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ABSTRACT 
The treatment with mesenchymal stem cells has proved to be effective in the field of 

regenerative medicine, especially regarding osteodegenerative diseases. Clinical efficiency of 

that treatment takes place due to the ability of adipose tissue derived mesenchymal stem cells 

(MSC) to differentiate into chondroblasts  and to modulate immune system via interactions with 

certain cell populations.  The emerging new data give rise to other possible implementation of 

MSC, such as treatment of spinal chord injuries and chronic renal failure. In this article we try 

to summarize the recent data in the fast developing field of MSC treatment. 

We also present a clinical case report of autologous mesenchymal stem cells 

transplantation in a 13 years old dog with osteoarthritis. 
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I. Morphology and characterization of Mesenchymal Stem Cells 

Mesenchymal stem cells (MSC) are multipotent stromal cells that can differentiate into a 

variety of cell types, [6] including: osteoblasts, [3] chondrocytes, [4] and adipocytes. There are 

evidences that MSC can be differentiated into oligodendrocyte [9] and dopaminergic neurons [18], 

with further clinical applications.  

Because the cells, called MSCs by many labs today, can encompass multipotent cells derived 

from other non-marrow tissues, such as umbilical cord blood, adipose tissue, adult muscle, corneal 

stroma [2] or the dental pulp of deciduous baby teeth, yet do not have the capacity to reconstitute an 

entire organ, the term Multipotent Stromal Cell has been proposed as a better replacement. 

The International Society for Cellular Therapy has provided the following minimum criteria 

for defining multipotent human mesenchymal stromal cells [8]: 

1) plastic-adherent under standard culture conditions; 

2) positive for expression of CD105, CD73, and CD90, and absent for expression of 

hematopoietic cell surface markers CD34, CD45, CD11a, CD19, and HLA-DR; 

3) under specific stimulus, cells should differentiate into osteocytes, adipocytes, and 

chondrocytes in vitro. 

 

II. Possible sources, isolation and differentiation capacity of Mesenchymal Stem Cells 

Although MSCs are adult stem cells that were initially isolated from bone marrow, 

subsequent research has shown that other adult tissues also contain MSCs. Most prospective 

sources of MSC are listed below: 

1. Adipose-Derived StemCells (AD-SCs) ASCs were first isolated by Zuk et al. [22]. ASCs 

can differentiate into ectodermal and endodermal lineages, as well as the mesodermal 
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lineage [23]. ASCs can be obtained from either liposuction aspirates or excised fat. Small 

amounts of adipose tissue can be obtainedunder local anesthesia. One gram of adipose tissue 

yields approximately 5,000 stem cells, whereas the yield from BMderived MSCs is 100 to 

1,000 cells/mL of marrow[17]. 

2. Periodontal Ligament-Derived Stem Cells (PDL-SCs) The periodontal ligament, which 

connects the alveolar bone to the root cementum and suspends the tooth in its alveolus, 

contains stem cells with the potential to form periodontal structures such as cementum and 

ligament [39]. Similar to other MSCs, PDL-SCs show osteogenic, adipogenic, and 

chondrogenic characteristics under defined culture conditions in vitro [7,10] 

3. Muscle-Derived Stem Cells and Satellite Cells (M-MSCs) - Postnatal skeletal muscle 

tissue, similar to bone marrow, contains two different types of stem cells, M-MSCs and 

satellite cells, both of which can function as muscle precursors [16]M-MSCs not only act as 

muscle precursors but also give rise to a variety of other cell types, including hematopoietic 

cells [16]. M-MSCs have a high proliferation and self-renewal capacity and are CD34+, 

Sca1+, CD45−, and c-Kit− [15]. 

4. Wharton’s Jelly Stem Cells (WJ-MSCs) - WJ-MSCs are obtained from Wharton’s jelly of 

umbilical cord. Compared to BM-MSCs, WJ-MSCs exhibit a higher expression of 

undifferentiated human embryonic stem cell (hESC) markers like NANOG, DNMT3B, and 

GABRB3 [12]; thus, they are more primitive then other types of MSCs and easy to obtain 

with no ethical considerations. UC-MSCs can be induced into endothelial cells, adipogenic, 

osteogenic, chondrogenic, neurogenic lineages [5], insulin producing cells [19], and 

hepatocyte-like cells [21]. 

