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CHAPTER III 
ESTABLISHMENT OF HUMAN WHARTON’S JELLY MESENCHYMAL 

STEM CELLS AND INDUCTION TO BE CHONDROCYTES 
 

3.1 Abstract 
 Human wharton’s jelly mesenchymal stem cells (hWJ-MSCs) were successfully 
isolated from umbilical cords of two donors. Two cell lines of the hWJ-MSCs were 
obtained and characterized. The analyzed characteristics included cell surface 
markers, colony forming unit, population doubling time, surface protein expression, 
and differentiation potencies into three cell lineages (adipogenic, chondrogenic and 
osteogenic). The results revealed that only one cell line exhibited appropriate 
mesenchymal stem cells (MSCs) characteristics and it was recruited to do in the next 
experiments. In the determination of cell surface markers, flow cytometry was used 
instead of cell staining on culture dish because it can provide quantitative values of 
the positive cell proportion. hWJ-MSCs were induced to be chondrocytes via the 
induction of chondrogenic differentiation for 28 days. The obtained chondrocytes 
were characterized by immunofluorescent staining, qPCR, and immunobloting. In this 
study, only type II collagen was proposed to be determined in the 
immunofluorescent staining and immunoblotting. However, Sox9, Aggrecan, and type 
X collagen were also detected in the immunofluorescent staining, and type X 
collagen was further determined in the immunoblotting to strongly confirm the 
results. Moreover, a human cartilage was included in the research for chondrocyte 
isolation and protein extraction. The human cartilage-derived chondrocytes were 
used to compare the gene expressions with the hWJ-MSC-derived chondrocytes. 

 

3.2  Introduction 
 Osteoarthritis (OA) is prevalent among elderly individuals, obese patients, and 
physically active people who exert significant stress on their knee joints. The disease 
can be triggered by genetic and non-genetic factors (Jones et al., 2019; Kong et al., 
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2017). Initial symptoms involve deterioration of articular cartilage leading to pain, 
bone dysfunction, and difficulties in performing daily activities. Current OA 
treatments are commonly determined based on disease severity, and the physician's 
recommendations including medication, physical therapy, and surgery. However, 
there is a possibility of recurrence and complications after treatment in many 
patients. Consequently, a novel and more effective procedure for osteoarthritis is 
indispensable, like application of cartilage cells. However, extraction of these cells 
from a human requires invasive surgery, which is complicated and expensive (Ebihara 
et al., 2012; Wong et al., 2020). Research is currently underway to explore the 
potential use of MSCs in treating osteoarthritis. MSCs have demonstrated a number 
of desirable characteristics, including tri-mesodermal differentiation into osteoblasts, 
chondrocytes, and adipocytes, plastic attachment, self-renewal, and positive 
expression of unrestricted MSCs markers (Baddoo et al., 2003; Dominici et al., 2006; 
Ambrosi et al., 2017; Wolock et al., 2019; Azadniv et al., 2020). For numerous of 
these reasons, MSCs are currently an excellent candidate for therapeutic purpose in 
clinical applications. MSCs possess the unique ability to stimulate the growth of 
cartilage cells and other types of cells. MSCs are utilized in treating various disorders 
and can be sourced from several different locations, including bone marrow, adipose 
tissue (Romanov et al., 2005; Gruber et al., 2010), blood (Tondreau et al., 2005), 
dental pulp (Ponnaiyan et al., 2012), umbilical cord blood and umbilical cord tissue. 
They can be isolated and cultured with a high level of proliferation activity. Previous 
studies have identified Wharton's jelly, found in the umbilical cord of humans, as a 
common source of MSCs. This tissue can be collected from pregnant women 
following childbirth, with no complex collection process required (Troyer & Weiss, 
2008; Ishige et al., 2009; Witkowska-Zimny & Wrobel, 2011; Mishra et al., 2020; 
Mebarki et al., 2021; Yea et al., 2023). As a result, MSCs isolated from the Wharton's 
jelly of human umbilical cords are a promising area of interest for future clinical trials. 
In this study, we isolated MSCs from human Wharton's jelly of the umbilical cord 
and induced them into cartilage cells. 
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3.3  Materials and Methods 
 3.3.1  Ethics Statement 

 In this study, ethical approval was granted from the Ethics Committee 
for Researches Involving Human Subjects, Suranaree University of Technology 
(EC-61-56), Nakhon Ratchasima, Thailand. 
 3.3.2  Reagents 

