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Abstract



The knee joint cartilage often suffers from defect and it causes serious health problem. CD34+ stem cells have been studied to heal bone fracture however the cells has never been studied to repair cartilage. This study also focuses on the use of scaffold and growth factor affecting the healing of cartilage defect using CD34+ cells. This is the first study reporting hyaline cartilage regeneration on osteochondral defect with intra articular injection of human peripheral blood CD34+ (HPB CD34+) cellated on the trochlear region of Sprague Dawley (SD) rats. A total of 30 male SD rats were randomly divided into 3 groups; the control group received PBS, experimental group 1 received HPB CD34+ cells, and experimental group 2 received HPB CD34+cells, hyaluronic acid, and growth factors (TGF-R1, IGF-1, FGF, fibronectin). Laboratory, radiology, macroscopic and microscopic evaluations were done on week 4th and 8th. At week 4th and 8th, both experimental groups showed the defects fully filled with hyaline cartilage but not in control group. In conclusion, human peripheral blood CD34+ stem cells can generates hyaline cartilage of osteochondral defects in a rat model.
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Introduction




Knee joint cartilage often suffers defects which cause pain, swelling, functional disturbances and disability, constituting a serious public health problem [1-3]. Damage is caused by aging, trauma, or other factors affecting cartilage. That process starts with subchondral pressure, deterioration of the cartilage surface, breakdown of cartilage layers and finally osteochondral defects on trochlear region of the knee joint [4-6]. Based on morphology and regeneration process, cartilage defects can be classified into superficial and deep defects. Superficial defects do not reach subchondral bone, and deep defects are those with tearing into the subchondral region [7,8]. Cartilage defects will trigger regeneration, but the result is not hyaline cartilage. In detail, defects will cause chondrocyte cells to proliferate, regenerate cartilage matrix and produced fibrous cartilage tissue [7]. Knee joint cartilage does not have blood vessels and therefore lacks the ability to regenerate [9-11]. Until recently, treatments of knee joint cartilage defect have not involved the production of hyaline cartilage [3,12,13].



Tissue engineering is promising for hyaline cartilage formation [4,14]. Chondrocytes are no longer used since they required a difficult and sophisticated technique and resulted in scar tissue [2,3,15,16]. So, we use tissue stem cells, which can be found in various tissues and organs, such as mesenchymal stem cells and hematopoietic stem cells [17,18]. Mesenchymal stem cells (MSCs) were first considered as a potential source but their application  was limited by sample collection and cell characteristics [5,19]. The collection causes pain, morbidity, infection, and sepsis; in addition, the cell characteristics are affected by age. MSCs has to be cultured in advanced, before applied in therapy [11,20]. Alternatively, hematopoietic stem cells were easy to collect with minimal complications, provide high yield, and readily used in therapy regim [21]. Hematopoietic stem cells are progenitor cells which can be isolated from bone marrow and blood with either a direct or mobilization technique [21,22]. These stem cells are pluripotent and plastic, and can form non-hematopoietic cells such as fibroblast like cells, endothelial cells and osteoblast cells [23,24,25]. Hematopoietic stem cells can move into and regenerate damaged tissues [26].




A hematopoietic stem cell, CD34+, has been studied to heal bone fracture however the cells has never been studied to repair cartilage defect [21]. Our study will focus on the use of scaffold and growth factor affecting the healing of cartilage defect using CD 34+ hematopoietic stem cell. Hyaluronic acid was used as scaffold molecules as it was proven to improve the formation of chondrocyte and proteoglycan [14]. On the other hand the formation of cartilage was found to be affected by growth factors such as TGF-pi, IGF-1 and FGF which are also regulatory molecules in order to regulate cell behavior and increase chondrogenesis. [2,10,15,27]. Another important component is the availability of fibronectin in which will increase cell adhesion, migration and cell differentiation [28]. The objective of this study was to investigate the efficacy of a suspension of human peripheral blood CD34+ stem cell, hyaluronic acid and transforming growth factor (TGF)-pi, insulin-like growth factor (IGF)-1, fibroblast growth factor (FGF), and fibronectin to regenerate hyaline cartilage in Sprague Dawley (SD) rats with osteochondral defects.




Material & Methods



Ethics Statement



This study was conducted in three steps; pilot study, preparation of the suspensions, and final study. Pilot study was conducted in Bimana, Centre for Non human Primate Agricultural University of Bogor. Preparation of suspension and final study were conducted in University of Indonesia. All procedures of pilot study had been approved by Animal Care and Use Committee (ACUC) Bimana the Ethical Committee Centre for Non-Human Primate, Bogor Agricultural University Number R.03-12-IR. All procedures for preparation of suspension and final study involving human blood collection was sought from the Ethical Committee Medical Faculty University of Indonesia Number 812/PT02.FK.43/N/2012. All blood donors were volunteers who have been explained about the procedures and use of their blood samples in this study and have knowingly signed the inform consent. All donors had no history of hepatitis, HIV, malignancy or bone marrow disease and never had chemo- or radiotherapy. All blood samples were examined in laboratories for detection of HIV and Hepatitis B also for another blood examination such as liver and kidney function. 




