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ABSTRACT

Knee osteoarthritis (OA) is a leading cause of pain and disability. Although conventional treat-
ments show modest benefits, pilot and phase I/II trials with bone marrow (BM) and adipose-
derived (AD) mesenchymal stromal cells (MSCs) point to the feasibility, safety, and occurrence of
clinical and structural improvement in focal or diffuse disease. This study aimed to assess the
safety and efficacy of the intra-articular injection of single or repeated umbilical cord-derived
(UC) MSCs in knee OA. UC-MSCs were cultured in an International Organization for Standardiza-
tion 9001:2015 certified Good Manufacturing Practice-type Laboratory. Patients with symptom-
atic knee OA were randomized to receive hyaluronic acid at baseline and 6 months (HA, n = 8),
single-dose (20 × 106) UC-MSC at baseline (MSC-1, n = 9), or repeated UC-MSC doses at baseline
and 6 months (20 × 106 × 2; MSC-2, n = 9). Clinical scores and magnetic resonance images
(MRIs) were assessed throughout the 12 months follow-up. No severe adverse events were
reported. Only MSC-treated patients experienced significant pain and function improvements
from baseline (p = .001). At 12 months, Western Ontario and Mc Master Universities Arthritis
Index (WOMAC-A; pain subscale) reached significantly lower levels of pain in the MSC-2-treated
group (1.1 � 1.3) as compared with the HA group (4.3 � 3.5; p = .04). Pain Visual Analog scale
was significantly lower in the MSC-2 group versus the HA group (2.4 � 2.1 vs. 22.1 � 9.8,
p = .03) at 12 months. For total WOMAC, MSC-2 had lower scores than HA at 12 months
(4.2 � 3.9 vs. 15.2 � 11, p = .05). No differences in MRI scores were detected. In a phase I/II trial
(NCT02580695), repeated UC-MSC treatment is safe and superior to active comparator in knee
OA at 1-year follow-up. STEM CELLS TRANSLATIONAL MEDICINE 2018;00:1–10

SIGNIFICANCE STATEMENT

Osteoarthritis is the main disabling musculoskeletal disorder in adults, for which presently avail-
able treatments are only of marginal benefit. This trial provides evidence of safety and efficacy
of a highly accessible allogeneic cell source that had not been tested in knee osteoarthritis, in
spite of its well-known biological advantages. Even if these results should be confirmed in larger
trials, they point the way to a simple, scalable cell-based therapy open to repeated applications
with no need for invasive surgical procedures.

INTRODUCTION

Osteoarthritis (OA) is the most common joint dis-
ease, leading to chronic pain, poor quality of life,
and increased mortality [1–3]. This imposes a
major social burden due to elevated health care
costs and premature workforce retirement [4,
5]. However, despite decades of research, no

true disease-modifying OA drugs are described,

and clinical effects of pharmacological interven-

tions remain of short duration. In consequence,

current aims have been directed toward the

development of newer cell-based therapies. Ini-

tial attempts aiming at joint repair with autolo-

gous chondrocytes [6, 7], thus requiring surgical
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harvest and implantation, have been in part replaced by the use

of mesenchymal stromal cells (MSCs), because they have both

the capacity for self-renewal and expansion, as well as

inflammation-dependent homing mechanisms associated with

tissue restoring properties [8–10].
In animal models of induced OA, from mouse to horse, MSC

transplantation has been able to prevent, halt, or even reverse
cartilage degradation [11–15]. Most human data from clinical
series emerge from individuals with underlying OA-predisposing
conditions that require surgical intervention, such as meniscal
tears or focal chondral defects (FCDs). In such cases, improve-
ments in pain, histologic, and magnetic resonance imaging (MRI)
morphologic scores have been noted [16–18].