 All chemical compounds were purchased from Sigma-Aldrich 
Corporation (St. Louis, Missouri, USA), antibodies were obtained from Thermo Fisher 
Scientific (Waltham, MA, USA). The cell culture media and cell culture ware was 
obtained from Gibco (Paisley, UK) and SPL Life Science (Gyeonggi-do, South Korea), 
respectively. Unless stated otherwise. 
 3.3.3  Experimental design 

 

 
 

 3.3.4  hWJ-MSCs isolation and culture 
 The human umbilical cords (n=2) were obtained from Maharat Nakhon 

Ratchasima Hospital (Nakhon Ratchasima, Thailand) with mother’s informed consent. 
hWJ-MSCs were isolated from the umbilical cord and cultured as previously described 
(Petsa et al., 2009; Tanthaisong et al., 2017). The cords, which were approximatel y 
7-10 cm in length, were washed using phosphate buffered saline (PBS(-)).The 
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hWJ-MSCs were isolated from the umbilical cord and cultured as previously described 
by Tanthaisong et al. (2017).  Briefly, the gelatinous Wharton’s Jelly tissues were 
collected and sliced into small pieces (2-5 mm2). These pieces were placed in 90x15 
mm culture dishes and grown in alpha modification of Eagle’s medium (α-MEM) 
enriched with 2 mM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin, and 
10% fetal bovine serum (FBS). The hWJ-MSCs were then expanded until passage 3, 
cryopreserved with 10% dimethyl sulfoxide (DMSO) in culture media, and stored in 
liquid nitrogen. 
 3.3.5  hWJ-MSCs characterization 

3.3.5.1  Colony forming unit 
  To evaluate the colony forming ability, the colony forming unit 

assay was conducted by seeding 200 MSCs in a 6-well dish and culturing them for 
two weeks, with the medium being replaced every two days. Following this, the 
MSCs were fixed using 4% paraformaldehyde (PFA) for 20 minutes and then 
subjected to staining with 0.5% crystal violet to permit visual assessment of the 
colony. The assessment was carried out for passages 4, 5, 6, 7, and 10 of MSCs. 
Subsequently, the stained cells were scrutinized using an inverted microscope 
(Eclipse Ti-S, Nikon Imaging Japan Inc.) through the NIS-Elements D program (Nikon 
Imaging Japan Inc., Tokyo, Japan). An aggregate of no less than 50 cells was regarded 
as a colony. The numbers of colonies were then calculated following equation 
below with each condition being tested thrice. 
 

% CFU = (Total number of colony x 100)/ Initial cells seeded (%) 
 

3.3.5.2  Population doubling time (PDt) 
  Triplicates of cells ranging from passages 4 to 10 were seeded 

onto a 35 mm culture dish at a density of 4,000 cells/cm2 and then cultured in 
α-MEM supplemented with 10% FBS. Following 72 hours of culture, the number of 
viable cells was determined using 0.4% trypan Blue staining. PDt was calculated 
using the formula below (Redaelli et al., 2012). 

 
PDt = (t x log2/(logNF-logNI) 
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Where NI = Initial cells seeded, NF = Final numbers of cells, t = Time (hours) 
3.3.5.3  Flow cytometric analysis 

 To verify the surface markers of MSCs, a flow cytometric 
analysis was carried out. In this analysis, MSCs at passage 5 were mixed with PBS(-) and 
incubated with various antibodies, including anti-CD73-APC, anti-CD90-APC/A750, 
anti-CD105-PE (dilution 1:100, Biolegend, San Diego, California, USA), anti-CD34-PE 
(dilution 1:10, Beckman Coulter, Brea, California, USA) and anti-CD45-FITC (dilution 
1:20, Bio-legend). As negative controls, isotype control antibodies were used. The 
incubation was carried out in the dark for 20 minutes, after which the samples were 
washed with PBS(-) and analyzed using an Attune™ NxT Flow Cytometer (Attune™ 
NXT, Thermo Fisher Scientific, Cleveland, OH, USA).  

