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Abstract
Objective: The objective of this study was to compare between the efficacies of mesenchymal stem cell (MSC) 

and betamethasone in the treatment of rheumatoid arthritis.

Material and method: 90 male albino mice were divided equally into 2 models as follows: MSC model, group 1: 
saline control group, group 2: Acetic acid, group 3: CIA, group 4: induced arthritis mice that received intravenous injection 
of MSCs. Betamethasone model, group 1: phosphate buffer saline, group 2: Acetic acid, group 3: betamethasone 
control, group 4: CIA, group 5: induced arthritis mice that received intraperitoneal injection of betamethasone. Mice 
arthritis models were assessed by clinical paw edema and x-rays, at the proper time of sacrefaction, tissues were 
collected and examined using real-time PCR (RT-PCR), synovial tissue was examined for (IL-10) interleukin-10 
(TNF-α), tumor necrosis factor-α, (COMP)-Cartilage oligomeric matrix protein, (MMP-3) Matrix metalloproteinase3. 
While (MDA), (LDH), (GSH), (CAT) and (MPO) were determined using colorimetric kits. In addition detection of serum 
level of (IgG), (RF), (CRP), (ANA) by enzyme-linked immunosorbent assay (ELISA).Also detection of blood (ESR).

Results: Histopathological, paw edema and PCR results showed improvement of the group that received MSC 
compared to the diseased group and group received betamethasone.

Conclusion: MSC significantly enhance the efficacy of collagen-induced arthritis treatment, which is superior to 
betamethasone treatment likely through the modulation of the expression of various cytokines.
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Introduction
Mesenchymal stem cells (MSCs) have the capacity to differentiate 

into various types of tissue cells and contribute to the regeneration 
of a variety of mesenchymal tissue such as bone, cartilage, muscle, 
and adipose. They can be induced to terminally differentiate into 
osteoblasts, chondrocytes, adipocytes, tenocytes, myotubes, neural 
cells, and hematopoietic-supporting stroma, either in vitro or in vivo 
[1–3]. The pluripotent characteristics of MSCs make them attractive 
therapeutic adult stem cells. Some studies have demonstrated the 
beneficial effects of MSC therapy in vivo in disorders such as myocardial 
infarction [4], acutely injured liver [5], and acute renal failure [6]. In 
addition, it has been reported that MSCs can be used to prevent acute 
graft-versus host disease (GVHD), suggesting that MSCs may also have 
immunosuppression functions [7].

Rheumatoid arthritis (RA) affects about 1% of the adult 
population. It is a chronic, progressive, and inflammatory autoimmune 
disease characterized clinically by chronic inflammatory destructive 
polyarthritis [8]. Currently there is not optimal therapy available for 
RA except systemic immunosuppressant. Based on the evidence of 
MSC’s immunosuppression function in the prevention of GVHD, we 
hypothesized that MSCs may also possess immunotherapeutic value 
in the treatment of RA. In this study, we tested this hypothesis in a 
CIA mouse model through evaluating the effects on RA recovery as 
well as the expression of inflammation-related cytokines after MSC.  
Betamethasone can be highly effective in treating joint inflammation, 
but its systemic application is limited because of a high incidence 
of serious adverse effects, especially related to long term treatment 
[9,10]. As intravenously administered betamethasone is distributed 
throughout the whole body and rapidly cleared, high and frequent 
dosing is necessary to achieve an effective concentration at inflamed 
target sites. Moreover, the profound physiological activity of 
betamethasone in many different tissues increases the risk of adverse 

effects in patients. It is necessary, therefore, to develop a drug delivery 
system for betamethasone incorporated in particular carriers, with 
enhanced localization in the target site and sustained drug release 
[11,12].

This work aims: to detect the possible role of (MSCs) compared to 
corticosteroid in treating experimental RA.

Preparation of the Animal Model
Experimental animals

The study was carried on 90 male white albino mice, of an average 
weight 30-35 gm. Mice were bred and maintained in an air-conditioned 
animal house with specific pathogen-free conditions, and were 
subjected to a 12:12-h daylight/darkness and allowed unlimited access 
to chow and water. All the ethical protocols for animal treatment were 
followed and supervised by the animal facilities, Faculty of Medicine, 
Cairo University. They were divided into 2 models as follow.

Mesenchymal stem cells model: Group 1: (n=10) control group 
was received 1ml saline

Group 2: (n=10) control group was received (0.1N acetic acid at 
day 0 and day 21 at the base of the tail) [13].
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Group 3: (n=10) control group was received (100 μg of murine 
acid-soluble collagen II at the base of the tail at day 0 and 21 as 
immunization boost dose) [13].

Group4: (n=10) was received mesenchymal stem cells (MSCs) 
by treating CII-immunized white albino mice with an intravenous 
injection of 100 μl of a cell suspension containing 5 × 106 allogeneic 
MSCs from mice at the moment of the boost (day 21) [14].

Corticosteroid model: Group 1: (n=10) control group was 
received 1 ml phosphate buffer saline.

Group 2: (n=10) control group was received (0.1N acetic acid at 
day 0 and day 21 at the base of the tail) [13].

