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ABSTRACT
Background: Mesenchymal stromal cells (MSCs) injection has been proposed as an innovative 
treatment for knee osteoarthritis (KOA). Since, allogeneic MSCs can be available as off-the-shelf 
products, they are preferable in regenerative medicine. Among different sources for MSCs, 
adipose-derived MSCs (AD-MSCs) appear to be more available.
Methods: Three patients with KOA were enrolled in this study. A total number of 100 × 106 AD- 
MSCs was injected intra-articularly, per affected knee. They were followed up for 6 months by the 
assessment of clinical outcomes, magnetic resonance imaging (MRI), and serum inflammatory 
biomarkers.
Results: The primary outcome of this study was safety and feasibility of allogeneic AD-MSCs 
injection during the 6 months follow-up. Fortunately, no serious adverse events (SAEs) were 
reported. Assessment of secondary outcomes of visual analogue scale (VAS), Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC), and knee osteoarthritis outcome score 
(KOOS) indicated improvement in all patients. Comparison between baseline and endpoint 
findings of MRI demonstrated a slight improvement in two patients. In addition, decrease in 
serum cartilage oligomeric matrix protein (COMP) and hyaluronic acid (HA) indicated the possi
bility of reduced cartilage degeneration. Moreover, quantification of serum interleukin-10 (IL-10) 
and interleukin-6 (IL-6) levels indicated that the host immune system immunomodulated after 
infusion of AD-MSCs.
Conclusion: Intra-articular injection of AD-MSCs is safe and could be effective in cartilage 
regeneration in KOA. Preliminary assessment after six-month follow-up suggests the potential 
efficacy of this intervention which would need to be confirmed in randomized controlled trials on 
a larger population.
Trial registration: This study was registered in the Iranian registry of clinical trials (https://en.irct. 
ir/trial/46) in 24 April 2018 with identifier IRCT20080728001031N23.
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Introduction

Osteoarthritis (OA), a chronic and progressive disease, 
usually affects the articular cartilage and subchondral 
bones1. OA is usually seen in joints that bear weight or 
are under pressure. Epidemiological studies showed 
that the knee joint is more susceptible to this pathology 
compared to other joints2. It is estimated that 
14 million people in the US suffer from symptomatic 
knee osteoarthritis (KOA) and it is expected that up to 

25% of the US population could be affected by 20403. 
Studies noted that women are more prone to KOA 
associated with advanced age, and other risk factors 
such as obesity and sedentary lifestyle increase the 
incidence and prevalence of this disease4,5.

Owing to the high prevalence of KOA in the world, 
there are different conventional therapeutic 
approaches. However, proposing an approved treat
ment for this disease remains a challenge for medical 
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experts. Regenerative medicine including tissue engi
neering and cell-based therapies are thriving 
approaches that have specially been considered in 
bone and cartilage tissues6. Cartilage tissue engineering 
with different specific scaffolds, cells, and biologically 
active molecules induces the articular cartilage to 
repair7,8. Scaffolds, especially the biological ones, have 
indicated efficacy in cartilage repair. However, stem 
cells are applied without scaffolds in most clinical trials. 
This technique has not only been effective in cartilage 
repair but also bypasses the surgical risks of scaffold 
implantation. There are various cell sources for carti
lage regeneration applications, but most of them have 
drawbacks. For instance, the shortcomings of chondro
cytes usage for cartilage regeneration encompass 
donor-site morbidity, de-differentiation of cells, and 
limited lifespan9. Mesenchymal stromal cells (MSCs) 
are non-hematopoietic precursor cells that can be 
found in 17 potential sources10. Among them, bone 
marrow, subcutaneous fat and umbilical cord have the 
top three therapeutic imminence indices in the last 10  
years11.

