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Abstract

Aim: To investigate the effect of human umbilical cord stem cells both mesenchymal and hematopoietic (CD34+) in the treatment of arthritis.
Methods Mesenchymal and Hematopoietic stem cells (CD34+) were isolated from human umbilical cord blood obtained from the umbilical cord of healthy pregnant donors undergoing full-term normal vaginal delivery. Mescenchymal stem cells,   Hematopoietic stem cells (CD34+), methotrexate and sterile saline were injected intra-articularly into rat hindpaw with Complete Freunds Adjuvant (CFA) induced arthritis after the onset of disease (day 34), when arthritis had become well established (arthritis score ≥2). Arthritic indices were evaluated, and the levels of interleukin-1 (IL-1), tumor necrosis factor a (TNF) and   gamma interferon (IFN-γ) and anti-inflammatory cytokine interluekin-10 (IL-10) in serum were determined using enzyme-linked immunosorbent assay (ELISA). Animals of all groups were sacrificed after 34 days after beginning treatment except positive control (PC) which was sacrificed at 10, 21 and 34 days for microscopic observation of disease progression. We used hematoxylin; eosin and Masson's Trichrom stains for histopathological examination of cartilage and synovium.
Results The mean arthritis score were similar in all groups at 12 and 34 days post immunization with no statistical significant difference. Upon the injection of Stem cells (hematopoietic and mesenchymal), the overall arthritis signs were significantly improved around 21 days after receiving injection and totally disappeared at day 34 post treatment in mesenchymal  stem cells (MSt) group. Mean hind paw diameter (mm) in the MSt rats was about half that of the PC and methotrexate (MTX) groups (P value = 0.007 and 0.021 respectively) and 0.6 mm less than hematopoietic stem cells (HSt) group (P=0.047) as indicated by paw swelling. Associated with these findings, serum levels of TNF-a, IFN-γ and IL-1 decreased significantly in HSt and MSt groups compared to PC and MTX groups (P<0.05), while the expression of IL-10 was increased. Histopathological examination with H&E stain revealed that methotrexate treated (MTX) group showed significant reduction of leucocytic infiltrate and hypertrophy of the synovial tissue with moderate obliteration of joint cavity. Stem cells treated group (both hematopoietic CD34+ & mesenchymal), showed significant reduction in leucocytic infiltrate and hypertrophy of the synovial tissue with mild obliteration of joint cavity. With Masson's Trichrome stain sections from PC group showed evidence of vascular edema of almost all vessels within the synovium in nearly all arthritic rats. Vacuoles were also visible in the outer vessel wall. The vessel becomes hemorrhagic and finally necrotic. In addition, there was extensive fibrosis completely obliterating the joint cavity. The mean color area percentage of collagen in this group was 0.324±0.096, which was significantly increased when compared to the negative control group. The mean color area percentage of collagen in hematopoietic CD34+ and mesenchymal groups was 0.176±0.0137 and 0.174±0.0197 respectively, which showed a marked decrement compared to PC group denoting mild increase in synovial tissue collagen fibers.
Conclusion Mesenchymal Stem Cells enhance the efficacy of CFA-induced arthritis treatment, most likely through the modulation of the expression of cytokines and amelioration of joints pathological changes.
Keywords: CFA -induced arthritis, human umbilical Mesenchymal stem cell, Hematopoietic stem cell (CD34+).
Introduction

