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disc cells

Disc degeneration and associated spinal disorders are aleading course of morbidity
resulting in substantial pain and increased health cost. Although the cause and
pathophysiology of intervertebral disc degeneration are largely unknown, some
evidences indicate that disc degeneration can originate in the nucleus pulposus.
Progressive decrease of proteoglacan content causes dehydration of the nucleus
pulposus. As the degree of dehydration decreases, the tissue becomes more fibrous
with a compromised ability to transmit intervertebral forces optimally. Surgical
treatments for a symptomeatic degenerative disc include disectomy and spinal fusion.
Discectomy is effectivein relieving radicular pain, but it can lead to instability of the
spina column. Spinal fusion permitsload bearing and enables passive restraint to the
motion segment. However, the disadvantages of disc arthrodesis are well documented
in mechanical tests and clinical studies. Although there are still lots of efforts being
made to improve the techniquesin disc arthrodesis, the ultimate solution for anterior
column support should not be overlooked. It has been long realized that the better
solution for treating anterior column instability caused by degenerative disc diseaseis
to re-establish the disc space and the function of a healthy disc. One of the potential
methods is enhancement of disc regeneration via transplantation of nucleus pulposus
cells. The amount and viability of the transplanted nucleus pul posus cells could be
improved by combining with some bioactive substrates and growth factors.

In the first year of this study, we develop a gelatin-based scaffold which aims to
provide a suitable environment for attachment and proliferation of disc cells and to
help the subsequent production of extra-cellular matrix. This scaffold was made of
gelatin powder and chondroitin-6-sulfate and cross-linked by 0.1% glutaraldehyde.
Serial studies were conducted to test its properties and effects on disc cells.

SEM study showed diameter of the macro-pores of this gelatin scaffold was 100 i m
in average. Thisloose structure is hypothetically good for cultured disc cells residue
al over the scaffold even deep into the center. Roomy space inside the scaffold offers
arich space for deposition of newly produced matrix. Since the intervertebral discis
the largest avascular tissue inside human body and its nutrition depends on diffusion,
the ability of absorbing fluid is important for the survival of cultured disc cells. For
culturing human disc cells, scaffolds were designed in disc shape with diameter of 8
mm and thickness of 2 mm. Average dry weights of the gelatin scaffolds was 28.6 +
1.5 mg (range 26.6-30.8). Average wet weight of the full-hydrated gelatin scaffolds
was 177.9 = 22.0 mg (range 136.4-203.8). Our gelatin scaffolds were able to absorb
149.3 £ 21.8 mg (109.1-174.6 mg) culture medium. It was 5.2 + 0.8 times (range



4.0-6.2) of their initial dry weight. Hopefully this will be able to offer enough nutrient
supply in the in-vivo avascular situation. The amount of cultured disc cellswhich
could attach to the scaffol ds was measured by cell affinity test. By culturing 1x10°
human disc cells with the gelatin scaffolds for 2 hours, 4.4 +0.7 x 10° cells (range
3.5-5.5 x 10°) could attach onto the scaffold. Some promising results were also
achieved from pilot studies of culturing rabbit nucleus cells and human disc cells onto
the scaffolds. After 2-week and 6-week culture, MTT test demonstrated evidences of
strong activities of cultured human disc cells. Histology revealed that this newly
designed scaffold was good for survival and even proliferation of cultured disc cells.
Seria further studies will be conducted in the second year based on the promising
results we have now. Larger scale of 3-dimentional disc cell cultures will be
performed in this gelatin scaffold. MTT test will be used to demonstrate the activities
of the cultured disc cells. The contents of collagens and glycoaminoglycans produced
by cultured cells will be measured to demonstrate the ability to produce extracellualr
matrix. Histological and immunohistochemical staining will be performed to show the
microscopic picture of this 3-dimentional culture system for disc cells.
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It has been estimated that degraded intervertebral disc is responsible for 23% of low
back pain cases[1]. Disc degeneration and associated spina disorders are aleading
course of morbidity resulting in substantial pain and increased health cost [2-6].
The disc has a composite structure comprised of the nucleus pulposus core, a
multi-layered lamina of annulus fibrosus, and cartilaginous end plates. The nucleus
pulposus is agel matrix consisting of a hydrophilic polymer called proteoglycans
(PG), and randomly interlaced collagen fibers. Because of the hydrophilicity of PG,
the nucleus pulposus contains 75 to 80% water.