Group 3: (n=10) control group will receive betamethasone in a 
dose of 0.05 mg/kg body weight, intraperitoneally daily [15].

Group 4: (n=10) control group was received (100 μg of murine 
acid-soluble collagen II at the base of the tail at day 0 and 21 as 
immunization boost dose) [15].

Group 5: (n=10) was received betamethasone in a dose of 0.1 mg/
kg body weight, intraperitoneally daily after reaching an arthritis score 
≥ 2 till day 25 [15].

Induction and assessment of arthritis
Male white albino mice were immunized by injecting an emulsion 

of 100 μg of murine acid-soluble Type II collagen (CII) (Sigma) 
according to [13].

Clinical paw edema and X-ray assessment
Clinical scoring of paw edema: Paw swelling was assessed by 

measuring the thickness of the hind-paws using a caliper. The symptom 
score was assessed using the following system [16] briefly, grade 0: no 
swelling; grade 1: ≥ 0·1 mm increase in paw swelling; grade 2: ≥ 0·2 
mm increase in paw swelling; grade 3: extensive swelling (≥ 0·3 mm 
increase in paw swelling); and grade 4: pronounced swelling (≥ 0·45 
mm increase in paw swelling).

X-Ray filming: X-ray films of the knee joints were taken after 
the treatments. The settings of the x-ray machine and the degree of 
arthritic changes were scored using a modified [17]. The score ranged 
from 0 to 4 scales. Radiographs were taken after induction of arthritis, 
of knee joint for each animal at the end of the experiment.

Preparation of BM-derived mesenchymal stem cells from 
mice

Bone marrow was harvested by flushing the tibiae and femurs of 
6-week-old male white albino mice with Dulbecco’s modified Eagle’s 
medium (DMEM, GIBCO/BRL) supplemented with 10% fetal bovine 
serum (GIBCO/BRL). Nucleated cells were isolated with a density 
gradient [Ficoll/Paque (Pharmacia)] and resuspended in complete 
culture medium supplemented with 1% penicillin–streptomycin 
(GIBCO/BRL). Cells were incubated at 37°C in 5% humidified CO2 
for 12–14 days as primary culture or upon formation of large colonies. 
When large colonies developed (80–90% confluence), cultures were 
washed twice with phosphate buffer saline (PBS) and the cells were 
trypsinized with 0.25% trypsin in 1mM EDTA (GIBCO/BRL) for 5 
min at 37°C. After centrifugation, cells were resuspended in serum-
supplemented medium and incubated in 50 cm2 culture flask (Falcon). 
The resulting cultures were referred to as first-passage cultures [18]. 
MSCs in culture were characterized by their adhesiveness and fusiform 
shape; Also CD29 & CD105 were detected by flow cytometry as a 
surface marker of MSCs [18].

Labeling of MSCs with PKH26

MSCs were harvested during the 4th passage and were labeled 
with PKH26, which is a red fluorochrome. It has excitation (551 nm) 
and emission (567 nm) characteristics compatible with rhodamine or 
phycoerythrin detection systems. The linkers are physiologically stable 
and show little to no toxic side-effects on cell systems. Labeled cells 
retain both biological and proliferating activity, and are ideal for in 
vitro cell labeling, in vitro proliferation studies and long, in vivo cell 
tracking. In the current work, MSCs were labeled with PKH26 from 
Sigma Company (Saint Louis, Missouri USA). Cells were centrifuged 
and washed twice in serum free medium. Cells were pelleted and 
suspended in dye solution. Cells were injected intravenously into 
mice tail vain. After 21 days, joint knee tissue was examined with a 
fluorescence microscope to detect and trace the cells (Figure 3).

Real-time quantitative analyses for MMP-3, COMP, IL-10, 
TNF-α gene expression

Total RNA was extracted from knee joint tissue homogenate 
using RNeasy purification reagent (Qiagen, Valencia, CA). cDNA 
was generated from 5 μg of total RNA extracted with 1 μl (20 pmol) 
antisense primer and 0.8 μl superscript AMV reverse transcriptase for 
60 min at 37°C.

The relative abundance of mRNA species was assessed using the 
SYBR Green method on an ABI prism 7500 sequence detector system 
(Applied Biosystems, Foster City, CA). PCR primers were designed 
with Gene Runner Software (Hasting Software, Inc., Hasting, NY) 
from RNA sequences from GenBank (Table 1). All primer sets had a 
calculated annealing temperature of 60°C. Quantitative RT-PCR was 
performed in duplicate in a 25 μl reaction volume consisting of 2X 
SYBR Green PCR Master Mix (Applied Biosystems), 900 nM of each 
primer and 2–3 μl of cDNA. Amplification conditions were 2 min 
at 50°C, 10 min at 95°C and 40 cycles of denaturation for 15 s and 
annealing/extension at 60°C for 10 min. Data from real-time assays 
were calculated using the v1·7 Sequence Detection Software from PE 
Biosystems (Foster City, CA). Relative expression of VEGF, TNF alpha 
and IL10 mRNA was calculated using the comparative Ct method as 
previously described. All values were normalized to the beta actin genes 
and reported as fold change over background levels detected in RA.