Rheumatoid arthritis (RA) is an autoimmune disease caused by loss of immunologic self-tolerance that leads to chronic inflammation in the joints and subsequent cartilage destruction and bone erosion. The crucial process underlying disease initiation is the induction of autoimmunity to collagen-rich joint components; later events evolve a destructive inflammatory process [1]. In RA, proinflammatory cytokines, such as TNF-α, IL-6, IL-1 and IL-17, play dominant pathological roles. Aberrant T helper cells (Th) 17 and Th1 responses have been linked to pathogenesis of RA [2-4]. Furthermore, evidence is accumulating that a defect in number or function of regular T cells (Tregs) is important in the immune imbalance that culminates in RA [5, 6].
RA imparts a massive burden on health services worldwide. A desirable therapeutic approach would be to prevent the activation of inflammatory and autoimmune components of the disease [7-11]. Efforts to discover new target therapies have achieved considerable success. For instance, TNF-α inhibitors and B-cell-depleting therapies have benefited many RA patients [7]. However, these approaches are expensive and none of the currently widely used biological agents reaches long-term drug-free remission [8, 9]. Therefore, it is important to develop new and more effective therapy for RA.
Mesenchymal stem cells (MSCs) are mesoderm-derived cells that reside in the stroma of solid organs and function as precursors of nonhematopoietic connective tissues [12, 13]. They can exert profound immunosuppression by modulating T and B cell proliferation and differentiation, dendritic cell maturation and NK activity. These immunoregulatory properties encouraged a possible use of these cells to modulate autoimmune responses and in the treatment of autoimmune diseases [14]. Several recent studies have shown that bone marrow–derived MSCs (BM-MSCs) regulate the immune response, including in vitro inhibition of T cell proliferation, B cell function, and dendritic cell maturation [15].
However, the specific molecular and cellular mechanisms involved in the immunoregulatory activity of BM-MSCs remain a subject of controversy [16–19]. In addition, aspirating bone marrow is an invasive procedure. In addition, the number and the differentiating potential of bone marrow MSCs (BM-MSCs) decrease with age [20, 21]. Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) have a capacity similar to that of BM-MSCs for multi-lineage differentiation [22]. In addition, hUCB-MSCs also possess activities for immune modulation, tumor tropism and nursing effect [23, 24].
Recent evidence has demonstrated that hUCB-MSCs can suppress not only the function of mature dendritic cells but also increase the portion of regulatory T cells related to immune regulation [25, 26]. In fact, hUCB-MSCs have much higher chondrogenic differentiation potential among mesodermal differentiation potentials, which might lead to regeneration of damaged cartilage. These properties might be due in part to specific secreted factors, including some types of cytokines and growth factors. For instance, it has been reported that thrombospondin-1, 2 (TSP-1, 2) functions as an anti-inflammatory factor in RA by suppressing production of proinflammatory mediators such as IFN-γ and TNF-α, inducing depletion of synovium residing T cells and reducing infiltration of monocytes/macrophages in articular tissues [27, 28]. However, very little is known about UC-MSCs, with one report about UC-MSCs in the treatment of RA [29].
Consequently, to understand and utilize the immune regulation properties of hUCB-MSCs for application in the treatment of a number of human immunological diseases, the molecular mechanism underlying the immune modulatory functions of hUCB-MSCs needs further investigations.

Materials and Methods

This study was performed in the Stem Cell Unit in Physiology Department, Faculty of Medicine, Suez Canal University. It was performed according to the national laws on animal experiments and with the permission of the local university ethics commission. We used forty apparently healthy male rats weighing 100-150 grams in this study. We purchased the rats from the National Centre of Research (Cairo, Egypt), housed in clean cages under hygienic conditions and allowed to acclimatize for seven days before starting the experiment. Rats were kept on a standard chow and water ad libitum with reversed dark-light cycle. All possible measures were made to minimize animal suffering and to reduce the number of used animals.

Animals were randomly divided into five groups each of eight rats; Negative Control (NC), Positive Control (PC), Methotrexate group (MTX), Mesenchymal Stem Cell (MSt) group and Hematopoietic (CD34+) Stem Cell (HSt) group. 
Induction of Rheumatoid arthritis