3.3.5.4  Differentiation ability 
  To induce osteogenic differentiation in hWJ-MSCs, cells at 

passage 5 were cultured in 4-well culture plates coated with 0.1% gelatin until 
they reached 70% confluence. The induction medium contained α-MEM medium 
supplemented with 100 nM dexamethasone, 0.2 mM L-ascorbate-2-phosphate, 10 
mM ß-glycero-phosphate, 100 U/ml penicillin, and 100 µg/ml streptomycin. The 
induction medium was replaced every 3 days and the cells were cultured for 21 
days. Following this, calcium deposits from the cells were stained with Alizarin red 
and visualized under an inverted microscope. 

 To induce adipogenic differentiation in hWJ-MSCs at passage 5, they 
were cultured in 4-well culture plates coated with 0.1% gelatin until they reached 
70% confluence. The induction medium was α-MEM medium supplemented with 10 
µM insulin, 100 µM indomethacin, 1 µM dexamethasone, and 0.5 mM isobutyl - 
methylxanthine (IBMX). After 7 days of induction, IBMX was removed from the 
medium. The medium was replaced every 3 days, and the cells were cultured for a 
total of 21 days. Following this, the cells were stained with Oil Red O to observe oil 
droplets, which were visualized under an inverted microscope. 

3.3.5.5  Chondrocyte differentiation 
    hWJ-MSCs at passage 5, they were cultured in 4-well culture 

plates coated with 0.1% gelatin until they reached 70% confluence. The cells were 
then treated with an induction medium consisting of α-MEM medium supplemented 
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with 10 µg/ml ITS-X, 50 µg/ml L-ascorbate-2-phosphate, 40 µg/ml L-proline, 100 µg/ml 
sodium pyruvate, 100 nM dexamethasone, 10 ng/ml TGF-ß3, and 2% FBS. The 
induction medium was replaced every 3 days, and the cells were cultured for 28 days. 
The glycosaminoglycan extracellular matrix was evaluated using Alcian blue 8X 
staining and examined under an inverted microscope. 

3.3.5.6  Chondrocyte characterization by Immunocytochemistry staining 
(ICC) 

    Following 28 days of chondrocyte induction from MSCs, the 
cells were fixed in 4% PFA for 20 minutes, permeabilized, and blocked with a solution 
consisting of 5% BSA, 5% normal goat serum, and 0.1% Triton-X-100 at 37°C for 1 hour. 
Subsequently, the cells were incubated with specific primary antibodies, including 
anti-collagen type II antibody (dilution 1:100), anti-collagen type X antibody (dilution 
1:100), anti-Sox9 antibody (dilution 1:100, obtained from Abcam, Cambridge, UK), and 
anti-Aggrecan antibody (dilution 1:100, obtained from Abcam), at 4°C overnight. On 
the following day, 

 the cells were incubated with secondary antibodies, including Alexa 
fluor® 594 goat anti-rat IgG (dilution 1:250, obtained from Invitrogen, Carlsbad, CA, USA) 
and Alexa fluor® 488 goat anti-mouse IgG (dilution 1:1000, obtained from Invitrogen), 
for 2 hours at room temperature. Finally, the cells were stained with 
6-diamino-2-phenylindole (DAPI) at a dilution of 1:1000 and mounted with Vectashield 
antifade mounting medium (Vector Laboratories, Burlingame, CA, USA). Samples were 
observed using a fluorescence inverted microscope (Eclipse Ti-S, Nikon Imaging Japan 
Inc.) by the NIS-Elements D program (Nikon Imaging Japan Inc., Tokyo, Japan). 
 3.3.4  Chondrocyte characterization by gene expression analysis 

 After hWJ-MSCs were induced to undergo chondrogenic differentiation 
for 28 days, total RNA was prepared by a kit from RBC Real Genomics, RBC Bioscience 
based in Taipei, Taiwan. Then, cDNA synthesis was performed using oligo-dT primers 
and the iScript™ Reverse Transcription Supermix for RT-qPCR from BioRad, Hercules, 
CA, USA. To examine gene expression, KAPA SYBR-Green PCR Master Mix from Applied 
Biosystems, Carls-bad, CA, USA was used with the QuantStudio 5 real-time PCR system 
also from Applied Biosystems, Carlsbad, CA, USA. The specificity of the specific 
primers (listed in Table 3.1) was confirmed by conducting a melting curve analysis 
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(Tanthaisong et al., 2017). The reference gene used to standardize the target genes 
was GAPDH, and the expression fold change was determined in relation to the control 
cells. To ensure accuracy, qPCR was performed three times, and relative changes in 
gene expression analysis were carried out using the 2-∆∆CT method.  