Biochemical analysis of rheumatoid markers

Determination of serum rheumatoid factor (RF): 

•	 Serum rheumatoid factor (RhF) was detected by ELISA kit and 
supplied by QUANTA Lite

Primer sequence Annealing 
temperature

       MMP-
3

Forwardprimer:5TCTTCAAGGACCTACCTCAGGC-3
Reverseprimer:5GCTAAGGCAAAGCTGCTAGGTc-3

               
60°C

IL-10 Forwardprimer:5 -AGTTGGACAACAAACCCTGC -3
Reverseprimer:5- AAGCCCAAAGTCCATCAGTG -3 56°C

COMP Forwardprimer:5 - ATGGGAGCAAGTCAGTGGAC -3
Reverseprimer:5- TTGAGGTAGCTGCACTGTGG -3 65°C

TNF alpha

Forward primer :
5’-GGCAGGTCTACTTTGGAGTCATTGC-3’-
Reverse primer:
5’-ACATTCGGGGATCCAGTGAGCTCCG-3’

60°C

β-actin 

Forward primer :
5- ACTGCCGCATCCTCTTCCTC - 3
 Reverse primer:
5- ACTCCTGCTTGCTGATCCACAT -3

55°C

Table 1: Sequence of the primers used for real-time PCR.
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•	 Blood ESR: was supplied by Diamond diagnostics.

•	 Serum (ANA): was detected by ELISA kit and supplied by 
QUANTA Lite

•	 Serum ( IgG): was detected by ELISA kit and supplied by 
QUANTA Lite

•	 Serum (CRP): was detected by ELISA kit and supplied by DRG

Biochemical analysis of oxidative stress biomarkers
Measurement of serum MDA: To measure the MDA activity, R1 

100 ml of serum MDA 1 mL PBS, pH 7.0 was collected in dry centrifuge 
tubes by means of small short-neck funnels. The tubes were placed in 
an inclined position for 5 minutes, allowed to coagulate, and then 
placed in an incubator at 37°C for 10 minutes. Centrifugation at 1000 
xg for 20 minutes was performed and the clear sera were separated and 
kept in the refrigerator till use. The absorbance was measured and the 
sera were calculated by using standard curve.

Measurement of serum LDH: To measure the LDH activity, R1 
100 ml of serum LDH 1 mL PBS, pH 7.0 was collected in dry centrifuge 
tubes by means of small short-neck funnels. The tubes were placed 
in an inclined position for 5 minutes, allowed to coagulate, and then 
placed in an incubator at 37°C for 10 minutes. Centrifugation at 1000 
xg for 20 minutes was performed and the clear sera were separated and 
kept in the refrigerator till use. The absorbance was measured and the 
sera was calculated by using standard curve

Measurement of tissue MPO: MPO concentration was measured 
from knee joint homogenate in phosphate buffer pH 8.0 and then 5% 
TCA was added, to precipitate knee joint protein. After centrifugation, 
dithiobisnitrobenzoate (DTNB) solution was added to the supernatants 
of knee joint homogenate, and incubated for 1hour. The absorbance was 
measured. Concentration of MPO in knee joint tissue was calculated 
using the standard curve R2. The knee joint protein concentration was 
calculated by using standard curve of bovine serum albumin (BSA) 
solution.

Measurement of tissue GSH: GSH concentration was measured 
from knee joint homogenate in phosphate buffer pH 8.0 and then 
5% TCA was added, to precipitate liver protein. After centrifugation, 
Dithiobisnitrobenzoate (DTNB) solution was added to the 
supernatants of knee joint homogenate, and incubated for 1hour. The 
absorbance was measured. Concentration of GSH in knee joint tissue 
was calculated using the standard curve R2. The knee joint protein 
concentration was calculated by using standard curve of Bovine Serum 
Albumin (BSA) solution.

Measurement of tissue catalase: Catalase (CAT) activity in knee 
joint homogenate was detected using ammonium molybdate method 
by measuring the intensity of a yellow complex formed by molybdate 
and H2O2 at 405 nm, after ammonium molybdate was added to 
terminate the H2O2 degradation reaction catalyzed by CAT. An enzyme 
activity unit was defined as the degradation of 1 mmol H2O2 per second 
per mg tissue protein and the enzyme activity was expressed as U/mg 
protein (R4).

Analysis of knee joint histopathology

The obtained tissue sections were collected on glass slides, 
deparaffinized, stained by Hematoxylin and eosin and examination was 
done through the light electric microscope.

Statistical analysis

Data were expressed as mean ± SE. Significant differences were 

determined by using ANOVA and post-hoc tests (LSD) for multiple 
comparisons using SPSS 9.0 computer Software. Results were 
considered significant at p<0.05.

Results
MSCs culture, identification and homing

Isolated and cultured undifferentiated MSCs reached 70-
80% confluence at 14 days. In vitro osteogenic and chondrogenic 
differentiation of MSCs were confirmed by morphological changes 
and special stains (Figures 1A, 1B, 2A and 2B) in addition MSCs were 
identified by surface marker CD29 and CD105 by flow cytometry 
(Figures 3A and 3B). MSCs labeled with PKH26 fluorescent dye was 
detected in the joint knee tissues confirming that these cells homed into 
the joint knee tissue (Figure 4).