Although the causes and pathophysiology of intervertebral disc degeneration are
mostly unknown, some evidences indicate that disc degeneration originatesin the
nucleus pulposus [ 7-9]. The PG content in the nucleus pul posus decreases
progressively and the nucleus pul posus becomes dehydrated gradually [10, 11]. The
gradual transformation within nucleus pul posus becomes more and more significant
with age and is leading to degeneration in intervertebral disc. Asthe disc degenerates,
the water binding capacity decreases and the disc becomes deflated. The hydration
decreases and the tissue becomes more fibrous with a compromised ability to transmit
intervertebral forces optimally. As the nucleus shrinks, a more compressive load is
shifted to the annulus fibrosus. The excessive compressive load will cause annular
layer delamination and eventually lead to damage in the annulus, through which the
nucleusis herniated. For patients with disc herniation without obvioius instability,



discectomy is effective in relieving pain. But it can lead to instability of the anterior
column [12, 13]. A frequently used surgical treatment of degenerative disc disease
with instability is spinal fusion. Fusion permits load bearing, and enables passive
restraint to the motion segment. However, the disadvantages of disc arthrodesis are
well documented in mechanical tests[14] and clinical studies[15, 16].

Although there are still lots of efforts being made to improve the techniques in disc
arthrodesis, the ultimate solution for anterior column support should not be
overlooked. It has been long realized that the better solution for treating anterior
column instability caused by degenerative disc disease is to re-establish the disc space
and function instead of disc arthrodesis [17-21].

(AR
The very early stage of degeneration of intervertebral disc happens in the degradation
of proteonglycans and loss of normal hydration of nucleus pulposus. Thisisthe
leading event of following degenerative cascade of the spinal column. The rationale
of initiating regeneration of early degenerative nucleus pulposus is to halt the
following degenerative process of the entire spine. These are still no well-established
treatment modality for the early degeneration in the intervertebral disc, especialy the
nucleus pulposus.
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Although direct cell implantation had been reported successful in treating disc
degeneration in limited human and animal studies[22, 23], the importance of
extracellular matrix had also been emphasized [24, 25]. Therefore we plan to make a
gelatin-based scaffold to enhance the survival and proliferation of the cultured disc
cells and the productivity of the extracelluar matrix.

P

® Fabrication of Gelatin Scaffolds

The goal of developing this bioactive scaffold is for better attachment, proliferation
and matrix production of disc cells, especially nucleus pulposus cells.

1 g of gelatin powder (Sigma Co., St. Louise, USA) and 9 mg of
chondroitin-6-sulphate (Sigma Co., St. Louise, USA) were mixed in 20 ml double
distilled water. The solution was cross-linked by soaking in 0.1% glutaraldehyde
solution then lyophilized to obtain copolymer sponge as scaffold. The SEM was
performed for morphological observation of the gelatin scaffold. The scaffold was
prepared in adisc shape with 8 mm diameter and 2-3 mm of thickness. This shape
was designed to be able to be inserted into the nucleus space through the window



created by annulotomy during a conventional open discectomy.

Fig. 1 SEM picture of the
gelatin scaffold

® Fluid Water absorbing capacity of the gelatin scaffold

Since the intervertebral disc isthe largest avascular tissue inside human body and its
nutrition depends on diffusion, the ability of absorbing fluid is important for the
survival of cultured disc cells. The weight of scaffolds was measured when they were
freshly prepared before being soaked into any fluid. Then scaffolds were immersed
into the cell culture medium for at least 2 hours to make scaffolds fully hydrated.
Then the weight of scaffolds was measured again reflecting the weight in fully
hydrated status. This study was aimed to estimate the ability of absorbing fluid of this
gelatin scaffold and implied its ability to supply nutrition to the cultured disc cellsin
the in-vivo avascular environment.