RA was induced in all groups (except negative control), in briefly anaesthetized rats, using a single intradermal injection of 0.1 ml Complete Freunds Adjuvant (CFA) (Sigma, UK) into the right hind paw [30]. Rats were monitored for signs of arthritis onset based on paw swelling and clinical scores [31]. Paw swelling was assessed by measuring the mean thickness of both hind paws with 0–10-mm calipers. Clinical arthritis was scored on a scale of 0–4, where 0 = no swelling, 1 = redness, 2 = swelling, 3 = digit deformity, and 4 = ankle deformity (ankylosis). All Clinical Score (CS) measurements were performed independently by two individuals, without awareness of the rats’ clinical score history. Full ankylosis was scored clinically by lack of motion of the extremity in question. An animal could have a CS of 16 if all paws were fully ankylosed.
Preparation of stem cells
I. Umbilical cord blood samples collection. After obtaining informed consent human umbilical cord blood (hUCB) samples were obtained from the umbilical cord of healthy pregnant donors undergoing full-term normal vaginal delivery. Females with a history of hepatitis, infectious diseases, diabetes mellitus, severe hypertension, abortions or abnormal obstetric history were excluded. UCB was collected while the placenta was in utero. By strict aseptic techniques, 50 ml of hUCB were withdrawn from the umbilical vein and collected in sterile tubes containing five milliliters of citrate phosphate dextrose adenine-l (CPDA-l) anticoagulant and stored at 4 о C in a refrigerator and processed within 24 hours [32].
II. Umbilical cord blood samples processing. Cord blood sample was diluted 1:1 with isolation buffer.  A 3.0 ml histopaque-1077 was placed in a 15 ml  centrifuge tube and  brought to room temperature then  6 ml diluted blood was carefully layered onto the histopaque -1077 and centrifuged at 400 x g for exactly 30 minutes at normal room temperature. After centrifugation, we carefully aspirated the upper layer with a Pasteur pipet to within 0.5 cm of the opaque interface containing mononuclear cells and was discarded. The opaque interface was carefully transferred to a clean centrifuge tube with a Pasteur pipet. 6- 10 ml isolation buffer was added to the tube and was mixed by gentle aspiration then, Centrifuged at 400 x g for 20 minutes. We aspirated and discarded the supernatant. Then, the cell pellet was suspended with 5.0 ml isolation buffer and mixed by gentle aspiration with a Pasteur pipet and then Centrifuged at 400 x g for10 minutes. The previous Steps were repeated three times, each time supernatant was discarded, and cell pellet was suspended in 0.5 ml isolation buffer. The quantity of the isolated mononuclear cells was assessed by automated cell counter and the viability was determined by trypan blue exclusion test.

III. Separation and purification of CD34+ cells separation of UCB CD34+ stem cells was carried out according to the method described by immuno-magnetic separation technique [33]. By mixing and incubation, CD34+ cells were bound to Dynabeads M-450 CD34. The formed rosettes were isolated from the suspension using a DYNAL Magnetic Particle Concentrator (DYNAL MPC). Subsequent incubation with DETACHaBEAD, CD34 gently detached isolated cells from the beads. A DYNAL MPC was then used to separate the purified, positively selected CD34+ cells from the released Dynabeads M-450 CD34. The quantity of the isolated CD34+ cells was assessed by putting the sample in an automated cell counter. The quality of the isolated CD34+ cells was determined by using a tyrpan blue dye exclusion test where the viable cells were not stained [34].
IV. Culture of mesenchymal stem cell from mononuclear cells. Mesenchymal stem cells isolation is possible due to its capacity of adhesion to the flasks.  Cultures were initiated in culture flasks of 25 cm2 at a density of 1.0 x 106 mononuclear cells/cm2. Cells were nurtured with culture medium á-MEM supplemented with 20% fetal bovine serum, 1% antibiotic/antimycotic, and 1% glutamine, then incubated at 37ºC, humidified atmosphere containing 5% CO2. After overnight incubation, non-adherent cells were removed and fresh medium was added to the culture flask. Later on, the culture medium was changed every four days and cellular growth assessed daily under an inverted microscope. When the cells reached 50-60% confluence, they were detached with 0.25% trypsin-EDTA (Invitrogen), the trypsin was inactivated with fresh media, and the cells centrifuged at 250g for five minutes [35]. 
Treatment
Treatment was begun after the onset of disease (day 34), when arthritis had become well established (arthritis score ≥2). All rats in four groups received single intraarticular injection in the right hindpaw where; negative control (NC) and positive control (PC) groups rats received  5 μl sterile saline, 0.9% PBS, Mesenchymal stem cell (MSt) group received 1×106 mesenchymal stem cell and Hematopoietic (CD34+) stem cell (HSt) group received 1×106  hematopoietic stem  cell. However, Methotrexate group (MTX) received 0.3 mg/kg twice a week for five weeks.   
Histopathological analysis of Synovium and cartilage
Animals in all groups were sacrificed after 34 days after beginning treatment except positive control (PC) group. Animals of PC group were divided equally and sacrificed at 10, 21 and 34 days for microscopic observation of disease progression.