5. Miscellaneous StemCells - In addition to the MSCs discussed in this paper, stem cells have 

been isolated from liver, perichondrium, periosteum, trabecular bones, pancreas, hair 

follicles, intestinal epithelium, placenta, and amniotic membranes.  

 

Our attention will remain focused on adipose derived stem cells (ASCs), because of the 

relatively large amount of stem cells that might be obtained with simple procedure under short-time 

general or local anesthesia. Isolation protocols for ASCs commonly include homogenization of the 

sample, enzymatic digestion, collection of adherent cells and subsequent cultivation in DMEM 

(Dulbeco modified Eagle’s medium) supplemented with FBS [11]. 

MSCs could differentiate into multiple types of tissues including tissues with mesodermal, 

endodermal and ectodermal origin, their extraction does not raise any ethical issues and they are 

immunologically compatible in terms of an autologous transplantation.  

 

III. Clinical implementation of Mesenchymal Stem Cells 

Multiple clinical implementation of MSC, connected with specific sources and routes of 

differentiation are thought to be prospective, but we will focus on adipose tissue derived 

mesenchymal stem cells (AD-MSCs), due to the ease of collection procedure and cultivation 

protocols. The main possibilities for clinical use of AD-MSCs are listed below: 

1. Treatment of osteoarthritis – along with the ability of chondrogenic commitment and 

differentiation, AD-MSCs can alter inflammation by suppressing T-cell proliferation and 

secretion of pro-inflammatory cytokine INFγ in a dose-depend manner. Autologous AD-

MSC therapy in veterinary regenerative medicine is commercially available since 2003. 

Previously reported results from a blinded, controlled trial in dogs  with chronic 

osteoarthritis of the coxofemoral joint demonstrated efficacy of a single intra-articular 

injection of autologous AD-MSCs [1].  

2. Treatment of spinal cord injuries – prospective studies of treatment compression traumas of 

the spine, using AD-MSCs [13] show, that the introduction of this method in the clinic 

practice is only a matter of time. 
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3. Treatment of feline chronic renal disease – although pilot studies are not so promising [14], 

the ability of AD-MSC to reduce creatinin levels in CKD stage III patients, gives rise to a 

hope, that this lethal condition will be treated successfully by the means of cellular therapy. 

 

IV. Treatment of severe osteoarthritis in twelve years old German shepherd dog via 

cellular-substitution therapy with Mesenchymal Stem Cells – case report 

 

Duc, 12 years old German Shepard was presented at the clinic with progressive lameness of 

the pelvic limbs, which deteriorates in cold days, exercise intolerance and signs of severe pain. He 

was treated for over a year with NSAID (including selective COX-2 inhibitors), combined with 

food supplements. The treatment didn’t succeed to alleviate symptoms – in fact, when presented at 

clinic the patient barely could move his legs and have impaired urinary function. 
Figure 1. Hip joints radiographic examination 

After confirming the diagnosis with a radiographic 

examination (fig.1), and taking into account the age of the 

animal, we decided to attempt cellular-based treatment 

using adipose derived MSCs, rather than total hip 

replacement.  

Biopsy of approximately 20 grams subcutaneous fat 

was taken and MSCs (CD44+, CD90+, CD105+) were 

derived, following standard protocol. After two passages 

they reached target concentration of 3.10
6
cells/ml and 

were applied intra-articulary in both coxofemoral joints. Pain alleviation with sub second 

improvement of the gait was observed 6 days after treatment, and 4 weeks after application of the 

MSC the dog tolerates long walks (over 40 minutes) and doesn’t show any signs of pain.  

