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ABSTRACT

Fewmethods are available to regenerate articular cartilage defects inpatientswithosteoarthritis.We
aimed toassess the safety andefficacyof articular cartilage regenerationbyanovelmedicinal product
composed of allogeneic human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs).
Patients with Kellgren-Lawrence grade 3 osteoarthritis and International Cartilage Repair Society
(ICRS) grade 4 cartilage defects were enrolled in this clinical trial. The stem cell-basedmedicinal prod-
uct (a composite of culture-expanded allogeneic hUCB-MSCs and hyaluronic acid hydrogel [Cartistem])
was applied to the lesion site. Safety was assessed by the World Health Organization common
toxicity criteria. The primary efficacy outcome was ICRS cartilage repair assessed by arthroscopy
at 12weeks. The secondary efficacy outcomewas visual analog scale (VAS) score for pain onwalking.
During a 7-year extended follow-up, we evaluated safety, VAS score, International Knee Documen-
tation Committee (IKDC) subjective score, magnetic resonance imaging (MRI) findings, and histolog-
ical evaluations. Seven participants were enrolled. Maturing repair tissue was observed at the
12-week arthroscopic evaluation. The VAS and IKDC scores were improved at 24 weeks. The improved
clinical outcomes were stable over 7 years of follow-up. The histological findings at 1 year showed
hyaline-like cartilage. MRI at 3 years showed persistence of the regenerated cartilage. Only five mild
tomoderate treatment-emergent adverse eventswere observed. Therewere no cases of osteogenesis
or tumorigenesis over 7 years. The application of this novel stem cell-basedmedicinal product appears
tobe safe andeffective for the regeneration of durable articular cartilage inosteoarthritic knees. STEM
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SIGNIFICANCE

This paper reports the results of the first-in-human clinical trial investigating a stem cell-based
medicinal product called Cartistem (a composite of culture-expanded allogeneic human umbilical
cord blood-derived mesenchymal stem cells and hyaluronic acid hydrogel). The application of the
stem cell-based medicinal product showed promising efficacy in terms of durable cartilage regener-
ation. Clinical outcomes were improved and stable, and no significant adverse events were observed
over 7 years of follow-up. There are currently no effective regenerative options for cartilage loss in
osteoarthritis; thus, the researchers believe that this stemcell-basedmedicinal product couldprovide
a novel therapeutic option to regenerate worn cartilage lesions in osteoarthritis. The results of this
early phase clinical trial warrant further investigation with a larger number of patients.

INTRODUCTION

Articular cartilage has very limited capacity for

self-regeneration [1]. Current treatment of carti-

lage defects in osteoarthritic patients is primarily

palliative and includes medication and activity

modification. The microfracture technique is ap-

plicable for repair of small- to mid-sized cartilage

defects in osteoarthritis, but results are subopti-
mal and cartilage tends to deteriorate within a

few years [2–4]. The application of autologous

chondrocyte implantation (ACI) to osteoarthritic

knees is not routinely recommended inelderly pa-

tients because of accelerated cellular senescence

and dedifferentiation of autologous chondro-

cytes during the culture expansion process [5].
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The use of stem cells has become amajor interest in the field
of regenerative medicine. Many human tissues, including bone
marrow, adipose tissue, umbilical cord blood, and synovium,
are well-known sources of adult mesenchymal stem cells (MSCs)
[6]. However, the effects of MSCs on cartilage regeneration are
still under investigation. Although some reports are indicated
tohave studied theapplicationof stemcell therapy inosteoarthri-
tis, they have predominantly been the result of medical proce-
dures and are described as exploring the application of “a
heterogeneous cell populationobtained fromanautologous tissue
containinguncertainportionsornumberof stemcells” [7–9]. There
havebeenonlya fewreportson theapplicationofautologous stem
cells (a homogeneous stem cell population that was isolated from
an autologous tissue andexpanded in culture) for the regenerative
treatment of osteoarthritic cartilage defects [10–12]. The proce-
dureof harvesting autologous tissue toobtain stemcells is invasive
and requires the patient to undergo two operations.We could not
find a report in the literature describing the application of alloge-
neic stem cells (a homogeneous stem cell population that was iso-
lated form an allogeneic tissue and expanded in culture) for the
repair of cartilage defects in osteoarthritic patients.