At the end of experiment according to each group schedule. Hindpaws were taken from sacrificed animals skinned, and placed in 10% buffered phosphate formalin for at least 1 week before being subjected to acid decalcification. The paws were decalcified by immersion in 3% nitric acid solution and maintained at room temperature for an average of 5-7 days. De-calcified paws were embedded in paraffin, longitudinally sectioned through the center of the tibia-tarsal joint, and stained with hematoxylin and eosin and Masson's Trichrom. Quantitative measurements were carried out using the image analyzer (Super eye- Heidi soft) to measure the color area percentage of the green color (collagen fibers) in Masson's Trichrome stained sections. The image analyzer was calibrated for color before utilization. Thirty fields, at least, were captured and analyzed for each group. 
Cytokine assay

TNF-α, IL-1, IL-10 and IFN-γ were estimated after 34 days after beginning treatment in the rat serum by sandwich enzyme-linked immunosorbent assays (ELISAs) using capture/ biotinylated detection antibodies (Sigma, UK).
Statistical Analysis
Student’s t test was used to analyze significance between groups. P value of less than 0.05 was considered as a significant difference.
Results
To study the therapeutic effect of mesenchymal stem cells (MSC) and Hematopoietic (CD34+) stem cell (HSC), we first established adjuvant arthritis rat models according to established protocol. The arthritis that develops in rats after a single intradermal treatment with CFA shows a rapid clinical progression. Animals showed clinical signs of disease starting from day 10-12 after immunization with CFA; these initial signs were restricted to redness in one or both hindpaws. These early clinical signs of disease rapidly progressed to swelling, digit deformity and finally to hindpaw ankylosis in 100% of immunized rats by day 34. Figure 1A compares the gross appearance of a normal rat hindpaw and a fully ankylosed hindpaw from a CFA-immunized rat at day 34. Incidence of forepaw involvement in immunized animals was lower and more variable than the hindpaw disease, affecting 20-90 % of rats, and generally after day 21We examined the immune-suppression effect of stem cells on the CFA mouse models by injecting MSt, HSt, MTX or PBS into rats once paw swelling had fully developed (34 days post immunization). Grossly, we found that the swelling of those rats receiving PBS further worsened or showed no significant improvement. The mean arthritis score were similar in all groups at 12 and 34 days post immunization with no statistical significant difference. Mean arthritis score was assessed in all groups at 44, 55 and 68 days post immunization (10,21, 34 days post treatment) and results revealed significant  decrease in  both MSt and HSt groups compared to MTX and PC groups started at 55 days post immunization and reached its maximum at day 68. In addition, there was statistical significant difference between MSt and HSt groups at day 68 (P=0.036) (Fig.1B).
We observed that paw swelling in rats of the group HSt and MSt begin to disappear around 21 days after receiving stem cell injection and totally disappeared at day 34 post treatment in MSt group. The mean hind paw diameter (mm) in the MSt rats was about half that of the PC and MTX groups (P value = 0.007 and 0.021 respectively) and 0.6 mm less than HSt group (P=0.047) (Fig.1C).

Results of histopathology
H&E stained sections in hindpaws of NC group showed intact articular cartilage with normal joint space and synovial tissue (Fig. 2A). Sections from PC group showed a microscopic analysis of disease progression in CFA-immunized rats. The first histological signs of disease appeared at day 10, when hypertrophy of the synovial lining was observed. Massive mononuclear cell infiltration of the synovium was also visible in the same section (Fig. 2B). 

