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Abstract: Mesenchymal stem cells (MSCs) represent a new therapeutic paradigm for 

a number of diseases because they possess unique biological characteristics such as 

multipotency, immunomodulation and production of cytokines. Currently, 425 MSC 

based clinical trials have been conducted for at least 12 kinds of pathological condi-

tions, with many completed trials demonstrating the safety and efficacy of MSCs. 

Here, we provide an overview of the clinical status of MSCs by searching the public 

clinical trials database http://clinicaltrials.gov. Particularly, the role of MSCs in clini-

cal trials to treat bone defects and injuries is highlighted. 
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1. INTRODUCTION 

 For a long time humans have been searching for meth-
ods that could cure degenerative diseases and defeat ag-
ing. Stem cells hold great potential due to their unique 
properties of self-renewal and differentiation. They have 
been endowed with high expectations since the day they 
were discovered. Earlier studies focused on embryonic 
stem cells (ESCs). In 1981 Evans and Martin isolated 
mouse ESCs from the inner cell mass of blastocysts and 
successfully established in vitro culture [1]. In the follow-
ing years, ES cell lines from many other species were es-
tablished. In 1998, Thomson and Gearhart established hu-
man embryonic stem cells lines (hESCs) from the inner 
cell mass of human blastocysts [2]. Later on, research fo-
cus has shifted to methods that could efficiently induce 
ESCs into specific cell lineages. Although ESCs have the 
capacity to give rise to cells of all three germ layers, they are 
ethically controversial as hESCs are derived from embryos. 
Compared to ESCs, adult stem cells have relatively lim-
ited differentiation capacity but they are free of ethical 
and religious disputes. One of the most intensively studied 
adult stem cells is hematopoietic stem cells (HSCs), which 
has become the standard therapy of various hematological 
diseases. Another important adult stem cell type is mes-
enchymal stem cells (MSCs). MSCs were first discovered 
by Friedenstein and his colleagues in 1968 as a group of 
bone marrow stromal fibroblast-like cells that could dif-
ferentiate into adipocytes, chondrocytes and osteocytes  
in vitro [3]. Subsequent studies found that MSCs could be  
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isolated from various tissues including adipose tissue, pe-
ripheral blood, umbilical cord and placenta [4]. Because dif-
ferent research groups use different methods to isolate, ex-
pand and characterize MSCs, it is difficult to compare ex-
perimental outcomes among MSCs. In order to increase the 
comparability of study outcomes between different laborato-
ries, in 2006, International Society for Cellular Therapy 
(ISCT) defined MSCs by the following three criteria [5]: 

(1) MSCs must be adherent to plastic under standard tissue 
culture conditions; 

(2) MSCs must express certain cell surface markers such as 
CD73, CD90, and CD105, and lack expression of other 
markers including CD45, CD34, CD14, or CD11b, 
CD79alpha or CD19 and HLA-DR surface molecules; 

(3) MSCs must have the capacity to differentiate into os-
teoblasts, adipocytes, and chondrocytes under in vitro 
conditions. 

 In this review, we will provide insights into the biologi-
cal characteristics of MSCs and give a brief overview of 
clinical trials testing the safety and efficacy of MSCs for a 
variety of diseases. Role of MSCs in treatment of bone de-
fects and injuries is highlighted. 

2. BIOLOGICAL CHARACTERISTICS OF MSCS RE-
LATED TO THERAPEUTIC POTENTIAL  

 Few cells have attracted so much attention from biologi-
cal researchers over the last ten years as compared to MSCs. 
The use of MSCs in clinical applications requires under-
standing of their biological characteristics that contribute to 
the therapeutic effects. Currently, the following four proper-
ties are considered the most important [6]:  

(1) homing: the ability to home to sites of inflammation 
following tissue injury when injected intravenously.  
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(2) differentiation: the ability to differentiate into various 
cell types.  

(3) secretome: the ability to secrete multiple bioactive 
molecules capable of stimulating recovery of injured 
cells and inhibiting inflammation.  

(4) immunomodulation: the lack of immunogenicity and the 
ability to perform immunomodulatory functions. 

