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Abstract
Background: Osteoarthritis (OA) is a debilitating disease that typically affects a large number of the middle-aged and elderly population.
Current treatment strategies have had limited success in these patients. This study aims to investigate the safety of treatment with autologous bone marrow (BM)-derived mesenchymal stem cells (MSCs) transplanted in patients with OA of the knee, ankle, or hip.
Methods: We enrolled 18 patients with different joint involvements (knee, ankle, or hip OA) and one was lost to follow-up. BM samples
were taken from the patients, after which BM-derived MSCs were isolated and cultured. Each patient received one MSC injection. Patients
were followed with clinical examinations, MRI and laboratory tests at 2, 6, 12, and 30 months post-transplantation.
Results: We observed no severe adverse events such as pulmonary embolism, death, or systemic complications. A limited number of
patients had very minor localized adverse effects such as rash and erythema. There were no changes in liver function, hematology, or biochemistry analyses before and after cell therapy. There was no evidence of tumor or neoplastic changes in the patients during the 30-month
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WRWDO:HVWHUQ2QWDULRDQG0F0DVWHU8QLYHUVLWLHV2$,QGH[ :20$& VFRUHVZKLFKZHUHFRQ¿UPHGE\05,
Conclusions: 2XUVWXG\KDVVKRZQWKDWLQMHFWLRQRI06&VLQGLIIHUHQW2$DIIHFWHGMRLQWVLVVDIHDQGWKHUDSHXWLFDOO\EHQH¿FLDO+RZHYHU
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MSCs to be a safe treatment that lacked complications.5 In a second report, Davatchi, et al. emphasized the safety of this method.
steoarthritis (OA) is a progressive, debilitating disorder Their group examined the potential of cultured MSCs on four OA
that affects a large number of the elderly and middle-aged patients with a six-month follow-up after cell injection.6 Tumor
population.1 In 2012, approximately 8 million people in formation and risk of infection were evaluated in 41 patients with
the United Kingdom and 27 million in the United States were af- knee OA who received MSC injections and were followed for
fected by OA.2 Although current treatment strategies such as non- 11 years. The results showed no tumor formation and the risk of
pharmacological, pharmacological, and surgical procedures2 de- infection was less than 0.1%.7 Another study that followed 213
crease symptoms and improve function, they do not affect carti- patients undergoing intra-articular injection of cultured MSC cells
lage destruction. It is well known that mesenchymal stem cells for two years reported no neoplastic adverse events.8
Although there are studies of MSC injections in OA patients,8,9
(MSCs) have the potential to proliferate and differentiate into
cartilage and bone. In addition, MSCs are well recognized for additional studies should be performed in different locations other
WKHLU LPPXQRPRGXODWRU\ DQG DQWLLQÀDPPDWRU\ FDSDELOLWLHV3 than the knee. This study has sought to determine the safety of in6HYHUDOVWXGLHVKDYHEHHQSHUIRUPHGRQWKHVDIHW\DQGHI¿FLHQF\ tra-articular MSC transplantation in patients with OA of the knee,
hip and ankle joints.
of MSCs in joints of animal models with OA.4–6
In 2008, a case series study reported intra-articular injection of
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Materials and Methods
Patients
We conducted three separate studies according to the principles of the Declaration of Helsinki which were approved by the
Ethics Committee of Royan Institute. This study was registered
in NIH clinical trial site as NCT01207661 for OA of the knee,
NCT01436058 for ankle OA and NCT01499056 for OA of the
hip. An orthopedist examined 150 patients diagnosed with either
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OA of one ankle (n = 40), hip (n = 40) or knee (n = 70) joint, who
were between 18 and 65 years of age. We enrolled six patients per
affected joint according to MRI images and antero-posterior Xrays of the affected joints. All patients in the three OA groups had
moderate to severe disease at baseline (grades III, IV). Informed
consent was obtained from all patients. Key exclusion criteria for
study participants of all groups were the presence of diseases of
the central nervous system and peripheral nerves; any end-organ
damage such as organ failure, organ transplantation or cancer; uncontrolled diabetes or thyroid diseases; sensitivity to anesthesia
or materials used in the culture process; respiratory diseases; and
patients who were breast feeding or pregnant. All patients underwent clinical examinations that included kidney and liver assays,
and completed the Visual Analog Scale (VAS) and Western Ontario and McMaster Universities OA Index (WOMAC). In addition, patients with hip OA completed the Harris Hip Score (HHS)
and those with ankle OA completed the Foot and Ankle Outcome
Score (FAOS).