MSCs and betamethasone improve clinical paw edema

The results of the present study show a significant decrease 
in the clinical paw edema of betamethasone model and complete 
improvement in MSC compared to the CIA group ((P<0.05) (Tables 
2 and 3).

X-Ray filming results in MSCs and betamethasone models of 
arthritis

Joints of all animals in group-I-II and group-III in betamethasone 
model were radiologically normal (grade 0). Whereas those of group-
IV showed relative narrowing of joint spaces, mild focal subchondral 
sclerosis of proximal tibial end, mild erosion of the lateral tibial condyle 
(grade 2). While those of figure 5 showed relative narrowing of joint 
spaces, no fracture lines seen, no osteolytic or sclerotic bony lesions or 
bone deformity, no evidence of soft tissue masses and no loose bodies 
seen (grade 1). But in MSC model joints of all animals in group-I and 
II were radiologically normal (grade 0). Whereas those of group-III 
showed narrowing of joint space with destruction of joint surfaces 

   

Figure 1: Morphological and histological staining of differentiated BM-MSCs 
into osteoblasts. (A) (×20) Arrows for differentiated MSCs osteoblasts after 
addition of growth factors. (B) (×200) Differentiated MSCs into osteoblasts 
stained with Alizarin red stain.

A B

Figure 2: Morphological and histological staining of differentiated BM-MSCs 
into chondrocytes. (A) (×20) Arrows for differentiated MSCs chondrocytes after 
addition of growth factors. (B) (×200) Differentiated MSCs into chondrocytes 
stained with Alcian blue stain.

A B
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(70%) associated with bony sclerosis, osteophytic lippings, bowing 
deformity of both tibial bones with ostepenic texture and notable 
swelling of surrounding soft tissue (grade 4), and those of group-IV 
showed normal osseous architecture of scanned bones, no fracture 
lines seen intact joint space, no osteolytic or sclerotic bony lesions or 
bone deformity, no evidence of soft tissue masses and no loose bodies 
seen (grade 0).

Radiological scoring of all animals was summarized in figures 5A 
and 5B.

Biochemical assessment of rheumatoid markers after MSCs 
and betamethasone treatment in CIA models

The results of the present study show a significant decrease in 
RhF, ESR, ANA, CRP and IgG of betamethasone model and complete 
improvement in MSC compared to the CIA group ((P<0.05) (Table 4)).

Biochemical assessment of oxidative stress biomarkers after 
MSCs and betamethasone treatment in CIA models

The results of the present study show a significant decrease in LDH, 
MDA and MPO enzymes and a significant increase in GSH, CAT 
enzymes of betamethasone model and complete improvement in MSC 
compared to the CIA group ((P<0.05) (Table 5)).

Gene expression of MMP-3, COMP, IL-10, TNF-α genes

Concerning gene expression, there was significant decrease in the 

MMP-3, COMP and TNF-α genes and a significant increase in IL-10 
gene of MSC compared to the CIA group ((P<0.05) (Figure 6)).

Histopathological examination of knee joint in different 
groups

Histopathological examination of knee joint of the mice 
received phosphate buffer saline, acetic acid and betamethasone in 
betamethasone model, showed normal structure of bone and normal 
synovial membrane (score 0). While in CIA showed moderate 
erosion of articular cartilage, moderate destruction of bone, edema, 
moderate synovial proliferation and inflammatory cell infiltrate, and 
a massive influx of inflammatory cells into the subsynovial connective 
tissue (score 2). In addition CIA treated with betamethasone showed 
nearly normal structure of bone, no erosion of articular cartilage, no 
inflammatory cell infiltrate, no edema and normal synovial membrane 
(score 1). Furthermore in MSC model, the knee joints sections of the 
mice received saline and acetic acid showed normal structure of bone, 
normal articular cartilage and normal synovial membrane (score 0). 
While in CIA showed severe erosion of articular cartilage, severe 
destruction of bone, edema, exudates, marked proliferation of synovial 
membrane, thickening of synovial membrane and a massive influx 
of inflammatory cells into the subsynovial connective tissue (score 
4). Also in CIA treated with MSC showed normal articular cartilage, 
normal synovial membrane, no inflammatory cell infiltrate, no edema, 
no exudates and no proliferation of synovial membrane (score 0) 
(Figures 7A and 7B).

Visual histological assessment of arthritis

All mice were examined two to three times per week for the initial 
visual appearance of arthritis after CII injection. Arthritis of each 
paw was graded using the following scoring system: I, 0, normal; II, 
apparent swelling and redness limited to individual digits; III, swelling 
in more than one joint; IV, severe redness and swelling of the entire 
paw including digits; and V, maximally inflamed paw with involvement 
of multiple joints (Figure 8).