Rats and Study Design
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Figure 1:   Normal Trochlear and Osteochondral Defects Model in Rat's Knee Joint.

(A) Normal trochlear, (B) Osteochondral Defect Model: (B1) Superficial defect (black arrow) and (B2) Deep defect (red arrow). The superficial defect has no bleeding. The deep defect post micro-fracture demonstrates bleeding (yellow arrow). No bone destruction. Bar = 1 (A) and 1.1 (B) mm.



 


 
Thirty un-engineered naive rats were purchased from National Agency of Drug and Food Control, Ministry of Health of Indonesia, Jakarta. Rats at 11 weeks of age, 268 + 12-gram weight were housed and undergone adaptation with twelve-hour light/dark cycle and free access to food and water. Each rat was manipulated with two defects including superficial defect in proximal trochlear region and deep defect in distal trochlear region in the right knee joint at one time (Figure 1). Superficial defect was produced by drilling right trochlear with 1 mm stopper end which had 1.1 mm diameter (30% trochlear width). Deep defect was produced by doing a micro fracture of superficial defect with 0.8 mm K wire until it reached sub-chondral bone and bleeds. Then, the knee joints were irrigated with saline solution. After the surgery, rats were returned to their cages and could move freely. The rats were fed as needed and received paracetamol 300 mg/kg body weight and amoxicillin at 150 mg/kg bodyweight SC for 5 days.




Rats were randomized into 3 intervention groups; ten rats are mentioned as Control group receiving PBS. Ten rats in experimental Group 1 received human peripheral blood CD34+ stem cells. The remaining were in experimental Group 2 received human peripheral blood CD34+ stem cells plus hyaluronic acid and growth factor: TGF-te1, IGF-1, FGF, and fibronectin. All interventions were injected directly to the operated knee joint in the day of operation. All groups were divided into 2 sub groups according to period of examination (4th week and 8th week after intervention) in laboratory, radiology, macroscopic and microscopic evaluations. Each group has 5 experimental rats.




Peripheral Blood CD34+ Cell Selection



Human peripheral blood were collected from 5 males, healthy donors at age between 18 - 35 years old, with an average body weight of 84 21 kg. All donors had no history of hepatitis, HIV, malignancy or bone marrow disease and never had chemo-or radiotherapy. All donors signed informed consent and undergone a preliminary blood examination. About 200 ml intravenous blood was collected from every donor. All procedures in taking and examination of blood samples were conducted in Al Fauzan General Hospital, Indonesia. All collected blood were isolated with Ficoll gradient centrifugation and selected to CD34+ using Mini Macs column system. CD34+ cells were counted and its viability was examined using Flowcytometry. Blood specimens were diluted with PBS + KCl solution, filtrated with Ficoll and centrifuged. Buffy coat layers were taken, washed and supernatant was removed until only MNC cells were available to be counted and viability checked. Afterward, MNC cells were washed and labeled by adding 300 |il buffer solution (autoMACS TM Rinsing Solution and MACS BSA Stock Solution, 20:1), FcR Blocking 100 |il, and CD 34+ micro-beads 100|il, and the suspension was incubated for 30 minutes at 2 - 8 0C.




Subsequently, 10 mL buffer solution was added to cell suspensions and centrifuged. The supernatant was removed and cells were re-suspended with 500 L buffer. Cells were separated with separator column. About 500 L of buffer was added into the column along with the cell suspension. The column was washed with 500 L buffer solution three times. CD34+ cells retained in the column were pushed with a syringe into a tube. Cell suspensions were centrifuged, the supernatant was removed, and cells were suspended. Interventional suspensions were subsequently prepared. Afterward each sample was identified by numbering.




Preparation of Interventional Suspensions



Three suspensions were used:



a)	PBS suspension,



b)	105 human peripheral blood CD34+ cells,



c)	105 human peripheral blood CD34+ cells with hyaluronic acid (Adant Dispo) 250 g/25 L, TGFβ1 (Biovision Cat No.4342-5)1	g/ 5 L, IGF-1 (Sigma Cat. No. I3769) 1 g/5 L, FGF 1 g/ 5 L and fibronectin (Sigma Cat. No F2006) 2 g/ 10 L. All suspensions were diluted with 50 L PBS solution.




Hematologic and Blood Chemistry Examination



TGF-βFor laboratory evaluation, blood specimens were taken from the heart after rats were euthanized. One mL blood was taken into an EDTA tube and homogenized, and hematologic analyses were done with Sysmex (Kobe, Japan) K1000 hematology analyzer. Two mL blood were centrifuged in tubes at 3000 RPM for 15 minutes, and serum was taken for blood chemistry evaluation (SGOT, SGPT, Ureum and Creatinin serum level) and spectro photometry (TC84plus) [29].



