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Intervertebral Disc Repair by Autologous
Mesenchymal Bone Marrow Cells: A Pilot Study
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Background. Degenerative disc disease may cause severe low-back pain, a large public health problem with significant
economic and life quality impact. Chronic cases often require surgery, which may lead to biomechanical problems and
accelerated degeneration of the adjacent segments. Cell-based therapies may circumvent these problems and have
exhibited encouraging results in vitro and in animal studies. We designed a pilot study to assess feasibility and safety and
to obtain early indications on efficacy of treatment with mesenchymal stem cells (MSC) in humans.

Methods. Ten patients with chronic back pain diagnosed with lumbar disc degeneration with intact annulus fibrosus
were treated with autologous expanded bone marrow MSC injected into the nucleus pulposus area. Clinical evolution
was followed for 1 year and included evaluation of back pain, disability, and quality of life. Magnetic resonance imaging
measurements of disc height and fluid content were also performed.

Results. Feasibility and safety were confirmed and strong indications of clinical efficacy identified. Patients exhibited
rapid improvement of pain and disability (85% of maximum in 3 months) that approached 71% of optimal efficacy.
This outcome compares favorably with the results of other procedures such as spinal fusion or total disc replacement.
Although disc height was not recovered, water content was significantly elevated at 12 months.

Conclusions. MSC therapy may be a valid alternative treatment for chronic back pain caused by degenerative disc
disease. Advantages over current gold standards include simpler and more conservative intervention without surgery,
preservation of normal biomechanics, and same or better pain relief.
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Intervertebral disc degeneration is a common disease that
can lead to axial skeletal pain, radiculopathy, and myelop-
athy. Combined physical and medical therapies are successful
in relieving pain in approximately 90% of the cases. However,
the remaining 10% become chronic and generate a serious
public health problem, as chronic low-back pain (CLBP) ru-
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ins both the life quality and the labor capacity of the patient
and increases the use of health services (I, 2).

Physical therapy and exercise are generally the first
choice for treatment of CLBP. When these fail, several types
of surgery are performed to relieve pain and decrease dis-
ability. The most common interventions are spinal fusion
(arthrodesis) with damaged disc removal (discectomy) or
substitution by artificial materials (arthroplasty; total disc
replacement). The indication of surgery in CLBP is con-
troversial because of its side effects, disturbance of motion
and other biomechanical consequences that can accelerate
the degenerative cascade at the operative level and at adja-
cent segments (3, 4). Despite of these risks, spinal fusion is
the gold standard for CLBP (1, 5) and its analgesic value is
beyond question. Figure 1 presents an extensive meta-
analysis of seven high-quality recent clinical trials. Data on
evolution of pain and discapacity were recalculated and
expressed on a 0% to 100% scale. Quantification and com-
parison of several CLBP treatments was performed using
the initial pain score versus pain relief plot (6) (for more
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FIGURE 1. Comparison of the efficacy of several treat-

ments of chronic low-back pain for pain and disability re-
lief. Data from seven clinical trials (7-13), quantified using
Visual Analog Scale (open circles) and Oswestry Disability
Index (ODI; filled circles) are represented as pain relief vs.
initial pain score (6). The slope of the lines (values at right)
represents efficacy. Lines were forced to pass through the
origin. The data from the present study (This Study_MSC)
are also included for comparison. ADCT, autologous disc
cell transplantation. CI, cognitive intervention. *Replace-
ment with ProDisc and Charite prostheses (with fusion) or
fusion only; slope range from 0.50 to 0.56. **This group was
somewhat inhomogeneous because some subgroups re-
ceived different cognitive interventions. For a more de-
tailed description, letter codes, and numerical values see
Supplemental Table (Supplemental Digital Content 1,
http://links.lww.com/TP/A475).

details, see Table, Supplemental Digital Content 1,
http://links.lww.com/TP/A475).