® Number of cultured disc cells attached to the scaffold

Even though the cellularity of the nucleus pulposusis very low, the larger number of
cultured disc cellsinitially attached on the scaffold will shorten the time needed to
produce enough extracul lular matrixes. Therefore the amount of cultured nucleus

pul posus cells which could attach to the scaffolds was measured. Under the approval
of IRB of National Taiwan University Hospital and the agreements of patients,
surgical specimens of discectomy for six patients were obtained for primary culture of
nucleus pulposus cells. After enough cell number was achieved, the cultured disc cells
were used in the following study. Gelatin scaffolds were sterilized and pre-wetted
before cultured disc cells were seeded. The number of cells remained in the culture
medium was cal culated and the number of cells attached on the scaffolds was
obtained.



® Some pilot studies on the scaffolds cultured with human nucleus pulposus cells
Activities of the cultured cells in the scaffolds assessed by Microculture tetrozolium
(MTT) assay

The MTT assay is aquantitative colorimetric assay for cell survival and proliferation.
Thistest bases on the ability of live cellsto utilize a pale yellow substrate, a
tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT,
Sigma Chemical Co) , and tis subsequent modification into a dark blue formazan
product [26, 27]. The tetrazolium is cleaved in mitochondria, so the reaction only
occurs within living cells. The assay detects living cells and the signal generated is
dependent upon the degree of activation of the cells. Histological studiesincluding
H-E stain and Alcian blue stain were also performed in some scaffolds after 6 weeks
of culture.

® Morphological observation of the gelatin scaffold

The SEM picture of this gelatin scaffold was showed in figured 1. The size of the
macro-pores was 100 i min average. Thisloose structure is hypothetically good for
cultured disc cellsresidue all over the scaffold even deep into the center. Roomy
space inside the scaffold theoretically offers arich space for deposition of newly
produced matrix.

® Fluid Water absorbing capacity of the gelatin scaffold

Average dry weights of the disc-shaped gelatin scaffolds was 28.6 + 1.5 mg (range
26.6-30.8 mg). Average wet weight of the full-hydrated gelatin scaffolds was 177.9 +
22.0 mg (range 136.4-203.8 mg). Through our processing method, the gelatin
scaffolds were able to absorb 149.3 + 21.8 mg (109.1-174.6 mg) culture medium. It
was 5.2 + 0.8 times (range 4.0-6.2) of their initial dry weight. Hopefully thiswill be
able to offer enough nutrient supply in the in-vivo avascular situation.

® Number of cultured disc cells attached to the scaffold
By culturing 1x10° human disc cells with the gelatin scaffolds for 2 hours, 4.4 +0.7 x
10° cells (range 3.5-5.5 x 10°) could attach onto the scaffold.

® Resultsof pilot studies

After 2-week and 6-week culture, we could find strong absorbancein the MTT test. It
indicated the activities of cultured human disc cells were still very strong after the
culture period. WE can say this gelatin scaffold provides a appropriate environment



for the survival and even proliferation of the cultured disc cells.

Histological examination also revealed that this newly designed scaffold was good for
survival and even proliferation of cultured disc cells (figure 2, H-E stain). Blue
stained substance in Alcian Blue staining indicated there was production of
extracellular proteoglycans by the cultured disc cells (Figure 3).

Figure 2. H-E stain of 3-dimensional Figure 3. Alcian blue staining for
culture of human nucleus pulposus cells  proteoglycans
in gelatin scaffold

Al

From the results we obtained in the first year of this study, we prove this gelatin
scaffold is very promising for regeneration of nucleus pulposus. We propose to
conduct serial studiesin the second year. Larger scale of 3-dimentional disc cell
cultures will be performed in this gelatin scaffold. Nucleus pul posus cells obtained
from the surgical specimens of ten to twenty patients will be used to establish the
primary NP cell culture. MTT test will be used to demonstrate the activities of the
cultured disc cellsin the gelatin scaffolds. The contents of collagens and



glycoaminoglycans will be measured to demonstrate the ability of producing
extracellular matrix. Histological and immunohistochemical staining will be
performed to show the microscopic picture of this 3-dimentional culture system for
disc cells.
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