Radiological and Macroscopic Evaluation of Knee Joint



Each rat was examined radiologically and macroscopically in both knees right after osteochondral defect created and it was documented as control. In the week 4 and 8, rats were then euthanized with pentobarbital intraperitoneally. We observed the defect model by radiography. We performed antero-posterior (AP) and Lateral (L) knee joint X-ray then evaluated using radiologic score. Based on Kellgern-Lawrence modification, we divided the radiologic score into 4 categories: signs of osteophytes (No=0; Yes=1), signs of sub-chondral schlerosis (No=0; Yes, unclear=1; Yes, clear=2; yes, clear with femoral, tibial or patelar cyst=3), joint gap (Normal=0; Narrow=1; No gap=2), joint deformity (None=0; Unsperical femoral condyle=1; clearly destruction and deformity=2)28. Radiography was followed by general morphological evaluation to observe the repair of the defect of the manipulated knee, then documented using Olympus SLR E-620 [30]. The macroscopic evaluations used a macroscopic score. Based on Nishimori modification, we divided macroscopic score into 4 categories: Sign of infections (No=0; Yes=1), Sign of allergy (No=0; Yes=1), Defect surface (Covered with white tissue, flat and smooth surface/normal=0; Covered with white tissue, un-flat surface=1; Covered by transparent layer=2; Not covered=3), Defect margin (Cannot differentiate with healthy tissue=0; Difficult to differentiated; Easily to differentiate=2; Clearly marked=3) [31].




Microscopic Evaluation and Immunohistochemistry and Collagen II Examination



Specimens at 4th and 8th week were fixed with 4 % paraformaldehyde and 70 % alcohol alternately for 24 hours at 4 oC, decalcified with Plank & Rychlo for 10 days, dehydrated with alcohol then encased in paraffin and sectioned in 5um thick slices and stained with Hematoxylin and Eosin (HE) and Safranin O/ Fast Green [32]. The specimens used for immune histo chemistry and collagen examinations were deparaffinized, rehydrated with running water, and washed in aqua, incubated in a sequence with protein blocker (BIOCARE's Background Sniper solution), antibodies (TGFβ1, IGF-1, FGF, and fibronectin) in ratio 1:150, PBS and BIOCARE's Trekkie Universal Link solution, and PBS and BIOCARE's TrekAvidin-HRP. After incubations, the specimens were washed with PBS and diamino benzidine (DAB) solution, and then counterstained with hematoxylin. For the last procedures, the specimens were washed again with aqua, dehydrated, cleared and mounted.



Qualitative and quantitative examinations were performed using a light microscope and microphotography tools and evaluated using Pineda microscopic score based on Safranin O/Fast Green staining. The microscopic score was divided into 4 categories: Filling of defect in percentage (125%=1; 100%=0; 75%=1; 50%=2; 25%=3; 0%=4); Reconstruction of osteochondral junction (Yes=0; Almost=1; Not close=2), Matrix staining (Normal=0; Reduced=1; Significantly reduced=2; Faint=3; None=4); Cell morphology (Normal=0; Mostly hyaline and fibro cartilage=1; Mostly fibro cartilage=2; Some fibro cartilage but most non-chondrocytic cells=3; non-chonrocytic cells only=4) [33].




Statistical Analysis



Data were descriptively and comparatively analyzed by SPSS version 17.0 and expressed as mean + SD. The comparative analysis from macroscopic, microscopic and radiologic scores were evaluated using Manova Test. P < 0,05 was considered statistically significant [34].




Results



Rats and Study Design









No rats were sick, disable, or died during the experiment and wounds healed well. Rats exhibited normal activity such as walking, climbing, eating and drinking. During the study, all rats gained body weight in the week 8. Statistically, there was no significantly different between control and experimental group 1 and 2 in weight gain (Anova Repeated Measure Test, p = 0.139). Superficial and deep defects were successfully made in the right trochlear without causing bone destruction (Figure 1). The trochlear sizes of control rats and experimental groups 1 and 2 were 22.8 3.3 mm, 23.1 4.2 mm and 21.4 3.4 mm, respectively. There was no significant difference in the trochlear size (Anova test, p = 0.567, CI 95%). Defect size was 0.91 mm2 or approximately 4.2 0.57 % of the control group's trochlear size or 4.2 0.8 % of experimental Group 1's trochlear size and 4.5 0.73% of experimental Group 2's trochlear size. Defect size comparison and trochlear size were not statistically significant (Anova test, p = 0.585, CI 95%).




Peripheral Blood CD34+ Cell Selection



The results of donor blood examination were Hb level of 14 1 g/ dL, leukocyte count of 9.0 1.5 x 103/mm3 and platelet count of 299 74 x 103/ L. The amount of CD34+ cells varied between 1.15 x 105 - 25 x 105 cells with an average of 9 9 x 105 cells, with 96 % viability. After being combined, total cell counts were 11.3 x 105 cells with 95.3 % viability.



Hematologic and Blood Chemistry Examination



Hematology results of control and experimental Group 1 and 2	were not significantly different, except for the erythrocyte level. (Anova test, p= 0.16 (Hb), p= 0.00 (erythrocyte), p= 0.09 (platelets) and p= 0.56 (leukocytes), respectively). Same situation found in blood chemistry examination, that the SGOT and ureum level of rats in the control group and experimental Group 1 and 2 were not significantly different (Anova Test, p = 0.373 (SGOT) and p = 0.286 (Ureum), except for SGPT and creatinine level (p = 0.000 (SGPT) and p = 0.029 (creatinine)).