Human umbilical cord blood-derivedMSCs (hUCB-MSCs) are iso-
lated in a noninvasive manner and are also hypoimmunogenic [13].
Furthermore, hUCB-MSCs have shown high expansion capacity,
which provides enough cells for therapeutic applications [14]. Fur-
thermore, we could not find any report in the literature on the
long-term safety and efficacy of allogeneic stem cells in human car-
tilage repair. Therefore, in this first-in-human clinical trial with ex-
tended duration of follow-up, we aimed to investigate the safety
and efficacy of a novel medicinal product (a composite of allogeneic
hUCB-MSCs andhyaluronic acid [HA] hydrogel [Cartistem;Medipost,
Seongnam-si, Gyeonggi-do, Korea, http://www.medi-post.com]) for
articular cartilage regeneration in patients with osteoarthritic knees.

MATERIALS AND METHODS

Study Design and Participants

This study was an open-label, single-arm, single-center, phase I/II
clinical trial with a 24-week follow-up period. In addition, we per-
formed long-term follow-up to assess safety and efficacy over
7 years. Patients diagnosed with osteoarthritis of the knee joint
with Kellgren-Lawrence (K-L) grade 3 and painful full-thickness
cartilage defects (International Cartilage Repair Society [ICRS]
grade 4 lesions), which were not responsive to more than
6 months of palliative treatment, were eligible to participate.
Other inclusion criteria were visual analog scale (VAS) score for
pain between 40 and 60 mm during screening; a cartilage defect
larger than 2 cm2; swelling, tenderness, and limited range of mo-
tion lower than grade 2; adequate blood coagulation activity; and
adequate renal and hepatic function. Participants were excluded
based on the following criteria: autoimmune or inflammatory
joint disease; ligament instability higher than grade 2; a history
of infection, surgery, or radiation therapy in the knee joint within
the past 6 weeks; enrollment in any other clinical trial within the
past 4 weeks; immunosuppressant use within the past 6 weeks;
corticosteroid or viscosupplementation injection to the affected
kneewithin the past 3months; or current pregnancy or lactation.

Two groups were studied to ensure safety of the participants
and to determine the maximum tolerated dose (MTD) based on
dose-limiting toxicity (DLT) of the study medicinal product (a

composite of allogeneic hUCB-MSCs and HA hydrogel). The first
three participants were assigned to receive low-dose MSCs
(group A), and the next three were assigned to receive high-
dose MSCs (group B) (Table 1). One participant in the low-dose
group did not consent to 12-week arthroscopy; thus one more
participant was assigned to receive low-dose MSCs (group A) to
fulfill the requirement for proceeding to the high-dose trial.
The doses and cell concentrations were selected based on previ-
ous animal studies [15]. The allogeneic hUCB-MSCs were trans-
planted at a dose of 500 ml/cm2 of the defect area with a cell
concentration of 0.5 3 107 cells per milliliter. DLT was defined
as any case with 2 or more of the following severe adverse reac-
tions after transplantation: swelling, tenderness, limited range of
motion, and pain of the knee joint. This study was reviewed and
approved by the Korean Food and Drug Administration (FDA)
and the institutional review board at our institution (Samsung
Medical Center, Seoul, South Korea). Informed consent was
obtained from all participants before enrollment in this study.

Preparation of hUCB-MSCs

Themedicinal product (hUCB-MSCs-HA hydrogel composite) was
produced under Good Manufacturing Practice guidelines, which
were approved by the regulatory authority, and provided as an
investigational new drug by Medipost. Human umbilical cord
blood was collected from umbilical veins at the time of neonatal
delivery, with informed consent from themother, and stored in a
cordbloodbank. ThehUCB-MSCswere isolatedandcharacterized
according to previously published methods [16]. Mononuclear
cells were separated by density gradient centrifugation at 550g
for 30 minutes using a Ficoll-Hypaque solution (density, 1.077 g/ml;
Sigma-Aldrich, St. Louis,MO,http://www.sigmaaldrich.com). Isolated
mononuclear cells were washed, suspended in minimum essen-
tial medium (a-MEM; Thermo Fisher Scientific Life Sciences, Wal-
tham, MA, http://www.thermofisher.com) supplemented with
10% fetal bovine serum (FBS; GE Healthcare Life Sciences, Pitts-
burgh, PA,http://www.gelifesciences.com), and thenseeded into
culture flasks at a concentration of 53 106 cells per cm2. Cultures
were maintained at 37°C in a humidified atmosphere containing
5% CO2, with a change of culture medium twice per week. Colo-
nies of spindle-shaped cells formed approximately 2 weeks after
plating. Cells were trypsinized (0.25% trypsin; GE Healthcare Life
Sciences), washed, and resuspended in culture medium (a-MEM
supplemented with 10% FBS) when the monolayer of MSC colo-
nies reached 80% confluence.