Nearly, all arthritic rats showed evidence of hypervascularity and congestion. Mononuclear cells infiltration was also visible within vessels wall (Fig. 2C). Chronic inflammatory nodules, rheumatoid nodules, in the synovial connective tissue of arthritic rats were also found. These nodule-like structures have a defined morphology, consisting of a central zone composed of necrotic tissue and polymorphonuclear cells, surrounded by a layer of radially oriented mononuclear cells (Fig. 2C). With disease progression, by day 21 the synovial tissue became hypercellular and well vascularized, so that at this stage, the synovial lining has been replaced by an inflammatory granulation tissue, or pannus obliterating joint space (Fig 2D, 2E). By day 34, infiltrating pannus significantly eroded the articular cartilage and subchondral bone (Fig. 2F), both from the joint margins and the periarticular space resulting in complete fibrous ankylosis. 
Methotrexate treated (MTX) group showed significant reduction of leucocytic infiltrate and hypertrophy of the synovial tissue with moderate obliteration of joint cavity (Fig. 3A). However, stem cells treatment both CD34+ (HSt) (Fig. 3B) & mesenchymal (MSt) (Fig. 3C) showed more or less similar results with significant reduction of leucocytic infiltrate and hypertrophy of the synovial tissue with mild obliteration of joint cavity.
With Masson's Trichrome stain, NC group showed a normal synovial tissue with delicate collagen fibers (Fig. 4A). The mean color area percentage of collagen in this group was 0.121±0.0147 (Table 1).  Sections from PC group showed evidence of vascular edema of almost all vessels within the synovium in nearly all arthritic rats. Vacuoles were also visible in the outer vessel wall (Fig. 4B). The vessel becomes hemorrhagic and finally necrotic. This histological progression resembles necrotizing vasculitis seen in human Rheumatoid Arthritis. Sections from the same group also showed extensive fibrosis completely obliterating the joint cavity (Fig. 4C). The mean color area percentage of collagen in this group was 0.324±0.096, which was significantly increased when compared to the control group (Table 1). 
MTX group revealed moderate increase in collagen fibers in the synovial tissue (Fig. 4D). The mean color area percentage of collagen in this group was 0.183±0.0148, which was significantly increased, compared to the NC group; however, it was markedly decreased compared to PC group (Table1). Stem cells treatment both HSt (Fig. 4E) & MSt (Fig. 4F) showed similar results with mild increase in collagen fibers in the synovial tissue.  The mean color area percentage of collagen in HST & MST groups was 0.176±0.0137 and 0.174±0.0197 respectively, which was significantly increased when compared to the NC group; however, it was markedly decreased compared to PC group (Table 1).
Results of Cytokine assay
In addition, the results of Immunoassay showed that the serum level of TNF-α, IL-1and IFN-γ was lower in HSt and MSt groups compared to PC and MTX groups (P<0.05). In addition, both groups showed elevated anti-inflammatory cytokine IL10 in comparison to PC and MTX. Despite that, the level of these cytokines was lower MSt group than HSt group this difference was not statistically significant (Fig.5A, B).  

Discussion

Analysis of the histopathology of CFA induced arthritis in rat shows the progression of arthritic disease resembling human RA. These similarities support the use of CFA injected rat as appropriate model for testing potential therapeutics for Treatment of RA [36].
Generally, Mesenchymal stem cells (MSCs) have an immune suppressive function in addition to its roles in tissue repair. In addition, they have the capability of self-renewal and differentiation into different lineages of mesenchymal tissues. Moreover, MSCs have been consistently shown to exert a potent immunosuppressive effect superior in magnitude to any other immunosuppressive cell types thus far described [37]. Compared with those bone marrow–derived mesenchymal stem cells (BM-MSCs), Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) have higher proliferative potency, lower risk for viral contamination and stronger differentiation capacity [35]. Several researchers have conducted studies to demonstrate the therapeutic potential of BM-MSCs for RA [38, 39] but few studies have reported on hUCB-MSCs.
Zhou et al., [40] found that human MSC could significantly inhibit the autoimmune progression in MRL/lpr mice. In our study, we further searched the possible clinical utility of hUCB-MSCs to the treatment of RA. Grossly we noticed that injection of hUCB-MSCs (both mesenchymal and hematopoietic) into CFA rats led to a significant reduction in the severity of arthritis. Paw swelling had completely disappeared 21-34 days after stem cell administration, but with a significant decrease in MSt group more than positive control group, MTX group and even HSt group. 

These results were in accordance with Fei Mao and his colleagues [41], who found that   injection of MSCs into collagen induced arthritis (CIA) mice led to a significant reduction in arthritic signs with complete disappearance of paw swelling 21 days after MSC administration in CIA/MSC mice. 