The slope of the line defines the efficacy of any partic-
ular treatment, with complete pain relief attaining a slope of 1
(Fig. 1). The changes in pain scores (open symbols) and Os-
westry Disability Indexes (ODI, closed symbols) can be plot-
ted together, as the same relationship between the variables
exists. Exercise, the conventional “nonsurgical” treatment
(7), was the least potent treatment, with an efficacy of 0.07.
The efficacy of treatments involving cognitive intervention
plus exercise (8—10) ranged between 0.20 and 0.29, and spine
fusion protocols were the most effective, with an efficacy
ranging between 0.30 and 0.71 in different trials (7, 9-12).
Disc replacement protocols with artificial discs had the same
efficacy as fusion alone (11, 13). Finally, one trial (12) com-
pared the effects of discectomy with discectomy plus treat-
ment with cells expanded from the excised disc material
(autologous disc cell transplantation in Fig. 1). A small but
significant improvement was found in the group supple-
mented with cells after 2 years (see Table, Supplemental
Digital Content 1, http://links.Iww.com/TP/A475) (12). How-
ever, a group with only cells was not included and thus, the ef-
fectiveness of these expanded cells alone is not yet known.

Progress in the understanding of degenerative disc dis-
ease pathophysiology has promoted study of new biologic
therapies, including cell-based strategies. Potential advan-
tages of these treatments are preservation of normal sur-
rounding anatomy, biomechanics, and motion. Cell therapy
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has produced exciting results in both in vitro and in vivo (14),
and studies with mesenchymal stem cells (MSC) have been
particularly promising. Co-culture of MSC with nucleus pul-
posus cells stimulates both nucleus pulposus cells prolifera-
tion and MSC differentiation toward the chondrogenic
lineage (15-18). Increased production of cytokines, particu-
larly transforming growth factor-beta favors these transfor-
mations (18—20). The nucleus pulposus contains MSC that
are similar to the MSC recovered from bone marrow (21),
and studies in animal models of disc degeneration have
shown that MSC injected in the nucleus pulposus area not
only survive for months but also proliferate in canine
(12, 22), porcine (23), and rabbit models (24). In addition,
transplanted MSC induced production of extracellular ma-
trix proteins, including aggrecan and other proteoglycans,
and types I and II collagens (12, 23, 24). Finally, these studies
also reported that injection of MSC resulted in better preser-
vation of height and water content of the disc (12, 22, 25).
Although animal data are very promising, MSC-based thera-
pies have not yet been tested in humans. The only reported
study involving treatment of CLBP with stem cells was carried
out with unexpanded bone marrow hematopoietic precur-
sors and no improvement of the pain was reported (26).

Based on the results of previous in vitro and animal
experiments, we conducted a pilot study to test feasibility and
safety and to obtain an early indication of the therapeutic
value of MSC in human patients with chronic degenerative
disc disease. Using autologous bone marrow Good Manufac-
turing Practice (GMP)-compliant MSC maximizes biosecu-
rity of the protocol because of the previous experience with
bone marrow transplantations. Furthermore, the interven-
tion proposed here does not require surgery, does not pro-
duce anatomical modifications and does not hinder further
interventions should they be required.

RESULTS

Patients

This pilot study included 10 patients (4 male and 6
female; average age 35*7 years) diagnosed of degenerative
disc disease with preserved external annulus fibrous and per-
sistent low-back pain. Additionally, all 10 patients did not
respond to conservative treatment (physical and medical)
lasting at least 6 months. Details on inclusion and exclusion
criteria are presented in Supplemental Table 2 (see Supple-
mental Digital Content 2, http://links.lww.com/TP/A476).
The lesion was located at L4-L5 (2), L5-S1 (6), or both discs
(2). Patients were recruited between June and December 2008
and treated from December 2008 to June of 2009. No major
adverse events occurred.

Cell Expansion

The cell parameters were as follows (mean*standard
deviation [SD]; n=10): bone marrow volume, 89=+5 mL; to-
tal number of mononuclear cells obtained, 794+345X105;
expansion time, 24*+4 days; number of passages, 3; number
of MSC released, 23+5X10°; viability at the time of release,
87% £ 6%; viability at the time of application, 83% *5%. Ex-
pansion was performed under GMP conditions, with pro-
gression being monitored every other day. After 7 to 10 days
in culture, cells became relatively homogeneous and had a
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TABLE 1. Total sumscore of Visual Analogue Scale measurements for lumbar and sciatic pain and Owestry Disability
Index