However, MSC therapy is also being assessed now in
patients with diffuse knee OA. Indeed, three pilot studies of
autologous cell therapy with bone marrow (BM)-MSCs or
adipose-derived (AD)-MSCs have been reported, suggesting
early evidence of clinical efficacy at 6 months follow-up [19–21].
In addition, a single phase I trial has tested allogeneic BM-MSCs,
also reporting improvements in joint pain and function [22].
Since we and others have shown that umbilical cord-derived-
MSCs (UC-MSCs) exhibit higher clonogenic, proliferative,
and migration potential than BM-MSCs, as well as improved
secretion of relevant chondrogenic factors [23, 24], interest in
UC-MSCs as a more potent cell source suitable for allogeneic
MSC-based therapy has expanded [25]. More than 3,000 patients
have received allogeneic MSC treatment for different conditions,
and no event linked to allo reactivity has been reported [26].

We therefore decided to test this easily accessible and
well-characterized source of MSCs in a phase I/II controlled,
randomized, triple-blind trial, comparing single or double
intra-articular injection of UC-MSCs, with an approved visco-
supplementation treatment, in individuals with knee OA.

SUBJECTS, MATERIALS, AND METHODS

Study Design

The study was registered at ClinicalTrials.gov (NCT02580695)
and planned as a phase I/II randomized, double-blind, con-
trolled trial assessing the safety and efficacy of single or
repeated doses of intra-articular UC-MSCs, compared with
repeated doses of intra-articular hyaluronic acid (HA) in
patients with knee OA. It was approved prior to patient
recruitment by a Chilean Ministry of Health Ethics Committee
(CECSSMO131015) and conducted in accordance with Good
Clinical Practice guidelines and the Declaration of Helsinki.

Patients

The target population included individuals of 40–65 years of
age, recruited between November 2015 and January 2016 at
the University of los Andes Clinical Center in Santiago, Chile,
and meeting the following inclusion criteria: symptomatic knee
OA (defined by daily pain at the affected joint for at least
3 months before inclusion) with grade 1–3 Kellgren-Lawrence
radiographic changes in the targeted knee, without meniscal
rupture. Patients were excluded if they had bilateral symptom-
atic knee OA, condylar or tibial plateau generalized bone mar-
row edema on MRI, major axial deviation defined by valgus
(>10�) or varus (5�) deformity of the involved leg, use of oral

or intra-articular steroids or hyaluronic acid in the past
6 months, ipsilateral hip or ankle pain, local or systemic infec-
tion, any form of secondary arthritis, previous malignancy, or
body mass index ≥30. All randomized patients provided writ-
ten informed consent.

Intervention

Forty individuals were screened, leading to the randomized
allocation by electronic data entry system of 29 patients at a
1:1:1 ratio, into the three study groups receiving intra-articular
knee injections of HA at baseline and 6 months (Control group,
n = 8); UC-MSCs at baseline and 6 months (MSC-2 group,
n = 9), or UC-MSCs only at baseline, followed by placebo at
6 months (MSC-1 group, n = 9; Fig. 1). MSC injections con-
tained 20 × 106 UC-MSCs in 3 cc of saline with 5% AB plasma,
HA injections contained 3 cc of Durolane, and placebo injec-
tions contained 5% AB plasma in 3 cc of saline.

Outcomes

The primary endpoint of the trial was the safety of UC-MSC
treatment, according to the number of treatment-related
adverse events (AEs) reported for each study group as coded
by the Common Terminology Criteria for Adverse Event classi-
fication. AEs were documented at each visit and described in
terms of incidence, severity, and relatedness with intra-
articular infiltration. The secondary endpoint of the trial was
efficacy, as assessed by the following validated clinical out-
come scales: Western Ontario and Mc Master Universities
Arthritis Index (WOMAC) Spanish validated version [27], Pain
Visual Analog scale (VAS), Quality of life by the Short-form
36 (SF-36) questionnaire [28], Patient Global Assessment, and
the Outcome Measures in Rheumatology Committee (OMER-
ACT)-Osteoarthritis Research Society International (OARSI)
Responder Index Criteria [29]. WOMAC was registered accord-
ing to Likert Scale version using the following descriptors for
each item: none (0), mild (1), moderate (2), severe (3), and
extreme (4). Final scores are the sum of items in each sub-
scale, ranging 0–20 for pain, 0–8 for stiffness, and 0–68 for
physical function. Knee MRI assessments were performed and
assessed blindly by a single radiologist at baseline, at 6 months,
and at 12 months, according to the Whole-Organ Magnetic
Resonance Imaging Score (WORMS) [30].