 Chondrocytes obtained from human cartilage were also isolated and 
utilized as a positive control. It is worth noting that the use of chondrocytes derived 
from human cartilage was authorized by the Ethics Committee for Research Involving 
Human Subjects at Suranaree University of Technology, with the reference number 
EC-61-56.  

 
Table 3.1 Primers used for gene expression analysis. 

Genes 
Accession 
number 

Primer sequence (5’-3’) 
Product 
size (bp) 

References 

ACAN 001113455.1 F: ACTTCCGCTGGTCAGATGGA 
R: TCTCGTGCCAGATCATCACC 

111 Bwalya et al., 
2018 

Sox9 000346.4 F: ACACACAGCTCACTCGACCTTG 
R: GGGAATTCTGGTTGGTCCTCT 

103 Tao et al., 2016 

Col2a1 001844.4 F: GAGACAGCATGACGCCGAG 
R: GCGGATGCTCTCAATCTGGT 

67 Tanthaisong et 
al., 2017 

Col10a1 000493.4 F: CCCTCTTGTTAGTGCCAACC 
R: AGATTCCAGTCCTTGGGTCA 

155 Tanthaisong et 
al., 2017 

Runx2 001015051.4 F: ATACCGAGTGACTTTAGGGATGC 
R: AGTGAGGGTGGAGGGAAGAAG 

131 Tanthaisong et 
al., 2017 

ß-catenin 001330729.2 F: AATGCTTGGTTCACCAGTG 
R: GGCAGTCTGTCGTAATAGCC 

176 Tanthaisong et 
al., 2017 

GAPDH* 002046.7 F: TGCACCACCACCTGCTTAGC 
R: GGCATGGACTGTGGTCATGAG 

87 Kee et al., 2018 

*Reference gene 

 
 3.3.5  Chondrocyte characterization by Western blot analysis 
  After 28 days of chondrogenic differentiation, the total proteins were 
extracted using a lysis buffer consisting of 10% sodium dodecyl sulfate (SDS), 0.1 M 
dithio-threitol (DTT), 1% glycerol, 1.2% urea, 1M Tris- HCl pH 7.4 along with a 
complete protease inhibitor. The total protein concentration was determined using 
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the Bradford assay. Subsequently, 20 µg of total protein was separated using 
SDS-PAGE (10% resolving gel) and the separated protein was transferred onto PVDF 
membranes (Immun-Blot® PVDF Membrane, Bio-Rad Laboratories). Next, the 
membranes were blocked in TBST (Tris-buffered saline with 0.1% Tween 20) 
containing 5% skim milk at RT for 1 hour. For detection of collagen type II and type 
X proteins, membranes were incubated overnight at 4°C with primary antibody 
solutions (1% BSA in TBS, Tris-buffered saline). The membranes were then washed 
with TBST and incubated at RT for 1 hour with secondary antibodies conjugated with 
horseradish peroxidase (HRP; Abcam) that were diluted 1:2000 in 5% skim milk in 
TBST. The chemiluminescent substrate was added using an ECL substrate kit 
(Ultra-high sensitivity, Abcam) following the manufacturer's instructions. Protein 
bands were visualized using ImageQuant™ LAS 500 (GE Healthcare Life Sciences, 
Massachusetts, USA). For collagen type II and type X protein normalization, ß-actin 
was used as a housekeeping control. Data were compared to negative control cells, 
and bands with saturated pixels were excluded. 
 3.3.6 Statistical Analysis 

 Statistical analysis was conducted on three to five samples, and the data 
were presented as the mean ± standard deviation (S.D.). To compare differences 
between two groups, a one-way analysis of variance (ANOVA) was employed, 
followed by Tukey-Kramer Honest Significant Difference (HSD) Post hoc test. Results 
with a p-value less than 0.05 were regarded as significant, whereas those with a 
p-value less than 0.01 were deemed highly significant. 

 
3.4  Results 
 3.4.1  Isolation and characterization of hWJ-MSCs 

 hWJ-MSCs were obtained from two freshly collected umbilical cords 
(named as WJ01 and WJ07) at Maharat Nakhon Ratchasima Hospital, Thailand. 
Characteristics of hWJ-MSCs, including cell surface protein expression, colony forming 
unit, population doubling time, and differentiation ability, were determined. 