Discussion
Bone marrow–derived stem cells contribute to cell turnover 

and repair in various tissue types, including the knee joint [15,16]. 
MSCs are commonly defined as bone marrow–derived fibroblast-
like cells, which despite the lack of specific surface markers can be 
selected by their adherence characteristics in vitro and which have 
the ability to differentiate along the three principal mesenchymal 
lineages: osteoblastic, adipocytic and chondrocytic [17,18]. The 
studies demonstrated that MSC are non-immunogenic and display 
immunosuppressive properties, with the ability to inhibit maturation 
of dendritic cells and to suppress the fraction of memory T cells, B cells 
and NK cells, Also its transdifferentiation and antiapoptotic ability. 
These properties of MSC render these cells especially attractive for 
therapeutic application in several inflammatory and neurodegenerative 
disease, as well as in regenerative medicine [19]. In the present study, 
bone marrow derived mesenchymal stem cells were isolated from male 
mice, grown and characterized by their adhesiveness and fusiform 
shape and by detection of CD 29, one of surface marker of mice 
mesenchymal stem cells and were used to detect their possible anti-
inflammatory and transdifferentiation role in amelioration of arthritis 
compared to betamethasone in experimental model of arthritis and 
we tested whether MSC and betamethasone could improve arthritis. 
Zhou et al. [19] reported that human MSC could significantly inhibit 
the autoimmune progression in mice. In this study, we further 

Figure 3: Flow cytometric characterization analyses of bone marrow-derived 
MSCs. Cells were uniformly positive for CD105 (A), and positive for CD29 (B).
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Figure 4: Detection of MSCs labeled with PKH26 fluorescent dye in joint knee 
tissue. MSCs labeled with the PKH26 showed strong red autofluorescence 
after transplantation into mice, confirming that these cells were seeded into 
the joint knee tissue.
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expanded the possible clinical utility of MSCs to the treatment of RA. 
Specifically, we found that injection of MSCs into CIA mice led to a 
significant reduction in arthritic severity. The paw swelling completely 
disappeared after MSC administration in CIA/MSC mice. RA is a T 
cell-mediated autoimmune disease. Both antigen-activated CD4 
T helper 1 (Th1) and CD8 T cells are reported to be involved in RA 
pathogenesis [20,21]. When triggered by antigenic peptides such 
as CII, a major component of hyaline cartilage acting as an auto-
antigen in RA [22,23], T cells stimulate monocytes, macrophages, 

and synovial fibroblasts to secrete proinflammatory cytokines such as 
TNF- α [24]. Here we show that MSC injection to CIA mice results in 
a rapid reversal of tissue inflammation. We further show that such a 
drastic effect is accompanied by a diminished tissue level of TNF-α and 
elevated production of anti-inflammatory cytokine IL-10 in CIA/MSC 
mice. These results are consistent with previous findings by others 
[25,26] showing the immunosuppressive effect of MSCs, and our data 
revealed that MSCs can be a potent candidate therapeutic treatment 
for RA. Studies by have clearly shown that regulation of cytokine levels 

Days
Groups

Scores (mm) 
0 3 7 11 15 18 21 25

Phosphate buffer saline 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0

Acetic acid 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0
Betamethosone 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0

CIA 0 ± 0 0.009 ± 0.0002 0.015 ± 0.0006 0.018 ± 0.0006 0.035 ± 0.0015 0.038 ± 0.0014 0.04 ± 0.0015 0.04 ± 0.0014
CIA + Betamethosone 0 ± 0 0.008 ± 0.0002 0.016 ± 0.0006 0.018 ± 0.0006 0.015 ± 0.0006* 0.013 ± 0.0005* 0.009 ± 0.0003* 0.004 ± 0.0001*

*Significant difference between CIA treated group and CIA + Betamethosonegroup using t-student test at P<0.001

Table 2: Effects of betamethasone on paw edema scoring in CIA mice.

Days
Groups

Scores (mm)

0 3 7 11 15 18 21 25 28 31 34 38 42

Saline 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0

Acetic acid 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0 0 ± 0

CIA 0 ± 0 0.009 ± 0.0002 0.015 
± 0.0006

0.019
± 0.0006

0.035
± 0.0013

0.038
± 0.0014

0.04
± 0.0015

0.04 ± 
0.0014

0.04 ± 
0.0014

0.04
± 0.0014

0.042
± 0.0015

0.041
± 0.0015

0.041
± 0.0015

CIA + MSC 0 ± 0 0.008 
± 0.0002

0.016 
± 0.0006

0.02 
± 0.0007

0.035 
± 0.0015

0.04 
± 0.0014

0.04 
± 0.0015

0.038 
± 0.0014

0.03* 
± 0.0011

0.021* ± 
0.0008

0.017* 
± 0.0006

0.011* 
± 0.0004

0.003* 
± 0.0001

*Significant difference between CIA treated group and CIA + MSC treated group using t-student test at P<0.001

Table 3: Effects of MSC on paw edema scoring in CIA mice.

Figure 5a: X-Ray filming in betamethasone model of arthritis: normal control, grade 0 (I, II, III) IA, showed relative narrowing of joint spaces and mild erosion of the 
lateral tibial condyle, grade 2 (IV). CIA+betamethasone, showed relative narrowing of joint spaces, no osteolytic or sclerotic bony lesions and no loose bodies seen, 
grade 1. (V).