Procedures. All injections were performed by two orthopedic
surgeons in the study, blinded to the component being injected,
in syringes equal in volume (3 cc) and external aspect, using an
anterolateral approach at the medial joint line with 90� of knee
flexion. Patients were encouraged to avoid physical activity for
48 hours after the procedure. Acetaminophen (1 g every
8 hours) was allowed as needed in case of pain.

Follow-Up. Clinical outcome and trial assessments were eval-
uated at intervals of 1, 4, 8, 12, 24, 36, and 52 weeks by
another orthopedic surgeon in the study, not involved in the
treatment procedures and blinded to patient allocation.

Preparation and Characterization of UC-MSC

The UC-MSCs for this trial (Cellistem-OA, Cells for Cells, Chile)
were manufactured as previously described [23], and have
been extensively characterized by our group [24]. Briefly, treat-
ments were processed in an International Organization for
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Standardization 9001:2015-certified Good Manufacturing Prac-
tice (GMP)-type Laboratory (Cells for Cells, Santiago, Chile),
under GMP conditions according to the Food and Drug Adminis-
tration Guidance for industry (current good tissue practice and
additional requirements for manufacturers of human cells, tis-
sues, and cellular and tissue-based products). Umbilical cords
were obtained from full-term human placentas by cesarean
section after informed consent, from healthy donors, and were
aseptically stored in sterile phosphate-buffered saline (PBS) sup-
plemented with 100 U/mL penicillin and 100 μg/mL streptomy-
cin (Gibco, Grand Island, NY, U.S.). Within 3 hours of birth, the
umbilical cord was sectioned and washed with PBS and antibi-
otics. Wharton’s jelly was dissected into small fragments
(1–2 mm), seeded in 100-mm culture plates, and maintained in
Minimum Essential Medium Eagle (MEM) Alpha Modifications
(Alfa-MEM) high glucose (Gibco, Grand Island, NY, U.S.) supple-
mented with 10% heat-inactivated fetal bovine serum (Gibco,
U.S.), 1% penicillin/streptomycin, and 2 mM L-glutamine (Gibco,
Grand Island, NY, U.S.). At 48 hours, nonadherent cells were
removed and washed with PBS, and culture medium was

replaced with fresh medium every 3 days. When the cell culture
reached 70%–80% confluence, cells were detached by treatment
with TrypLE TM Express (Gibco, Grand Island, NY, U.S.) and
reseeded at a density of 2,500 cells per cm2 into 500-cm2

flasks
(Nunc, Denmark). At passage 3, UC-MSC were characterized
according to the International Society for Cellular Therapy Guide-
lines [30], harvested, and cryopreserved in Profreeze (Lonza,
Walkersville, MD) following the manufacturer’s instruction. Cell
size and doubling time, senescence markers, paracrine and
immunomodulatory activity, and migration capacity of UC-MSCs
as compared with BM-MSCs have been described elsewhere
(RIMECARD trial) [23, 24]. The protocol is patented by Cells for
Cells, request number 201702357.

For the trial, cells were thawed and expanded until passage
5 using Alfa-MEM supplemented with 10% AB plasma. Cells were
detached by treatment with TrypLE TM Express and washed
twice with PBS prior to final suspension and packaging. The
release criteria for clinical use of UC-MSC comprised the absence
of macroscopic clumps, contaminating pathogenic microorgan-
isms (bacteria, mycoplasma, syphilis, hepatitis B virus, hepatitis C

Figure 1. Flow chart. Abbreviation: MSC, mesenchymal stromal cell.
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virus, HIV, cytomegalovirus, and fungi), or endotoxin (≤0.5
EU/mL); and a viability >80%, with an identity and purity pattern
characterized by ≥95% positivity for CD73, CD90, and CD105,
and negativity (≤2%) for the expression of CD45, CD34, CD14,
and Human Leukocyte Antigen-DR isotype (HLA-DR). Cells (20 ×
106) were suspended in a final volume of 3 mL (saline solution,
5% AB plasma) and dispensed in masked 5-mL syringes to treat
individual patients accordingly with the study design.