Microscopically in H&E stained sections, there was a significant reduction of leucocytic infiltrate and hypertrophy of the synovial tissue with mild obliteration of joint cavity in both HSt and MSt groups in comparison to positive control and MTX group. These findings were similar to Yanying Liu et al. [29] who observed in their research  that control mice exhibited a marked mononuclear cell infiltration, severe synovitis, pannus formation and bone erosion while the majority of  joints from mice injected with umbilical cord (UC-MSCs) had normal morphology with a smooth articulation cartilage surface, and an absence of inflammatory cell infiltrate and pannus formation.   
With masson's Trichrome stain there was a mild increase in collagen fibers in the synovial tissue in both HSt and MSt groups and moderate increase in MTX group denoting that the increase in collagen fibers and fibrosis associated with Rheumatoid Arthritis has been decreased with stem cell injection. In addition, these changes also were in favor of MSt group more than HSt suggesting that MSt may be more potent therapeutics in alleviating the arthritic burden even more than HSt. In conclusion, we can observe that microscopically human umbilical mesenchymal stem cell can prevent tissue damage in RA. 

Further we investigated the effect of stem cell on production of inflammatory mediators that are linked to RA and we found that HSts & MSts injection significantly downregulated TNF-a, IL-1 and IFN-γ as well as upregulated the regulatory and anti-inflammatory cytokine (IL-10).  These results are consistent with previous findings by others [41] showing the immunosuppressive effect of MSCs, and our results  showed that human umbilical Stem cell can be a potent candidate therapeutic treatment for RA.
In conclusion, many new therapeutic possibilities for RA have been proposed recently. Most of these target individual proinflammatory cytokines or cytokine-producing cells as Anti-TNF drugs. Here, we believe that human umbilical Mesenchymal Stem cell could be a better therapeutic option for the treatment of RA. 

COMMENTS
Background

Rheumatoid arthritis (RA) is an autoimmune disease that leads to chronic inflammation in the joints and subsequent cartilage destruction and bone erosion. RA imparts a massive burden on health services worldwide. A desirable therapeutic approach would be to prevent the destructive effects of RA. New target therapies have achieved considerable success, however, these approaches are expensive and none of the currently widely used biological agents reaches long-term drug-free remission. Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) have a potential capacity to regulate the immune response, including in vitro inhibition of T cell proliferation, B cell function, and dendritic cell maturation.
Research frontiers

Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) are regarded as an alternative source of bone marrow-derived mesenchymal stem cells because collection of cord blood is less invasive than that of bone marrow. In addition, hUCB-MSCs also possess activities for immune modulation, tumor tropism and nursing effect. However, very little is known about hUCB-MSCs in the treatment of RA.

Consequently, to understand and use the immune regulation properties of hUCB-MSCs for application in the treatment of a number of human immunological diseases, the molecular mechanism underlying the immune modulatory functions of hUCB-MSCs should be further investigated.
Related publications

Wang M, Yang Y, Yang D, Luo F, Liang W, Guo S, Xu J. The immunomodulatory activity of human umbilical cord blood-derived mesenchymal stem cells in vitro. Immunology 2009; 126: 220-232. doi:  10.1111/j.1365-2567.2008.02891.x 
Yanying Liu1, Rong Mu1, Shiyao Wang1, Li Long1, Xia Liu1, Ru Li1, et al. Therapeutic potential of human umbilical cord mesenchymal stem cells in the treatment of rheumatoid arthritis. Arthritis Research & Therapy 2010, 12:R210. doi:  10.1186/ar3187
Innovations and breakthroughs

In this study, we tried to understand and utilize the immune regulation properties of hUCB-MSCs for treatment of rheumatoid arthritis.
Applications

The study results suggest that Mesenchymal Stem Cells enhance the efficacy of CFA-induced arthritis treatment, most likely through the modulation of the expression of inflammatory cytokines and amelioration of joints damage.
Terminology