              PBS    Acetic acid   Betamethasone 

  CIA   CIA + Betamethasone 

I                                                       II                                                    III

IV                                                       V
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in patients with RA may be a novel approach to the treatment of these 
diseases. In particular, those investigators described the successful 
treatment of refractory RA by intravenous (IV) infusion of antibodies 

to TNF-α, suggesting a key role for this cytokine in the pathogenesis 
of chronic arthritis. Also in this study we found that MSC which is 
superior to betamethasone treatment improved arthritis in ESR, RhF 

Figure 5b: X-Ray filming results in MSCs model of arthritis: normal control, grade 0 (I,II).
CIA,showed narrowing of joint space with destruction of joint surfaces (70% ) associated with bony sclerosis, and notable swelling of surrounding soft tissue, grade 
4 (III).
CIA + MSC, showed normal osseous architexure of scanned bones, no osteolytic or sclerotic bony lesions and no loose bodies seen, grade 0 (IV).

  CIA   CIA + MSC 

III

I                                                                               II 

IV 

            Parameters

Groups            

Mean ± SE

IgG (mg/dl) Rh factor (IU/ml) ESR (ml/h) ANA (U/l) CRP (mg/l)

Phosphate buffer 800.4 ± 7.3 10.50 ± 1.57 6.84 ± 0.04 0.002 ± 0.0002 1.42 ± 0.03 
Acetic acid 819.7 ± 8.5 11.21 ± 0.29 6.98 ± 0.20 0.001 ± 0.0001 1.62 ± 0.04 
Betamethosone 805.1 ± 15.2 11.18 ± 0.50 6.92 ± 0.27 0.001 ± 0.0001 1.56 ± 0.05 
CIA 1750.3 ± 46.8* 37.60 ± 0.77* 34.28 ± 1.50* 1.558 ± 0.0738* 8.09 ± 0.16*

CIA + Betamethosone 890.8 ± 38.9 $ 16.90 ± 0.31*$ 10.70 ± 0.20*$ 0.016 ± 0.0003 $ 3.18 ± 0.06*$
Saline 812.40 ± 5.68 10.81 ± 1.76 7.03 ± 0.13 0.002 ± 0.0002 1.45 ± 0.03
Acetic acid 806.39 ± 10.64 11.30 ± 0.29 7.01 ± 0.20 0.001 ± 0.0001 1.65 ± 0.04
CIA 1952.10 ± 45.65* 44.95 ± 0.92* 43.12 ± 0.80* 1.610 ± 0.0328* 9.18 ± 0.30*

CIA + MSC 819.83 ± 29.65 $ 12.43 ± 0.78$ 6.83 ± 0.09 $ 0.003 ± 0.0004 $ 1.68 ± 0.05 $
*Significantly different from the respective acetic acid treated group value at P<0.05
$ Significantly different from the respective CIA treated group value at P<0.0

Table 4: Effect of betamethasone and MSCs treatments on rheumatoid markers in the studied groups.

 Parameters

Groups            

Mean ± SE

LDH (u/l) MDA nmol/l)) CAT (u/g) GSH (u/g) MPO (u/g)

Phosphate buffer saline 370.8 ± 5.0 9.65 ± 0.17 25.42 ± 1.05 7.15 ± 0.11 1.48 ± 0.04 
Acetic acid 377.5 ± 8.8 9.74 ± 0.25 25.82 ± 0.85 6.98 ± 0.25 1.56 ± 0.04 
Betamethosone 374.3 ± 8.4 9.32 ± 0.27 25.54 ± 0.77 6.98 ± 0.33 1.45 ± 0.11 
CIA 675.7 ± 12.6* 20.84 ± 0.43* 8.34 ± 0.32* 2.95 ± 0.29* 3.95 ± 0.17*

CIA + 406.0 ± 7.6*$ 13.10 ± 0.24*$ 21.06 ± 0.39*$ 4.83 ± 0.09*$ 2.10 ± 0.04*$
Saline 372.40 ± 4.66 9.61 ± 0.15 25.04 ± 0.81 7.23 ± 0.23 1.49 ± 0.02
Acetic acid 373.89 ± 9.13 9.78 ± 0.25 25.97 ± 0.81 7.01 ± 0.52 1.58 ± 0.04
CIA 706.21 ± 17.80 * 29.04 ± 0.59* 8.33 ± 0.53* 2.95 ± 0.29* 4.15 ± 0.18*

CIA + MSC 384.14 ± 15.99 $ 12.23 ± 0.25$ 23.11 ± 0.40$ 7.10 ± 0.78$ 1.93 ± 0.08$
*Significantly different from the respective acetic acid treated group value at P<0.05
$Significantly different from the respective CIA treated group value at P<0.05