UC-MSC Batch Selection

Several batches of UC-MSCs from three different healthy
donors were isolated and expanded under GMP conditions for
testing of additional prespecified requirements (Fig. 2).

Differentiation Potential of UC-MSCs. To ensure compliance
of our cell source with the International Society for Cellular Ther-
apy (ISCT) defined criteria for MSC identification [31], compliant
good manufacturing process (cGMP) manufactured UC-MSC
batches were also evaluated for tri-differentiation to mesodermic
lineages. Cells were thawed, grown under specific culture
conditions, and stained for detection of adipogenic (Oil Red O),
osteogenic (Alizarin Red), and chondrogenic (Safranin O) differen-
tiation (Fig. 2A).

Doubling Time of UC-MSCs. UC-MSC batches with satisfac-
tory tri-differentiation were further evaluated for proliferation
rate, according to the calculated doubling times (DTs). The
batch selected for the trial (CU 108–6) had the best DT values
(33.8 vs. 39.9, 95% confidence interval −10.8 to −1.3, p = .01,
compared with CU 745–3; Fig. 2B).

Paracrine Criteria. We assessed thrombospondin-2 (TSP2)
secretion as described by Jeong et al. given its role in

chondrogenic differentiation [32]. TSP2 enzyme-linked immu-
nosorbent assay was performed according to manufacturer
instructions (DuoSet Human Thrombospondin-2, R&D Systems,
DY1635) with supernatants from the tested MSCs in passage
5. As indicated in Figure 2C, we selected the MSC source with
higher TSP-2 secretion to expand a single batch for all patients
in the treatment arm of the trial.

Statistical Analysis

Sample description included the frequencies of each category
for qualitative variables and mean plus SD for quantitative var-
iables. To examine whether differences in qualitative variables
were significant among treatment groups at baseline and dur-
ing follow-up, a Freeman–Halton extension of Fisher´s exact
test was performed for contingency tables of 2×3 and a
Fisher´s exact test for contingency tables of 2×2. A Kruskal-
Wallis one-way analysis of variance-by-ranks was used to test
significant differences in quantitative variables among treat-
ment groups (HA, MSC-1, MSC-2) at baseline and during
follow-up. To detect statistical differences between treatments
after Kruskal-Wallis analysis was significant, we performed a
multiple comparison of mean ranks. Significance level was set
at 5% for all tests, and all statistical analyses were performed
using the R platform (v3.4.1; R Development Core Team) in
adherence to Good Statistical Practice in Clinical Research.

RESULTS

Patient Characteristics

Mean age was 56 years, with a similar gender distribution.
Demographics and clinical status were comparable among
groups. Cell-treated groups tended to have more severe

Figure 2. Selection of UC-mesenchymal stromal cell (MSC) batch. (A): TSP2 secretion analysis from three UC-MSCs batches of different
donors. All data presented as mean � SEM, n = 4, * p < .05. (B): Differentiation potential of different UC-MSC batch tested. Scale bars
200 mm, n = 3. (C): UC-MSC proliferation rate through the assessment of doubling times, p < .05, n = 3. Abbreviations: TSP2,
thrombospondin-2; UC, umbilical cord.
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baseline disease (although not significantly) as gauged by the
total WOMAC score and the percent Kellgren-Lawrence grade
3 patients in the MSC-1 and MSC-2 groups (50% and 40%) as
opposed to the HA group (23%; Table 1).

Safety Profile

No serious AEs, deaths, permanent disability, neoplasia, or septic
arthritis cases were registered during the trial. The most com-
mon adverse event related to intra-articular injection was acute
synovitis. One week after first injections, mild to moderate symp-
tomatic knee effusion was present more often in cell-treated
groups than controls, but with no significant differences: At first
injection, acute knee effusion was noted in 33% of cases in
groups MSC-1 and MSC-2 versus only 22% for the HA group;
p = .99. This occurred similarly with second injection in 44% of
the MSC-2 group patients versus 37.5% of the HA group patients
(p = .99). Pain was the second most frequent AE without reach-
ing statistical difference between groups. Both AEs were tran-
sient and responsive to rest and oral acetaminophen. No cases
or controls required hospitalization or arthrocentesis (Table 2).

