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Background: Osteoarthritis (OA) has been recognized, as the most common inflammatory disease in the
world. Adipose Stem Cells (ASCs), as a new feasible source with high numbers of stem cells and
proliferative capacity have been used for regenerative medicine. Based immunomodulatory and
chondrogenic properties of ASCs, this study aimed to assess intra articular injection of ASC effect on
improvement of osteoarthritis signs.
Methods and Materials: Adipose tissue samples were obtained from subcutaneous of abdomen.
ASCs were isolated and cultured for at least three passages in culture media containing autologous
serum and expanded them to 15-20 × 106 cell. The morphology and proliferative potency of ASCs
were determined. Immuno phenotype characteristics of ASCs were analyzed by flow-cytometry. Then
cell suspensions were injected into knee articular spaces. After 6 months the function of knee was
assessed by WOMAC, KOOS, Lysholm and Lequesne indexes.
Results: The results of this study showed that homogenous spindle-shape ASCs expanded rapidly with low
doubling time. The low expression of CD14 and CD45 indicated that ASCs are non hematopoietic cells and
expressed high percentages of CD44, CD105 and CD90. Our results showed that injected ASCs were
effective in improvement of OA by scoring systems for evaluation of pain, joint movements and daily
physical activities were significantly changed due to injection of stem cells. Osteoarthritis severity indexes
means of WOMAC and Lequesne were decreased from 53 to 12.3 and 15.1 to 2.1 respectively. Also
osteoarthritis improvement indexes Lysholm & KOOS means were significantly increased from 35 to 15.1
and 70 to 126.7 respectively. In six months follow up of intra articular injection of ASCs, we observed no
local or systemic side effect. After ASCs injection, walking distance considerably increased. The flexion
angle of knee improved by 20-30 degrees compares to before of treatment.
Conclusion: Autologous ASCs injection could be resulted in increasing of knee function, alleviated of
pain and quality of life improvement.
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Introduction 1
mong rheumatoid disease, Osteoarthritis
(OA) of the knee is the most common
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health problem in worldwide (Shi, 2012) and
fourth leading cause of disability (Fransen et al.,
2011). In the United States in 2003, the costs of
arthritis treatments were $128 billion (Yelin et al.,
2007). The main therapeutic options at present are
analgesics, anti-inflammatory drugs and surgical
treatments such as arthroscopy, micro fracture and
total joint replacement. Lack of actual cure of OA
and its high economic consequences resulted in
that investigators look for non invasive,
inexpensive and effective methods for treatment of
OA. Stem cell therapy is a promising strategy for
treatment of diseases (Liang & Sun, 2015).
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Mesenchymal Stem Cells (MSCs) have an ability
to proliferate and differentiate toward mature tissues
in specific microenvironments. These intrinsic
characteristics of MSCs make them very attractive
cell source for regenerative medicine. MSCs are
found in numerous tissues of body (Via et al., 2012).
However adipose tissue derived stem cells (ASCs)
are accessible and abundant in each gram of this
tissue and they are more than Bone Marrow Stem
Cells (BMSCs)(Pittenger et al., 1999, Sen et al.,
2001). Other properties of ASCs including their
characteristics, differentiation potential, genetic
stability, toxicity and tumorigenicity have widely
been investigated. We previously showed that
chondrogenic potential of ASCs (Shafaei &
Baghernezhad, 2015, Shafaei et al., 2013).
Karyotyping analysis showed that ASCs are
genetically stable after expansion (Meza-Zepeda et
al., 2008). Injection of ASCs in mice had no adverse
effects in toxicity test (Meza-Zepeda et al., 2008).
There is fundamental data for safety of collagenase
isolated adipose-derived stem cells (Chang et al.,
2013). Tumorigenic studies of ASCs revealed that no
abnormal finding (Meza-Zepeda et al., 2008).
Although previously (Bernardo et al., 2007) have
reported BMSCs were not susceptible to malignant
transformation as well (Bernardo et al., 2007).
Another interesting characteristic of ASCs is their
immunomodulatory potential (Blazquez et al., 2014).
Pervious findings indicated that ASCs greatly upregulate immunomodulatory cytokines and downregulate inflammatory cytokines (Mohammadzadeh