MSCs are counted as an investigational therapeutic 
product because of their regenerative, immunomodula
tory, and paracrine properties12. MSCs with anti- 
inflammatory characteristics have been proposed to 
prompt pain relief in KOA13. MSCs can differentiate 
into chondrocytes, which could play an essential role in 
cartilage repair. Thereafter, synthesis of the extracellu
lar matrix (ECM) leads to the enhancement of neocar
tilage formation14. In a systematic review15analyzing 28 
clinical trials, 584 patients with KOA were treated with 
MSCs derived from bone marrow or adipose tissue. 
This review provided conclusive evidence for the safety 
and efficiency of autologous MSCs intra-articular injec
tion in KOA.

Bone marrow-derived MSCs (BMSCs) and adipose- 
derived MSCs (AD-MSCs) have similar phenotypes. 
However, AD-MSCs have taken precedence over 
BMSCs in some studies. AD-MSCs not only could be 
isolated more easily, but also retain their differentiation 
capacities longer than BMSCs by the passage of 
time16,17. Additionally, in a recent study18,AD-MSCs 
could commence a cytokine cascade that results in the 
modulation of host’s immune system.

Autologous MSCs have become more popular, 
although allogeneic MSCs have been considered in 
the last decades due to some advantages such as more 
availability. Despite concerns about the host’s immune 
response to allogeneic MSCs, these cells have brought 
about excellent safety in many studies19–21. A few 
investigations have already been done for the evalua
tion of the safety and efficacy of intra-articular 

transplantation of allogeneic AD-MSCs in KOA. 
Clinical outcomes and magnetic resonance imaging 
(MRI) in these studies represented significant pain 
reduction and some extent of compositional cartilage 
improvement22,23. However, few studies have evaluated 
changes in laboratory findings following treatment in 
the context of pro-inflammatory cytokines as well as 
cartilage-specific biomarkers. Evaluation of these cyto
kines in addition to the clinical examination and ima
ging-based methods can provide a more accurate 
assessment matrix for evaluation of the progression or 
improvement of the disease, following this cell-based 
treatment24.

In this paper, we have conducted an open-label pilot 
study to evaluate clinical and paraclinical changes fol
lowing intra-articular injection of allogeneic AD-MSCs 
in three patients with chronic KOA.

Materials and methods

Study design and patients

The current study is phase I of an open-label clinical 
trial that was approved by the Ethics Committee of the 
Royan Institute (IR.ACECR.ROYAN.REC.1396.138) 
and registered in the Iranian Registry of Clinical 
Trials (https://en.irct.ir/trial/46) with ID code number: 
identifier IRCT20080728001031N23. The Data and 
Safety Monitoring Board (DSMB; Royan Institute) at 
the Royan Institute was in charge of monitoring the 
trial and independent experts advised researchers and 
clinicians. This research was conducted at Shafa 
Yahyaian hospital between April 2018 and 
March 2019 and was in accordance with the good 
clinical practice (GCP) guidelines and the latest version 
of the Helsinki Declaration.

Three patients aged 35–54 years were enrolled for 
the safety evaluation of allogeneic AD-MSCs injection 
in the knee joint in patients with KOA. They had mild- 
to-moderate KOA (Kellgren/Lawrence (K/L) grades of 
II/III), diagnosed by standard knee x-ray imaging with 
standing anterior-posterior (AP) and horizontal lateral 
radiographic views. The inclusion and exclusion criteria 
of the patients are illustrated in Table 1. Signed 
informed consent was obtained from all three partici
pants after an accurate explanation of the procedure by 
the physicians.

An experienced orthopedic surgeon injected 
allogeneic AD-MSCs intra-articularly using a medial 
infra-patellar approach. A single dose of 100×106 

allogeneic AD-MSCs suspended in 5 ml normal saline 
(NS) was applied to the affected knee of each patient 
with a 10 ml syringe under sterile conditions. Patients 

664 B. SADRI ET AL.

https://en.irct.ir/trial/46


were only allowed to take acetaminophen to alleviate 
the potential upcoming pain.