Efficacy Profile
Clinical Outcomes. Clinical outcomes are described in Table 3
for WOMAC components and VAS. The repeated dose MSC
group exhibits a significant advantage in pain reduction. Thus, at
12 months follow-up, the WOMAC-A (pain subscale) reached sig-
nificantly lower levels in the MSC-2-treated group (1.1 � 1.3) as
compared with the HA group (4.3 � 3.5; p = .04). For total
WOMAC, MSC-2 also had significantly lower scores than HA at
12 months (4.2 � 3.9 vs. 15.2 � 11, p = .05). Similarly, VAS were
significantly lower in the MSC-2-treated versus the HA group
(2.4 � 2.1 vs. 22.1 � 9.8, p = .03). No changes in function sub-
scale and SF-36 were detected.

When the evolution of symptoms throughout the study was
followed in time for each group, only MSC-treated patients
showed significant improvements in pain and function from
baseline, as opposed to the HA-treated patients (Fig. 3A–3C). At
12 months, patients in the MSC-2 group experienced 86% pain
reduction and 89% disability reduction (p = .001) as opposed to
38% and 50% in the control HA group, respectively. Of note,
our comparator HA group lost effect for pain, function, and
total WOMAC at 6 months, only to regain improvement after
receiving their second HA injection. The MSC-1 group showed
continued improvements throughout month 9, although reach-
ing a level of symptoms that was similar to the control group at
12 months (after their second HA injection). In contrast, the
MSC-2 group showed steady improvement of both WOMAC
and VAS until the study endpoint.

When comparing how often patients in the trial would
achieve responder status at study endpoint, as defined by the
OMERACT-OARSI responder index criteria, all individuals in the
repeated MSC group were found to be responders as opposed
to 62.5% of patients in the control HA group, a tendency that
did not reach significance (p = .08; Fig. 3D).

Structural Outcomes (MRI). No evidence of chondral damage
or intra-articular calcifications was detected upon standardized
MRI studies at either 24 or 48 weeks of follow-up. Also, no
change from baseline imaging or among groups was found in
any of the 14 items composing the WORMS score (Table 4).

DISCUSSION

This trial examined the safety and efficacy of both single and
repeated injections of UC-MSCs in patients with symptomatic
knee OA as compared with intra-articular HA. To the best of

Table 1. Baseline patient characteristics

Characteristics HA group UC-MSC-1 single-dose group UC-MSC-2 repeated-dose group Adjusted p value

Age, years 54.8 � 4.5 56.1 � 6.8 56.7 � 4.1 .7

Female, n (%) 5 (55) 6 (60) 5 (50) .99

BMI (kg/m2) 27.9 � 3.4 27.6 � 2.6 27.4 � 2.6 .99

Kellgren grade, n (%)

II 7 (77) 5 (50) 6 (60) .87

III 2 (23) 5 (50) 4 (40) .78

WOMAC, mean (SEM)