(1) Homing  

 For exogenously administered MSCs to exert therapeutic 
effects, the first step is to home to damaged tissue sites. 
Chapel et al. provided the first evidence that expanded 
MSCs could home to numerous tissues following a severe 
multi-organ injury in primates and that MSCs engraftment 
was correlated to the severity and geometry of injury [7]. 
Currently, the precise mechanisms by which MSCs are able 
to migrate to and engraft in sites of injury remain not fully 
understood. SDF-1/CXCR4 axis has been well characterized 
as a pathway for MSC homing. For example, in a mouse 
model of bone repair, MSCs homing capacity was reduced 
when SDF-1/CXCR4 signaling was impaired [8]. Strategies 
that could promote homing ability of MSCs are also a re-
search focus.  

(2) Differentiation 

 MSCs have been confirmed to have the capacity to dif-
ferentiate into mesenchymal lineages including osteoblasts, 
adipocytes, and chondrocytes under both in vitro and in vivo
conditions [9]. There are also studies reporting that MSCs 
could give rise to other cell lineages such as endothelial 
cells, myocardial cells, glial and neurons. The great differen-
tiation potential of MSCs (Fig. 1) has prompted studies using 
transplanted MSCs to replace damaged or injured cells. We 
found that in a mouse model of ischemia-reperfusion kidney, 
transplanted human adipose tissue-derived MSCs were able 
to differentiate toward renal tubular epithelium at an early 
stage of injury. The differentiated donor cells replaced the 
vacant space left by the dead cells, thereby contributing to 
the maintenance of structural integrity and proceeding to a 
subsequent tissue repair process [10]. We also found that 
MSC injected immediately into C57BL/6 mice after irradia-
tion-caused injury could differentiate into functional lung 

cells, such as epithelial and endothelial cells [11]. Various 
studies verified the differentiation capacity of MSCs in ani-
mal disease models and showed that in some cases specific 
differentiation of MSCs is partially responsible for their 
therapeutic potential. However, the potential to differentiate 
into many different reparative cell types is not the only char-
acteristic that makes MSCs attractive for therapeutic pur-
poses and regeneration medicine. Actually, the efficiency of 
transplanted MSCs to differentiate into functional reparative 
cells in target tissues or organs still remains to be adequately 
demonstrated or substantiated. 

(3) Secretome  

 Increasing reports have suggested that the secretion of a 
broad range of bioactive molecules by MSCs constitutes 
their most biologically significant mechanisms involved in 
the therapeutic properties. Small molecular proteins such as 
growth factors, cytokines and chemokines are the most im-
portant paracrine factors secreted by MSCs. Liu et al. used a 
Human Cytokine Array which can detect 79 different growth 
factors/cytokines at a time to analyze the expression of cyto-
kines from human cord blood-derived mesenchymal stem 
cells (CB-MSCs). They found that CB-MSCs spontaneously 
secrete twenty-eight cytokines in their culture supernatants, 
which can be classified into six groups: chemokines, broad-
acting cytokines, anti-inflammatory growth factor, growth 
factor receptor,angiogenic factor and proteinase inhibitor. 
IL-6, IL-8, TIMP-1 and TIMP-2 are the top four cytokines 
detected among the 28 cytokines [12]. The first large-scale 
description of factors that are secreted by human bone mar-
row-derived MSCs (BM-MSC) under cell culture conditions 
showed that 44 of the 120 analyzed cytokines were signifi-
cantly increased in BM-MSCs supernatant compared to that 
of HSCs. BM-MSCs secreted cytokines can be categorized 
into four different groups: angiogenic, immunosuppressive, 
anti-apoptotic and proliferation-stimulating factors [13]. 
 To better evaluate the relevance of MSCs secretome to 
the wide spectrum of MSC-mediated therapeutic effects, Sze 
SK et al. employed multidimensional protein identification 
technology and cytokine antibody array analysis to examine 
the secretion proteome of human embryonic stem cell-derived 
mesenchymal stem cells (hESC-MSCs). They revealed the 
presence of 201 unique gene products and computational 

 

 
Fig. (1). Differentiation capacity of MSCs. 
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Table 1. Paracrine factors secreted by cultured MSCs. 

