher than the MNC group at the peri-injury site. The molecular
approach strongly revealed the gene expression of human-specific EC markers (hCD31 and
hVE-cad) in the CD34+ group.

Evaluation of recipient’s neovascularization

Neovascularization assesed by capillary density was significantly enhanced in the CD34+ group
compared with the the MNC and the control group. Furthermore, Gene expression of rVEGF was
significantly increasing in the CD34+ group compared with the other groups.
Assessment of MCL healing

Assessment of ligament healing by macroscopic inspection and demonstrated that the ligament was
significantly healed in the CD34+ group compared with the MNC group and the control group (2W:
CD34+, 33% (2/6); MNC, 16% (1/6); Control, 0% (0/6), 4W: CD34+, 100% (6/6); MNC, 33% (2/6),
Control, 33% (2/6)). Molecular biologically, gene expressions of both rTeM and CollA2 were
significantly higher in the CD34+ group compared with the other groups. Bio-mechanical test
demonstrated that the ligament was significantly strengthened in the CD34+ group compared with
the MNC group and the control group.

Assessment of MCL healing by inhibition of intrinsic angiogenesis

To investigate the hypothesis that neovascularization is essential to support endogenous ligament
healing, an antiangiogenic agent, sFlitl, known to inhibit proliferation of endothelial cells, was
injected for 14 days, Ligament healing assessed by macroscope and histology as well as
neovascularization assessed by capillary density was significantly inhibited in the sFlt group
compared with the PBS group.

<Discussion$

In this study, we proved that human PB CD34+ cells were survived and also identified in vivo
differentiation into ECs in the nude rat model of MCL injury. The environmental contribution of
CD34+ cells results in ligament healing confirmed by not only morphological but also
bio-mechanical assessment. This microenviromental interaction between vasculogenesis and
ligament healing was dependent, at least in part, on autocrine/paracrine regulatory factors, but also
direct cellular communications in developing CD34+ cells. Our study suggests that peripheral blood
CD34+ cells have significant potential for therapeutic application to the damaged ligament. Cell
harvest from peripheral blood does provide positives in that it is less invasive and safer than

aspiration from bone marrow or embryo as cell sources.
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