Allogeneic AD-MSCs preparation

A healthy donor (30 years old female), whose health 
was confirmed after physical exam and laboratory 
tests, underwent liposuction surgery under local 
anesthesia and sterile conditions after signing informed 
consent. AD-MSCs were isolated and cultured in the 
IR-FDA GMP-certified clean room facility, CellTech 
Pharmed Co. All procedures followed good manufac
turing practice (GMP) conditions.

The harvested abdominal subcutaneous tissue (250– 
300 ml) was washed with phosphate-buffered saline 
(PBS) which contained antibiotics and was cut into 1– 
2 mm sections afterward. In the first stage, 
a combination of collagenase enzyme 0.2% and dispase 
protease was added to the adipose tissue with the same 
volume. The mixture was incubated for 15–30 min 
while being shaken every 5 min, then neutralized with 
fetal bovine serum (FBS) 10% culture media with 1:1 
ratio. After centrifugation at 2000 rpm, the cells of the 
stromal vascular fraction (SVF) were collected in 
a conical tube and passed through a 0.7 µm mesh filter. 
In the next stage, the number of mononuclear cells 
(MNCs) in SVF was counted by a nucleocounter and 
10 million MNCs were transferred into T-175 flasks 
containing Dulbecco’s modified eagle’s medium 
(DMEM)-F12 and FBS 10% culture media. The flasks 
were then kept for 3 days in the CO2 incubator at 37 º 

C. Three days later, the supernatant was removed. 
Then, 25 ml of the culture media was added to the 
flasks. Culture media of the flasks was changed every 
4 days for 3 weeks. At the end of the third passage, AD- 
MSCs were harvested and cryopreserved in liquid 
nitrogen. Then, the cryopreserved AD-MSCs were 
thawed before each transplantation. AD-MSCs were 
thawed and suspended in NS solution 0.9% with 
a density of 100×106 cells/5 ml and transported in 
a standard cool box at a temperature of 2-4 °C to the 
Shafa Yahyaian hospital for intra-articular application. 
These allogeneic AD-MSCs were received from a GMP 
certified biobank in Celltech Pharmed Co. One month 
after AD-MSCs transplantation to the first patient and 
without observing any adverse events (AEs) and serious 
adverse events (SAEs), the second and after another 
one month the third patients were received injections, 
respectively.

The sterility of AD-MSCs was confirmed in several 
stages before injection by various microbial, endotoxin, 
and mycoplasma tests. Moreover, differentiation poten
tial, mixed lymphocyte reaction (MLR), flow- 
cytometric, and immunophenotypic profiles were 
investigated to determine the characteristics of the AD- 
MSCs and verify their purity and mesenchymal nature. 
Fellow analysis data and microscopic images that indi
cate morphological characteristics of MSCs and their 
differentiation potential are presented in the supple
mentary data.

Outcome measures

AEs and SAEs were used to assess the safety profile as 
the main study outcome during the scheduled follow- 
up visits at baseline (prior to the injection), 1 week, 1, 3, 
and 6 months after injection. AEs and SAEs were 
recorded in the patients’ history and physical examina
tion through checking for swelling, warmth, redness, 
and any other changes felt by patients such as itching. 
In addition, various laboratory tests (complete blood 
count (CBC), erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), hemoglobin (Hb), hematocrit 
(Hct), sodium (Na), potassium (K), calcium (Ca), 
serum glutamic-oxaloacetic transaminase (SGOT), 
serum glutamic-pyruvic transaminase (SGPT), total 
and direct bilirubin (Bil (T,D)), alkaline phosphatase 
(ALP), vitamin D3 (Vit D3), fasting blood sugar (FBSL), 
triglycerides (TG), cholesterol (Chol), low-density lipo
protein (LDL), high-density lipoprotein (HDL), blood 
urea nitrogen (BUN), creatinine (Cr), prothrombin 
time (PT), partial thromboplastin time (PTT), interna
tional normalized ratio (INR), bleeding time (BT), 