Isolation and expansion of BM-MSCs
In the operating room, an oncologist aspirated 150 ± 5 mL of
BM by puncturing both iliac crests under local anesthesia (2% lidocaine). Patients were sedated with intravenous (IV) midazolam
(0.1 mg/kg) and fentanyl (25–50 mg). Mononuclear cells were
aseptically isolated in clean room under a laminar safety cabinet
6DIH)ORZ -$/7DMKL],UDQ ZKLFKZDVVSHFL¿FDOO\GHVLJQHG
IRUWKLVSXUSRVHDQGIXO¿OOHGWKHVDIHW\FULWHULD
We added BM aspirate to the same volume of phosphate-buffered saline-EDTA (PBS/EDTA; pH 7.2; 700-25, CliniMACS,
Germany). Then, samples were loaded into a Lymphodex (D61476, Inno-Train, Germany) and centrifuged at 1100 rpm for 20
minutes. Mononuclear cells (MNCs) were gently collected and
counted with a nucleo-counter (Chemometec, USA). Afterwards,
MNCs were washed with PBS-EDTA and plated at 5–10 × 105
cells/cm2 in 150-cm2FXOWXUHÀDVNVWKDWFRQWDLQHG±P/RI
DOSKD PRGL¿HG HDJOH¶V PHGLXP DOSKD 0(0  *LEco, Germany) supplemented with 100 IU penicillin and 100 IU
streptomycin (15070-063, Gibco, Germany), 10% Hyclon fetal
ERYLQH VHUXP 6+ 7KHUPR 6FLHQWL¿F 86$  DQG 
L-glutamine (25030-024, Gibco). Seven days after culture initiaWLRQ ÀRDWLQJ FHOOV ZHUH UHPRYHG E\ PHGLXP UHSODFHPHQW7KH
attached cells were expanded in the culture as BM-MSCs and the
primary cells were prepared for injection. Phase-contrast microscopy of the BM-MSCs culture demonstrated a low heterogeneous
population of cells that were composed predominately of long,
spindle-shaped cells. For each patient, the cells were characterized for immunophenotypic properties with expression of surface
markers for MSCs. Prior to injection, the cells were tested for possible microbial contamination.

IgG1-PE and IgG2a-FITC as isotype controls. All samples were
DQDO\]HGE\ÀRZF\WRPHWU\ %')$&6&DOLEHU%'%LRVFLHQFHV
San Jose CA, USA) and Win-MDI 2.9 software.
Quality control tests
The quality control tests (QCT) were chosen in accordance with
the recommendations for cell and tissue therapy promotion and
validation tests of the Iranian Health Ministry Pharmacopoeia
Commission and the Department of Health and Human Services
Food and Drug Administration.
Samples for the microbial test
Microbial samples were taken from the BM aspirations, discarded fractions of the culture medium during the medium change,
DQG WKH ¿QDO SURGXFWV DIWHU FHOO KDUYHVW 8VLQJ DQ DVHSWLF WHFKnique in a biological safety cabinet, the 2 mL samples were inoculated into the following culture bottles that contained: BACTEC
plus Aerobic, Anaerobic and PEDS Plus/F Culture, and BACTEC
MYCO/F Lytic. The bottles were loaded into a BACTEC 9120
continuous blood culture monitoring system (BD Company) per
the manufacturer’s instructions. The samples were incubated for
a minimum of ¿YHGD\V3RVLWLYHERWWOHVZHUHXQORDGHGDQGXVHG
to create subcultures on the appropriate agar plates in a standard
microbiologic laboratory.
