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Survival Across a Spectrum of Intervertebral
Disc Degeneration in Rabbits

Introduction

Cell therapy is a minimally invasive strategy
for the potential treatment of intervertebral
disc degeneration (OVDD). Although
numerous studies have transplanted cells into
the nucleus pulposus (NP) of degenerative
intervertebral discs (IVDs), none of these
interventions were able to homogenously
restore full disc function,’? and most human
clinical trials remain unreported.®> Techniques
for tracking cell retention and survival post-
injection often use lentiviral transfections to
image a living cell population over time,* but
these in situ live cell tracking methods have not
been used to assess transplanted cell survival
across a spectrum of IVDD in non-rodents.
Understanding how a disc’s degenerative
state affects the viability of transplanted cells
will be key to understanding the limitations of
cell-based therapies and crucial for identifying
candidates suitable for these treatments.
Using an established rabbit puncture model
of IVDD in which a progressive decrease in
small molecule diffusion across the endplate
occurs,”® we characterized the survival of
transplanted mesenchymal stromal cells
transfected with a firefly luciferase lentiviral
vector across a spectrum of degenerative
microenvironments by varying injury severity
and time post-puncture.’® We hypothesized
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that cells would survive more robustly in
discs with less severe degeneration.

Methods

P1 bone marrow-derived bovine
mesenchymal stromal cells (bMSCs) were
transfected at an MOI of 500 using 12 ug/
ml polybrene and a lentivirus encoding
for green fluorescent protein (GFP) and
firefly luciferase (AMSbio LVP1060-PBS).
Transfected GFP+ cells were sorted from
GFP- cells at P3 or P4 via flow cytometry. Six
male New Zealand White rabbits underwent
intervertebral disc puncture to induce IVDD
as previously described.5-6 In each rabbit, a
combination of L23, L34, L45, L56, and L67
discs were punctured using either a 16G or
21G needle and allowed to degenerate for
4 and 5/10 weeks, respectively, after which
500,000 - 1 million sorted P5 or P6 GFP+
bMSCs were delivered to each disc via 25 ml
DMEM injection using a 27G needle. Animals
were euthanized and their discs isolated 1, 3,
or 7 days after cell delivery, incubated in 300
ug/ml D-Luciferin for 10 minutes, and imaged
on IVIS to detect luminescence produced by
living cells (Figure 1A). Organ culture was
used as a positive control to validate the
survival of transplanted cells in a culture
environment. Five weeks after injury, the
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Figure 1. (A) Experimental groups and their respective endpoints. (B) Disc histology scores and (C) axial Alcian Blue/Picrosirius Red-stained cross-sections of anterior
disc osteophytes (scale = 500 mm). (D) IVIS images of luminescence emitted by live bMSCs 1, 3, and 7 days following in vivo cell injection in discs split axially (positive
signal indicated by yellow arrows), and (E) quantification of in vivo max luminescent counts measured axially and normalized to controls. (F) IVIS images of luminescence
emitted by live bMSCs transplanted ex vivo into 16G-4W degenerative IVDs maintained in organ culture for 14 days (n = 2), and (G) quantification of max luminescent
counts anteriorly/posteriorly over the 14 day culture period normalized to control.
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L56 discs of two 16G-punctured rabbits were isolated and
transferred to culture. Twenty four hours later, 1 million
cells in 25 ml DMEM were injected into each disc using a
27G needle. Discs were returned to culture and imaged at
days 1, 3, 7, and 14 following cell injection.

Results

Cells were injected into degenerative rabbit discs
occupying a range of degenerative states (Figure 1B).
Many of the discs in the mid (21G-10W) and most (16G-
4W) degenerative groups developed anterior osteophytes
(Figure 1C). In the least degenerative group (21G-5W),
detectable cells were found in the surrounding soft tissue
1 day post-injection and remained in the soft tissue when
assessed 3 days post-injection. Only one disc in this study,
a 21G-punctured, 10-week degenerated disc, retained live
transplanted cells inside the disc 24 hours after injection,
and by 3 days post-injection all detectable cells were
localized to anterior osteophytes. No luminescent signal
was measured in any 16G-punctured discs 7 days after cell
transplantation. Overall, retention of living cells for more
than 24 hours was poor across all groups (Figure 1E). Ex
vivo, transplanted cells survived for 14 days when injected
into 16G-4W discs removed for organ culture (Figure 1F).
Transplanted cells were more well retained in the nucleus
pulposus of explant 2 than in explant 1 (Figure 1G).

Discussion

In this work, we successfully delivered a bioluminescent
bMSC cell therapy to rabbit discs along a spectrum
of degeneration and were able to detect those live cell
populations at early timepoints after delivery. Increases
in luminescent signal over the 14 day ex vivo culture
period indicated that bMSCs could survive in the most
degenerative discs when maintained in an ideal nutrient
environment. In vivo, cell survival was significantly ablated,
and no cells survived in the most degenerative discs after
1 week. Viable cells were detected within the disc space
in only one sample across all states of degeneration. At
acute timepoints, IVIS imaging indicated that live cells
were predominantly displaced from the disc space to the
surrounding soft tissue in the least degenerative discs
and to the anterior osteophytes in the mid-degenerative
discs. The formation of anterior osteophytes is a well-
reported phenomenon in this rabbit puncture model, and,

in agreement with our findings here, previous work also
suggests that extruded cell therapies localize to these
osteophytes.” Similarly, MSCs progressively migrated
out of the disc space and into the vertebral bone when
delivered to rat caudal discs.? Staining for intracellular GFP
is ongoing in order to determine whether the delivered
cells were completely extruded from the disc space in all
groups or if many perished in situ. Future work will deliver
the cell therapy in a viscous radiopaque carrier to prevent
rapid cell extrusion from the disc, minimize osteophyte
formation,” and confirm injection into the NP in order
to more comprehensively understand the relationship
between disc health and transplanted cell survival.

Significance

Understanding how a disc’s degenerative state affects
the survival of transplanted cells is key to understanding
the limitations and possibilities of cell-based therapies for
IVDD and, in turn, identifying patients suitable for these
treatments.
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