Test Time N Mean SE Min P25%“ P50%" P75%“ Max
Lumbar pain (Visual Analogue Scale; 0—100) 0 10 68.9 3.3 44.0 69.0 70.0 74.0 82.0
3 mo 10 26.5 5.6 3.0 15.0 25.0 43.5 50.0
6 mo 10 21.6 6.0 3.0 6.5 17.0 28.5 63.0
12 mo 10 20.0 6.5 5.0 9.3 14.0 19.5 75.0
Sciatic pain (Visual Analogue Scale; 0—100) 0 6 37.0 9.3 21.0 22.8 36.0 71.0 100.0
3 mo 6 24.3 12.6 0.0 6.3 26.0 42.8 79.0
6 mo 6 7.8 6.9 0.0 0.5 2.5 38.3 80.0
12 mo 6 5.3 5.1 0.0 0.5 2.5 38.3 80.0
Oswestry Disability Index; (0-100) 0 10 25.0 4.1 6.0 22.0 25.0 29.5 50.0
3 mo 10 13.0 3.2 2.0 5.5 11.0 17.0 36.0
6 mo 10 9.4 2.7 0.0 2.0 7.0 15.5 26.0
12 mo 10 7.4 2.3 0.0 2.0 5.0 9.5 22.0

In all the cases, the scale was from 0% to 100%. Measurements were performed before cell transplantation (0) and 3, 6, and 12 mo later. In the case of sciatic
pain, four patients showing not such pain at the beginning of the treatment were excluded from the statistics.
“ P25%, P50%, and P75% stands for percentile 25%, 50% (median), and 75%, respectively.

SE, standard error; Min, minimum value; Max, maximum value.

fibroblastic appearance when approaching confluence. This
morphology remained unchanged until release of cells for
treatment (see Figure, Supplemental Digital Content 3,
http://links.lww.com/TP/A477). The antigenic profile con-
formed to the International Society for Cellular Therapy cri-
teria for MSC (27) (see Figure, Supplemental Digital
Content 4, http://links.lww.com/TP/A478).

Evolution of Pain, Disability, and Life Quality

Table 1 summarizes the distribution of pain and disabil-
ity indexes throughout the observation period. The starting
point of pain and disability in the cohort was homogeneous.
Patients on average felt intense lumbar pain (69*3 in the
Visual Analog Scale [VAS]) and had moderate disability
(ODI of 25+4) (mean=standard error [SE]; n=10). Six of
the patients had sciatic pain at the beginning of the trial, and
their evolution is also included in Table 1. On average, both
lumbar pain and disability were strongly reduced at 3 months
after MSC transplantation, followed by modest additional
improvement at 6 and 12 months (Fig. 2A, B). Compared with
the basal level of pain and disability, improvement was statis-
tically significant at all time points (Fig. 2 legend). The sciatic
pain followed the same trend, but the variation with respect
to pain and disability among the patients was larger (Fig. 2C).
The improvement in sciatic pain was significant at 6 and 12
months compared with the beginning of the trial. The pattern
of improvement between VAS and ODI was parallel and re-
sulted in global displacement of the whole distribution to-
wards smaller values, with a strong decrease of the medians
(P50% in Table 1). The improvements in pain and ODI at 12
months demonstrated a strong positive correlation with the
values attained at 3 months (Fig. 2D; r=0.79; P<<0.0001). The
slope of the line was 1.17, indicating that the healing effect of
MSC was rapid. In fact, 85% of the total improvement oc-
curred during the first 3 months.

In Figure 3, we have plotted lumbar pain relief, assessed
by VAS, at the end of the treatment as a function of the initial
pain score (6) (Fig. 3; inverted triangles). The efficacy of the
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treatment is equal to the slope of the dotted line, which we
compared to the “perfect treatment” with a slope of 1 (con-
tinuous line). The evolution of the disability index (circles)
was plotted together with VAS-assessed values (inverted tri-
angles) and exhibited the same relationship. Evolution of
sciatic pain in the six affected patients was also followed (tri-
angles). There was an excellent positive correlation between
the initial score and the amount of improvement (r=0.78),
indicating that the MSC treatment had a clear pain-relieving
and disability-healing effect (P<<0.0001). Regression analysis
also resulted in a significant slope (P<<0.0001). The slope of
the line, which defines the efficacy of the treatment (6), was as
high as 0.71, indicating that the effectiveness of MSC treat-
ment is considerable. The results were consistently good for
nine of the patients, but patient 3 (P3 in Fig. 3) did not dem-
onstrate any apparent benefit from treatment.