et al., 2014). In experimental OA, intra-articular
injection of ASCs had protective effects on synovial
membrane (Schelbergen et al., 2014). These cells can
suppress inflammatory process by chemotactic ability
and migration to inflammation sites (Markides et al.,
2013). Vast majority of studies confirm MSCs to
inhibit the immune response (Nauta et al., 2006).
There has been a significant interest for therapeutic
use of ASC due to immunomodulatory potency of
ASC (Pittenger et al., 1999).
OA is an complex inflammatory disease due to
released cytokines by cartilage, bone and synovium
(Berenbaum, 2013). In arthritic patients, significant
improvement has been shown using anti-TNFα
treatment (Chou, 2012). It has been shown that
mesenchymal stem cells of synovial fluid increase in
joint injuries (Nakagawa et al., 2015). Findings of
previous research indicate that intra articular injection
of ASC in induced OA inhibits synovial thickening
and cartilage destruction (ter Huurne et al., 2012).
Although Autologous Chondrocyte Implantations
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(ACI) has positive outcome in repairing of articular
joint injuries (Nauta et al., 2006). Therefore, in
comparison with MSCs, implanted chondrocytes
probably do not have anti inflammatory and immune
modulating properties effect on injury site (Chang et
al., 2011; Singer & Caplan, 2011). Many of MSC
transplantation studies on osteoarthritis of knee in
animals and humans have been done and they
reported significant improvement (Vega et al., 2015;
Davatchi et al., 2011). One year follow up by
Magnetic Resonance Imaging (MRI) scans showed
significantly better functional scores for the MSC
recipient group (Wong et al., 2013). In 5 years follow
up, MSC treated patients showed improvement better
results than untreated knee (better knee of patient at
day treatment has been kept as control with any MSC
and control knee became the worse knee at 5 years
(Davatchi et al., 2015). Intra articular injection of
autologous ASCs for osteoarthritic knee resulted in
decrease of the cartilage defect size by arthroscopic
evaluation (Jo et al., 2014). Expanded and nonexpanded MSC transplantation resulted in positive
outcomes in clinical studies and formation of hyaline
like cartilage based on arthroscopic, histologic and
imaging evaluations (Buda et al., 2013, Buda et al.,
2010). In this study we used expanded autologous
ASCs of patients for treatment of OA and evaluated
the improving of knee joint function by WOMAC,
KOOS, Lysholm and Lequesne indexes.
Methods
This research is caring out on human subjects by
ethical approval committee of the Tabriz
University of Medical Sciences, Tabriz Iran,
through ID number: 9368. Here we reported
preliminary results of this study for three middle
aged woman who had suffered OA. The procedure
was done in Tabriz academic center for education,
culture and research center.
Inclusion criteria for this study were woman
suffering OA and aged between 45 and 60 year old
with Body Mass Index (BMI) greater than 30kg/m2
and classification of cartilage joint Lesions by
Kellgren-Lawrence scale greater or equal to 2.
Exclusion criteria were osteoarthritis with grade
greater than 2, previous chondral surgery, patients
with diabetes mellitus, alzheimer, systemic lupus
erythematosus, hepatitis, HIV, malignancy, addiction
to opioids, treatment with growth factors during one
month prior to entering into the study, patients with a
history of septicemia, viral or fungal infection,
history of radiotherapy, patients with long term
contact with poisonous compounds.
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The eligible patients had OA about grade 2
based on plain radiographic images (table 1)
(Park et al., 2013). After fully explanation about
the procedure of the study, they signed informed
consent and filled WOMAC, KOOS, Lysholm
and Lequesne indexes forms before MSC
transplantation. Then blood sample and adipose
tissue of the participated patients were collected
if they had all inclusion criteria.
Table 1. Grading of the osteoarthritis of the knee
joint by Kellgren-Lawrence.
Kellgren-Lawrence Grading Scale
Grade 0 No narrowing of joint space and no osteophytic
Doubtful narrowing of joint space and possible
osteophytic
Definite osteophytes, definite narrowing of joint
Grade 2
space
Moderate multiple osteophytes, definite narrowing of
Grade 3 joints space, some sclerosis and possible deformity
of bone contour
Grade 1