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease of unknown cause. The hallmark feature of this condition is persistent symmetric polyarthritis (synovitis) that affects the hands and feet, although any joint lined by a synovial membrane may be involved. Extra-articular involvement of organs such as the skin, heart, lungs, and eyes can be significant.
Human umbilical cord-derived mesenchymal stem cells (hUCB-MSCs), isolated from the umbilical cord of healthy pregnant donors undergoing full-term normal vaginal delivery, are promising candidate source of mesenchymal stem cells (MSCs). Apart from their prominent advantages in abundant supply, painless collection, and faster self-renewal, hUCB-MSCs have shown the potencies to differentiate into a variety of cells of three germ layers (such as bone, cartilage, adipose, skeletal muscle, cardiomyocyte, endothelium, hepatocyte-like cluster, islet-like cluster, neuron, astrocyte and oligodendrocyte).
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Figure 1. Decreased severity of Complete Freunds Adjuvant (CFA) induced arthritis after treatment with Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs). A: compares the gross appearance of a normal rat hindpaw and a fully ankylosed hindpaw from a CFA-immunized rat at day 34. B: Rats with established CFA injected intra-articular with 5 μl sterile saline, 0.9% PBS in Positive Control, 1×106 mesenchymal stem cell in Mesenchymal stem cell (MSt) group and 1×106  hematopoietic stem  cell in Hematopoietic (CD34+) stem cell (HSt) group and 0.3 mg/kg twice a week for 5 weeks in Methotrexate group (MTX). Arthritis severity was assessed by clinical scoring at day 12, 34, 44, 55, 68 post-immunization with CFA.  C: mean hind paw diameter was determined at day 12, 34, 44, 55, 68 post immunization with CFA.

a p<0.05 MTs versus control, b p<0.05 MTs versus MTX group and C p<0.05 MTs versus HSt group
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Fig 2: Photomicrograph of a rat from (A): negative control group showed intact articular cartilage [C] with normal joint cavity (J.C) and synovial tissue (S.T) (H&E x400). Photomicrograph of a rat from Positive control group showed (B): hypertrophy and massive mononuclear cell infiltration of the synovial tissue; (C): hypervascularity, congestion, mononuclear cells infiltration (arrows) within vessels (V) wall and rheumatoid nodules (R.N) ; (D &E):  inflammatory granulation tissue (arrows) completely obliterated the joint space and; (F): inflammatory granulation tissue (arrows) eroded the articular cartilage [C] and subchondral bone, using H&E x200.
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Fig. 3: photomicrograph of a rat from (A): methotrexate group showed reduction of leucocytic infiltrate and hypertrophy of the synovial tissue (arrows) with moderate obliteration of joint cavity (J.C) (B): CD34 group showed reduction of leucocytic infiltrate and hypertrophy of the synovial tissue (arrows) with mild obliteration of joint cavity (J.C) . (C): mesenchymal group showed reduction of leucocytic infiltrate and hypertrophy of the synovial tissue (arrows) with mild obliteration of joint cavity (J.C), using H&E x200.
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Fig. 4 photomicrograph of a rat from (A): Negative control group showed synovial tissue with delicate collagen fibers (arrows) (Masson's Trichrome x400). (B): Positive control group showed vascular edema and vacuoles (arrows) within vessels (V) of the synovial tissue (Masson's Trichrome x200). (C): Positive control group showed extensive fibrosis (arrows) completely obliterating the joint cavity (Masson's Trichrome x200). (D): methotrexate group showed moderate increase in collagen fibers (arrows) of the synovial tissue (Masson's Trichrome x200).  (E): CD34 group showed mild increase in collagen fibers (arrows) of the synovial tissue (Masson's Trichrome x200). (F): mesenchymal group showed mild increase in collagen fibers (arrows) of the synovial tissue (Masson's Trichrome x200). 
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Figure 5. Inhibition of inflammatory responses in rats  with Complete Freunds Adjuvant (CFA) induced arthritis after treatment with Human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs). A, Levels of tumor necrosis factor (TNF-α), Interleukin-1 ( IL-1), and interferon  IFN-γ  in the sera of rats in Positive Control group (PC), Methotrexate group (MTX), mesenchymal stem cell group (MSt) and Hematopoietic (CD34+) stem cell group (HSt) obtained on day 34. B, serum  level of Interleukin-10 ( IL-10) obtained from different groups on day 34.

* p<0.05 MTs versus control and Methotrexate groups and ** p<0.05 HTs versus control and Methotrexate groups 
Table (1):  The mean color area percentage of green collagen in the different                 experimental group.
	Group
	Mean ± SD

	Negative control
	0.121±0.0147

	Positive control
	              0.324±0.096 *

	Methotrexate
	0.183±0.0148 *•

	Hematopoietic (CD34+) 
	0.176±0.0137 *•

	Mesenchymal
	0.174±0.0197 *•


* Statistically significant compared to negative control group: p< .01

                                •Statistically significant compared to positive control group: p<.001
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