Radiological and Macroscopic Evaluation



Table 1: Radiologic, Macroscopic, and Microscopic Scores of Defects after Intervention.
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Table 2: Radiologic Scores of Rat Knee Joints on Week 4 and 8.
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Note: osteophyte (none = 0, yes = 1), sclerosis (none = 0, unclear = 1, clear = 2, cyst = 3), joint gap (normal = 0, diminished = 1, no gap = 2), deformity (none = 0, non-spheric = 1, deformity = 2).




Knee joint radiological examination of rats on week 4 showed subchondral sclerosis of the knee joint in all groups. This condition persisted until week 8 in all groups. Regarding to radiological scores of the control group, experimental Group 1 and 2 were not significantly different (Manova test, p = 0.074). There was no significant difference of radiologic score on week 4 and 8 in all groups (Manova test; p= 0.200 (radiological); p = 0.446; p= 0.239 as shown in Table 1. Radiological score results for each variable on week 4 and 8 are shown in Table 2. On macroscopic evaluation, there were no signs of infection or allergy in the control and experimental groups for either superficial or deep defects on week 4 and 8. Macroscopic variables that changed were on the surface and margins of the defects as shown in Figure 2. The control group showed almost similar manifestation on week 4 and 8 in both defects which their margins were easily differentiated from normal surroundings and its surfaces were depressed but covered by whitish layer of cartilage. The experimental group 1 showed good alteration in defect margins and surfaces on week 4 and getting better on week 8. 
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Figure 2:   Macroscopic Images of Superficial and Deep Defect after Intervention.
Macroscopic images of superficial and deep defects on Week 4 (A, B and C) and Week 8 (D, E and F). The ontrol group (A and D) showed similar manifestations on week 4 and 8. Margins of the defect were easily differentiated from normal surroundings on the superficial defect (black arrow) and deep defect (yellow arrow), and the surface of the superficial (black arrow) and deep (yellow arrow) defects were covered with a whitish layer. In the experimental group receiving CD34+ cells (B and E), the margins of the superficial (black arrow) and deep (yellow arrow) defects were difficult to differentiate from normal surroundings. The defect surface was covered with a whitish tissue layer which started to be finer and smoother on week 8. In the group receiving CD34+ cells, hyaluronic acid and growth factors (C and F), the margins of the superficial defect (black arrow) were hard to differentiate and increasingly difficult to differentiate on week 8. The surface of the superficial defect (yellow arrow) was covered with a whitish tissue layer on week 4 which started to be more fine and smooth on week 8. Bar = 1.1 mm.








 
The defect margins were difficult to differentiate from surroundings and the defect surfaces were covered by whitish tissue layer which even started to be finer and smoother on week 8. The alteration of the defects was shown better in experimental group 2, which its defect margins were difficult to be marked from its normal surroundings on week 8 and its surfaces that covered by whitish tissue layer on week 4 altered to be smoother and finer features like normal tissue on week 8.Macroscopic scores for superficial defects and deep defects were significantly different calculated between the control group and experiment groups (Manova test; macroscopic superficial defect p = 0.000; macroscopic deep defect p = 0.000). Macroscopic scores between experimental Group 1 and 2 were not significantly different except for the macroscopic score of deep defects (Manova test; macroscopic superficial p = 1.000; macroscopic deep p = 0.023). According to the period of examination (4th and 8th week), there was not significantly different in macroscopic score for all groups in both superficial and deep defects (Manova test; p= 0.793 macroscopic superficial defect p= 0.507; macroscopic deep defect p = 0.350). Macroscopic scores of superficial and deep defects for each variable on week 4 and 8 were shown in Table 3. 



Table 3: Macroscopic Score of Superficial and Deep Defects, on Week 4 and 8.
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Note: infection (none = 0, yes = 1), allergy (none = 0, yes = 1), surface (normal = 0, white tissue = 1, transparent = 2, not covered = 3), margins (cannot differentiate = 0, difficult to differentiate = 1, easily differentiate = 2, clearly marked margins = 3).




Microscopic Evaluation and Immunohistochemistry and Collagen II Examination
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Figure 3:   Microscopic Images of Superficial Defect on Week 4 and 8.
Histology results using Hematoxylin Eosin staining (A-F); SAFO staining (G-L) and Collagen II staining (M-R).
Chondrocyte cells shown in Experimental group 1 and 2 (orange-red color) using SAFO staining. Collagen II shown in Experimental group 1 and 2 (brown color) using Collagen II staining. Chondrocyte Cell and Matrix didn't appear in Control Group. All images are in 100 x magnification. N : normal tissue. R : Regeneration tissue. Bar : 0,1 mm.
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Figure 4:   Microscopic images of Deep Defect on Week 4 and 8.

Histology results using Hematoxylin Eosin staining (A-F); SAFO staining (G-L) and Collagen II staining (M-R).
Chondrocyte cells shown in Experimental group 1 and 2 (orange-red color) using SAFO staining. Collagen II shown in
Experimental group 1 and 2 (brown color) using Collagen II staining. Chondrocyte Cell and Matrix didn't appear in Control
Group. All images are in 100 x magnification. N: normal tissue. R: Regeneration tissue. Bar : 0,1 mm.