Application of the Stem Cell-Based Medicinal Product

A standard arthroscopic examination was performed to assess
cartilage defects. Then, the cartilage defect site was exposed
through a small longitudinal arthrotomy. Multiple drill holes
(5 mm in diameter and 5 mm deep) were made approximately
2–3 mm apart at the cartilage defect site of the femoral condyle.
The study drug (Cartistem) was implanted in the drill holes of the
lesion from thebase to the surface (supplemental online Fig. 1). In
the case of a kissing lesion, the composite was only transplanted
in the femoral lesion because of dose limitation in terms of cell
numbers. The wound was then closed and a splint was applied.

Postoperative Rehabilitation

Patientswereencouraged toperformquadriceps-settingandstraight
leg-raising exercises starting immediately after surgery. Active and
active-assisted range of motion exercise and nonweight-bearing
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ambulation of the operated knee with a walking aid was started
on postoperative day 1. Nonweight-bearing ambulation was rec-
ommended for 12 weeks post-transplantation to protect the re-
pair tissue.

Outcome Measures

Safety parameters included any abnormality found in the physical
examination, vital signs, or laboratory studies as well as any ad-
verse events (AEs). Adverse reactions in the knee joint were
assessed by swelling, tenderness, active range of motion, and
pain. Other AEs were categorized by the World Health Organiza-
tion (WHO)CommonToxicity Criteria forAdverse Events [17]. The
primary efficacy parameter was the cartilage status at 12 weeks
post-transplantation, which was assessed by an arthroscopic ex-
amination according to the ICRS cartilage repair assessment [18].
Secondary efficacy parameters were the 100-mm VAS score for
pain on walking and International Knee Documentation Commit-
tee (IKDC) subjective knee evaluation form score. Safety and ef-
ficacy parameters were assessed during screening, immediately
after transplantation, and at 2, 4, 8, 12, and 24 weeks post-
transplantation per the initial protocol.

During the 7-year extended follow-up period, safety assess-
ments, assessment of the VAS score for pain and IKDC score, ar-
throscopy, magnetic resonance imaging (MRI), and histological
evaluations were performed. The safety parameters, VAS score
for pain, and IKDC score were evaluated at 1-, 3-, and 7-year
follow-up visits. An independent research assistant administered
the questionnaires on safety and efficacy. Secondary arthroscopy
was performed at 1 year, whichwas evaluated by an independent
surgeon. Histological assessment was performed at 1 year. The
biopsy specimens taken during the secondary arthroscopy were
stained with Masson’s trichrome, Safranin O, and immunohisto-
chemical staining for type II collagen, and were evaluated by an
independent pathologist blinded to this trial. A delayed
gadolinium-enhancedMRI of the cartilage (dGEMRIC) was per-
formed at 3 years post-transplantation to evaluate the quality
of the regenerated cartilage. A dGEMRIC measures the T1 relaxa-
tion time of the cartilage and involves the intravenous adminis-
tration of negatively charged contrast agent (Gd-DTPA22). The
distribution of Gd-DTPA2- is inversely proportional to glycosami-
noglycan (GAG) content of the tissue of interest. Healthy cartilage,
which contains an abundance of GAG, will show a low Gd-DTPA22

concentration, whereas GAG-depleted degraded cartilage will
show a high Gd-DTPA22 concentration. T1 relaxation times are
inversely proportional to the concentration of Gd-DTPA22. TheTa
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Table 2. Summary of treatment-emergent adverse events by body
system (all causalities)

Body system Group A (n = 4) Group B (n = 3) Total (N = 7)

General 1 (25.0) 1 (33.3) 2 (28.6)

Back pain 0 (0.0) 1 (33.3) 1 (14.3)

Increased infection
susceptibility

1 (25.0) 0 (0.0) 1 (14.3)

Musculoskeletal 2 (50.0) 0 (0.0) 2 (28.6)