Total 28.9 � 13.3 37.4 � 12.8 35.6 � 10.1 .18

A. Pain (0–20) 7.0 � 2.7 9.3 � 3 8.1 � 2.1 .19

B. Stiffness (0–8) 3.2 � 1.2 2.9 � 1.1 2.8 � 1.2 .21

C. Function (0–68) 18.7 � 10.9 25.3 � 8.5 23.8 � 9.2 .15

VAS 0–100, mm 38.7 � 19.4 44.8 � 16.5 39.4 � 21.4 .57

Global knee pain

SF-36

Physical scale 51.3 � 20.8 46.9 � 16.5 60 � 18.4 .18

Pain scale 48.4 � 19.4 48.9 � 24 57.8 � 19 .36

WORMS, 0–332 points 30.9 � 25.1 46.1 � 18.1 40.1 � 25.7 .21

Data are presented as n (%) or mean � SD.
Abbreviations: BMI, body mass index; HA, hyaluronic acid; SF-36, short-form 36; UC-MSC, umbilical cord-derived mesenchymal stromal cells; VAS, visual
analog scale; WOMAC,Western Ontario and Mc Master Universities Arthritis Index; WORMS,Whole-Organ Magnetic Resonance Imaging Score.
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our knowledge, this is the first survey of UC-MSCs in knee
OA, and also the first trial of repeated intra-articular MSC
injections. No safety signals were detected in the experimen-
tal groups as compared with HA controls. At the end of
the study follow-up (12 months), the group with repeated
UC-MSC intra-articular injections (20 × 106 every 6 months)
experienced significant clinical changes in total WOMAC,
pain component, and VAS when compared with HA (Table 3).
Compared with baseline, only patients in the MSC
groups experienced significant amelioration of pain and dis-
ability at 6 and 12 months of follow-up as opposed to the
control HA group (Fig. 3). Finally, no significant differences in

the MRI scores were detected among the study groups
(Table 4).

MSCs exhibit anti-inflammatory properties in response to
tissue damage and/or pro-inflammatory states that lead to
widespread suppressive effects on the maturation of dendritic
cells, macrophages, Natural Killer (NK), and cytotoxic T lym-
phocytes [33]. They have also been shown to promote a
pool of endogenous cells to proliferate and contribute to
chondrogenesis by renewing extracellular matrix and chondral
synthesis of type II collagen [34]. But despite the capacity of
MSCs to differentiate into mesodermal cell lineages including
cartilage, initial regenerative claims concerning therapeutic

Table 2. Safety profile

Adverse Events HA group MSC-1 single-dose group MSC-2 repeated-dose group Adjusted p value

Injection-related AE

Synovitis after first injection 2 (22%) 3 (33%) 3 (33%) .99

Synovitis after second injection 3 (37.5%) 4 (44%) .99

Pain after first injection 1 (12.5%) 1 (11%) 2 (22%) .99

Pain after second injection 1 (12.5%) 0 1 (11%) .99

Septic arthritis 0 0 0 —

Fever 0 0 0 —

Urticarial lesions 0 0 0 —

Bleeding 0 0 0 —

AE during follow-up (%)

Fatal 0 0 0 —

Serious 0 0 0 —

Nonserious 0 0 0 —

Data are presented as n.
Abbreviations: AE, adverse event; HA, hyaluronic acid; MSC, mesenchymal stromal cells.

Table 3. Outcomes for visual analog, pain, stiffness, and functional scales at 6 and 12 months follow-up

Outcomes HA group MSC-1 group MSC-2 group Difference between treatmentsa Multiple comparisonb

At 6 months

WOMAC

Total 18.6 � 14.7 13.8 � 9.2 8.3 � 5.1 .2

A. Pain (0–20) 4.2 � 3.8 2.1 � 1.4 2.4 � 1.7 .36

B. Stiffness (0–8) 1.1 � 1.8 1.4 � 1.2 0.9 � 0.9 .54

C. Function (0–68) 13.3 � 6.9 10.3 � 7.2 5 � 3.1 .07

VAS 0–100, mm 28 � 8.7 12 � 7.5 10.8 � 7.8 .09

At 12 months

WOMAC

Total 15.2 � 11 14.9 � 12.7 4.2 � 3.9 .04 HA vs. MSC-2 .05

A. Pain (0–20) 4.3 � 3.5 3.7 � 2.6 1.1 � 1.3 .04 HA vs. MSC-2 .04

B. Stiffness (0–8) 1.7 � 1.4 1.7 � 2.1 0.6 � 0.8 .14

C. Function (0–68) 9.2 � 9.4 9.5 � 7.4 2.6 � 2.3 .08

VAS 0–100, mm 22.1 � 9.8 13.3 � 8.4 2.4 � 2.1 .02 HA vs. MSC-2 .03

Data are presented as mean � SD.
Bolded p values are statistically significant.
ap value of Kruskal-Wallis one-way analysis of variance-by-ranks.
bp value of multiple comparison of mean ranks.
Abbreviations: HA, hyaluronic acid; MSC, mesenchymal stromal cells; VAS, visual analog scale; WOMAC, Western Ontario and Mc Master
Universities Arthritis Index.
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effects in OA have been revised given the more recent evi-
dence suggesting that paracrine and anti-inflammatory actions
are crucial with respect to the tissue-restoring effects of MSC
treatments [35].