 Colony forming unit results from WJ01 and WJ07 cell line at passage 4, 
5, 6, 7 and 10 are showed in Figure 3.1 A. Colony forming unit results of WJ01 at 
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passage 4, 5, 6, 7 and 10 are between 18.17 ± 2.08 to 24.67 ± 5.48. Colony forming 
unit results of WJ07 at passage 4, 5, 6, 7 and 10 are between 35.17 ± 2.08 to 38.17 ± 
1.76. Thus, the results of the colony forming unit of the WJ01 cell line were 
significantly lower than WJ07 cell line in all passages. 

 PDts were comparable between two cell lines (Figure 3.1 B). PDt of 
both cell lines at P4-P7 and P10 was varied from 38.47 ± 4.16 h to 51.30 ± 1.72 h. 
There was no significant difference between two cell lines. Both hWJ-MSCs were 
positive for CD73, CD90, and CD105 and negative for CD34 and CD45 (Figure 3.1 C and 
Table 3.2). However, the proportion of WJ07 cells positive for CD105 was very low 
(32.01%). Both cell lines had adipogenic and osteogenic induction abilities (Figure 3.1 
D). Lipid droplets were much more detectable in WJ07 cells than in WJ01 but 
osteogenic differentiation potentials of both cell lines were similar. 

 
Table 3.2 Percentage of cell surface protein expression. 

Cell line 
Percentage of cell surface protein expression 

CD73 CD90 CD105 CD34 CD45 
WJ01 99.641 97.820 97.599 0.010 0.523 
WJ07 99.310 99.990 32.430 0.030 0.450 

 
 There is no obvious difference among the adipogenic and osteogenic 

differentiation ability of the two cell lines but only WJ01 cell line qualifies the 
standard of MSCs surface markers. WJ07 had higher CFU-F but low expression of 
CD105 than WJ01 while no difference of PDt between two groups. Therefore, the 
WJ01 cell line was used to be transplanted into guinea pigs with osteoarthritis. 
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Figure 3.1 Characterization of hWJ-MSCs. (A) Colony forming unit results from WJ01 
and WJ07 cell line at passage 4, 5, 6, 7 and 10 (* P< 0.05, ** P< 0.01, *** 
P< 0.001). (B) Population doubling time results of WJ01 and WJ07 cell line. 
(C) Cell surface marker expression of WJ01 and WJ07 cell lines. (D) 
Osteogenic and adipogenic differentiation of WJ01 and WJ07 cell lines. 
Scale bar = 50 µm. 

 
 3.4.2  Characterization of chondrocytes derived from hWJ-MSCs 

 After 28 days of chondrogenic induction, Sox9 (early chondrocyte stage) 
and type II collagen (mature chondrocyte stage) were highly expressed in 
chondrocytes derived from MSCs (Figure 3.2 A, C) cells. However, Aggrecan (mature 
chondrocyte stage) and type X collagen (hypertrophic chondrocyte stage), were low 
expressed in these differentiated cells (Figure 3.2 B, D).  
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Figure 3.2 Chondrocyte characterization by ICC. (A) Sox9 (green; nuclear marker). (B) 

Aggrecan (red). (C) type II collagen (green). (D) type X collagen (green). 
Scale bar = 50 µm. 

 
 Gene expression was examined by qPCR at days 0, 3, 7, 14 and 28 of 
chondrogenic differentiation and compared with cartilage cells isolated from dissected 
human knee cartilages (Figure 3.3). ß-catenin gene expression was significantly higher in 
the chondrogenic differentiation groups (day 3 and 28) than the control group (P<0.01), 
undifferentiated MSCs. But there was no significant difference of ß-catenin gene 
expression between differentiated cells at day 3, 7 and 14. However, level of ß-catenin 
gene was significantly higher in cells at day 28 than them at day 14 and the positive 
control (chondrocyte) but not different between group day 28 with chondrocyte group. 
(P<0.01). Expression of Sox9 gene was significantly higher in chondrogenic induction 
cells on day 14 and 28 than the control group (P< 0.01). After days 3, 7 and 14 of 
induction, Runx2, Col2a1, Col10a1 and ACAN gene expression showed no significant 
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difference between groups. Until day 28, the expression of Runx2 and ACAN was 
significantly higher than the control group (P< 0.01). The results of Col2a1 and Col10a1 
expression were significantly higher than the control group (P< 0.05). After the MSCs 
induction, Sox9, Runx2, Col2a1, Col10a1 and ACAN gene expression were highest on 
day 28, but still lower than the positive control. 
 