Arthralgia 2 (50.0) 0 (0.0) 2 (28.6)

Urinary System 1 (25.0) 0 (0.0) 1 (14.3)

Micturition
disorder

1 (25.0) 0 (0.0) 1 (14.3)

Data are reported as the number of events (%).
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precontrast T1 relaxation time was calculated to evaluate the
change in GAG content in the repair-cartilage tissue. The T1 relaxa-
tion time was measured for 2 representative regions of interest
(ROIs) in the sameslice: the repair tissuearea (ROI1) and thehealthy
native cartilage (ROI 2). Quantitative R1, which represents the relax-
ation rate, ismeasuredas1/T1 (in1/second). Thechange inR1 (DR1)
was calculated as the difference between the precontrast and post-
contrast R1. The DR1 represents the concentration of Gd-DTPA22.
The ratio of DR1 in regenerated cartilage to DR1 in native cartilage
is known as the relative DR1 index, which equals 1.0 in the case of
perfect regeneration [19]. TheMRI scanwasassessedbyan indepen-
dent musculoskeletal radiologist who was blinded to this study.

Statistical Analysis

Safety analyses were performed on all of the participants who
received hUCB-MSCs-HA hydrogel composite transplantation. Effi-
cacy analyses included all participants who had at least one efficacy
parameterevaluated. Thepre- andposttransplantationVASscore for
pain and IKDC subjective scores were compared using the Wilcoxon
signed-rank test. All statistical analyses were performed using SAS
version 9.3 (SAS Institute, Cary, NC, http://www.sas.com). P values
less than .05 were considered statistically significant.

RESULTS

Baseline and Treatment Characteristics

Seven participants received a hUCB-MSCs and HA hydrogel com-
posite transplantation between November 2, 2005, and May 12,
2007 (supplemental onlineFig. 2). Themean ageof theparticipants

was 58.7 years, and their mean BMI was 26.4 kg/m2. The average
defect size was 4.9 cm2 in group A and 7.3 cm2 in group B. Group
A participants were implanted with 1.15–1.25 3 107 hUCB-MSCs,
and group B participants were implanted with 1.65–2.00 3 107

hUCB-MSCs according to the size of the articular cartilage defect.
Six participants consented to join theextended follow-upstudyafter
the 6-month visit. One participant in group A opted out of the ex-
tendedfollow-upstudybecauseshewassatisfiedwith thecurrentsta-
tus of her knee and did not want additional examinations (Table 1).

Safety and Toxicity

Mild to moderate AEs, but no serious AEs, were reported in five
participants as follows: arthralgia, back pain, bladder distension,
and elevated antithyroglobulin antibody level (Tables 2, 3). Only
the elevated antithyroglobulin antibody level, which was classi-
fied as “increased infection susceptibility” according to the
WHO criteria, was determined to be a treatment-emergent ad-
verse event (TEAE). An internal medicine specialist judged that
it required no additional treatment, and it normalized spontane-
ously. Noparticipant experiencedDLT. Therefore, thehigher dose
was determined to be the MTD. In the extended follow-up, no
specific adverse reactions were observed in the six participants
over 7 years. No participants underwent additional knee surgery
or knee replacement conversiondue topain, aggravation, or func-
tional impairment of the knee through the follow-up period.

Efficacy

Maturing repair tissue was observed at the 12-week arthroscopic
examination (supplemental online Table 1). In the extended

Table 3. Incidence of treatment-emergent adverse events

Adverse event Group A (n = 4) Group B (n = 3) Total (N = 7)

One or more TEAEs 4 (100.0) 1 (33.3) 5 (71.4)

Treatment-emergent ADR 1 (25.0) 0 (0.0) 1 (14.3)

Serious AE (treatment-emergent) 0 (0.0) 0 (0.0) 0 (0.0)

SeriousADR (treatment-emergent) 0 (0.0) 0 (0.0) 0 (0.0)

Withdrawn because of AE 0 (0.0) 0 (0.0) 0 (0.0)

Death 0 (0.0) 0 (0.0) 0 (0.0)

Data are reported as the number of participants (%).
Abbreviations: ADR, adverse drug reaction; AE, adverse event; TEAE, treatment-emergent adverse event.