Grade 4

Large osteophytes, marked narrowing of joint space,
severe sclerosis and definite deformity of bone contour

To preparing serum, 30 ml of autologous
blood was collected in falcon tubes without any
anti-coagulants and the blood samples were kept at
4oC for 4 hours and clot centrifuged at 4000 rpm
for 10 minutes, and the pure serum were stored at 20 oC until use.
Isolation and culture of ASCs: Ten gram of
adipose tissues were obtained from abdominal
subcutaneous adipose tissue by minimum incision
on abdominal skin and transferred to lab. Isolation
of ASCs were done by collagenase A
(Worthington-CSLAFA) according to Zuk protocol
(Zuk et al., 2002). Briefly, these stem cells were
cultured at 37 oC, 5% CO2 in low glucose DMEM
(Gibco, UK) and 10% autologous serum. After 24
hours, the culture media was replaced. The cells
were trypsinized (0.25% trypsin/0.2% EDTA;
Sigma, USA) and the harvested cell suspension
was used for later passages or evaluation by flow
cytometry. The culture medium being changed
every 2–3 days. The morphology and proliferative
potency
of
ASCs
were
determined.
Immunophenotype characteristics of ASCs were
analyzed by flow-cytometry. Then cell suspensions
(15-20 x106) at passage 3 were injected into knee
articular spaces. After 6 month the function of
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knee was assessed by WOMAC, KOOS, Lysholm
and Lequesne indexes.
Results
The results of this study showed that ASCs
were rapidly growing cells and spindle-shape at
passage 3 before full confluency with appropriate
doubling time (Fig. 1). Doubling time of ASCs in
three cases is not statistically different. Forward
scatter and side scatter dot plot confirmed that
ASCs were homogenous small cells with low
granularity. The low expression of CD14 and
CD45 indicated that ASCs are non hematopoietic
and they expressed high percentages of CD44,
CD105 and CD90 (Fig 2). Our results showed
that injected ASCs were effective in improvement
of OA since scoring systems for evaluation of
pain, joint movements and daily physical
activities were significantly changed due to
injection of stem cells. Osteoarthritis severity
indexes means of WOMAC and Lequesne were
decreased from 53 to 12.3 (P < 0.002) and 15.1 to
2.1 (P = 0.002) respectively (Fig 3A). Also
osteoarthritis improvement indexes Lysholm and
KOOS means were significantly increased from
35 to 15.1 (P = 0.0083) and 70 to 126.7 (P =
0.0082) respectively (Fig 3B). In six months
follow up, we observed no local or systemic side
effect from intra-articular injection. After stem
cell injection walking distance considerably
increased. The flexion angle of knee improved by
20-30 degree relation to before of treatment.

Figure 1. Morphology and growth rate of ASCs. A)
Spindle shape cell ASCs at passage 3 before
confluency in case 1. B) Spindle shape cell ASCs at
passage 3 before confluency in case 2. C) Spindle
shape cell ASC at passage 3 before full confluency in
case 3. D) Doubling time of ASCs in three cases is not
different.
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Figure 2. Flow cytometric analysis of ASCs. A) Forward and side scatter of ASC dot plot indicates small and
homogenous cells with low granules. B)Surface marker expression of CD45, C) Expression of CD14, D)
Expression of CD44, E) Expression of CD90 and F) Expression of CD105 on ASCs.

Figure 3. Comparison of knee function before and after intra-articular injection of autologous ASCs in
osteoarthritic joint. A) Severity of osteoarthritis score by WOMAC and Lequesne indexes. B) Improvement
of osteoarthritis signs by Lysholm and KOOS indexes.