Effect Bioactive Factors 

Anti-apoptotic TRAILR3 TRAILR4 FAS receptor [13] 

IGF-I VEGF HGF [17] 

Stanniocalcin-1 [17] 

TGF-b bFGF GM-CSF [17] 

Supportive G-CSF FGF-4 FGF-9 [17] 

M-CSF IL-6 LIF SCF [17] 

SDF-1 [17] 

Angiopoietin-1 [17] 

Angiogenic angiopoietin-2 TIMP-1 TIMP-2 [13] 

bFGF PIGF [17] 

VEGF MCP-1 [17] 

IL-6 [17] 

Extracellular matrix molecule [17] 

Immunomodulatory IL-12 p40 IL-2 receptor� Acrp30 [13] 

PGE-2 [17] 

TGF-b [17] 

HGF [17] 

mpCCL2 [17] 

IDO [17] 

iNOS [17] 

HLA-G5 [17] 

LIF [17] 

Chemoattractant CCL2 (MCP-1) [18]  CCL3 (MIP-1a) [18]  

CCL4 (MIP-1b) [18]  CCL20 (MIP-3a) [18] 

CCL5 (RANTES) [18]  CCL7 (MCP-3) [18]  

CXCL12 (SDF-1) [18]  CX3CL1 (fractalkine) [18]  

CXCL5 (ENA-78) [18]  CXCL2 (GROb) [18] 

CXCL11 (i-TAC) [18]  CXCL1 (GROa) [18]  

CXCL8 (IL-8) [18]  CCL10 (IP-10) [18]  

CCL26 (eotaxin-3) [18] 

Abbreviation: TRAILR �TNF-related apoptosis-inducing ligand (TRAIL) recepter, IGF-1�Insulin-like growth factor 1, VEGF: Vascular endothelial growth factor, HGF: Hepato-
cyte growth factor, TGF-�: Transforming growth factor beta, bFGF: Basic fibroblast growth factor, GM-CSF: Granulocyte-macrophage colony-stimulating factor, G-CSF: Granulo-
cyte-colony stimulating factor, FGF: Fibroblast growth factor, M-CSF: macrophage colony-stimulating factor, LIF: Leukemia inhibitory factor, SCF: Stem Cell Factor, SDF: Stromal 
cell-derived factor, ANGPT: Angiopoietin, TIMP: Tissue inhibitor of metalloproteinases, PIGF: Phosphatidylinositol-glycan biosynthesis class F protein, MCP-1: monocyte chemo-
tactic protein 1, Acrp30: Adiponectin, PGE: Prostaglandin E, CCL: Chemokine (C-C motif) ligand, IDO: Indoleamine 2,3-dioxygenase, iNOS: induced Nitric oxide synthases, 
CXCL: Chemokine (C-X-C motif) ligand 

analysis predicted that these gene products significantly 
drive three major groups of biological processes: metabo-
lism, defense response, and tissue differentiation including 
vascularization, hematopoiesis, and skeletal development
[14]. Besides paracrine factors secreted by MSCs (Table 1), 
cell-derived extracellular vesicles (EVs) that include 
exosomes and microvesicles are important portions of se-
cretion of MSCs. EVs can transfer proteins, bioactive lipids 
and nucleic acids [15] from one cell to another, thus play-

ing an important role in cell-to-cell communication. 
Administration of conditioned medium of MSCs is able to 
recapitulate the beneficial effects of MSCs for tissue repair. 
For instance, data from Van Poll D et al. provide the first 
clear evidence that MSCs conditioned medium (MSC-CM) 
provides trophic support to the injured liver by inhibiting 
hepatocellular death and stimulating regeneration, poten-
tially creating new avenues for the treatment of fulminant 
hepatic failure (FHF) [16].  
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 (4) Immunomodulation  

 MSCs have low immunogenicity because they express 
low levels of major histocompatibility complex-I (MHC-I) 
molecules and they do not express MHC-II molecules and 
costimulatory molecules, such as CD80, CD86, or CD40 
[19]. They can be induced by interferon � to upregulate hu-
man leukocyte antigen (HLA) class II expression, but even 
then, no immune response seems to be triggered [20]. This 
unique property allows for the clinical translation of alloge-
neic MSCs. Recently, Lee M et al. showed that allogeneic 
human umbilical cord blood derived-MSCs (hUCB-MSCs) 
maintained low immunogenicity both in vitro and in vivo. In 
mixed lymphocyte reaction (MLR) assay, hUCB-MSCs did 
not elicit the proliferative response of allogeneic human pe-
ripheral blood mononuclear cells (hPBMCs). Moreover, in a 
humanized mouse model, repeated intravenous injection of 
hPBMCs or MRC5 cells could induce immunological altera-
tions including T cell proliferation and increased IFN-�,
TNF-�, and human IgG levels while hUCB-MSC injection 
did not elicit these responses [21].  
 MSCs could interact with and modulate various types of 
immune cells. Both autologous and allogeneic MSCs sup-
press T-lymphocyte proliferation induced by DCs, PBLs or 
polyclonal activators. The inhibition effect is significant and 
dose-dependent [22]. When co-cultured with CD4+T cells, 
allogeneic hMSCs could promote induction of CD4+CD25 
(High) forkhead box P3+ regulatory T cells through cell con-
tact, prostaglandin E(2) and transforming growth factor beta 
1 [23]. MSCs also are able to modulate the immune response 
of B-cells. Corcione A et al. were the first to report that B-
cell proliferation and differentiation were inhibited by 
hMSCs. Suppression of B cell proliferation was caused by an 
arrest in the G0/G1 phase of the cell cycle and this effect was 
mediated mainly through hMSCs production of soluble fac-
tors [24]. Inhibitory effects of MSCs are also seen in other 
immune cells such as natural killer (NK) cells and dendritic 
cells (DCs). Spaggiari GM et al. showed MSCs not only 
inhibit the cytokine-induced proliferation of freshly isolated 
NK cells but also prevent the induction of effector functions, 
such as cytotoxic activity and cytokine production [25]. Our 
previous study showed that MSCs could inhibit the upregula-