Figure 1. Findings from secondary arthroscopy at 1 year after human umbilical cord blood-derived mesenchymal stem cell-hyaluronic acid
hydrogel composite transplantation. (A):Good resurfacingwas identified at thedefect site. Thedefect sitewas resurfacedwellwith regenerated
cartilage showing a smooth surface. Firm consistency of the regenerated cartilage was palpable with a probe. Good integration with the sur-
rounding cartilage was also observed. The repair cartilage was assessed as grade 2 according to the International Cartilage Repair Society as-
sessment criteria in this participant (ID: 007-004). (B): A biopsy sample was taken from the regenerated cartilage, and fairly thick regenerated
cartilage was recognizable at the biopsy site.
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follow-up, two participants consented to the arthroscopic exam-
ination with biopsy at 1 year. The arthroscopic examination at
1 year revealed good resurfacing with thick and glossy white
hyaline-like cartilage at the lesion site. The regenerated cartilage
hada smooth surfacewith firmconsistency andalso showedgood
integrationwith the surrounding native cartilage (Fig. 1). No bone
formation or overgrowth was observed. The biopsy specimens
were stained strongly with Masson’s trichrome, Safranin O, and
the immunohistochemical stain for type II collagen, which rep-
resents a similar histology to that of native hyaline cartilage
(Fig. 2).

The 100-mm VAS score for pain improved from 49.1 at pre-
transplantation to 19.3 at 24 weeks post-transplantation
(p = .018). The IKDC subjective score also improved from 39.1
at pretransplantation to 63.2 at 24 weeks post-transplantation
(p = .018) in all seven participants. These improved scores were
maintainedwithout significant deterioration up to 7 years (Fig. 3).

Five participants consented toMRI evaluation at 3 years. The
mean relativeDR1 index was 1.44 (supplemental online Table 2),
which indicated high GAG content of the regenerated cartilage
(Fig. 4).

DISCUSSION

The results of this phase I/II clinical trial show that a novel stem
cell-basedmedicinal product (Cartistem), composedof allogeneic
hUCB-MSCs and HA hydrogel, had an acceptable efficacy and
safety profile during the core trial phase and over extended follow-
up. No significant AEs or undesired effects such as overgrowth, osse-
ous metaplasia, or tumorigenesis were observed during this study.
One TEAE was reported (elevation of the antithyroglobulin an-
tibody level) but normalized spontaneously. Arthroscopic exam-
inations at 1 year showed well-healed cartilage defect sites. The
histological assessment at 1 year showed highly hyaline-like car-
tilage. A dGEMRIC at 3 years showed persistent regenerated
cartilage with high GAG content. The improved pain and function
of participants did not show significant deterioration over 7 years
of follow-up.

To our knowledge, this is the first report of a clinical trial in-
vestigating an allogeneic stem cell-basedmedicinal product (allo-
geneic hUCB-MSC-based therapeutics) for the regeneration of
articular cartilage defects in osteoarthritic patients. As men-
tioned, there have been some studies that explored the applica-
tion of stem cell therapy on osteoarthritis. However, upon closer
inspection, these studies, for the most part, describe results of
medical procedures using a heterogeneous cell population
obtained froman autologous tissue containing an uncertain num-
ber of stem cells [7–9]. The cell population obtained by these
medical procedures contains variable numbers of autologous
stem cells, which is less than 0.1% in the case of the bonemarrow
aspirate concentration procedure [20].We question whether the
term “stemcell therapy” is acceptable for this kindofmedical pro-
cedure containing only a small number of stem cells [8].

Recently, there have been a few reports of actual stem cell
therapy using autologous stem cells (a homogeneous stem
cell population that was isolated from autologous tissue and
expanded in culture) for the regenerative treatment of oste-
oarthritic cartilage defects [10–12]. However, clinical use of
allogeneic stem cells for cartilage regeneration has not been
reported and, therefore, information on efficacy and safety is
lacking. Although autologous BM-MSCs have been extensively