 
Figure 2. Spine and right elbow radiographic examination  

Six months after the procedure, Duc 

visited us again this time with progressive 

osteoarthritic changes in both elbows and 

cauda equina syndrome (fig. 2).   Another 

course of cell-based treatment was suggested – 

via intravenous infusion of stem cells, but the 

owner preferred topical treatment with 

hyaluronic acid. It was applied in both elbow 

joints, but after mild improvement Duc condition deteriorates (lameness with thoracic limbs, 

urinary incontinention, severe pain and loss of appetite) and after another 3 months he was 

euthanized. 

It is remarkable that he never experienced pain in hip joints after MSC treatment. That fact 

and the fast recovery after first intervention were highly appreciated by the owner, but the relatively 

high cost of the cellular therapy, prevented him for taking the decision for another procedure. 

 

V. Discussion 

In the light of aforementioned we have to conclude, that regenerative medicine is one 

plausible solution in a number of cases, where classic therapy offers only palliative treatment. 

Treatment of spine injuries, growing self-renewal tissues and in vitro organogenesis are not so far 

away from broad clinical implementation. With their high proliferation activity, ability to give 

growth of multiple cell types and accessibility, mesenchymal stem cells are powerful source of 

growing number of cell-mediated therapies. After successful differentiation to osteoblasts, 
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chondroblasts and dopaminergic neurons, treatment of insulin deficiency via modified MSCs will 

be the next big challenge for regenerative medicine [20].  

The aim of the regenerative medicine is to provide noninvasive, fast acting treatment with 

long-term results. This applies especially to the severe hereditary or metabolite conditions, geriatric 

diseases and severe traumas, where only palliative care is available nowadays. 

In the search of new clinic opportunities we have to remember, that only the profound 

understanding of cellular interactions, will provide us with solid ground for making a next step – in 

vivo activation, targeting and differentiation of the stem cells, without removing them from the 

organism.  

 

VI. References 

1. Black L, Gaynor G, Adams S et al., "Effect of Intraarticular Injection of Autologous 

Adipose-Derived Mesenchymal Stem and Regenerative Cells on Clinical Signs of Chronic 

Osteoarthritis of the Elbow Joint in Dogs", Veterinary Therapeutics Fall 2008 (Vol 9, No 3)  

2. Branch, M. J. et al. 2012 "Mesenchymal Stem Cells in the Human Corneal Limbal Stroma" 

http://www.iovs.org/content/early/2012/06/25/iovs.11-8673.abstract 

3. Brighton, Carl T. and Robert M. Hunt (1991). "Early histological and ultrastructural 

changes in medullary fracture callus". Journal of Bone and Joint Surgery, 73-A (6): 832-847. 

4. Brighton, Carl T. and Robert M. Hunt (1997). "Early histologic and ultrastructural changes 

in microvessels of periosteal callus". Journal of Orthopaedic Trauma, 11 (4): 244-253. 

5. Chen MY, Lie PC, Li ZL, and Wei X, "Endothelial differentiation of Wharton’s jelly-

derived mesenchymal stem cells in comparisonwith bone marrow-derived mesenchymal stem cells", 

Experimental Hematology, vol. 37, no. 5, pp. 629– 640, 2009. 

6. Francis MP, Sachs PC, Elmore LW and Holt SE- "Isolating adipose-derived mesenchymal 

stem cells from lipoaspirate blood and saline fraction", Organogenesis 6:1, 11-14; 

January/February/March 2010; © 2009 Landes Bioscience 

7. Gay C, Chen S, and MacDougall M, "Isolation and characterization of multipotent human 

periodontal ligament stem cells", Orthodontics & craniofacial research, vol. 10, no. 3, pp. 149–

160, 2007. 

8. Horwitz EM, Le Blanc K, Dominici M et al. "Clarification of the nomenclature for MSC: 

The International Society for Cellular Therapy position statement". Cytotherapy 2005;7:393–395. 

9. Kennea NL, Waddington SN, Chan J et al. "Differentiation of human fetal mesenchymal 

stem cells into cells with an oligodendrocyte phenotype". Cell Cycle. 2009 Apr 1;8(7):1069-79. 