The short form-36 (SF-36) life quality questionnaire
revealed, by the end of treatment, a significant improvement
of the physical component (summary value from 12.7+3.7 to
24.8*3.9; mean=*SE; n=10; P<<0.05) with no change of the
mental component (from 54.1£10.6 to 49.7+10.5; P=0.77).

Imaging

Magnetic resonance imaging (MRI) was used to assess
disc height and water content of the discs. The heights of the
affected disc segments were (in mm; mean*SE; n=10):
9.86+0.57,9.81+0.55,and 9.84+0.63 at 0, 6, and 12 months
of transplantation, respectively. These values were not signif-
icantly different. Water content of the discs, determined from
T2-weighted sagittal images, was measured in the affected
disc segment and in the contiguous 3 to 5 segments above the
affected segment (see Figure, Supplemental Digital Content 5,
http://links.Iww.com/TP/A479 and Methods, Supplemental
Digital Content 6, http://links.Iww.com/TP/A480). A summary
of the analysis of fluid content is shown in Table 2 and individual
results are detailed in Supplemental Figure 3D (see Supplemen-
tal Digital Content 5, http://links.lww.com/TP/A479). The wa-
ter content values for the affected disc are normalized by the
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Improvement at 3 months

Temporal evolution of pain and disability over time after mesenchymal stem cells (MSC) treatment. (A) Graph

showing lumbar pain over time. Differences between for 3 and 6 months or between 3 and 12 months were not statistically
significant. VAS, Visual Analog Scale. (B) Graph showing disability over time as measured by Oswestry Disability Index
(ODI). Differences between 3 and 6 months or between 3 and 12 months were not statistically significant. (C) Graph showing
sciatic pain over time (only six patients that showed sciatic pain at the time of the intervention were analyzed). Differences
between 3 and 6 months and 3 and 12 months were statistically significant (P<0.05). Means*standard error are shown. Data
were analyzed using analysis of variance, paired populations, Bonferroni test. Comparisons with {=0: N.S., nonsignificant,
*P<0.05; **P<0.01; ***P<0.001. (D) Correlation between improvement of lumbar pain (inverted triangles) and disability
index (circles) at 3 and 12 months after MSC treatment. The line fitting all the 20 data (Y=1.17X) is shown. Linear regression

analysis: r=0.79; P<<0.0001.

values from the healthy discs in the same individual, which
created a ratio. The ratio of fluid content of the affected seg-
ments to healthy segments was low at the beginning of treat-
ment (mean*SE; n=11) at 0.62+0.03. This value did not
change significantly at 6 months but increased to 0.72+0.03
at 12 months, a difference that was statistically significant
(P<0.05, ANOVA; Bonferroni test; P=0.03, paired ¢ test,
two-tailed value).

DISCUSSION

Previous results from in vitro and animal studies indi-
cated that using expanded bone marrow MSC to treat degen-
erative disc disease may be effective (14). This study, to the
best of our knowledge, is the first to investigate this cell ther-
apy in humans. Our results show that autologous MSC trans-
plantation is both feasible and safe, with no major adverse
effects recorded. The subjective evolution was favorable, and
9 of the 10 patients improved. The GMP-compliant cell prep-
aration was satisfactory and production was reproducible
with respect to number of cells (SD=22%) and expansion
time (SD=17%). Immunophenotypic characteristics were
also adequate and stable over time (see Figure, Supplemental
Digital Content 4, http://links.Iww.com/TP/A478). Cell via-
bility was good and not affected by transport to the site of

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

administration or passage through spinal needles (data not
shown). Quality control tests, including karyotype monitor-
ing in three cell lots, were also satisfactory.

The analgesic effect of treatment with MSC was re-
markable, approaching 71% efficacy. The improvement in
pain was accompanied by a parallel improvement in disability
(Fig. 3) and physical life quality (SF-36 results). In Figure 1,
we have compared our results with the outcomes of previous
clinical trials investigating other therapeutic interventions.
Our results, labeled “This Study_MSC” in Figure 1, compare
favorably with previous trials that explored physical treatments
(7-10), and spinal fusion with or without disc replacement
(7, 9—12) or complemented with expanded disc material (12).
The analgesic effect of the intervention described here was rapid,
as most of the improvement in pain (85%) was attained by 3
months (Fig. 2). Early action has also been reported for surgical
interventions (12, 13).