Figure 2. Histological findings of the regenerated cartilage. Thehisto-
logic analysis of the biopsy sample showed that the regenerated carti-
lage had a staining pattern similar to that of normal articular hyaline
cartilage. A columnar alignment of chondrocytes with lacunae forma-
tion was observed at the regenerated cartilage. (A): Masson’s tri-
chrome staining showed abundant collagen staining. (B): Safranin O
staining showed abundant glycosaminoglycan staining. (C): Immuno-
histochemical staining showedstrongstainingof type II collagen,which
is typical in articular hyaline cartilage. The superficial region near the
articular surface is less strongly stained with Masson’s trichrome, Saf-
ranin O, and type II collagen antibody, and the deepest portion of the
repair site was transformed to a subchondral bone, which is similar to
the histological architecture of native articular cartilage. Scale bars =
200 mm (left), 100 mm (middle), and 50 mm (right).
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studied, the collection of autologous BM-MSCs is invasive. More
importantly, the number ofMSCs obtained from harvested BM is
very limited, especially in older patients [20]. The hUCB-MSCs
have a higher proliferation rate, karyotype stability after pro-
longed expansion, and greater chondrogenic potential compared
with BM-MSCs [21]. Moreover, hUCB-MSCs have several addi-
tional advantages, including ease of availability from cord blood
banks, noninvasive collectionprocedures, andhypoimmunogenic
properties [22]. There have been some preclinical studies that
showed efficacy of hUCB-MSCs for cartilage regeneration [15,
23, 24]. Thus, we believe that hUCB-MSCs are strong candidates
for development of a novel stem cell-basedmedicinal product for
cartilage regeneration in osteoarthritic patients.

Our study reveals that treatment with an allogeneic hUCB-
MSC product (Cartistem) is safe. Our results show no significant

AEs or undesired effects over 7 years of follow-up. None of the
participants had substantial permanent morbidity, nor did any
subjects discontinue the study prematurely after transplanta-
tion. Only one participant was lost in the long-term extension
phase, because she died of senile infirmity at 6 years post-
transplantation at the age of 76. We also found no evidence of
abnormal findings suggesting rejection or infection. We believe
that the characteristics of the hUCB-MSCs such as hypoimmuno-
genicity and immunomodulatory activity [25, 26] contributed to
the lack of rejection, despite their allogeneic use.

Treatment with the new hUCB-MSC–HA composite was
associated with no detectable immunological issues and
resulted in successful regeneration of articular cartilage, even
in immunocompetentanimals [15,23,24].Thetransplantedcellsdis-
appeared gradually from 4 to 8weeks in rabbit andmini-pigmodels

Figure 3. Changes in VAS score for pain and IKDC subjective knee scores over the 7-year follow-up period. (A): The VAS score for pain was
significantly improved in all participants at 3 months post-transplantation (a result that may have been significantly affected by nonweight-
bearing ambulation for that period) and increased nonsignificantly at 6months (p = .204). The improvement in pain at 6monthswasmaintained
for 7 years. (B): The IKDC subjective knee score was improved significantly in all participants at 6months. This improvement did not deteriorate
significantly over 7 years. Abbreviations: IKDC, International Knee Documentation Committee; VAS, visual analog scale.
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[24]. Other in vivo studies that investigated the fate of transplanted
MSCs in osteoarthritis reported that labeled transplanted MSCs
gradually disappeared in the regenerated tissue over time [27].
We believe that the gradual disappearance of transplanted hUCB-
MSCs contributes to the long-term safety of allogeneic transplanta-
tion of hUCB-MSCs that we observed in our study. Currently, the
mode of action of hUCB-MSCs is understood to promote differenti-
ationofendogenouschondroprogenitor cellsbyparacrineaction [28].
ThesefindingssupporttheuseofallogeneichUCB-MSCsasasafether-
apeuticoption intheclinicalsettingthatwarrantsfurther investigation
to confirm the safety and efficacy in a larger patient population.

The results of this study also suggest that the novel allogeneic
stem cell-basedmedicinal product results in good-quality cartilage
regeneration in osteoarthritis. The histological evaluation at 1 year
revealed that the repair tissue was similar to native hyaline carti-
lage. At the 3-year MRI assessment for the quality of repaired tis-
sue, the average relativeDR1was 1.44 among the five participants
studied, which suggests that the repaired tissue is comparable to
healthy native cartilage. Previous reports indicate that relative
DR1 was 1.32 at 1 year post-ACI for focal chondral defects in nine
patients (average age, 21.2 years) [19], and 1.13 and 1.55 at 1 year
and 2 years, respectively, for postosteochondral allograft

transplantation in nine patients (average age, 43.2 years) [29]. Al-
though the hUCB-MSCs-HA compositewas transplanted at sites of
osteoarthritic cartilage defects in elderly patients in this study, the
relative DR1 of this study was comparable with that after ACI or
osteochondral allograft transplantation in younger patients with
focal chondral defects [19, 29]. These results suggest that hUCB-
MSC–HA hydrogel composite transplantationmay have amore fa-
vorableoutcome thancurrently available cartilage repairmethods.