Limulus amebocyte lysate (LAL) gel clot assay
In orderWRGHWHFWWKHSUHVHQFHRIDQ\HQGRWR[LQLQWKH¿QDO products, we used the limulus amebocyte lysate (LAL) gel clot assay.
This highly sensitive test can detect down to 0.125 endotoxin units
(EU)/mL. In this test, the activated preclotting enzyme cleaves the
coagulogen protein to form a gelatinous clot. The LAL kit was
purchased from Lonza (N289-125) and measurements were performed according to the manufacturer’s instructions. We added
the LAL reagent to an equal volume of each sample and after 60
minutes of incubation, the formation of clots was determined. The
samples were spiked with endotoxin (E. coli strain O55:B5) concentrations at half of the assay sensitivity (0.5 mL: 0.0625 EU/
mL), at the assay sensitivity (1 mL: 0.125 EU/mL) and at double
the assay sensitivity (2 mL: 0.25 EU/mL).

Mycoplasma detection
Mycoplasma contamination is one of the major problems in
cell culture. Mycoplasmas are the smallest endosomal bacteria
that can cause widespread contaminants reported in cell cultures. The nested Polymerase Chain reaction (PCR) is a rapid
and sensitive technique for detecting Mycoplasma contamination. The DNA of each cell or supernatant was extracted using
a QIAamp DNA Blood Mini Kit (51306, Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The presence of Mycoplasma was investigated using a PCR Mycoplasma
Flow cytometry
Detection Set (#6601, Takara, Shiga, Japan). In the nested PCR
Phycoerythrin (PE)-conjugated CD105, CD44, CD73 (Becton method, two pairs of primers were used for two consecutive PCR
'LFNLQVRQ 86$  DQG ÀXRUHVFHLQ LVRWKLRF\DQDWH ),7& FRQMX- Tests. In the ¿UVW UXQ RI 3&5 ZDV DPSOL¿HG WKH VSDFHU UHJLRQ
gated CD90 (Dako) antibodies were used for expression of mem- between the 16S and 23S mycoplasmal rRNA, by the forward
branous antigens on BM-MSCs. Approximately 1 × 105 harvested primer (5’-ACACCATGGGAGCTGGTAAT-3’) and reverse
FHOOVZHUHSODFHGLQWRWKHÀRZF\WRPHWU\YLDOVZDVKHGZLWK3%6 primer (5’-CTTCATCGACTTTCAGACCCAAGGCAT-3’). The
(21600-051, Gibco) and centrifuged at 1500 g for 5 minutes. second run of nested PCR was then performed using a forward
Next, antibodies were added to the cells and the mixture was al- primer (5’-GTTCTTTGAAAACTGAAT-3’) that hybridized with
lowed to incubate in dark for 30–45 minutes, after which they a conservative sequence for the spacer region and a reverse primer
ZHUHZDVKHGZLWK3%6:HXVHGQRQVSHFL¿FPRXVH,J*),7& (5’-GCATCCACCAAAAACTCT-3’) that hybridized with 23S
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rRNA. Depending on the different Mycoplasma species, the prodXFWOHQJWKRIWKH¿UVW3&5ranged from 369 to 681 bp and from
145 to 237 bp for the second PCR. For each cell, we used 200-900
QJRIH[WUDFWHG'1$RUȝJP/of medium collected from the
cells that had been cultured for at least three days as PCR templates. To ensure the absence of contamination, each PCR experiment included negative controls. Taq polymerase from AxiTaq
(GX090250, Inno-Train), and a thermocycler (Applied Biosystems Veriti™ Thermal Cycler) were used. PCR products were analyzed using agarose gel electrophoresis (2% and 3% for WKH¿UVW
and the second PCR runs, respectively) and erythro-gel staining.

No normative values are available.