Table 5: Effect of betamethasone and MSCs treatments on oxidative stress biomarkers in the studied groups.
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and CRP. These results are consistent with previous findings by others 
Li et al. [27] who stated that patients with blood rheumatoid arthritis 
factor (BRAF)-specific antibodies had significantly higher ESRs than 
patients without these antibodies (p=0.040 for anti-BRAF and p=0.030). 
Patients with prolonged disease had a significantly higher prevalence 
of anti-BRAF (18/62 patients) than patients with recent-onset disease 
(2/35 patients) (p=0.006). A weak but significant correlation was found 
between anti-RhF antibodies and ESRs in both acute and chronic RA 
patients (r=0.319, p= 0.004). Silva et al. [28] stated that the significant 
correlation between ESR and CRP, and their non-specificity for RA, 
indicated that it will not be necessary to perform both evaluations. 
CRP yielded a better activity score more often than ESR, but with 
84.7% of concordance in the disease activity status, indicating that both 
measures are useful for assessing disease activity in RA. Furthermore 
the correlation between Disease Activity Scores (DAS) and Clinical 
Disease Activity Index (CDAI), and also between Simplified Disease 
Activity Index (SDAI)-CDAI may enable physicians to easily assess 
the disease activity without ESR or CRP values. Level of the lipid 
peroxidation is significantly higher in the patients with RA than in the 
control group and it is in agreement with most studies Sarban et al. 
[29]. On the basis of the obtained results and the literature data, it can 
be concluded that in RA, red blood cells are more susceptible to the 
influence of free radicals Staroń et al. [30].

Sarban et al. [29] observed inhibition of CAT and GSH activities. 
His results confirm increase in oxidative stress in RA patients, while, 
Staroń et al. [30] stated that there is no significant difference between 

CAT and GSH activities as regarding RA. In Sarban et al. [29] study, 
the concentration of the GSH is about 20% lower in RA patients than 
in healthy subjects. The present study had been supported by the study 
of Torsteinsdóttir et al. [31] which found that elevated serum levels of 
lysozyme together with elevated serum levels of MPO were observed 
in patients with RA compared with controls. Their study based on the 
results of previous investigations indicating that lysozyme in serum 
predominantly originates from monocytes/macrophages and to a 
lesser degree from neutrophils, that MPO originates from monocytes 
and neutrophils Resnitzky et al. [32].

Lysozyme is produced continuously by monocytes and 
macrophages, although macrophages have a higher basal production 
of lysozyme. Tumor necrosis factor-α (TNF-α) stimulates lysozyme 
production by monocytes and macrophages and the release of 
lysozyme and MPO by neutrophils. Furthermore, elevated levels of 
TNF-α in serum have been measured in RA. The increased secretion of 
lysozyme into the peripheral blood could thus be mediated by TNF-α 
Torsteinsdóttir et al. [31].

COMP is an extracellular glycoprotein and is a member of the 
thrombospondin family of calcium-binding proteins. COMP is 
associated with cartilage breakdown and has been studied as a potential 
diagnostic and prognostic indicator as well as a marker of disease 
severity or the efficacy of treatment Tseng et al. [33].

It has been reported that COMP concentrations in Synovial 
Fluid (SF) are 10 times higher than in serum and that higher COMP 

*Significantly different from the respective acetic acid treated group value at P<0.05
$Significantly different from the respective CIA treated group value at P<0.05

Figure 6: Effect of MSCs treatment on TNF-α (I), IL-10 (II), COMP (III) and MMP3 (IV) gene expressions in the studied groups.
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concentrations have been observed in patients with higher radiographic 
Kellgren-Lawrence grades. However, despite these expectations, 
Kokebie et al. [34] were not able to identify an association of COMP 
concentrations with the type of disease or its severity, perhaps because 
of the limitations of their study. In this study, antirheumatic activities of 
betamethazone and MSC were documented. Although betamethasone 
exhibited moderate antirheumatic activities, it suppressed paw 

swelling, decreased bone erosion in mice and slightly reduced the RA-
induced bone resorption in rats.

Contrary to these results Higaki et al. [35] stated that 
intravenous administration to arthritic rats and mice showed that 
the PLGA-betamethasone system was more effective at reducing 
the inflammatory response than the free glutocorticoid. Targeting 
ability and, consequently, efficacy of the betamethasone was further 
improved by modifying the PLGA nanoparticles with PEG, forming 
so-called “stealth nanosteroids” Ishihara et al. [36], Ghannam et al. 
[37] showed contrasted results reported in rheumatoid arthritis using 
the experimental collagen-induced arthritis model. They first showed 
that injection of the allogeneic C3H10T1/2 MSC line did not reverse 
the disease score. In the same model, however, a single injection of 
primary MSCs was shown to prevent the occurrence of severe arthritis, 
which was associated with a decrease in serum proinflammatory 
cytokines. They added that the use of human adipose-derived MSCs 
was effective in the xenogeneic collagen-induced arthritis model. The 
therapeutic efficacy was associated with decreased antigen-specific 
Th1/Th17 cell expansion, enhanced secretion of IL-10 and generation 
of CD4+, CD25+, Foxp3+ and TREG cells with the capacity to suppress 
self-reactive T-effector responses Zheng et al. [38]. Another study 
reported no convincing increase of TREG cells in vivo despite in vitro 
evidence of T-cell inhibition by MSCs Rafei et al. [39]. Recent data 
with primary syngeneic and allogeneic MSCs indicate that MSCs may 
have a dual effect: locally, reducing the clinical signs of inflammation 
in the joints, probably via the secretion of antiproliferative mediators; 
and systemically, by switching the polarization of the host response 
towards a Th2 immune profile Ghannam et al. [40]. The divergent 
mechanistic results obtained from the various studies underline the 
complexity of the MSC-mediated immunosuppressive process and the 
differences that may be attributed to the various MSC species used Ren 
et al. [41] and to the different techniques of MSC isolation and culture 
Polchert et al. [42]. In addition the fibrinogen analysis demonstrates 
that fibrinogen levels increase with disease activity in the early stages 
of disease. In the chronic phase of the corticosteroid-treated group, 
an increase in fibrinogen levels indicates increased inflammatory 
activity. However, this was not reflected in the arthritis score at this 
time-point. Serum levels of COMP, determined with the methods 