Table 1. Inclusion and exclusion criteria.
Inclusion Criteria Exclusion Criteria

1.18<Age <65 1.BMIundefined kg/m2

2.Kellgren-Laurence grading: 
II or III

2. Immune deficiency

3.VAS Index Score � 3 3.Renal failure (Crundefined mg/dL)
4.Knee joint alignment 

undefined degrees
4.Hepatitis B, C, HIV, HTLV1–2, CMV 
infections

5.Informed consent 5.Coagulopathis or using anticoagulant 
agents
6. Liver malfunction (ALT or 
ASTundefined IU/L)
7. Uncontrolled diabetes (HbA1c > 8.5%)
8. Heart diseases (EF < 45%)
9.History of allergy to proteins or culture 
substances
10. Pregnancy or lactation
11. Malignancy
12. Drug abuse
13. Concurrent corticosteroid therapy
14. Participating in another clinical trial
15. Unwillingness to cooperate in the 
study and follow-ups

VAS, visual analogue scale; BMI, body mass index; Cr, creatinine; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; HbA1c, hemo
globin A1c; EF, ejection fraction; CMV, cytomegalovirus; HTLV1–2, human 
T-lymphotropic virus; HIV, human immunodeficiency virus. 
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clotting time (CT), hepatitis B surface antibody (HBS 
Ab), human immunodeficiency virus (HIV), hepatitis 
B surface antigen (HBS Ag), hepatitis B core antibody 
(HBC Ab), hepatitis C antibody (HCV Ab), thyroid 
stimulating hormone (TSH), thyroxine (T4), urinalysis 
(U/A)) were carried out at baseline and 6 months after 
injection.

The secondary outcomes demonstrating the efficacy 
of this study comprised visual analogue scale (VAS), 
Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) and knee osteoarthritis 
outcome score (KOOS) questionnaires at the baseline 
and in 3 and 6 months after injection. Short form 36 
(SF-36) health survey was another questionnaire that 
facilitated comparison between the health status of the 
patients before and 6 months after the treatment.

Additionally, the enzyme-linked immunosorbent 
assay (ELISA) was employed to measure the levels of 
various specific biomarkers (cartilage oligomeric matrix 
protein (COMP), hyaluronic acid (HA), C-telopeptide 
fragments of type II collagen (CTX-II), matrix metallo
proteinase-3 (MMP-3), interleukin-6 (IL-6), interleu
kin-10 (IL-10), interferon- γ (IFN- γ), tumor necrosis 
factor-α (TNF-α)) in patients’ serum, which disclosed 
the impacts of AD-MSCs on alleviation of inflamma
tion and cartilage degradation at baseline, 1 week, 1  
month, 3 months, and 6 months after injection.

MRI evaluations were performed via 3 Tesla sys
tem (Magnetom Tim Trio; Siemens, Erlangen, 
Germany) with Standard knee MRI imaging proto
col (Ax PD FS, SAG PD FS, COR PD FS, T2MAP, 
StarMap, Sag FSPGR BRAVO, Sag DTI 1000, Sag 
DTI 700). Axial, coronal, and sagittal planes were 
reviewed and the cartilage thickness, cartilage 
volume, subchondral bone edema, and joint effusion 
were analyzed using ITK-SNAP software.

Results

Demographic

The characteristics of the patients are illustrated in 
Table 2. Three female patients were identified as P1, 

P2, and P3. Patients referred to the knee clinic of 
Shafa Yahyaian hospital 2–3 months before injection 
and mild-to-moderate KOA was diagnosed in all 
three patients by the use of plain radiographs of 
the knee. Based on the negative family history in 
all patients, any genetic inputs in the etiology of the 
KOA were ruled out. Furthermore, excluding the 
role of any trauma, post-injury development, work/ 
career-associated etiologies, and according to the 
relevant questionnaires, lifestyle was recognized as 
the etiology of KOA in all three patients. The infor
mation on radiographic views to determine the K/L 
grade can be found in the supplementary data.