Evaluation of adverse effects
Patients from all three groups underwent clinical examinations
and a number of tests were performed. Clinical examinations assessed both local adverse effects; those limited to the joints, and
systemic adverse effects. We also assessed for the presence of
any severe adverse effects such as tumor formation or neoplastic
changes, infections, pulmonary embolisms, leukemia, or anaphylactic shock in the transplanted patients. The tests included a complete blood count with differential (CBC-Diff), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), coagulation tests
Karyotyping analysis
(PT, PTT, INR), liver, kidney and thyroid function tests, urine
BM-MSCs of primary passages were analyzed based on their analysis and urine cultures. Tumor and neoplastic changes were
proliferation using PHA (10576-015, Gibco) within 15–17 hours. evaluated by MRI. Local adverse events such as swelling and
Adherent cells were treated with colcemid (15210-057, Gibco) joint tenderness, joint range of motion, skin rash and erythema
and detached using 0.125 μL trypsin (Gibco BRL, Grand Island, were also evaluated. All tests were performed over 30 months of
NY, USA). Cells were treated with 0.075 mol/L KCl in a 37°C IROORZXSDWVSHFL¿FLQWHUYDOV EDVHOLQH, and 30 months afwater bath after which they were ¿[HG DQG VSUHDG RQWR VOLGHV WHU06&VWUDQVSODQWDWLRQ 6SHFL¿HGSK\VLFLDQVREWDLQHGDOO data
Air-dried slides were stained with freshly prepared 10% Giem- related to adverse effects.
sa stain in a Gurr buffer (Invitrogen, Carlsbad, CA, USA) for 30
minutes. Before printing out each karyotype and counting each
Radiological evaluations
chromosome by writing a number on each sister chromatid pair,
All analyses were performed on a 1.5 Tesla MRI unit (VB33D
the slides were observed under a light microscope at 10 and 100× Vision Plus; Siemens, Erlangen, Germany) using an extremity
PDJQL¿FDWLRQV
coil for signal reception and delivery. FS 3D FLASH MRI parameters were GH¿QHGDV757(DQG)$JUDGLHQWHFKR
Preparation of cells for injection
images were obtained in axial, sagittal and coronal planes. Wide
Primary cultures of MSCs were washed with PBS and trypsin- slice thickness was 65 mm in the axial, 70 mm in the sagittal and
ized with trypsin/EDTA (0.05%; 25300-062, Gibco). The cells 80 mm in the coronal planes.
were suspended in normal saline and loaded into 10-mL sterile
Slice thickness was 2.5 mm for axial, sagittal and coronal planes.
syringes. For each patient, approximately 5 × 105 cells/kg/bw An imaging area of 25 cm, a spatial resolution of 1.2 × 1 mm and a
were prepared and transported to the hospital in a box maintained matrix of 256 × 192 were used to minimize the artifacts. Sequence
at a temperature of approximately 0–4ºC. Cell injections were imaging time was 6.28 minutes and fat suppression prolonged the
SHUIRUPHGXQGHUÀXRURVFRS\JXLGHLQKLSand ankle OA patients. total scan time by approximately 3 minutes. MRIs of the knees,
In the knee OA group, intra-articular injections were performed ankles and hips were obtained from all patients at baseline and at
6 and 12 months after MSCs transplantation. Antero-posterior and
ZLWKRXWWKHÀXRURVFRS\JXLGH
lateral X-ray views were taken from all joints in all patient groups
before transplantation.
Evaluations
Patients were selected according to inclusion and exclusion criStatistical analysis
teria. Each patient received a single intra-articular MSC injection
We have reported data as mean ± standard deviation (SD). Data
in the affected joint. All patients were evaluated before injection
and at 2, 6, 12, and 30 months intervals after treatment. VAS, were analyzed using SPSS 16.0. Statistical analysis was perWOMAC, HHS, and FAOS were used for the clinical assess- formed with paired t-test. An alpha value of P < 0.05 was regardments. The WOMAC consists of 24 items, which are divided into ed as VWDWLVWLFDOO\VLJQL¿FDQW
three subscales: pain, stiffness and physical function. The global
score has a range of 0 (no symptoms) to 96 (worst symptoms)
Results
when standardized in the range of 0 to 100 mm. A lower score
indicates a better status.
