
Volume 1 | Issue 3 |  8 of 10J Stem Cell Res, 2017

In Vivo Imager that was purchased with funding from National 
Institutes of Health (NIH) SIG grant 1S10OD018205-01A1. This 
work was supported in part by a grant from the NIH/NIBIB, P41 
EB021911 (PI: Caplan). The content is solely the responsibility of 
the authors and does not necessarily represent the official views 
of the National Institutes of Health. The authors have no financial 
relationships that may cause a conflict of interest.

References
1. Wu G, Cui Y, Ma L, et al. Repairing cartilage defects with 

bone marrow mesenchymal stem cells induced by CDMP and 
TGF-beta1. Cell and tissue banking. 2014; 15: 51-57.

2. Yan C, Wang Y, Shen X Y, et al. MicroRNA regulation 
associated chondrogenesis of mouse MSCs grown on 
polyhydroxyalkanoates. Biomaterials. 2011; 32: 6435-6444.

3. Kanai Y, Koopman P. Structural and functional characterization 
of the mouse Sox9 promoter: implications for campomelic 
dysplasia. Human molecular genetics. 1999; 8: 691-696.

4. Beilharz T H, Humphreys D T, Clancy J L, et al. microRNA-
mediated messenger RNA deadenylation contributes to 
translational repression in mammalian cells. PloS one. 2009; 
4: e6783.

5. Wu L, Fan J, Belasco J G. MicroRNAs direct rapid 
deadenylation of mRNA. Proc Natl Acad Sci. U S A. 2006; 
103: 4034-4039.

6. Zhao Q, Eberspaecher H, Lefebvre V, et al. Parallel expression 
of Sox9 and Col2a1 in cells undergoing chondrogenesis. 
Developmental dynamics : an official publication of the 
American Association of Anatomists. 1997; 209: 377-386.

7. Goldring M B, Tsuchimochi K, Ijiri K. The control of 
chondrogenesis. J Cell Biochem. 2006; 97: 33-44.

8. Yang B, Guo H, Zhang Y, et al. MicroRNA-145 regulates 
chondrogenic differentiation of mesenchymal stem cells by 
targeting Sox9. PloS one. 2011; 6: e21679.

9. Martinez-Sanchez A, Dudek K A, Murphy C L. Regulation 
of human chondrocyte function through direct inhibition 
of cartilage master regulator SOX9 by microRNA-145 
(miRNA-145). The Journal of biological chemistry. 2012; 
287: 916-924.

10. Love Z, Wang F, Dennis J, et al. Imaging of mesenchymal 
stem cell transplant by bioluminescence and PET. J Nucl 

Med. 2007; 48: 2011-2020.
11. Helledie T, Nurcombe V, Cool S M. A simple and reliable 

electroporation method for human bone marrow mesenchymal 
stem cells. Stem cells and development. 2008; 17: 837-848.

12. Zhang Y, Pullambhatla M, Laterra J, et al. Influence of 
bioluminescence imaging dynamics by D-luciferin uptake and 
efflux mechanisms. Molecular imaging. 2012; 11: 499-506.

13. Chen F H, Rousche K T, Tuan R S. Technology Insight: adult 
stem cells in cartilage regeneration and tissue engineering. 
Nat Clin Pract Rheumatol. 2006; 2: 373-382.

14. Siepel A, Bejerano G, Pedersen J S, et al. Evolutionarily 
conserved elements in vertebrate, insect, worm, and yeast 
genomes. Genome research. 2005; 15: 1034-1050.

15. Han J, Yang T, Gao J, et al. Specific microRNA expression 
during chondrogenesis of human mesenchymal stem cells. 
International journal of molecular medicine. 2010; 25: 377-
384.

16. Pittenger M F, Mackay A M, Beck S C, et al. Multilineage 
potential of adult human mesenchymal stem cells. Science. 
1999; 284: 143-147.

17. Murata K, Yoshitomi H, Tanida S, et al. Plasma and synovial 
fluid microRNAs as potential biomarkers of rheumatoid 
arthritis and osteoarthritis. Arthritis Res Ther. 2010; 12: R86.

18. Betel D, Wilson M, Gabow A, et al. The microRNA.org 
resource: targets and expression. Nucleic acids research. 
2008; 36: D149-153.

19. Lin E A, Kong L, Bai X H, et al. miR-199a, a bone 
morphogenic protein 2-responsive MicroRNA, regulates 
chondrogenesis via direct targeting to Smad1. The Journal of 
biological chemistry. 2009; 284: 11326-11335.

20. Le L T, Swingler T E, Clark I M. Review: the role of 
microRNAs in osteoarthritis and chondrogenesis. Arthritis 
and rheumatism. 2013; 65: 1963-1974.

21. Campbell J J, Lee D A, Bader D L. Dynamic compressive 
strain influences chondrogenic gene expression in human 
mesenchymal stem cells. Biorheology. 2006; 43: 455-470.

22. Glennon-Alty L, Williams R, Dixon S, et al. Induction of 
mesenchymal stem cell chondrogenesis by polyacrylate 
substrates. Acta Biomaterialia. 2013; 9: 6041-6051.

23. Kwon H J, Lee G S, Chun H. Electrical stimulation drives 
chondrogenesis of mesenchymal stem cells in the absence of 
exogenous growth factors. Scientific Reports. 2016; 6: 39302.