All three patients were followed up for 6 months 
after injection. No SAEs were seen in any of the 
patients. However, in P3, swelling and mild local 
pain in the injected knee were recorded 1 week 
after injection, which was self-limited and relieved 
after 4 days. Various laboratory tests were run to 
investigate possible inflammation, but the results 
did not reveal any abnormal parameters (Table 3).

Clinical outcomes

The clinical results of this study were analyzed 
using VAS, WOMAC, KOOS, and SF-36 question
naires. Figure 1(a) contains total WOMAC scores 
for all patients. This linear diagram illustrates 
reduction in WOMAC scores for all patients at the 
end of 6 months. The decrease in WOMAC score, 
which is regarded to be an indicator of improve
ment of patients’ conditions, initially occurred with 
a steep slope and decreased from 54, 43, and 53 to 
16, 19, and 8 for P1, P2, and P3, respectively, after 
3 months, and the decrease in WOMAC scores con
tinued until 6 months. Moreover, Figure 1(b) illus
trates a remarkable reduction in the VAS after 3 
and 6 months of AD-MSCs injections compared to 
baseline for all three patients. Assessment of various 
subgroups of KOOS (symptoms, pain, sport and 
recreation, daily function, and quality of life) 
revealed enhancements in all three patients from 
the injection time-point to the last follow-up 
(Figure 2). The SF-36 outcomes, including eight 
subgroups for investigation of health status, have 
been illustrated in Figure 3. Similar to KOOS, 
a high score on SF-36 means better health state. 
Significant improvement in the health conditions 
of all patients was accomplished in all subgroups 
except in social functioning, which remained the 
same in P1 and P2 6 months after the treatment.

Table 2. Demographic characteristics of the patients.
Patients P1 P2 P3

Age (year) 55 48 38
Gender F F F
Kellgren-Lawrence grade 3 3 2
R/L R L R
BMI (Kg/m2) 30.85 30.86 26.76
Disease duration (months) 24 18 8
Potential origin of KOA Life style Life style Life style

F, female; R, right knee; L, left knee; BMI, body mass index. 
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Radiological findings

Identification of changes in cartilage volume and thick
ness, joint effusion, and subchondral edema was 
achieved by comparing the MRI findings before and 
6 months after AD-MSCs therapy. Table 4 provides the 
changes in detail. Figure 4 illustrates the coronal views 

for P2 before and after the AD. Injection of AD-MSCs 
not only led to an increase in the cartilage volume but 
also resulted in a reduction in subchondral edema and 
joint effusion. The MRI images of before and after 
treatment for P1 and P3 are presented in the supple
mentary data.

Figure 1. Changes in the (a) WOMAC and (b) VAS during the 6-months period after AD-MSCs injection. WOMAC, Western Ontario 
and McMaster Universities Osteoarthritis index; VAS, visual analog scale; AD-MSCs, adipose derived mesenchymal stromal cells.

Figure 2. Changes in the five separately scored subscales of KOOS (pain, symptom, sport, daily function, and quality of life) during 
the 6-months follow up after AD-MSCs injection. KOOS, Knee injury and Osteoarthritis Outcome Score; AD-MSCs, adipose derived 
mesenchymal stromal cells.
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Biomarker assessment

Intra-articular injection of allogeneic AD-MSCs had some 
systemic consequences. IL-6 levels have been analyzed 
(Figure 5(a)) and the results signified a reduction in its   

expression 1 week after AD-MSCs injection in all patients. 
After a slight growth observed after four and 12 weeks, 
the levels of this marker decreased at the end of 6 months. 