Patient treatment
The FAOS consists RI ¿YH VXEVFDOHV SDLQ DFWLYLWLHV RI GDLO\
This study enrolled 18 patients with either OA of an ankle (n =
living (ADL), function in sport and recreation [sport (rec)], and 6), hip (n = 5), or knee (n = 6) joint. One patient from the hip OA
foot and ankle-related quality of life (QOL). When answering the group was lost during follow-up because of fractures in the lower
questionnaire, only the previous week was taken into consider- limb due to an accident. Demographic characteristics of the OA
ation. Standardized answer options were given (% Likert boxes) patients are shown in Table 1.
and each question was assigned a score from 0 to 4.
Patients were recruited between August 2010 and January 2011
The HHS was developed for assessing the result of hip surgery and treated between September 2010 and February 2011. There
and intended to evaluate various hip disabilities and methods of were no systemic adverse events observed during MSCs transtreatment. The HHS score has a maximum of 100 points, as fol- plantation or the 30-month follow-up period after transplantation
lows: pain (44 points), function (47 points), range of motion (5 in patients. Local adverse effects such as mild erythema and skin
points), and deformity (4 points). HHS total score of <70 is con- rash were seen in a few patients (Supplementary Table 1). There
sidered poor, 70–80 is fair, 80–90 is good and 90–100 is excellent. were no changes observed in laboratory data at baseline and af-
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ter MSCs injection at the post-treatment evaluation. During the
30-month follow-up, there were no severe adverse events and
none of the patients were lost to follow-up because of any adverse
events. Tumor or neoplastic changes were not seen in the MRIs of
patients during 30 months of follow-up. Most patients expressed
satisfaction with the results of this treatment.

of all OA patients decreased six months after treatment (47.0 vs.
17.0; P < 0.000). Although this improvement continued for 12
months (47.1vs. 17.1, P < 0.002), VAS scores increased after
twelve months in all OA groups (Figure 2).

Knee OA group
The mean walking distance in the knee OA group was 88.3 ± 93.2
Expansion and characterization of MSCs
m atEDVHOLQHZKLFKLQFUHDVHGVLJQL¿FDQWO\DWPRQWKV 
The following cell parameters were used for patients (n = 17): 427.2 m) and 30 (1222.0 ± 1032.9 m) after MSC treatment. The
BM volume: 150 ± 5 mL; number of MNCs obtained (ankle: 1.2 total WOMAC score reduced in these patients at months 6 (45.5
± 0.7 × 109; hip: 0.7 ± 0.5 × 109; and knee: 0.3 ± 0.0 × 109); expan- vs. 72.7; P < 0.008), 12 (47.2 vs. 72.7, P < 0.002), and 30 (43.4
sion time: 1–1.5 months; and number of MSCs for the ankle: 5.7 ± vs. 72.7; P < 0.05) after treatment compared with baseline (Figure
4.7 × 107, hip: 2.4 ± 0.4 × 107, and knee: 5.5 ± 0.8 × 107). The cells 3A). Mean WOMAC stiffness sub-scores were (31.2 vs. 10.6; P
were suspended in Ringer-lactate at 5 × 106 cells/mL. Viability < 0.05) at six months after treatment. They were 14.5 ± 0.4 at 12
was reported as 96.6 ± 1.1% for the ankle, 94.4 ± 2.7% for the months and 20.0 ± 1.1 at 30 months after treatment (Figure 3A).
hip, and 97.1 ± 1.4% for the knee. After 7 to 10 days in culture, There was a reduction in WOMAC physical function sub-scores
the cells EHFDPHUHODWLYHO\KRPRJHQHRXV7KHFHOOVKDGD¿EUR- at months 6 (46.5 ± 16.4; P<0.05) and 12 (48.7 ± 8.2; P < 0.05)
blastic appearance when DSSURDFKLQJFRQÀXHQFHXQWLOXVH )LJXUH after cell therapy (Figure 3A).