 









Table 4: Microscopic Score of Osteochondral Defects on Rat Knee Joints on Week 4 and 8.
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Note: Percentage (125 % = 1, 100 % = 0, 75 % = 1, 50 % = 2, 25 % = 3, 0 % = 4), Reconstitution (yes = 0, almost = 1, not close= 2), Matrix (normal = 0, reduce = 1, Significantly reduced = 2, Faint = 3, none = 4), Cells (normal = 0, Mostly hyaline and fibrocartilage = 1, Mostly fibrocartilage = 2, Some fibrocartilage but most non-chondrocytic cells = 3, Non-chondrocytic cells only = 4). 




Microscopic changes occurred for all variables, such as defect filling percentage, reconstitution of osteochondral connection, matrix staining and cell morphology formation, as shown in Figures 3 & 4. There were no significant differences at 4th and 8th week between superficial defect and deep defect in microscopic evaluation, Hematoxylin Eosin, SAFO and Collagen II staining at 4th and 8th week in control group showed that the defects were filled 50% with fibrous tissue, uneven osteochondral, no feature of collagen and were colored green. Meanwhile both experimental groups at 4th week and 8th week showed that the defects fully filled with hyaline cartilage, collagen, even osteochondral and were red colored. Experimental group 2 were showing better with 100% filling defects and evidence of chondrocytes. Microscopic scores of superficial and deep defect for each variable on week 4 and 8 are shown in Table 4.




Discussion



Until now, there is still no satisfying treatment method in repairing cartilage damage that producing hyaline cartilage, both conservative and surgical therapy. Conservative therapy including drugs administration, physical therapy and life style changes, are until now questionable, also surgical methods which included fragment fixation, articular washing, and artificial articular implantation. With the development of molecular biology, stem cell technology and materials science and other related disciplines, tissue engineering technology offered great hope for the treatment of cartilage damage especially osteochondral defects. We used CD34+ hematopoietic stem cells because of its plasticity that can turn into osteogenic and vasculogenic lineage [24,25]. The amounts of CD34+ cells that were recovered varied due to variations in donor characteristics and the selection process. Donor characteristic variations included age, body weight, leukocyte cell count, and the amount of MNC cells. Factorial analysis was not performed due to limited samples. Further research into sample acquisition would lead to better correlations between donor characteristics and CD34+ stem cells amount in peripheral blood.



CD34+ stem cell viability was quite high at 96 2 % with variation from 92 to 98 %. The result was good because CD34+ cell selection was done immediately after samples were collected. In addition, the selection process followed recommended procedures. An automated selection process for CD34+ stem cells would be ideal to ensure the quantity and quality of the cells. We developed suspension of CD34+ cells isolated from peripheral human blood combined with growth factor including TGF K1, IGF-1, FGF, and fibronectin and compared its efficacy with the CD34+ cells alone. Osteochondral defect on trochlear region right knee from rats are macroscopically and radiologically showing a good sign of healing process. Histology revealed that the knee with osteochondral defects were repaired and fully filled with hyaline cartilage and showing chondrocytes cells and collagen II matrix in the rat's knee Administered with CD34+ cells and CD34+ with growth factors.



Therefore, this study demonstrated that human peripheral blood CD34+ stem cells in un-engineered naive rats promoted cartilage regeneration. CD34+ stem cells were proven to trigger regeneration in osteochondral defects.



The study shows the adaptive nature of human peripheral blood CD34+ stem cells. CD34+ cells have plasticity and can form chondrocytes which further trigger hyaline cartilage regeneration. The differentiation mechanism by which hematopoietic stem cells developed into chondrocytes was not determined, but a trans-differentiation mechanism is suspected [35]. This study demonstrates a synergistic effect from the three engineered components of cartilage [14]. As for the effects of suspension injection on microscopic findings, the score of superficial and deep defects in rats receiving a mixed suspension of CD 34+cells, hyaluronic acid and growth factors were better than rats receiving only CD34+cells, even though the difference was not statistically significant. Microscopic scores were based on SAFO staining results, which had four variables: defects filling, osteochondral connection, color absorption, and cell formation. Cell morphology evaluation needs to be given higher points since chondrocyte cells produce all the cartilage components. Beside SAFO/Fast Green staining, collagen II staining is also essential because this staining ensures the formation of collagen II matrix, which is the main characteristic of hyaline cartilage.



Alternatively, the doses of hyaluronic acid and growth factors used may not have been optimal to regenerate two defects in one knee. In the other hand we could see in the radiological examination that the cartilage defect created subchondral sclerosis. This is an early sign of osteochondral defect. This sign still persisted at 8 weeks with pure CD34+ stem cells or with a CD34+ suspension with hyaluronic acid and growth factors. This result is similar to the study conducted by Matsumoto who used CD34+ stem cells for rat femoral fracture healing [25]. Saw et al. reported that improvement in bone sclerosis was seen at 2 years after mesenchymal stem cells were given to heal osteochondral defects [36]. It concluded that sclerosis was a sign that the defect had not been completely healed. Regarding the effects of micro-fracture on osteochondral defect regeneration, the results showed that micro-fracture does not have a better regeneration effect. Microscopic findings and scores for deep defects were not better than for superficial defects. This is similar to other reports that micro-fracture evaluation at 12 months only showed fibrous cartilage [36].