Discussion
This study showed that ASC transplantation on
osteoarthritic joint decreases symptoms of
patients who suffer from osteoarthritis. In six
112

months follow up, we observed no side effect
from intra-articular injection except pain during
first 24-48h after injection. Our results showed
that ASCs at passage three had characteristics of
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MSCs such as small and spindle shape cells and
ASCs are non hematopoietic cells due to lack of
CD14 and CD45 on cell surface. Presence of
positive antigens (CD44, CD90 and CD105) on
ASCs indicates that injected ASCs have features
of stem cell. These results reported for short term
follow up and these limitations will improve by
enrolling more patients and continuing follow ups
in longer periods in this study.
Heterogeneity of MSCs is major problem in
cartilage tissue engineering (Tuan, 2006; Colter
et al., 2002) confirmed that small and spindle
shape cells are rapidly growing subpopulation of
MSCs and they can expand up to as many as 50
population doublings (Sekiya et al., 2002; Colter
et al., 2001; Colter et al., 2000). In this study we
used homogenous ASCs by their morphologic
appearance and forward scatter results. Previous
studies demonstrated that MSCs from different
tissues expresses above mentioned surface
antigens. International Society for Cellular
Therapy defines an MSC as expressing cell
surface phenotype CD34-, CD45-, CD73+,
CD90+, CD105+, HLA-DR- (Dominici et al.,
2006). Our pervious findings showed that ASCs
do not express CD31 and HLA-DR (Shafaei et
al., 2011). This significant issue is necessary for
cell therapy.
ASCs could modulate the therapeutic activities
on transplanted knee joint. Improvement functional
parameters of the knee could be regeneration
properties and also because of anti-inflammatory
properties of ASCs. Anti inflammatory effects of
ASCs has been shown in rabbits (Singer & Caplan,
2011). It has been shown that positive outcome of
intra-articular injection of stem cells in reducing of
osteoarthritis symptoms (Emadedin et al., 2015;
Davatchi et al., 2015; Delling et al., 2015). In
comparison, BMSC harvesting is a painful
procedure with donor site morbidity versus ASCs
(Mazor et al., 2014). Hence, ASCs have been
considered as abundant and accessible cells.
For evaluation of treatment effects on knee,
WOMAC is responsive index (Angst et al.,
2001). but we used four scoring systems due to
possible mistranslation of forms to patient
language. Also MRI is useful method in
evaluation of treatment and imaging results
properly correlate with clinical symptoms
(Raynauld et al., 2004).
Recently it has shown that intra articular
injection of MSCs in OA affected joints is safe
and promising therapeutically data support of the

IJMPP 2016; V1, N3.P: 109-116

use of these stem cell for hyaline cartilage
regeneration with better results in treated knee
than untreated knee and control knee became
worse at 5 years (Black et al., 2008; Davatchi et
al., 2015; Delling et al., 2015; Emadedin et al.,
2015; Guercio et al., 2012; Noth et al., 2008). In
agreement with our results no adverse effects or
evidence of tumor or neoplastic changes were
reported in ASCs transplantation in previous
study (Emadedin et al., 2015) treated with MSCs
had better arthroscopic and histologic scores
(Wakitani et al., 2002). The possible
regenerative effect of injected MSCs may be by
homing of MSC in injury site and then local
signal lead to differentiation of ASCs into
chondrocyte. Injected GFP-labeled MSCs into
knee of rat were mobilized to the injured sites
(Agung et al., 2006). However in clinical studies
following of homing is not feasible. The other
possible therapeutic effect may be because of
immune-modulatory effects of ASCs on
inflammation rather than their chondrogenic
potential. This paracrine effect of MSCs was
reported by others that is more important than
the differentiation potential of the cells (Wu et
al., 2011).
Conclusion
Autologous adipose mesenchymal stem cell
injection might be resulted in increasing of knee
function, alleviated of pain and improveement of
physical activities in OA patients.
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