Figure 3. SF-36 outcomes in P1, P2, and P3 the baseline and 6 months after AD-MSCs injections. PF, physical functioning; RP, role 
limitation due to the physical health; BP, body pain; GH, general health; VT, vitality; SF, social functioning; RE, role limitation due to 
the emotional health; MH, mental health; SF-36, 36-Item Short Form Survey; AD-MSCs, adipose derived mesenchymal stromal cells.
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IL-10 is another marker that was assessed in this study 
(Figure 5(b)). The expression of IL-10 had a notable rise 
after a week. While, it went through a downward trend in 
the following weeks. This downward trend was the same 
for all three patients. Figure 5(c) demonstrates the varia
tions in COMP levels during the 6 months. The amount 
of COMP decreased dramatically in the first week after 
injection in all patients, but it approximately became 
constant in 12 and 24 weeks post-treatment. HA expres
sion levels have been shown in Figure 5(d). This biomar
ker decreased continuously, reaching the lowest measured 
amount 
after 6 months. At the baseline, the levels of HA for P1, 
P2, and P3 were 168.28, 195.79, and 169.12 ng/ml, respec
tively. While these values reached 78.91, 85.28, and 81.33, 
respectively, 6 months after the AD-MSCs injection. 
Information on other markers including MMP-3, 
CTX-II, IFN -γ, and TNF-α is available in the supple
mentary data.

Discussion

Numerous pre-clinical and clinical studies have con
sidered intra-articular MSCs injection to be an effi
cient treatment for KOA25. That is in spite of the 
findings of some studies that have shown there is no 
significant difference in the effectiveness of MSCs 
compared with the placebo in symptomatic KOA26. 
Hence, evaluation of the effectiveness of MSCs with 

various origins requires further studies. BMSCs 
and AD-MSCs have been widely used in comparison 
with the MSCs derived from other origins such as 
umbilical cord blood27. Harvested MSCs from bone 
marrow and adipose tissue are similar in phenotype 
and morphology, and both express surface markers of 
MSCs such as CD90, CD105, CD44, and CD7328. 
Moreover, in a clinical trial29conducted in 2020, no 
significant difference was reported between 
autologous AD-MSCs and BMSCs in KOA, and 
both appeared effective. Nevertheless, AD-MSCs 
have been more beneficial regarding easier extraction 
process, longer lasting potential to differentiate, and 
more potent immunomodulatory effects.

Although a lot of attention has been paid to auto
logous MSCs, the use of allogeneic MSCs is increas
ing due to their undeniable merits. Allogeneic MSCs, 
with similar therapeutic properties to autologous 
MSCs, would be less costly and immediately avail
able. An additional benefit is for older patients whose 
MSCs are known to have lower proliferation rates 
compared to MSCs from younger donors30. Despite 
concerns about the rejection of allogeneic MSCs by 
the host’s body, the immunomodulatory properties of 
MSCs cause downregulation of the host’s immune 
responses, which results in inhibition of severe reac
tions of the host’s immune system31. In a relatable 
manner, Vega et al.32investigated the safety and effi
cacy of allogeneic bone marrow MSCs in KOA. They 
divided 30 patients into two groups, 15 patients in 
the test group received 40 × 106 cells and 15 other 
patients in the control group received hyaluronic acid 
in the same volume. The results showed allogeneic 
bone marrow MSCs to be safe and effective.

In the current study, the safety and efficacy of 
allogeneic AD-MSCs in KOA are described. This pilot 

Table 3. Adverse and serious adverse events.
Patients P1 P2 P3

AEs - - Swelling of injection-site joint
Outcome - - Relief
SAEs - - -

AEs, adverse events; SAEs, serious adverse events. 

Table 4. Magnetic resonance imaging (MRI) findings.