In previous studies, no recovery of disc height has been
reported 5 years after spinal fusion with or without total disc
replacement (11) or 2 years after discectomy or discectomy
plus cell treatment with cells expanded from the excised ma-
terial (12). In the present study, we also found no improve-
ment in disc height. However, the fluid content of the affected
disc segments was significantly elevated at 1 year after the
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FIGURE 3. Painanddisabilityimprovementas aresultof
mesenchymal stem cell treatment. Level of improvement is
plotted as a function of the initial pain score value or dis-
ability index (6). Results for the relief of lumbar pain (in-
verted triangles), sciatic pain (triangles), and Oswestry Dis-
ability Index (ODI; circles) are all included. The
continuous line with slope 1 represents the perfect treat-
ment, in which complete pain or disability relief was
achieved. The dotted line corresponds to the linear fit of
all data. The values of the best fit (n=26; linear regres-
sion forced through the origin) were as follows: slope,
0.71; P<0.0001; Correlation analysis, Pearson r=0.78;
P<0.0001. P3 stands for patient 3.

TABLE 2. Fluid contents of the discs along the trial
period
Density” Density”
Density” before 6 mo 12 mo
transplantation afterward afterward
Mean 0.62 0.63 0.72°
Standard error 0.03 0.03 0.04
n 11 11 11

“ Image densities were measured in the T2-weighted MRI images and are
normalized to 1 with regard to the healthy discs (see Supplementary Figure 3).

b Comparison with control before transplantation: analysis of variance,
Bonferroni test; P<<0.05; paired ¢ test, P=0.03 (two tailed).

intervention (Table 2; see Figure, Supplemental Digital
Content 5, http://links.lww.com/TP/A479). This is consis-
tent with the results obtained in animals, in which MSC were
able to stop progression of disc dehydration and even induced
water gain (22, 25). Injection of the excipient without cells
had no effect (25). A slight increase of water content has also
been reported in patients treated with surgery plus cells ex-
panded from the excised disc, although this increase was seen
only at 2 years after the intervention (12). We shall certainly
follow the evolution of pain, disability, disc height, and disc
water content in our patients in next year.

We can only speculate regarding the mechanism by
which the beneficial effect of this treatment occurs. Animal

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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studies have shown that MSC injected in the NP area are able
to survive and proliferate (23, 24) and induce beneficial ef-
fects in degenerative disc disease (22, 25). Nucleus pulposus
cells induce differentiation of co-cultured MSC into nucleus
pulposus-like cells with a chondrocyte phenotype (15, 16, 19)
and, even more importantly, MSC stimulated nucleus pulpo-
sus cells to proliferate and synthesize extracellular matrix
(17, 18). This action may be important in vivo as few MSC are
required to trigger this effect (18). In addition, MSC have a
well-known immunomodulatory effect and express Fas-ligand
when implanted in the spinal discs of dogs (22). These data
indicate that MSC may help analgesia by reducing inflamma-
tion. Additionally, MSC can induce the production of anti-
inflammatory cytokines (18). Because the analgesic effect is
more evident than anatomical restoration, we may conclude
that the trophic effects are faster than the regenerative ones, at
least within 1 year after treatment. Note that, because of the
potential systemic immune suppression and stromal support
by MSC, concerns remain about possible facilitation of sys-
temic infections and tumor growth. Long-term follow-up
studies are required to address these issues (28).

Arthrodesis and arthroplasty restrict mobility and lead
often to adjacent segment degeneration (I, 3). A continual
decrease in disc height has been reported even after interver-
tebral disc transplantation (29). The alternative cell-based
therapy proposed here avoids these side effects and is a sim-
pler, less-invasive intervention. MSC treatment does not re-
quire surgery, and can be performed under an ambulatory
regime. The cell treatment is expensive today, principally be-
cause cell production must be performed under astringent
GMP conditions. However, the costs should decrease sub-
stantially in future as a result of larger scale production and
more feasible regulation.