Epub 2009 Apr 9 

10. Lindroos B, Maenpaa K, Ylikomi T et al., "Characterisation of human dental stem cells and 

buccal mucosa fibroblasts", Biochemical and Biophysical Research Communications, vol. 368, no. 

2, pp. 329–335, 2008. 

11. Nardi, N. Beyer; da Silva Meirelles, L. (2006). "Mesenchymal Stem Cells: Isolation, In Vitro 

Expansion and Characterization". In Wobus, Anna M.; Boheler, Kenneth. Stem Cells. Handbook of 

experimental pharmacology 174. pp. 249–82. doi:10.1007/3-540-31265-X_11. ISBN 978-3-540-

77854-7. 

12. Nekanti U, Rao VB, Bahirvani AG, Jan M, Totey S, and Ta M, "Long-term expansion and 

pluripotent marker array analysis of Wharton’s jelly-derived mesenchymal stem cells", Stem Cells 

Dev. 2010 Jan;19(1):117-30. doi: 10.1089/scd.2009.0177. 

13. Park SS, Lee YJ, Lee SH, Lee D, Choi K, Kim WH, Kweon OK, Han HJ, "Functional 

recovery after spinal cord injury in dogs treated with a combination of Matrigel and neural-

induced adipose-derived mesenchymal Stem cells.", Cytotherapy. 2012 May; 14(5):584-97  

14. Quimby JM, Webb TL, Habenicht LM, Dow SW, "Safety and efficacy of intravenous 

infusion of allogeneic cryopreserved mesenchymal stem cells for treatment of chronic kidney 



Science & Technologies 

 Volume III, Number 5, 2013 

 Animal studies & Veterinary medicine 10 

disease in cats: results of three sequential pilot studies.", Stem Cell Research & Therapy. 04/2013; 

4(2):48. DOI:10.1186/scrt198 

15. Qu-Petersen Z, Deasy B, Jankowski R et al., "Identification of a novel population of muscle 

stem cells in mice: potential for muscle regeneration, " Journal of Cell Biology, vol. 157, no.5, pp. 

851–864, 2002. 

16. Seale P, Asakura A, and Rudnicki MA, "The Potential of Muscle Stem Cells," 

Developmental Cell, vol. 1, no. 3, pp. 333–342, 2001. 

17. Strem BM, Hicok KC, Zhu M et al., "Multipotential differentiation of adipose tissue-derived 

stem cells, " Keio Journal of Medicine, vol. 54, no. 3, pp. 132–141, 2005. 

18. Takuya H, Shohei W, Masaaki K et al. "Autologous mesenchymal stem cell–derived 

dopaminergic neurons function in parkinsonian macaques". J Clin Invest. 2013;123(1):272–284. 

doi:10.1172/JCI62516. 

19. Wu LF, Wang NN, Liu YS, and Wei X, "Differentiation of wharton’s jelly primitive stromal 

cells into insulin-producing cells in comparison with bone marrow mesenchymal stem cells", Tissue 

Engineering, vol. 15, no. 10,pp. 2865–2873, 2009. 

20. Yuan H, Liu H, Tian R, Li J, Zhao Z, "Regulation of mesenchymal stem cell differentiation 

and insulin secretion by differential expression of Pdx-1.", Mol Biol Rep. 2012 Jul;39(7):7777-83. 

doi: 10.1007/s11033-012-1619-7. Epub 2012 Apr 10.  

21. Zhang YN, Lie PC, and Wei X, "Differentiation of mesenchymal stromal cells derived from 

umbilical cord Wharton’s jelly into hepatocyte-like cells", Cytotherapy, vol. 11, no. 5, pp.548–558, 

2009. 

22. Zuk PA, Zhu M, Mizuno et al., "Multilineage cells from human adipose tissue: implications 

for cell-based therapies", Tissue Engineering, vol. 7, no. 2, pp. 211–228, 2001. 

23. Zuk PA, "The adipose-derived stem cell: looking back and looking ahead", Molecular 

Biology of the Cell, vol. 21, no. 11, pp. 1783–1787, 2010. 