tion of CD1a, CD40, CD80, CD86, and HLA-DR during DC 
differentiation and prevent an increase of CD40, CD86, and 
CD83 expression during DC maturation [26].  
 Potent immunomodulatory functions of MSCs have also 
been extensively demonstrated in in vivo experiments. In a rat 
heart transplantation model, Popp FC et al. demonstrated that 
MSCs can induce long-term acceptance of solid organ al-
lografts in synergy with low-dose mycophenolate [27]. We 
were the first to report immunomodulatory effects of MSCs on 
the abnormal immune system of BXSB mice which were born 
with immunologic deficiency and developed lupus naturally. 
MSCs can significantly downregulate Th2 cells in pathologi-
cal conditions and further inhibit the abnormal activation of 
humoral immunity to maintain the original balance [28].  

3. AN OVERVIEW OF MSC CLINICAL TRANSLA-
TION 

 Preclinical-trials using a wide range of animal models 
have demonstrated the safety and efficacy of MSC transplan-
tation. However, animal disease models can’t fully recapitu-
late the pathology of human. Thus it is indispensible to per-
form clinical trials to prove the therapeutic effects of MSCs. 
In 2012, we wrote a review about MSCs clinical application 
[6] by searching the public clinical trials database 
http://clinicaltrials.gov. By 2011/12/12, there were 206 clini-
cal trials using MSCs while by 2014/10/10, there were 425 
clinical trials-a more than two-fold increase. 76.05% of the 
425 clinical trials use autologous MSCs. With regard to 
MSC type, bone marrow MSCs (BM-MSCs) are used most 
often, followed by umbilical cord MSCs (UC-MSCs) and 
adipose tissue derived MSCs (AD-MSCs). These three 
MSCs types accounted for 72.77% of all MSCs types in the 
425 clinical trials. We categorized the clinical trials through 
phases (Table 2). Compared to 2011, a sharp increase (about 
three folds) in Phase II trials is shown. More importantly, 
there emerges a Phase IV clinical trial which is to evaluate 
efficacy of UC-MSCs combined with anti-thymocyte globu-
lin (ATG) for child with severe aplastic anemia (SAA) 
(ClinicalTrials.gov Identifier:NCT02218437). Additionally, 
(Fig. 2) shows the clinical trials of MSCs classified by dis-
ease types. The top 3 diseases applying MSCs for treatment 

Table 2. Clinical trials of MSCs are classified by phases. 

Year 

Phase 

 

2014 

 

2011 

I� 79 30 

I/II� 166 93 

II� 95 30 

II/III� 11 22 

III� 22 12 

IV: 1 0 

Not mentioned 51 19

Total number 425 206
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are bone/cartilage disease, heart disease and graft-versus-
host disease (GVHD). Le Blanc K et al. were the first to 
transplant haploidentical MSCs in a 9 year old boy with se-
vere treatment-resistant grade IV acute GVHD (aGVHD) of 
the gut and liver. The clinical response was striking and the 
patient was well after 1 year [29]. Since then a number of 
clinical trials have been conducted to test the safety and effi-
cacy of MSCs for GVHD and many reviews have analyzed 
this in detail. Application of MSCs in heart disease has also 
been examined in our previous review [6]. So here we will 
only focus on the application of MSCs for bone/cartilage 
disease, particularly for bone repair. 