Figure 7a: Histopathological examination of Knee joint in different groups.
normal control, showed normal structure of bone, score 0 (I, II, III).
CIA, showed moderate erosion of articular cartilage, edema, and a massive 
influx of inflammatory cells into the subsynovial connective tissue, score 2. 
(IV).
CIA+betamethasone, showed no erosion of articular cartilage, no edema and 
normal synovial membrane, score 1. (V).
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Figure 7b: Histopathological examination of Knee joint in different groups.
normal control,showed normal structure of bone, score 0. (I, II)
CIA, showed severe erosion of articular cartilage, severe destruction of 
bone, edema, exudates, and a massive influx of inflammatory cells into 
the subsynovial connective tissue, score 4.(III): CIA+MSC, showed normal 
articular cartilage, no edema, no exudates and no proliferation of synovial 
membrane, score 0. (IV).                                
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Figure 8: Visual histological assessment of arthritis.
I showed grade 0, normal.
II showed grade 1, apparent swelling and redness limited to individual digits. 
III showed grade 2, swelling in more than one joint. 
IV showed grade 3, severe redness and swelling of the entire paw including 
digits and V showed grade 4, maximally inflamed paw with involvement of 
multiple joints.
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Grade (3)   Grade (4) 
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used in the present paper, have been shown to correlate well with 
ongoing cartilage destruction, both in the CIA model in mice and in 
other arthritis models in mice and mice [19]. We concluded from these 
observations that the quantification of serum COMP, in parallel with 
careful histological evaluation of cartilage destruction, may provide 
us with increased knowledge of whether corticosteroids can affect 
cartilage destruction, and whether serum COMP provides a useful tool 
for the evaluation of such a drug effect.

The development of severe arthritis in aging MMP-deficient mice 
is particularly noteworthy in view of the many reports in the literature 
of overexpression of individual MMPs in human arthritis [42,43]. This 
observation should be carefully considered before employing MMP 
inhibitors in arthritis therapy. The arthritis that develops in MMP-
deficient mice bears some resemblance to both murine collagen-
induced arthritis and human rheumatoid arthritis; one noted element 
of similarity being the development of TRAP-positive osteoclast-
like  cells  in articular and periarticular soft tissues [44,45]. Although 
other experiments have not addressed the pathogenesis of arthritis in 
MMP-deficient mice, they noted that interfaces between bone/cartilage 
and articular soft tissues are most severely affected. These are also sites 
where MMP is expressed at particularly high levels. In the knee for 
example, the insertion of the cruciate ligament where ligament, bone, 
and articular cartilage interface was most profoundly affected. These 
observations raise the question whether the arthritic changes in MMP-
deficient mice develop as a result of inappropriate remodeling during 
growth [46]. Furthermore, the function of bone-forming cells is severely 
impaired by MMP deficiency. This defect is coincident with signs of 
severe disorganization and disruption in the osteogenic periosteum. 
Transplantation of osteogenic cells to MMP-sufficient hosts confirmed 
that MMP deficiency caused an intrinsic defect of osteogenic cells that 
could not be rescued by an MMP-sufficient environment. The 
transplantation experiment also showed that the defect in osteogenesis 
is coupled to inability to degrade a collagenous matrix, a finding that 
is consistent with extensive fibrosis of the osteogenic periosteum and 
disruption of its highly ordered cellular architecture. The unusual 
finding of collagen fibrils inside osteoblasts, moreover, suggested that 
these cells attempted to mobilize a compensatory phagocytic pathway 
of collagen degradation [47]. Therefore the inability to remodel the 
surrounding collagenous matrix may result in disorganization of the 
osteoblast layer, displacement of osteoblasts, and failure to achieve a 
level of coordinated function required for bone formation.

Based on these observations and existed evidences, MMP is 
capable of cleaving extracellular  matrix  substrates such as collagen 
and fibrin [48], loss of MMP-directed proteolysis results in profound 
and far reaching physiological consequences. Equally significant, the 
phenotype illustrates the importance of collagenous stromal remodeling 
for development and growth, and for maintenance of the otherwise 
invisible functional continuity between the soft and hard tissue 
components of the skeleton. In conclusion, our results indicate that 
mesenchymal stem cells significantly enhance the efficacy of collagen-
induced arthritis treatment, which is superior to betamethasone 
treatment likely through the modulation of the expression of various 
cytokines.
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