In other words, stem cells and growth factors have no effect in increasing regeneration of micro-fracture. Micro-fractures also resulted in a non-flat defect surface [37]. Therefore, the need for micro-fracture for cartilage defect treatment should be reconsidered. Our study showed that longer periods of observation time did not improve regeneration of osteochondral defects in this model. The optimal time for osteochondral defect regeneration remains undetermined. There is no standard observation time-frame. Some researchers observe osteochondral defect regeneration for over 6 months [37]. Those studies modeled one defect on one knee joint. No study of osteochondral defect regeneration with our defect model has been reported to our knowledge. Further studies are necessary to optimize the healing time of osteochondral defects. In addition, every administration of new therapy should consider toxic reaction possibility. Our study has shown that no rats had any toxic or rejection reaction after CD34+ stem cell suspension injection. It provides evidence that human peripheral blood CD34+ stem cells can be given to un-engineered naive rats without immunosuppressant drugs.



Others researchers, Terayama, Matsumoto used athymic rat for their bone regeneration studies [24,25]. Ferreras used naive rats with immunosuppressant drugs for his neuro regenerative research [38]. Our study provides evidence that stem cell study for cartilage regeneration can used naive rats. The result is promising for future stem cells studies because the experimental animals required no special or expensive treatments for immunosuppressive purpose for instance. The study was conducted for 8 weeks; therefore, no conclusions can be drawn about potential chronic reactions in the animals. A follow-up study with a longer time-course is needed to observe any chronic reaction. This study, however, is the first to show that human peripheral blood CD34+ stem cells did not cause rejection or toxic reactions in non-engineered SD rats. We would like to emphasize the implications and potential of further studies. First, human stem cell transplantation can be studied using nonengineered animals. This provides an opportunity for cost-effective pre-clinical research using human stem cells, especially CD34+ stem cells. Second, CD34+ stem cells have several advantages.



They can be easily isolated from peripheral blood using a safe, non-invasive and cheap method without the need for anesthesia, and can be directly applicable without culture. This opens up a vast opportunity, especially for cartilage tissue engineering and musculoskeletal tissue engineering. Third, this study opens up an opportunity for autologous stem cell transplantation for osteochondral defect treatment. The amount of peripheral blood CD34+ stem cells can be increased with mobilized drugs, and cells can be collected directly with an apheresis machine or by flow cytometry. This may be ideal for a safe, easy and comfortable therapy for osteochondral defects. Further studies were needed regarding therapeutic aspects of peripheral blood CD34+ stem cells in cartilage regeneration. This study will include CD34+ stem cells research and clinical research. CD34+ cell research is needed especially regarding donor characteristics and collection methods for CD34+ stem cells to find the safest, most cost effective methods with optimal results. Other studies regarding suspension volume and the concentration of CD34+ stem cells are also needed as well as studies on the effectiveness of scaffolds and growth factors.



Due to technical aspects and the expense of growth factors, other alternatives to be researched include isolation from donor peripheral blood. Further clinical research will address the effectiveness, safety and characteristics of the ideal osteochondral defect for peripheral blood CD34+ stem cell therapy. In addition, comparison with mesenchymal stem cells is also needed as an alternative therapy for osteochondral defects based on tissue engineering. Further study can also be enhanced with stem cell labeling, which is not provided in this study due to technical and financial problem. This would motivate the next researchers to complete this study.



Conclusion


This study demonstrated that intra articular injection of human peripheral blood CD34+ stem cells, hyaluronic acid and growth factor can generate hyaline cartilage of osteochondral defects in a rat model without compromising occurrence of adverse events. It might be further step to proceed to clinical study.



Acknowledgement


We thank Prof. Sarwono Waspadji for his invaluable help. We thank Drs. Ondri Dwi Sampurno, Ratih Rinendyaputri, and Dra. Rikrik A. Ilyas, and Diah Iskandriati for facility support and immunohistochemistry. We thank Katsumi Shigemura, Prita Kusumaningsih, Muhammad Faiz, Riyadi, Latifah, Andri Pramesyanti, Esti Cahyani Adiati for their invaluable help on this research.




References



1.  	Minas T, Gomoll AH (2009) What is the best treatment for chondral defects in the knee? in Evidence-based orthopaedics The Best Answers to Clinical Questions, Ed. Wright, JG Saunders Elsevier, Philadelphia, USA.

2.  	Khan WS, Malik AA, Hardingham TE (2009) Stem cell applications and tissue engineering approaches in surgical practice. J Perioper Pract 19(4): 130-135.

3.  	Schindler OS (2010) Articular cartilage surgery in the knee. MiniSymposium: Soft Tissue Surgery in The Knee. Orthopaedics and Trauma Elsevier 24: 107-120.