4. MSCs FOR BONE REPAIR 

 Bone is an organ with great capacity of spontaneous heal-
ing and functional restoration. However, there are many 
conditions such as trauma, tumor and infection that could 
impair this capacity and lead to bone defects. Efficacy of 
MSC for bone repair has been demonstrated in several small 
and large animal models such as mice [30], rat [31] and dogs 
[32]. Furthermore, MSCs have been tested clinically for sev-
eral regenerative approaches in the skeletal system as out-
lined in Table 3 which summarized the currently completed 
clinical trials registered with clinicaltrials.gov.  

 There are two ways for MSCs application, one is a sim-
ple one-step approach by injection of MSC-enriched bone 
marrow aspirate or ex vivo expanded MSCs. For instance, in 
1998, Connolly reported on injection of unprocessed bone 
marrow for twenty patients with nonunions of the tibia. 
Healing occurred in 18 of 20 cases after a mean of 6-8 
months [33]. Hernigou et al. treated 60 cases of atrophic 
non-union of the tibia with percutanous injection of concen-
trated bone marrow. In addition to a high union rate (43/60), 
the researchers were able to detect a correlation between the 
number and concentration of colony forming units-fibroblast 
(CFU-F) in the graft and the volume of mineralized callus at 
4 months [34]. 

 The other way is using biomaterials loaded with MSCs. 
Several biomaterials can be chosen for combination with the 
cells, depending on the goal (mechanical strength or filling) 
and approach (percutaneous or surgical). The most widely 
used biomaterials are calcium-phosphate ceramics, which 
usually combine hydroxyapatite and beta-tricalcium phos-
phate as granules or, more rarely, sticks, and exhibit inter-
connected pores. These biomaterials promote the adhesion, 
proliferation, and osteoblastic differentiation of MSCs, as 
well as the production of the collagen matrix that subse-
quently undergoes mineralization. Collagen sponges and 
biodegradable polymers can also be used. The biomaterials 
must be absorbable, at a variable rate depending on their 
anticipated biomechanical role, and must allow the in growth 
of newly formed blood vessels from the neighboring tissues 
[35]. Quarto et al. were the first to report the use of MSC-
based tissue-engineering approach to treat three patients with 
large bone defects. For each patient, MSCs were isolated 
from bone marrow, expanded ex vivo, placed on macro-
porous hydroxyapatite scaffolds, the size and shape of which 
reflected the particular bone defect in each patient, and im-
planted at the lesion sites. In all three patients, radiographs 
and computed tomographic scans revealed abundant callus 
formation along the implants and good integration at the 
interfaces with the host bones by the second month after sur-
gery [36]. Subsequently, many researchers confirmed and 
expanded studies of Quarto et al. For instance, Marcacci M 
et al. seeded in vitro expanded BM-MSCs onto porous hy-
droxyapatite (HA) ceramic scaffolds designed to match the 
bone deficit in terms of size and shape and placed it in the 
bone defect of four patients with large bone diaphysis de-
fects and poor therapeutic alternatives. During the surgical 
session, an Ilizarov apparatus or a monoaxial external fixator 
was positioned on the patient's affected limb and the ceramic 
cylinder seeded with cells was placed in the bone defect. 
Patients were evaluated at different postsurgery time inter-
vals by conventional radiographs and computed tomography 
(CT) scans. They analyze the long-term outcome of these 
patients following therapy. No major complications occurred 

 
Fig. (2). Clinical trials of MSCs are classified by disease types. 
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Table 3. Completed clinical trials at present time with MSC expanded in vitro (http: //clinic altrials.gov). 

Condition 
Patient 

(N) 
MSC Source Delivery Route Phase Study Design 

ClinicalTrials.gov  
Identifier 

(start-completion time) 