In summary, we propose that cell therapy with ex-
panded bone marrow-derived mesenchymal cells should
be considered as a putative treatment of chronic back pain
caused by disc degeneration. Cell handling and expansion
is reproducible and quality control tests were satisfactory.
The clinical procedure is feasible and safe, and has several
advantages over the current gold standard treatments: the
intervention is simpler, more conservative, preserves nor-
mal biomechanics, does not require surgery or patient hos-
pitalization, and results in the same or better pain relief.
Future studies will involve larger trials centered in efficacy,
with increased patient number and longer follow-up pe-
riod. These studies will track the long-term evolution and
investigate the anatomical and functional changes that occur
in the intervertebral spaces. The possibility of cryopreserving
a part of the harvested cells for subsequent multi-dose appli-
cation would be extremely interesting to explore.

MATERIALS AND METHODS

Patients and Procedures

This study was designed as a pilot phase I trial. The protocol was
approved first by the Teknon Medical Centre Ethics Committee and then
by the Spanish Drug and Medicines Agency (EudraCT 2008-001191-68).
Ten patients with chronic lumbar pain and positively diagnosed with
lumbar disc degeneration and intact annulus fibrosus demonstrated by
discography (30, 31) were included. Details on the inclusion and exclu-
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sion criteria are reported in Supplemental Table 2 (see Table, Supple-
mental Digital Content 2, http://links.lww.com/TP/A476). After
complementary clinical, analytical, and imaging explorations to secure
compliance with these criteria, the patient was informed about the char-
acteristics of the protocol and, if he agreed to participate, he was asked to
sign the informed consent.

The protocol included seven visits (VO-V6) with the following contents:
V0, final check of compliance with I/E criteria, performance of all the needed
complementary explorations and tests, programming of dates for V1 and V2;
V1, bone marrow harvesting from the iliac crest (80—90 mL) for preparation
of MSC. The patient was discharged after a 2-hr observation period. This
intervention was performed under local anesthesia and slight sedation; V2
(3—4 weeks after V1), injection of MSC (10£5X10° cells per disc from a
suspension containing 107 cells/mL) in the nucleus pulpous area of the af-
fected segment (for details, see Methods, Supplemental Digital Content 6,
http://links.Iww.com/TP/A480). V3-V6, are visits at 8 days, and 3, 6, and 12
months after implantation, which included clinical exploration and routine
analysis (V3-V6), VAS, ODI, and SF-36 questionnaire, and quantitative MRI
exploration (V5 and V6).

Cell Isolation and Expansion

Cell isolation and expansion were performed in the IBGM Cell Produc-
tion Unit under GMP conditions and with specific approval of the Spanish
Drug and Medicines Agency. The bone marrow sample was transported to
the Cell Production Unit at 4 to 12°C within 12 hr of harvesting. The mono-
nuclear cell fraction was isolated by density-gradient centrifugation, resus-
pended and cultured in the MSC expansion culture medium (21) in 175 cm?
tissue culture flasks with periodical washing to remove nonadherent cells.
When cells reached 80% confluence they were trypsinized and replated, and
the process was repeated for two more passages. At the end of this period
(21-28 days), cells were harvested, resuspended in Ringer-lactate solution
containing 0.5% human albumin (clinical grade, CSL Bhering GmbH, Mar-
burg, Germany) and 5 mM glucose, and transported at 4 to 12°C by air
courier (6 hr) to Teknon Medical Centre for application. In addition to
quality control tests, viability and flow cytometric immunophenotypic pro-
file (21, 27) were also determined at this stage.

Follow-Up Controls

In addition to the standard clinical and analytical procedures, the
follow-up visits included measuring lumbar pain with VAS (6), disability with
OD], and life quality with SF-36 questionnaire (32). Results are expressed on
a 0% to 100% scale in all the cases. MRI was used to measure disc height
(22, 24) and to assess disc fluid content in T2-weighted sagittal images(see
Figure, Supplemental Digital Content 5, http://links.lww.com/TP/A479)
(22, 25, 33).

Statistical Analysis
Data are reported as mean=SD or SE, as indicated in each case. Significant

differences were assessed using GraphPad Instat3 package software, Graph-
Pad Software, La Jolla, CA.
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