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The regenerative ability of intervertebral discs (IVDs) is restricted due to
the poor nutritional supply. We have demonstrated the regenerative effect of implantation of bone
marrow aspirate concentrate (BMAC) combined with ultra-purified alginate gel (UPAL gel) for
degenerated IVDs in a rabbit model. The purpose of this study is to assess the effectiveness of the
implantation of BMAC combined with UPAL gel after discectomy in beagle dogs as a large animal model.
Implantation of the BMAC combined with UPAL gel suppresses IVD degeneration after discectomy. In
addition, type Il collagen positive cells were significantly higher in the BMAC group, suggesting
that the implantation of BMAC combined with UPAL gel promoted spontaneous IVD repair. These results
support that BMAC combined with UPAL gel implantation after discectomy may be applied in clinical
settings as one-step cell-based regenerative therapy for IVD herniation.
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Intervertebral disc regenerative therapy using bone marrow aspirate concentrate combined
with in situ forming bioresorbable ultra—purified alginate gel

INTRODUCTION: The regenerative ability of intervertebral discs (IVDs) is restricted due
to the poor nutritional supply. The defect within the IVD produced by discectomy, the
current surgical procedure of choice for IVD herniation, predisposes patients to further
IVD degeneration. We have demonstrated the regenerative effect of implantation of bone
marrow aspirate concentrate (BMAC) combined with ultra—purified alginate gel (UPAL gel)
for degenerated IVDs in a rabbit model. Additionally, we showed the mechanical stability
that the BMAC embedded in the UPAL gel does not alter the mechanical characteristics of
the gel [1]. The purpose of this study is to assess the effectiveness of the implantation
of BMAC combined with UPAL gel after discectomy in beagle dogs as a large animal model
for clinical application in the future

METHODS: Seven beagle dogs (19-month-old, 12 kg) were operated complying with the Good
Laboratory Practice (GLP) regulations. The L1/2, L2/3, L3/4, and L4/5 discs were divided
into four groups, Intact control group (n = 6), Discectomy group (n = 6), UPAL group (n
= 8), and BMAC + UPAL group (n = 8). First, we removed 45 mg of nucleus pulposus tissue
from the treated discs except for Intact control IVDs under general anesthesia. In BMAC
+ UPAL group, approximately 25 ml of bone marrow was harvested from the iliac crest using
a 1b-gauge needle and centrifuged using a commercially available system (SmartPrep®
System, Terumo BCT, Inc, Lakewood, Colorado, USA) to obtain BMAC (Figure la). The mixture
of BMAC and UPAL solution (Figure 1b) or acellular UPAL solution (approximately 100 u 1)
were filled into the IVD cavity in the UPAL or BMAC+ UPAL groups (Figure 1lc). The treated
dogs were euthanized 12 weeks after surgery, and IVDs were qualitatively analyzed for
assessment of IVD degeneration, using a 3-Tesra magnetic resonance imaging (MRI)
Subsequently, the sections were stained with hematoxylin and eosin (H&E) for histological
analysis and stained with Safranin—0 for analysis of proteoglycans. Immunohistochemical
(IHC) staining was also performed to detect Type I and Type II collagen. All data are
presented as the means * standard deviation (SD). One—way analysis of variance (ANOVA)
and the Tukey—Kramer post hoc test were conducted for multigroup comparisons. Student’ s
t—test were used for two—group comparisons.

RESULTS: In MRI analysis, Pfirrmann grades assigned in the BMAC + UPAL group was
significantly lower than those in the Discectomy and UPAL groups. In addition, the MRI
index in the BMAC + UPAL group was significantly higher than those of two groups (Figure
2). In histological analysis, we evaluated the degree of collapse of inner annulus
fibrosus. The histological degeneration score of the BMAC + UPAL group was significantly
lower than those of the Discectomy and UPAL groups. In IHC analysis, type I and II
collagen—positive cells were counted in 5 independent fields selected at random. The
percentage of type II collagen positive cells was significantly higher in the BMAC + UPAL
group than in the Discectomy and UPAL groups. On the other hand, the percentage of Type
I collagen positive cells was significantly lower in the BMAC + UPAL group than in the
Discectomy and UPAL groups.

DISCUSSION: In this study, implantation of the BMAC combined with UPAL gel suppresses
IVD degeneration after discectomy in a beagle model. In addition, type II collagen
positive cells were significantly higher in the BMAC group, suggesting that the
implantation of BMAC combined with UPAL gel promoted spontaneous IVD repair. These results
indicate that the regenerative effect of BMAC + UPAL gel implantation would be expected
in a large animal model. We also previously showed the sufficient biomechanical properties
of implanted UPAL gels combined with BMAC without material protrusion after discectomy
[1]. This treatment strategy has a possibility of the effective treatment option as a
one-step surgical procedure with mechanical safety for IVD regeneration in the future



SIGNIFICANCE/CLINICAL RELEVANCE: These

results support that BMAC combined with UPAL gel implantation after discectomy may be
applied in clinical settings as one—step cell-based regenerative therapy for IVD
herniation.
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