Osteoarthritis 6
Autologous 
BM-MSC 

Intra-Articular  
Injection 

I
Single Group Assign-

ment/Open Label 

NCT01436058 

2010.09-2011.09 

Osteoarthritis 6
Allogeneic 
BM-MSC 

Intra-Articular  
Injection 

I
Single Group Assign-

ment/Open Label 

NCT01207661 

2009.08-2010.11 

Osteoarthritis 18
Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II 
Single Group Assign-

ment/Double Blind 

NCT01809769 

2013.03-2013.12 

Osteoarthritis 15
Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II 
Single Group Assign-

ment/Open Label 

NCT01227694 

2010.10-2013.01 

Osteoarthritis 30
Autologous 
BM-MSC 

Intra-Articular  
Injection 

I/II 
Randomized/Parallel 

Assignment/Open Label 

NCT02123368 

2012.03-2015.02 

Osteoarthritis 104
Umbilical 
Cord MSC 

Cartilage Tissue  
Lesion Injection 

III
Randomized/Parallel 

Assignment/Open Label 

NCT01041001 

2009.02-2011.01 

Knee Osteoarthritis 60
Umbilical 
Cord MSC 

Intra-Articular  
Injection 

II
Randomized/Parallel 

Assignment/Double Blind 

NCT01453738 

2011.11-2014.01 

Knee Osteoarthritis 6
Autologous 
BM-MSC 

Not Mentioned I 
Single Group Assign-

ment/Open Label 

NCT00850187 

2008.08-2010.12 

Hip Osteoarthritis 6 BM-MSC 
Intra-Articular  

Injection 
I

Single Group Assign-
ment/Open Label 

NCT01499056 

2010.06-2011.03 

Degenerative Arthritis 18
Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II 
Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT01300598 

2008.12-2012.03 

Nonunion Fractures 6
Autologous 
BM-MSC 

Callus of Fracture Site 
Injection 

I
Single Group Assign-

ment/Open Label 

NCT01206179 

2009.03-2011.05 

Nonunion Fractures 19 BM-MSC 
Nonunion Site  

Injection 
II

Single Group Assign-
ment/Open Label 

NCT01788059 

2013.01-2013.11 

Osteoporotic Fractures 8
Autologous 
AD-MSC 

Implanted at the  
Bone-viod 

II
Randomized/Parallel 

Assignment/Open Label 

NCT01532076 

2012.06-2014.11 

Tibial Fracture 24
Autologous 
BM-MSC 

Implanted at the  
Fracture Site 

I/II 
Single Group Assign-

ment/Open Label 

NCT00250302 

2009.04-2011.04 

Avascular Necrosis of the 
Femoral Head 

15
Autologous 
AD-MSC 

Femoral Head Infusion I/II 
Single Group Assign-

ment/Open Label 

NCT01643655 

2012.03-2014.07 

Non Traumatic Osteone-
crosis of the Femoral Head 

50
Autologous 
BM-MSC 

Femoral Head Infusion 
Not  

Men-
tioned 

Randomized/Parallel 
Assignment/Double Blind 

NCT01544712 

2004.08-2010.09 

Osteogenesis Imperfecta 9
Allogeneic 
BM-MSC 

Intra-Articular  
Injection 

I
Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT00705120 

1995.11-2007.10 
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Table (3) contd…. 

Condition 
Patient 

(N) 
MSC Source Delivery Route Phase Study Design 

ClinicalTrials.gov  
Identifier 

(start-completion time) 

Osteodysplasia 8
Allogeneic 
BM-MSC 

Not mentioned I 
Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT00186914 

1999.07-2008.01 

Leg Length Inequality 6
Autologous 
BM-MSC 

Callus Center of Short 
Limb Injection 

I
Single Group Assign-

ment/Open Label 

NCT01210950 

2009.09-2013.12 

Bone Cyst 6 BM-MSC Placed after Curettage I 
Single Group Assign-

ment/Open Label 

NCT01207193 

2009.10-2011.12 

Osteoarthritis 6 Autologous 
BM-MSC 

Intra-Articular  
Injection 

I Single Group Assign-
ment/Open Label 

NCT01436058 

2010.09-2011.09 

Osteoarthritis 6 Allogeneic 
BM-MSC 

Intra-Articular  
Injection 

I Single Group Assign-
ment/Open Label 

NCT01207661 

2009.08-2010.09 

Osteoarthritis 18 Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II Single Group Assign-
ment/Double Blind 

NCT01809769 

2009.08-2010.09 

Osteoarthritis 15 Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II Single Group Assign-
ment/Open Label 