Supplemental Materials
Transfection with luciferase (Luc) reporters: (-577) human Col2 vs. mouse Col2 plus Luc control Previous experiments tested marker 
gene type II collagen (Col2) promoter-driven reporters for tracking MSC chondrogenesis. Early passage human mesenchymal cells 
(hMSCs) (P0 or P1) were grown in high-FBS human mesenchymal cell media (DMEM Low-Glucose and 20% FBS from Gibco plus 
FGF-basic from Peprotech) until 80% confluence. hMSCs were then passaged with 0.05% trypsin-EDTA (Gibco) and partitioned into 
aliquots of 5 x 105 cells for each transfection reaction. Transfection was accomplished as described in the main text for either the human 
Col2 based (-577 region of the promoter) reporter or mouse Col2 based reporter plasmid. Freshly transfected hMSCs were seeded in 
hMSC media and grown until 80% confluence. Cells were then trypsonized as described above and seeded at 5 x 105 cells per well in a 
96-well, conical bottom, plate and centrifuged as described to generate pellets. hMSC pellets were incubated at 37°C, 5% CO2 in pellet 
chondrocyte differentiation media for up to three weeks. During the three-week incubation period, hMSC pellets were selected at Days 
4, 9, 14, 16 and 19 and imaged using the PerkinElmer/Xenogen IVIS system. Final histology analysis was performed on Day 21 with 
IHC staining for Col2.
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Figure S1A shows all three reporter constructs: the triple fusion reporter (TFR) consisted of firefly luciferase, monomeric red fluorescent 
protein, and truncated herpes viral thymidine kinase driven by the constitutively active myeloproliferative sarcoma virus LTR (MPSV). 
Only the Luc was used as the control. The two Col2 promoter-driven reporters (mouse and human) have the same backbone. The human 
Col2 promoter was truncated -577 proximal to the promoter for maximal luciferase activity. The second reporter (green fluorescent 
protein) was also driven by constitutively active MPSV for histology.

Figure S1B is a collection of sequential bioluminescent imaging (BLI) of pellets transfected with luciferase reporters taken at 10 min 
after the addition of imaging substrate D-luciferin. Figure S1C shows the time activity curves from the pellets. The raw data is in log 
scale showing exponential decay. Both (human and mouse) Col2 signals were very low in signal intensity comparing to the Luc control. 
When normalized to that of the Luc control, they peaked on different days although the general trend was similar. Figure S1D shows 
immunohistochemical (IHC) staining for Col2 at Day 21 for pellets transfected with human Col2 promoter driven Luc, wild type (wt, 
with out reporter transfection), and Luc control. By Day 21, Col2 staining was strong (redish) across all pellets.

Figure S1: Marker gene (collagen type II or Col2) based imaging for tracking Col2 expression time course with BLI.
A) Reporter constructs: top, the triple fusion reporter (TFR, consisted of firefly luciferase, monomeric red fluorescent protein, and truncated herpes 
viral thymidine kinase. Only fLuc was used as the control) driven by the constitutively active myeloproliferative sarcoma virus LTR (MPSV); bottom, 
the Col2 promoter-driven reporter (two versions with mouse and human Col2 promoters, the human Col2 promoter was truncated -577 proximal to the 
promoter for maximal luciferase activity). The second reporter (green fluorescent protein) was also driven by constitutively active MPSV for histology.
B) Pellet imaging: sequential bioluminescent imaging (BLI) of pellets transfected with luciferase reporters. This is a collection of well-plate imaging 
taken at 10 min after the addition of imaging substrate D-luciferin.
C) Time activity curves from the pellets. Left: raw data in log scale; Right: both (human and mouse) Col2 signals were normalized to that of the Luc 
control.
D) Histology with Col2 staining of (Day 21) pellets transfected with human Col2 promoter driven Luc, wild type (wt, with out reporter transfection), 
and Luc control.

Figure S2 shows the full results from current bioluminescent imaging (BLI) of pellets transfected with the luciferase reporters. On Days 
3, 6, 10, 12, 14, 16, 18, 20 and 26, cell pellets were selected for BLI using an IVIS spectrum imager (PerkinElmer, CA). During each 
imaging session, the wells containing pellets were added with the substrate D-luciferin potassium salt from Promega (Madison, WI) 
and imaged at 1, 5, 10 and 15 min after the addition of D-luciferin. During each BLI session, 1-min imaging exposure was performed 
at preset time points after incubation with substrate D-luciferin. The inserts are representatives of well-plate imaging taken at 10 min 
after the addition of imaging substrate D-luciferin. The exposure time after that time point increased to 5 min to get more photons for 
the image. ROIs were placed over the pellets for calculating the intensity of the signal in the unit of p/s/cm²/sr for averaged radiance and 
displayed in log scale.
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Figure S2: Bioluminescent imaging (BLI) of pellets transfected with luciferase reporters. The inserts are representatives of well-plate imaging taken 
at 10 min after the addition of imaging substrate D-luciferin. BLI was performed at preset time points after incubation with substrate D-luciferin. Each 
exposure was 1 min. ROIs were placed over the pellets for calculating the intensity of the signal in the unit of p/s/cm²/sr for averaged radiance and 
displayed in both linear and log scales.

Figure S3 Sox9 transcript (mRNA) binding sites for hsa-mir-145-5p. Top: the mirSVR score (for miRNA target prediction) is -0.3203 
and the PhastCons score (for evolutionary conservation) is 0.4449; Bottom: the mirSVR score is -1.0271 (the cutoff is -0.1) and the 
PhastCons score is 0.5725 (the cutoff is 0.57).

Figure S3: Potential Sox9 transcript (mRNA) binding sites for hsa-mir-145-5p.