Another notable finding of this study is that the improvements
in pain and function at 24 weeks post-transplantation did not de-
teriorate significantly for 7 years. In addition, the participants en-
rolled in this study were patients with K-L grade 3 osteoarthritis at
baseline, but did not undergo any additional knee surgery or knee
joint-replacement surgery during the7-year follow-upperiodpost-
transplantation. These long-term results are significant given that
microfracture has been reported to provide short-term improve-
ment in knee pain and function for osteoarthritic cartilage lesions,
but cartilage once again deteriorates after 1–2 years [30]. This de-
cline isattributedto thedifference indurabilityof the fibrocartilage
that results frommicrofracture compared with native hyaline car-
tilage [3]. Therefore, the findings of our study are encouraging be-
cause current articular cartilage repair procedures are known tobe

Figure 4. Magnetic resonance imaging (MRI) evaluation of cartilage regeneration 3 years after human umbilical cord blood-derived mesen-
chymal stemcell-hyaluronic acidhydrogel composite transplantation. (A):Acartilagedefect of International CartilageRepair Society grade4was
detected at themedial femoral condyle by a preoperativeMRI. (B): Cartilage regeneration at the defect sitewas observed at themedial femoral
condyle at 3 years post-transplantation. (C): The change in relaxation rate (DR1) in regenerated cartilage and DR1 in native cartilage were
obtained at the marked areas to calculate the relative DR1. (D): A high glycosaminoglycan (GAG) content was observed in the regenerated
cartilage by delayed gadolinium-enhanced MRI of the cartilage. Higher T1 values (blue) are associated with increased relative GAG content,
whereas lower T1 values (red) are associated with decreased GAG content.
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unsatisfactoryamongelderlypatientswith largedefects [5, 31, 32].
In the present study, the repair site was restored with hyaline-like
cartilage tissue, which seemed to contribute to the observed per-
sistence of the regenerated cartilagewith durable improvement in
pain and function. These findings suggest that the hUCB-MSC–HA
composite can be a stem cell-based therapeutic product for the
treatment of osteoarthritic cartilage defects.

Limitationsof this studyshouldbeconsidered.First, a smallnum-
berofpatients participated in this clinical trial. Small sample size is an
inherent limitationofthis typeofphase I/II first-in-humanclinical trial
because the risk-benefit ratio in humans is unknown. This study in-
cluded surgical procedures andwas the first in-human clinical trial of
theallogeneicUCB-MSCproduct. Thus, the regulatory authorityonly
allowed a small number of patients to participate with a dose-
escalation protocol. Second, there is no control group in this clinical
trial. Because there was no optimal method for cartilage regenera-
tion in osteoarthritis that could have been used as a control proce-
dure and there were also concerns about making large-bore drill
holes (5 mm) at the subchondral bone without any additions, this
clinical trial could not have been conducted with a control group.
The microfracture technique using small-bore drill holes (usually
1–2 mm) has resulted in deterioration within a few years [2, 3].
Moreover, in our preclinical studieswith hUCB-MSCs, we found that
hUCB-MSC transplantation showed favorable cartilage regeneration
compared with an untreated defect-only control group [23, 24]. Al-
though this study has no control group (defect only), the safety and
efficacyofhUCB-MSCs for cartilage regenerationwere verified in the
long-term extended follow-up period. Third, this study could not
evaluate cartilage repair in highly deformed knees. The participants
in this study had K-L grade 3 osteoarthritis; therefore, the lower ex-
tremity alignmentwasnot severely deformed. Fourth, only twopar-
ticipants consented to the arthroscopic examination for biopsy
at 1-year post-transplantation. The dGEMRIC, however, was per-
formed in five participants, and demonstrated encouraging results
in termsof qualityof the repair tissue. Finally, themodeof actionof
the hUCB-MSCs for the regeneration of articular cartilage is only
partially understood [28].

CONCLUSION

Application of the allogeneic hUCB-MSCs-based novel medicinal
product appears to be safe and effective for the regeneration of

durable hyaline-like cartilage in osteoarthritic knees. The results
of this study warrant further investigation of this novel therapeu-
tic product in a larger number of patients.
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