NCT01227694 

2010.10-2013.01 

Osteoarthritis 30 Autologous 
BM-MSC 

Intra-Articular  
Injection 

I/II Randomized/Parallel 
Assignment/Open Label 

NCT02123368 

2012.03-2015.02 

Osteoarthritis 104 Umbilical 
Cord MSC 

Cartilage Tissue  
Lesion Injection 

III Randomized/Parallel 
Assignment/Open Label 

NCT01041001 

2012.06-2015.03 

Knee Osteoarthritis 60 Umbilical 
Cord MSC 

Intra-Articular  
Injection 

II Randomized/Parallel 
Assignment/Double Blind 

NCT01453738 

2011.11-2014.07 

Knee Osteoarthritis 6 Autologous 
BM-MSC 

Not Mentioned I Single Group Assign-
ment/Open Label 

NCT00850187 

2008.08-2010.12 

Hip Osteoarthritis 6 BM-MSC Intra-Articular  
Injection 

I Single Group Assign-
ment/Open Label 

NCT01499056 

2010.06-2011.03 

Degenerative Arthritis 18 Autologous 
AD-MSC 

Intra-Articular  
Injection 

I/II Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT01300598 

2008.12-2012.03 

Nonunion Fractures 6 Autologous 
BM-MSC 

Callus of Fracture Site 
Injection 

I Single Group Assign-
ment/Open Label 

NCT01206179 

2009.03-2011.05 

Nonunion Fracture 19 BM-MSC Nonunion Site  
Injection 

II Single Group Assign-
ment/Open Label 

NCT01788059 

2013.01-2013.11 

Osteoporotic Fractures 8 Autologous 
AD-MSC 

Implanted at the  
Bone-viod 

II Randomized/Parallel 
Assignment/Open Label 

NCT01532076 

2012.06-2014.09 

Tibial Fracture 24 Autologous 
BM-MSC 

Implanted at the  
Fracture Site 

I/II Single Group Assign-
ment/Open Label 

NCT00250302 

2009.04-2011.04 
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Table (3) contd….

Condition 
Patient 

(N) 
MSC Source Delivery Route Phase Study Design 

ClinicalTrials.gov  
Identifier 

(start-completion time) 

Avascular Necrosis of the 
Femoral Head 

15 Autologous 
AD-MSC 

Femoral Head Infusion I/II Single Group Assign-
ment/Open Label 

NCT01643655 

2012.05-2014.07 

Non Traumatic Osteone-
crosis of the Femoral Head 

50 Autologous 
BM-MSC 

Femoral Head Infusion Not Men-
tioned 

Randomized/Parallel 
Assignment/Double Blind 

NCT01544712 

2004.08-2010.09 

Osteogenesis Imperfecta 9 Allogeneic 
BM-MSC 

Intra-Articular  
Injection 

I Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT00705120 

1995.11-2007.10 

Osteodysplasia 8 Allogeneic 
BM-MSC 

Not mentioned I Non-Randomized/Single 
Group Assignment/Open 

Label 

NCT00186914 

1999.07-2008.01 

Leg Length Inequality 6 Autologous 
BM-MSC 

Callus Center of Short 
Limb Injection 

I Single Group Assign-
ment/Open Label 

NCT01210950 

2009.09-2013.12 

Bone Cyst 6 BM-MSC Placed after Curettage I Single Group Assign-
ment/Open Label 

NCT01207193 

2009.10-2011.12 

in the early or late postoperative periods, nor were major 
complaints reported by the patients. No signs of pain, swel-
ling, or infection were observed at the implantation site. 
Complete fusion between the implant and the host bone oc-
curred 5 to 7 months after surgery. In all patients at the last 
follow-up (6 to 7 years postsurgery in patients 1 to 3), a good 
integration of the implants was maintained. No late fractures 
in the implant zone were observed [37]. Similar to these 
studies, Dallari D et al. enrolled thirty-three patients under-
going high tibial osteotomy to treat genu varum and as-
signed them to three groups. During the osteotomy, lyophi-
lized bone chips with platelet gel were implanted into 
eleven patients (Group A), lyophilized bone chips with 
platelet gel and bone marrow stromal cells were implanted 
in twelve patients (Group B), and lyophilized bone chips 
without gel were placed in ten patients as controls (Group 
C). Six weeks after surgery, Group B showed significantly 
higher revascularization than the controls (p = 0.004). This 
study suggests that adding a platelet gel or a platelet gel 
combined with bone marrow stromal cells to lyophilized 
bone chips increases the osteogenetic potential of the lyophi-
lized bone chips [38]. 
 Furthermore, several applications of MSC in conjunction 
with different pro-osteogenic factors such as TGF-B, BMP2, 
FGF, EGF, and VEGF were shown effective in enhancing 
the effect of MSC in fracture healing and bone formation. 
Warnke PH et al. created a titanium mesh cage that was 
filled with bone mineral blocks and infiltrated with 7 mg 
recombinant human BMP7 and 20 mL of the patient's bone
marrow. The transplant was then implanted into the latis-
simus dorsi muscle and 7 weeks later transplanted as a free 
bone muscle flap to repair the mandibular defect. The in-
vivo skeletal scintigraphy showed bone remodelling and 