4.  	Gelse K, Schneider H (2006) Ex vivo gene therapy approaches to cartilage repair. J Addr 58(2): 259-284.

5.  	English D, Islam MQ (2009) Mesenchymal Stem Cell: Use in Cartilage Repair. Current Rheumatology Reviews 5: 24-33.

6.  	Erggelet C, Mandelbaum BR (2008) Principal of Cartilage Repair. Steinkopff Verlag, Germany.

7.  	Schulz RM, Bader A (2007) Cartilage tissue engineering and bioreactor systems for the cultivation and stimulation of chondrocytes. Eur Biophys J 36(4-5): 539-658.

8.  	Solomon L, Warwick D, Nayagam S (2010) "Osteoarthritis” in Apley's System of Orthopaedics and Fractures 9th ed Eds. Hodder Arnold, London, UK.

9.  	Raghunath J, Sutherland J, Salih V, Mordan N, Butler PE, et al. (2010) Chondrogenic potential of blood-acquired mesenchymal progenitor cells. JPRAS 63(5): 841-847.

10.  	Richardson JB, Lim JTK, Hui JHP, Lee EH (2005) Stem cells and cartilage. In: Stem Cell from Bench to Beside (Eds.). World Scientific Publishing Co Pte Ltd, Singapore, pp. 466-493.

11.  	Khan WS, Johnson DS, Hardingham TE (2010) The potential of stem cells in the treatment of knee cartilage defect Knee. 17(6): 369-374.

12.  	Burnett BP, Levy R, Cole BJ (2006) Metabolic Mechanism in the Pathogenesis of Osteoarthritis. J Knee Surg 19(3): 191-197.

13.  	Shenaq DS, Rastegar F, Petkovic D, Zhang BQ, He BC, et al. (2010) Mesenchymal progenitor cells and their orthopedic application: forging a path towards clinical tials. Stem Cells Int pp. 501298.

14.  	Kim BS, Park KI, Hoshiba T, Jiang HL, Choi YJ, et al. (2011) Design of artificial extracellular matrices for tissue engineering. J Prog polym sci 36: 238-268.

15.  	Chiang H, Jiang CC (2009) Repair of articular cartilage defect: Review and prespectives. J Formos Med Assoc 108(2): 87-101.

16.  	Milljkovic ND, Cooper GM, Marra KG (2008) Chondrogenesis, bone morphogenetic protein-4 and mesenchymal stem cells. OARSI 16(10): 1121-1130.

17.  	Choi KH, Choi BH, Park SR, Kim BJ, Min BH, et al. (2010) The chondrogenic differentiation of mesenchymal stem cells on extracellular matriks scaffold derived from porcine chondrocytes, Biomaterials. 31(20): 5355-5365.

18.  	Dodson CC, Marx RG (2009) Is there a role for arthroscopy in the treatment of knee osteoarthritis? In: Evidence-based orthopaedics The Best Answers to Clinical Questions. Ed Wright JG Saunders Elsevier, Philadelphia.

19.  	Marot D, Knezeviv M, Novakovic GV (2010) Bone tissue engineering with human stem cells. Stem Cell Res Ther 4: 1-10.

20.  	Sakaguchi Y, Sekiya I, Yagishita K, Muneta T (2005) Comparison of human stem cells derived from various mesenchymal tissues: superiority of synovium as a cell source. Arthritis Rheum 52(8): 2521-2529.

21.  	Battiwalla M, Hematti P (2009) Mesenchymal stem cells in hematopoietic stem cell transplantation. Cytotherapy 11(5): 503-515.

22.  	Mendes SC, Tibbe JM, Veenhof M, Bakker K, van Blitterswijk CA, et al. (2002) Bone tissue-engineered implants using human bone marrow stromal cells: effect of culture conditions and donor age. Tissue Engineering 8(6): 911-920.

23.  	Mattoli S, Bellini A, Schmidt M (2009) The role of human hematopoietic mesenchymal progenitor in wound healing and fibrotic diseases and implications for therapy. Curr Stem Cell Res Ther 4(4): 266-280.

24.  	Terayama H, Ishikawa M, Yasunaga Y (2011) Prevention of osteonecrosis by intravenous administration of human peripheral blood-derived CD34-positive cells in a rat osteonecrosis model. J Tissue Eng Regen Med 5(1): 32-40.

25.  	Matsumoto T, Kawamoto A, Kuroda R, Ishikawa M, Mifune Y, et al. (2006) Therapeutic potential of vasculogenesis and osteogenesis promoted by peripheral blood CD34-positive cells for functional bone healing. Am J Pathol 169(4): 1440-1457.

26.  	Vats A, Tolley NS, Buttery LDK, Polak JM (2004) The stem cell in orthopaedic surgery. J Bone Joint Surg Br 86: 159-164.

27.  	Kelly DJ, Prendergast PJ (2005) Mechano regulation of stem cell differentiation and tissue regeneration in osteochondral defects. J Biomech 38(7): 1413-1422.

28.  	Martin JA, Miller BA, Scherb MB, Lembke LA, Buckwalter JA, et al. (2002) Co-localization of insulin-like growth factor binding protein 3 and fibronectin in human articular cartilage. Osteoarthritis Cartilage 10(7): 556-563.