For example, Ichiseki et al. [36] have examined the role of
MSCs in an enzymatic rat OA model. When cells were injected
intra-articularly, an increase in the expression of TNF-
α-stimulated gene/protein 6 (TSG-6) was observed in the joint
cartilage, with no expression in the control group. A reduction
of metalloprotease A disintegrin and metalloproteinase with
thrombospondin motifs 5 (ADAMTS5) levels was evidenced as
well. TSG-6 has been reported as a mediator of the beneficial
effect of MSCs in both cardiac and lung injury models of tissue
damage. On the other hand, the expression of anti-Calcitonin
Gene-Related Peptide in the C5 dorsal horn of the OA animals
was also significantly decreased, indicating a suppressive effect
on the central sensitization component of pain. Saulnier
et al. [37] confirmed the reduced expression of metalloprotei-
nases (1, 3, and 13) after MSC injection, but describe that
MSC-conditioned medium can also convey these anti-
inflammatory effects on OA synoviocytes. In sum, MSC
treatments are known to induce potent anti-inflammatory,
tissue-restoring, and analgesic effects that could explain the
clinical findings described in recent trials as well as in the pre-
sent phase I/II study.

Indeed, the size of the effect for clinical response of the
VAS score in this trial reached 0.81 for cell therapy, evidenc-
ing a high symptomatic impact, leading to a number
needed-to-treat of only 2.1. Such an effect surpasses the
usual findings reported for intra-articular placebo or
HA according to recent meta-analyses [38–40]. Somehow

underscoring these effects, the OARSI clinical responder sta-
tus was achieved by all (100%) MSC-2 group patients at
6 and 12 months. This is usually achieved only in 50%–60%
of patients receiving intra-articular steroids or HA during ini-
tial (3–6 months) follow-up [41, 42]. Our own data con-
firmed this trend, but without reaching significance (100%
vs. 62%, p = .08; Fig. 3). Taken together, our findings suggest
that clinical impact of UC-MSC treatment is beyond the

Figure 3. Efficacy outcomes. (A–C): Comparison with baseline in each group. (A): WOMAC-A pain subscale. (B): WOMAC-C function sub-
scale. (C): Total WOMAC. (D): OMERACT-OARSI Responder Index Criteria. Abbreviation: HA, hyaluronic acid; MSC, mesenchymal stromal
cell; WOMAC, Western Ontario and Mc Master Universities Arthritis Index.

Table 4. Structural assessment by magnetic resonance imaging

HA
group

MSC-1
group

MSC-2
group p value

WORMS at baseline

Total (0–332) 30.9 � 25.1 46.1 � 18.1 40.1 � 25.7 .21

Articular cartilage 16.5 � 13.4 23.2 � 10.9 21 � 14 .3

Meniscal integrity 1.7 � 1.3 1.1 � 1.2 2.7 � 1.9 .15

WORMS at 6 months

Total (0–332) 33.2 � 25.7 46.6 � 18.1 40.6 � 21.4 .3

Articular cartilage 16.7 � 14.5 22.4 � 10.8 21.3 � 14.1 .28

Meniscal integrity 1.7 � 1.6 0.9 � 1.2 2.7 � 2.1 .13

WORMS at 12 months

Total (0–332) 33.6 � 26.3 41.5 � 14.3 40.5 � 23.9 .15

Articular cartilage 16.8 � 14.5 23.1 � 10.2 21.3 � 13.8 .3

Meniscal integrity 1.7 � 1.6 0.9 � 1.2 2.7 � 2.1 .13

Data are presented as n (%) or mean � SD.
Abbreviations: HA, hyaluronic acid; MSC, mesenchymal stromal cells;
WORMS, Whole-Organ Magnetic Resonance Imaging Score.
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expected placebo effect described for most therapeutic
approaches in knee OA [43, 44].