1, Supplementary Table 2). The DQWLJHQLF SUR¿OH FRQIRUPHG WR
the International Society for Cellular Therapy criteria for MSCs.10
Hip OA group
The means walking distances in hip OA patients were 1170 m at
6 and 1000 m at 30 months after MSC treatment compared with
The clinical and imaging outcomes of all patients
6LJQL¿FDQW LPSURYHPHQWV ZHUH QRWHG LQ ZDONLQJ GLVWDQFH IRU 370 m at baseline (Figure 3B).
The mean total WOMAC scores were 27.9 ± 20.8 at 6 months,
all groups of OA patients during the 30 months of follow-up (P
< 0.008, Figure 2). All OA groups showed improvements in the 26.3 ± 11.6 at 12 months and 29.1 ± 18.9 at 30 months after treattotal WOMAC score and sub-scores that included stiffness as well ment compared to the baseline score of 45.2 ± 10.0 (Figure 3B).
as pain and physical functions (Figure 2). The mean VAS scores The WOMAC pain sub-scores were at months 6 (25.0 ± 24.2)

Figure 1. Morphological feature and immunophenotype characterization of mesenchymal stem cells (MSCs).
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Figure 2. Change from baseline after cell transplantation in evaluated clinical parameters in all osteoarthritis (OA) patients.

and 12 (15.9 ± 14.4) after treatment, and were (24.7 ± 14.1) at 30
months following treatment (Figure 3B). Mean WOMAC stiffness sub-scores were 15.0 ± 13.6 in these patients at 6 months
after treatment. They were 28.12 ± 19.4 at 12 months and 25.0
± 17.6 at 30 months after treatment (Figure 3B). The WOMAC
physical function sub-scores were 28.4 ± 18.6 at 6 months and
30.8 ± 11.2 in twelve and 30.8 ± 20.6 thirty months after treatment. The baseline score was 52.7 ± 11.2 (Figure 3B). We observed improvement in HHS scores at 6 months (79.8 ± 16.8; P
< 0.05) after MSC treatment compared with baseline (57.0 ± 3.2;
Figure 3B).
Ankle OA group
The mean walking distance in ankle OA patients was 1625 m
at 6 months and 2333 m at 30 months after MSC treatment compared to 1010 m at baseline (Figure 3C).
Reductions were observed in mean total WOMAC scores at
12 months (P < 0.05) and 30 months (P < 0.05) after treatment
(Figure 3C). WOMAC stiffness sub-scores were 14.0 ± 8.3 at 6
months, 18.7 ± 14.8 at 12 months, and 4.1 ± 3.6 at 30 months
340 Archives of Iranian Medicine, Volume 18, Number 6, June 2015

after treatment (Figure 3C). The WOMAC pain sub-scores were
40.0 ± 16.7 at baseline, 29.0 ± 16.9 at 6 months, 25.0 ± 14.8 at
12 months, and 8.3 ± 5.7 at 30 months after treatment (Figure 5).
The WOMAC physical function sub-scores were 35.5 ± 20.0 at 6
months and 24.3 ± 19.7 at 12 months after treatment with MSCs
in these patients (Figure 3C).
FAO scores were 55.6 ± 10.4 at 6 months and 58.3 ± 4.9 at 12
months after transplantation compared to a baseline score of 48.9
±10.1. There was an improvement in FAO scores after 30 months
(78.7 vs. 48.9; P < 0.05; Figure 3C).
Imaging outcomes
There was reduced subchondral edema in three of the six patients
with knee OA who were treated with MSCs. Articular cartilage reSDLUZDVVHHQLQWKUHHRIWKH¿YHSDWLHQWVwith hip OA. Decreased
signal intensity related to subchondral edema was seen in four of
the six patients with ankle OA at six months after the injections.
Radiological analysis, as FRQ¿UPHGE\FOLQLFDOUHVSRQVHUHSRUWHG
improvements in all patients which were mainly observed during
WKH¿UVWVL[PRQWKVDIWHUWUDQVSODQWDWLRQ Figure 4).