mineralisation inside the mandibular transplant both before 
and after transplantation [39]. While these studies demon-
strated the beneficial effects of MSCs for bone defects, the 
underlying mechanisms responsible for these effects remain 
to be revealed. Animal models are very useful to investigate 
cellular mechanisms. For example, in a rat model of femoral 
defects, transplanted stem cells were confirmed to enhance 
regeneration even though they are not incorporated into the 
new bone [40]. This report provides indirect evidence that 
the major mechanism by which transplanted stem cells me-
diate tissue repair might involve the secretion of bioactive 
molecules that influence the local microenvironment and 
subsequently stimulate the endogenous cells to participate in 
the repair process. Thus we hypothesized that bone regenera-
tion should be attributed to trophic factors secreted by MSCs 
rather than MSCs differentiation.  
 Currently, several products for bone regeneration began 
to emerge on the market. Osteocel® (NuVasive, USA), 
which retains viable MSCs within bone allografts, is now 
available for spine fusion applications and is a biological 
solution for use in various musculoskeletal applications, in-
cluding spine procedures, to facilitate fusion. Trinity® Evo-
lution™ (Orthofix, Netherlands Antilles) is a similar product 
for spine and other orthopaedic conditions. Such clinical 
successes herald the routine use of allograft cell-based prod-
ucts for bone regeneration. 

5. SUMMARY 

 Cell therapy utilizing MSCs, an adult stem cell with the 
capacity to differentiate into a number of cell types, to pro-
duce multiple types of bioactive molecules and to modulate 
immune responses, is the focus of regenerative medicine. 
Although there is still a long-way to go before MSCs be-
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come a standard of care, available preclinical studies and 
clinical trials results are encouraging, with many of them 
displaying effective outcomes in promoting disease recovery. 
We take some preclinical studies for instance. MSCs have 
been successfully applied to treat GvHD in mouse models. 
One or two infusions of MSCs greatly improve the survival 
rate of GvHD mice and dramatically reduce immune cell 
infiltration in various organs [41]. In the treatment of auto-
immune type I diabetes, MSCs significantly delayed diabetes 
onset in non-obese diabetic (NOD) mice [42]. In an estab-
lished animal model of multiple sclerosis (MS), MSCs also 
exhibited beneficial effects [43].  

 Mixed results from recent clinical trials have evoked 
promise from both the scientists and physicians. In a double-
blind, placebo-controlled, dose-ranging trial of intravenous 
allogeneic hMSCs (Prochymal, Osiris Therapeutics, Inc., 
Baltimore, Maryland) in reperfused MI patients (n=53), 
hMSC treatment, but Adverse event rates were similar be-
tween the hMSC-treated (5.3 per patient) and placebo-treated 
(7.0 per patient) groups, and renal, hepatic, and hematologic 
laboratory indexes were not different [44]. A phase II trial 
using MSC to treat GvHD reported a reduced 2-year mortal-
ity rate [45]. It seems that MSC treatments are quite safe as 
long as the cells are administered properly. However, for 
efficacy evaluation, it is particularly important to implement 
multicenter and large-scale clinical trials.  

6. CONCLUSION 

 There is a significant need for novel paradigms to treat a 
variety of degenerative diseases or injuries and MSC based 
cell therapy represents an attractive option. Feasibility and 
safety of MSC administration have been extensively demon-
strated in a great number of animal disease models and several 
clinical trials. However, the field is still in its infancy, without 
consensus on many aspects including the specific roles of 
MSCs in disease treatment and the corresponding underlying 
mechanisms. For successful MSC clinical transition, there 
remain several questions to be investigated, such as the most 
appropriate delivery method, the most effective dose and the 
optimized transplantation time widow. Importantly, more ran-
domized, controlled, multicenter clinical trials are needed to 
find the optimal conditions for MSC 44therapy. 

LIST OF ABBREVIATIONS 

aGVHD = Acute graft-versus-host disease 

DCs = Dendritic cells 

ESC = Embryonic stem cell 

FHF = Fulminant hepatic failure 

hPBMCs = Human peripheral blood mononuclear cells 

MSC = Mesenchymal stem cells 
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