The past few years have witnessed increasing efforts in
translating the benefits ascribed to cell therapy in a
restricted—usually FCD—group of OA patients to the larger
population with established nonfocal degenerative disease.
Autologous cell-based therapy with bone marrow (BM-MSCs)
and adipose tissue-derived cells (ASCs) has been the aim of
most of these series. Although MSC doses and follow-up are
variable between studies, all have used a single intra-articular
injection at baseline. Orozco et al. [19] demonstrated 70%
pain relief with 40 × 106 autologous BM-MSCs at 1 and
2 years of follow-up, and subsequently, a 40% reduction of
pain and 30% improvement in joint function in a more recent
open label, single-arm study of 15 patients [45]. Jo
et al. assessed ASCs in a proof of concept study at three dif-
ferent intra-articular cell doses (10, 50, and 100 × 106),
achieving a moderate decrease in WOMAC at 6 months only
in the high-dose group [20]. However, in a phase I dose-
response trial by Pers et al. [21], preliminary evidence of clin-
ical benefit at 6 months in terms of pain and disability was
achieved only with the smallest cell dosing, of 2 × 106. The
combination of MSC plus HA in a single injection has not
added any clinical benefit so far [46].

Even if all such MSC-based trials report a good safety
record, and some degree of improvement of cartilage qual-
ity or chondral defects [20, 21, 45], autologous cell therapy
does encounter limitations. When derived from bone mar-
row, a 100-fold decline of precursor cells has been noted
from birth to the average age of typical OA patients [47].
Furthermore, reduced chondrogenic activity of MSCs has
been described in cultures originating from individuals with
advanced OA [48]. In this regard, the allogeneic source pro-
vided in the present trial (UC-MSC) was shown to express
superior clonogenicity, migration, and paracrine capacities
in vitro, as well as less senescence when compared with
BM-MSCs [23]. Indeed, our cell source has been extensively
characterized and tested for alloreactivity [23], immunoregu-
latory and paracrine effects [24], and tumor development in
immunodeficient laboratory animals [23, 49]. This under-
scores that allogeneic cell sources can be batch tested for
quality, purity, or potency [32], and made accessible for “off
the shelf” administration, with no need for delays or prior
invasive harvesting procedures. In spite of these advantages,
clinical testing of allogeneic cell sources in OA has been lim-
ited. In cases with established disease, Vega et al. [22] have
recently published a trial with 40 × 106 allogeneic BM-MSCs
showing 10% reduction of pain by WOMAC and mild
improvement in cartilage morphology by MRI T2 mapping.
Gupta et al. [50], in a study also with allogeneic BM-MSCs,
found no significant differences when comparing several
intra-articular cell doses (25, 50, 75, and 150 million) with
placebo. In our protocol, we chose a dose of 20 × 106 UC-
MSCs, considered intermediate, given the large variability
(3 to 150 × 106 cells) reported in trials. Another advantage
of our trial was to test repeated MSC injections, totaling
40 × 106 cells and allowing the comparison of single versus
double MSC doses, with respect to HA administration,
because the available preclinical data suggested periodic

application of MSCs could inhibit OA progression in rats
[51]. In contrast with preclinical observations by Joswig
et al. [52], in our case, repeated intra-articular injection of
UC-MSCs in patients did not trigger more frequent or severe
AEs. Although allogeneic Adipose Tissue (AT)-MSCs have
been shown to induce a humoral immune response in
patients [53], our prior experience with the UC-MSC source
from this trial describes no emergence of donor reactivity in
response to treatment [23].

Regarding structural outcomes, we detected no change at
6- or 12-month follow-up in our patients, possibly given the
mild baseline involvement upon imaging. Initial WORMS scores
were low (46.1 and 40.1 out of total 332 in MSC-1 and -2
groups), and indexes for the cartilage component showed
only limited disease according to our inclusion criteria. None-
theless, longer-term—2 year—data from our series could be
informative because Vangsness et al. [18] have noted a pre-
ventive effect of MSC cell-based therapy in OA development,
with increased (3.1×) odds of disease progression at 2-year
follow-up in controls. The main limitations of this phase I/II,
randomized, controlled, triple-blind trial are related to the
small number of patients per group and the mild-to-moderate
OA, which was associated with a low clinical and radiological
involvement.

CONCLUSION

In this phase I/II trial, a repeated UC-MSC dose strategy led to
a favorable safety profile and improved clinical result for the
treatment of long-term pain in knee OA patients.
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