Patients Time

MFCC 
Thickness 

(mm)

LFCC 
Thickness 

(mm)

LTC 
Thickness 

(mm)

MTC 
Thickness 

(mm)

MFCC 
Volume 

(mm3

LFCC 
Volume 
(mm3)

LTC 
Volume 
(mm3)

MTC 
Volume 
(mm3)

Joint 
Effusion Subchondral Edema

P1 Baseline 0.1 1.71 1.98 0 26 498 465 46 Moderate Mild subchondral in medial 
femoral condyle and tibia 
plateau

6  
months

0 1.1 0.85 0 0 608 440 0 Moderate Mild subchondral edema in 
medial tibial plateau

P2 Baseline 1.7 1.45 2.29 2.29 878.8 1594 1576 834.1 Moderate 
(large 
barker)

No

6  
months

2.29 2.55 2.8 2.27 1060 1807 1650 980 Moderate 
(small 
barker)

No

P3 Baseline 0.78 1.2 1.83 1.59 556 255 334 328 Mild No
6  
months

0.81 1.5 2.13 2.08 573 328 330 300 No No

MFCC, medial femoral condyle cartilage; LFCC, lateral femoral condyle cartilage; LTC, lateral tibial cartilage; MTC, medial tibial cartilage; MFCC, medial femoral 
condyle cartilage; LFCC, lateral femoral condyle cartilage; LTC, lateral tibial cartilage. 
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study was conducted in three KOA patients with K/L 
grade of II/III. Intra-articular injection of 100 × 106 

allogeneic AD-MSCs did not cause any SAEs and only 
one patient experienced mild pain and swelling 1 week 
after the injection. These AEs have been reported in 
other studies that used autologous or allogeneic MSCs 
in KOA33,34. For instance, Pers et al. 35in a phase 
I study evaluated the safety of autologous AD-MSCs 
in 18 patients with KOA and reported transient pain 
and swelling in the knee joints of four patients after 
injection.

The allogeneic AD-MSCs generally improved all 
clinical outcomes including VAS, WOMAC, KOOS, 
and SF-36 scores at 6-months follow-up. Notable pain 
improvements were observed in VAS and WOMAC 
assessments after 3 months. A decreasing trend in 
VAS and WOMAC scores continuing until 6 months 
after the injection confirmed the improvement process. 
Moreover, the findings of KOOS showed remarkable 
amelioration of pain, symptoms, quality of life, daily 
function, and recreation and sport status for all 
patients. Measuring KOOS, WOMAC, and VAS 
together is common for accurate monitoring of MSCs 
injection results in KOA. A similar clinical trial36of 
autologous AD-MSCs injection demonstrated improve
ments in VAS, KOOS, and WOMAC assessments as 
well. Enhancement in the health status of our patients 
was noted via SF-36 questionnaire. Based on SF-36 
analysis, the patients’ overall mental and physical health 
improved after the 6-months follow-up.

In addition to the positive effects on clinical condi
tions, comparison of the baseline and endpoint MRI 
revealed no progression of KOA. Analysis of medial 

femoral condyle cartilage (MFCC), lateral femoral con
dyle cartilage (LFCC), lateral tibial cartilage (LTC), and 
medial tibial cartilage (MTC) in P2 and P3 showed 
a slight improvement. Nevertheless, a comparison of 
MRI findings before and 6 months after injection into 
P1 shows a slight reduction in cartilage volume and 
thickness, indicating slower progression of osteoarthri
tis. Due to the fact that OA is a progressive degenera
tive disease, slowing the progression of the disease 
could be beneficial for the patient. The effectiveness of 
MSCs in preventing KOA progression was reported in 
this study is in consistence with the results of 
a published study by Sekiya et al.37in 2021. These 
alterations after AD-MSCs therapy indicate the possible 
differentiation of AD-MSCs into chondrocytes and 
extra cellular matrix synthesis. However, no significant 
changes were reported in subchondral edema and joint 
effusion. Nonetheless, since no severe joint effusion and 
subchondral edema were reported in any of the patients 
at baseline, the role of AD-MSCs on healing effusion 
and subchondral edema is not clarified in this study 
and this issue should be investigated in more severe 
cases. According to similar studies, the effectiveness of 
MSCs in cartilage production depends on the dose of 
injected cells. For instance, MRI findings of a study
38that investigated three different doses of 
autologous AD-MSCs in KOA demonstrated that in 
the high-dose group (100 × 106 cells), the size of carti
lage defect decreased dramatically.