29.  	Mitruka BM, Rawnsley HM (1987) Clinical Biochemical and Hematological Reference Values in Normal Experimental Animals and Normal Humans (2nd edn). Masson Publishing USA, pp.163-164.

30.  	Kijowski R, Blankenbaker D, Stanton P, Fine J, De Smet A, et al. (2006) Arthroscopic validation of radiographic grading scales of osteoarthritis of the tibiofemoral joint. Am J Roentgenol 187(3): 794-799.

31.  	Nishimori M, Deie M, Kanaya A, Exham H, Adachi N, et al. (2006) Repair of chronic osteochondral defects in the rat. A bone marrow-stimulating procedure enhanced by cultured allogenic bone marrow mesenchymal stromal cells. J Bone Joint Surg Br 88(9): 1236-1244.

32.  	Hewitt SM, Lewis FA, Cao Y, Conrad RC, Cronin M, et al. (2008) Tissue handling and specimen preparation in surgical pathology: issues concerning the recovery of nucleic acids from formalin-fixed, paraffin- embedded tissue. Arch Pathol Lab Med 132: 1929-1935.

33.  	Pineda S, Pollack A, Stevenson S, Goldberg V, Caplan A, et al. (1992) A Semiquantitative scale fo histologic grading of articular cartilage repair Acta Anat 143(4): 335-340.

34.  	Pagano M, Gauvreau K (2012) Principles of Biostatistics. Duxbury Press, California, USA.

35.  	Kraft DL, Weissman IL (2005) Hematopoietic Stem Cells: Basic Science to Clinical Applications. In: Stem Cell from Bench to Bedside World Scientific Publishing Co. Pte Ltd. Singapore, pp. 253-291.

36.  	Saw KY, Anz A, Merican S, Tay K (2011) Articular cartilage regeneration with autologous peripheral blood progenitor cells and hyaluronic acid after arthroscopic sub chondral drilling: a report of 5 cases with histology. Arthroscopy 27: 493-506.

37.  	Saw KY, Hussin P, Loke, SC, Azam M, Chen HC, et al. (2009) Articular cartilage regeneration with autologous marrow aspirate and hyaluronic acid: An experimental study in a goat model. Arthroscopy 25(12): 13911400.

38.  	Ferreras LC, Gobernado RG, Herranz AS (2012) Effects of Intravenous Administration of Human Umbilical Cord Blood Stem Cells in 3-Acetylepyridine-Lesioned Rats. Stem Cells International 135187: 14. 


OEBPS/Images/tab1.jpg
Microscopic Score

Superficial Defect | Deep Defects

Superficial
Defect

Deep Defects

Control (PBS)

Evaluation Week 4

[ a5 ]

Evaluation Week 8

[ e |

Esperiment Group 1 (CD34:)

Evaluation Week 4

[ 22:16 |

Evaluation Week 4

[ osros |

Experiment Group 2 (CD34xx HA, GF)

Evaluation Week 4

06209 14:05 | 1400

Evaluation Week 4

I
vss0s [ oses | ooem

Statistical Test

p* posthoc test

0.000 / 1.000 0.000 /0.023

0.000 / 1.000

0.000 /0.818





OEBPS/Images/tab2.jpg
Radiologic Criteria

D342+ HA = GF

Week 4 Week 8

Sub chondral sclerosis

Joint gap

Joint deformity

Score






OEBPS/Images/logo.jpg
e ATacic

% BioMEDICAL

ISSN: 2574-1241





OEBPS/Images/logo1.jpg
S AR P S OGO S
Basuki Supartono. Biomed ] Sci & Tech Res





OEBPS/Images/fig1.jpg





OEBPS/Images/fig2.jpg
(D34" 4 HA + 6F






OEBPS/Images/fig3.jpg





OEBPS/Images/tab3.jpg
Control Group.

Week 4

Esperimental Group 1

Esperimental Group 2

Week 8

Week 4

Week 8

Week 4

Week 8

sSigns of infection

Superficial Defect

Signs of allergy

Defect Surface

Defect margins

Total

Signs of infection

Deep Defect

Signs of allergy

00200

Defect Surface

Defect margins

Total






OEBPS/Images/fig4.jpg





OEBPS/Images/tab4.jpg
Microscopic Criteria

Score Control Experimental Group 1 Esperimental Group 2

Week 4 Week 8 Week 4 Week 8 Week 4 Week 8

Superficial Defect

Filling of defect in percentage

Reconstitution of osteochondral junction

Matrix Staining

Cell Morphology

Total

Filling of defect in percentage

Reconstitution of osteo chondral
junction

Matrix Staining






OEBPS/Misc/page-template.xpgt
 

   
    
		 
    
  
     
		 
		 
    

     
		 
    

     
		 
		 
    

     
		 
    

     
		 
		 
    

     
         
             
             
             
             
             
             
        
    

  

   
     
  





OEBPS/Images/cover.jpg
/mE ™

Hyaline Cartilage Regeneration on
Osteochondral Defects by Intraarticular
Injection of Human Peripheral Blood
CD34+ Stem Cells, Hyaluronic Acid
and Growth Factor In a Rat Model

i n
i 10 10 |