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Figure 3. Change from baseline in evaluated indices according to the Western Ontario and McMaster Universities OA Index (WOMAC) measures of total
VFRUHDQGSDLQDQGVWLIIQHVVSK\VLFDOIXQFWLRQDQGYLVXDODQDORJVFDOH 9$6 LQDQNOH(A), hip (B), and knee (C) osteoarthritis (OA) patients.

Figure 4. MRI analysis. (A) Sagittal T2 weighted MR image of patient with hip OA shows cartilage surface before MSC transplantation (arrow). (B)
Note the predominant increase in cartilage thickness after MSC transplantation (arrow). (C) Sagittal T2 weighted MRI photograph of patient with ankle
osteoarthritis (OA). Note the patchy subchondral edema (arrowhead). (D) Arrowhead shows decreased subchondral edema signal at six months after
MSC transplantation.
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of 213 patients who underwent intra-articular injections of cultured MSCs. No neoplastic complications were reported in these
patients.8 Emadedin, et al. performed a study in 2008 in which
Although the metabolism of normal cartilage is comprised of six patients with late stage OA were selected for BM aspiration.9
a highly regulated balance between synthesis and degradation of In this study, MSCs were isolated, cultured, and injected intravarious matrix components, the equilibrium between anabolism articularly into the knees. No adverse systemic or localized events
and catabolism is weighted in favor of degradation in OA carti- were observed in the patients within six months of follow-up. The
lage. The potential for MSCs to restore balance in the affected VAS scores were reduced from 98 to 63 in these patients during
six months. The WOMAC questionnaire was used for assessment
joint can prevent further destruction.11, 12
OA is a chronic, progressive and debilitating disease. The goal of pain, daily activities and social functioning. During six months
of OA treatment is to reduce pain and increase range of motion of follow-up, the mean WOMAC score reduced from 2.95 to
in addition to improving QOL for patients.13 Thus far, current 1.97, which indicated improvement within the six month period
treatments have not been successful in repairing damaged joints. .In 2012, another study investigated transplantation of allogenic
Destruction of articular tissues increases with age and it is impor- mesenchymal stem cell in knee joint of 55 patients, seven to ten
tant to note that cartilage does not have the capability for renewal. days after partial medial meniscectomy operation. No neoplastic
Therefore, the process of articular tissue destruction is progres- changes occurred after one year of follow up and regeneration of
sive. $VLWSURFHHGVGDLO\PRYHPHQWEHFRPHVYHU\GLI¿FXOWDQG meniscus was seen in the MSC transplanted group.19
2XU¿QGLQJVVKRZHGLPSURYHPHQWLQDOOHYDOXDWHGSDUDPHWHUV
is accompanied by tremendous pain.14-16 As MSCs have the ability to differentiate into chondrocytes and repair damaged cartilage which included walking distance, clinical data, total WOMAC
tissues, different studies have been performed to demonstrate the scores, and VAS during 12 months after cell therapy in all OA
safety of MSCs in repairing articular cartilage.14-16 The current groups. In addition, treatment effects on OA symptoms remained
study has investigated the safety of intra-articular MSC transplan- stable for up to 12 months after treatment. According to our clinitation in patients who suffered from ankle, hip or knee OA and FDO ¿QGLQJV 05, LPDJHV VKRZHG WKDW LQWUDDUWLFXODU WUDQVSODQfollowed them until 30 months. Our results demonstrated a lack tation of MSCs caused repair and thickening of joint cartilage
of adverse effects for MSC transplantation in these patients. No in all OA groups six months after treatment in comparison with
serious changes from baseline occurred in the biochemical data baseline. For example, one patient from the ankle OA group was
D\HDUROGPDOHZKRKDGD¿YH\HDU history of severe ankle
during the follow-up period.