In this study, we analyzed the levels of some bio
markers to carefully examine the effects of AD-MSCs 
on reducing inflammation and cartilage damage. 
Investigation of serum inflammatory markers has 

Figure 4. MRI analysis of P2. a: MRI coronal view before AD-MSCs therapy and b: MRI coronal view 6 months after AD-MSCs injection. 
MRI, magnetic resonance imaging; AD-MSCs, adipose derived mesenchymal stromal cells.
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been performed in similar studies in recent years 
because some inflammatory cytokines such as IL-6 
can play a role in KOA progress39. In this regard, Li 
et al.40evaluated the levels of serum IL-6 and TNF-α in 
patients after injecting autologous BMSCs. Serum levels 
of these markers decreased significantly after 6 and 12  
months in comparison with the baseline. The efficacy 
of AD-MSCs in KOA is quite consistent with the dra
matic decline in the levels of these markers 1 week 
after AD-MSCs injection. During the next follow-ups, 
the expression of IL-6 increased slightly and then 
remained constant. This slight increase after 4 weeks 

may be due to the differentiation of AD-MSCs into 
chondrocytes. IL-6 is an impactful pro-inflammatory 
cytokine, which its elevated concentrations have been 
reported in various inflammatory diseases, including 
rheumatoid arthritis as well as coronavirus disease 
2019 (COVID-19)41. Furthermore, IL-10 was another 
inflammatory marker assessed in this study. Unlike IL- 
6, AD-MSCs application increased the levels of IL-10 as 
a result of a reduction in proliferation of T cells42. 
Therefore, the improvement in KOA was remarkable 
1 week after injection of AD-MSCs. COMP and HA are 
two other markers that were examined to measure the 

Figure 5. Changes in the expression of biomarkers in the serum of the patients. (a): IL-6, (b): IL-10, (c): COMP, (d): HA.IL-6, 
interleukin-6; IL-10, interleukin-10; COMP, cartilage oligomeric matrix protein; HA, hyaluronic acid; AD-MSCs, adipose derived 
mesenchymal stromal cells.
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effectiveness of AD-MSCs in preventing cartilage 
damage. The amounts of COMP and HA are directly 
related to cartilage damage43. After AD-MSCs therapy, 
a noticeable decrease in their levels was observed. This 
decreasing trend continued for HA until the 6-months 
follow-up while regarding COMP level, a slight eleva
tion took place 4 weeks after treatment that stayed 
almost the same in 3 and 6-months follow-ups. In 
a similar study, Chahal et al.44evaluated the level of 
serum, plasma, and urine biomarkers following the 
treatment with autologous BM-MSCs injection in 
KOA. COMP and HA were two biomarkers that their 
levels in plasma remained approximately constant dur
ing the 12 month follow-up. Other cytokines such as 
CTX-II and MMP-3, which have been suggested as 
indicators of KOA43,and two other inflammatory mar
kers (IFN-γ and TNF-α) were tested in this study, but 
no significant changes were noted. The level of these 
biomarkers did not follow a similar trend in patients 
after cell therapy and needs further investigation and 
more patients.

In addition to the limited number of patients, the lack 
of a control group was one of the major limitations of this 
study that should be addressed in future studies. Placebo 
controls have been evidenced to be essential in evaluating 
the efficacy of intra-articular treatments in OA studies45.

Conclusion

This phase I study presents that intra-articular injection 
of allogeneic AD-MSCs was safe and induced reduction 
of cartilage damage in KOA. Although this was a phase 
I study in a limited number of patients and with 
a relatively short follow-up period, it showed that AD- 
MSCs transplantation was safe and well tolerated in 
patients with KOA and provided encouraging prelimin
ary evidence of efficacy and improvement in numerous 
secondary endpoints. Long-term follow-up, larger and 
controlled studies are necessary to confirm 
whether AD-MSCs injection can improve signs and 
symptoms in KOA.
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