 
 
Figure 3.3 Gene expression analysis of chondrocyte by qPCR, Sox9, Runx2, Col2a1, 

Col10a1, ACAN and ß-Catenin genes. The targeted gene was normalized 
to GAPDH as a reference gene and calculated the relative expression 
compared to each group. (*P< 0.01, #P< 0.05). 

 
 Type II collagen proteins of chondrogenic differentiated cells on day 28 

were compared to MSCs by immunoblot. MSCs before induction expressed very low 
levels of type II collagen, but chondrogenic differentiated cells expressed very high 



57 
 

 

level of type II collagen. At the same time, low levels of type X collagen expression 
were also found (Figure 3.4). 

 

 

Figure 3.4  Type X collagen protein expression analysis of chondrocyte differentiated 
cells on day 28 by immunoblot and ß-actin protein was used as an 
internal control. 

 

3.5  Discussion 
hWJ-MSCs were obtained and expanded from two types of cell lines. The 

characteristics of both types of cell lines were determined by various methods such 
as CFU assay, PDT, MSCs surface markers, and their capability to differentiate into 
osteocytes, adipocytes, and chondrocytes. In particular, cell line WJ01 had more 
than 95% of MSCs surface markers, including CD73, CD90, and CD105, while negative 
markers CD34 and CD45 were less than 2%. Moreover, cell line WJ01 demonstrated 
the ability to differentiate into osteocytes, adipocytes, and chondrocytes, in 
accordance with the standards set by the International Society for Cell and Gene 
Therapy (Dominici et al., 2006; Fong et al., 2012; Wang et al., 2004) . The doubling 
times for cell line WJ01 were around 40-50 hrs for passages 4, 5, 6, 7, and 10, which 
were similar to the results obtained for MSCs from the Wharton's jelly tissue of 
human umbilical cords (Yoon et al., 2013; Bharti et al., 2018). A specific MSCs cell 
line was selected and utilized to generate cartilage cells over a period of 28 days. As 
per a previously established method (Tanthaisong et al., 2017), MSCs can be 
stimulated to differentiate into cartilage cells. The outcomes demonstrated the 
production of high levels of proteoglycan and strong Alcian blue staining in the 
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generated cartilage cells. Additionally, immunofluorescence staining was performed 
to examine the expression of various proteins such as Sox9, Aggrecan, Type II 
collagen, and Type X collagen (Grassel et al., 2007; Stromps et al., 2014). The mature 
cartilage cells exhibited significant expression of the Sox9 and Type II collagen 
proteins, while moderate expression of the aggrecan protein was observed. However, 
the findings indicated a low expression of type X collagen in the aged cartilage cells, 
with only minimal staining observed in the induced cells. Consistent with this 
observation, the results of protein quantification via immunoblot indicated high 
expression of type II collagen and low expression of type X collagen. The expression 
of several genes was analyzed at different time points during the study. The ß-Catenin 
gene expression demonstrated a rapid increase on day 3, indicating the involvement 
of the Wnt/ß-Catenin signaling pathway in chondrogenic differentiation (Day et al., 
2005; Yang et al., 2012). Similarly, the Sox9 gene expression also displayed a quick 
increase, with the highest levels observed on day 28. However, the ACAN, Col10a1, 
and Runx2 genes only exhibited a slight increase in expression on day 28. 

 

3.6  Conclusions 
In summary, only one cell line was chosen to participate in the following 

experiments. This cell line WJ01 exhibited the proper mesenchymal stem cells (MSCs) 
characteristics, such as cell surface markers, colony forming unit, population doubling 
time, surface protein expression, and differentiation potencies into three cell lineages. 
Following a 28-day stimulation of chondrogenic differentiation, hWJ-MSCs were 
transformed into chondrocytes and assessed using immunofluorescent staining, qPCR, 
and immunoblotting. It was suggested that only type II collagen would be measured 
in this investigation using immunofluorescent staining and immunoblotting. To further 
firmly corroborate the findings, type X collagen was further determined by 
immunoblotting, and Sox9, Aggrecan, and type X collagen were also determined by 
immunofluorescent labeling. hWJ-MSCs derived-chondrocyte can be utilized for 
research studies on OA treatment in vivo model. 
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