,QWKH¿UVWVWXG\ZDVFRQGXFWHGRQtransplantation of BM OA. The patient had a single intra-articular injection of 6.5 × 107
cells in humans. In that study, 24 patients with knee OA were en- MSCs. The walking distance of this patient increased more than
rolled who were scheduled to undergo high tibial osteotomy. Pa- thirty-fold after the transplantation of MSCs and the total WOMtients were divided into two groups of 12 patients who underwent AC score improved at least 48%. The results were completely
transplantation and 12 who formed the control group. Although consistent with his 05, ¿QGLQJV ,Q WKH SDWLHQW¶V 05, VHYHUH
KLVWRORJLFDODQGDUWKURVFRSLF¿QGLQJVLQWKLVstudy indicated im- destruction of ankle cartilage and subchondral edema was seen
provements in the treated group, the differences between the two before MSC transplantation. After the MSC transplantation, subJURXSVZHUHQRWFOLQLFDOO\VLJQL¿FDQW4 Wakitani, et al. conducted chondral edema decreased and the cartilage thickness increased.
a study on two patients who had full thickness defects in their pa- MSC transplantation is a non-invasive procedure which is less extella.17 In this study, cells from BM aspirates of the patients were pensive and easier to perform compared to current OA treatments
isolated and cultured. The cells were subsequently injected into such as joint replacement.
Our clinical results have shown improvements of healing condithe patellar lesions, which were covered with a periosteum coat.
tions
in patients with OA. However, although improvements were
The lesions were completely covered with cartilage two months
after the transplantation. The patients’ clinical symptoms and pain observed, the standard numbers of MSCs have QRWEHHQLGHQWL¿HG
LPSURYHGVLJQL¿FDQWO\VL[PRQWKVDIWHUWUDQVSODQWDWLRQ.17 In 2006, for each injection. In our study, the patients underwent single ina Japanese study addressed the effect of BM cell transplantation tra-articular injections of MSCs. During the 30 months of followin a patient with full thickness injury of the medial femoral con- up, we observed increased recovery process for 12 months after
dyle. As with other studies, the results were satisfactory. In addi- treatment; however, there was a decrease after the twelfth month.
tion, histological examination of the condyle in the patient seven Possibly, subsequent injections of MSCs at VSHFL¿F LQWHUYDOV
months after transplantation showed that replaced tissues were would help to achieve better therapeutic effects. It is reasonable
comprised of hyaline cartilage. This result contrasted previous to consider that the MSC intra-articular transplantation technique
studies where tissues were replaced by a softer material than the might represent a promising therapeutic approach for the treatVXUURXQGLQJWLVVXHV ¿EURFDUWLODJH 11 Following the earlier stud- ment of ankle, hip or knee OA.
Because our study investigates the safety of MSC transplantaies, Centeno, et al. performed a study in 2006 in which a patient
with hip OA had two injections of autologous mononuclear BM tion in OA patients, further studies are necessary with larger numcells in the hip joint within one month. At eight weeks after the bers of participants for additional statistical analyses in order to
injections, articular cartilage was seen in the MRI images. The pa- determine the therapeutic effects of this approach. In addition,
tient’s hip joint range RIPRWLRQLPSURYHGVLJQL¿FDQWO\12 Another future studies should be performed to determine the standard
study investigated transplantation of BM cells in three patients number of MSCs required for each injection, whether subsequent
who suffered from patello-femoral joint cartilage lesions. In this LQMHFWLRQVDUHQHFHVVDU\DWVSHFL¿FLQWHUYDOVWRDVVLVWZLWKthe restudy, as well as in previous studies, the results were satisfactory covery process, the different factors that have an effect on treatand indicated the effectiveness of this approach for the treatment ment outcomes, and to establish standard methods for treatment
of joint destruction.18 Centeno, et al. conducted a 2-year follow-up procedures.

Discussion
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&HOO7UDQVSODQWDWLRQLQ3DWLHQWVZLWK2VWHRDUWKULWLV

In conclusion, our study demonstrated that transplantation
of BM-derived autologous MSCs in patients with knee, hip or
ankle OA lacked adverse effects and was completely safe. Evidence showedWKDWWKLVPHWKRGKDGWKHUDSHXWLFEHQH¿WVVXFKDV
decreased pain and WOMAC scores, and improved walking distance.
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