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Objective(s): This study aimed to determine the collagen type II (COL2) and SOX9 expression in 
interleukin growth factor (IGF-1)-induced Wharton’s Jelly mesenchymal stem cells (WJMSCs) and the 
level of chondrogenic markers in co-culture IGF1-WJMSCs and IL1β-CHON002 as osteoarthritis (OA) 
cells model. 

Materials and Methods: WJMSCs were induced with IGF1 (75, 150, and 300 ng/ml) to enhance their 
chondrogenesis capability. The gene expression of SOX9 and COL2 was evaluated with quantitative 
RT-PCR. Furthermore, IGF1-WJMSCs were co-cultured with IL1β-CHON002 cells in varied ratios (1:2, 
1:1, 2:1). Chondrogenic markers ADAMTS1, ADAMTS5, MMP3, MMP1, and RANKL were measured 
with ELISA. 

Results: The IGF1-WJMSCs had an increased expression of COL2 and SOX9. ADAMTS1, ADAMTS5, 
MMP1, MMP3, and RANKL levels were decreased in the co-culture IGF1-WJMSCs and IL1β-CHON002. 

Conclusion: The IGF1-induced WJMSCs were capable to enhance chondrogenesis, indicated by 
increased expression of SOX9 and COL2 and decreased expression of ADAMTS1, ADAMTS5, MMP3, 
MMP1, and RANKL. These findings can be further used in the osteoarthritis treatment.
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Introduction
Osteoarthritis (OA) is one of the common joint 

disorders worldwide and the main cause of body-
support disability. The characteristics of OA include 
phenotypic changes in the superficial layer cells of 
the articular cartilage (AC), chondrocyte hypertrophy 
and apoptosis, progressive formation of osteophyte, 
fibrillation of the AC, sclerosis of subchondral bone, and 
increased remodeling of the periarticular bone (1–3). 

The chondrocyte phenotype is characterized by 
specific genes expressions, i.e., collagen type II and the 
transcription factor SOX9 (4, 5). COL2 is an essential 
abundant component in the cartilage extra cellular 
matrix (ECM). Therefore, the COL2 disruption and loss 
of other cartilage ECM components during degenerative 
joint diseases such as OA will lead to severe disability 
and aging-related health problems (6). This may be 
stimulated by complex pathogenic mechanisms that 
decreased matrix synthesis and upregulated pathways 
of tissue degradation (7). 

Stem cells take a role in novel treatment strategies 
for both clinical situations. Johnson et al. discovered a 
drug candidate by screening the small molecules that 
induced mesenchymal stem cells (MSCs) chondrogenic 
differentiation (8). MSCs were studied for cartilage 
development (9), which may be helpful for the 
developmental programs in OA.

MSCs were collected from cartilage (bone marrow 
mesenchymal stem cells/BM-MSCs) and subsequently 
from adipose tissue, the placenta, dental pulp, umbilical 
cord, amnion (10,), and Wharton’s Jelly (11). Adipose 
tissue-MSCs (AD-MSCs) have lower chondrogenesis 
ability than BM-MSCs. Induction of TGFβ2 and IGF1 in 
AD-MSCs may produce chondrocytes that are slightly 
inferior to BM-MSCs chondrocytes, as measured using 
chondrocytes markers including COL1A, COL2A1, and 
SOX-9 (12).

The insulin-like growth factor (IGF1) is an enhancer 
that is responsible for the rate of gene expression 
(13–16), and IGF-2 plays a role as a growth stimulant 
in a non-differentiated state and as a regulator for 
glucose in all stages of differentiation (17, 18). A study 
reported that plasmid-based upregulation of IGF-1 in 
rabbit chondrocytes encapsulated using alginate in vivo 
showed an ability to repair cartilage and accelerated 
subchondral bone reformation in osteochondral 
disorders (19). Thus, we aimed to observe IGF-1 
induction effect on the gene expression of chondrogenic 
markers, SOX9 and COL2, in Wharton’s Jelly MSCs.

Materials and Methods
Cell culture preparation

The human Wharton’s Jelly mesenchymal stem cells 
(hWJMSCs) of passage 4 (P4) were collected from the 
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Stem Cell and Cancer Institute (Jakarta, Indonesia). The 
cells had been characterized by the cell multipotent 
differentiation and surface phenotype (11, 20). 
Informed consent was obtained from the Institutional 
Ethics Committee at the Stem Cell and Cancer Institute 
(Jakarta, Indonesia).

The hWJMSCs at a density of 5 x 105/well were 
cultured in minimum essential medium-α (α-MEM) 
(Gibco, 12561056), supplemented with fetal bovine 
serum (20%) (FBS, Gibco, 10270106) and 1% anti-
biotic and anti-mycotic (Gibco, 15240062). They were 
incubated in a humidified atmosphere with 5% CO

2 
at 

37 °C for 24 hr. The medium was discarded and washed 
with Phosphate Buffered Saline (PBS).

hWJMSCs at density 1 x 10^6 cells/well was 
maintained in a complete medium. The cells were treated 
with IGF-1 (Biolegend, 590904) at concentrations of 
75, 150, and 300 ng/ml, and incubated at 5% CO

2
, 37 

°C for 7 days, to obtain IGF1-induced WJMSCs cells for 
measuring SOX9 and COL2 gene expression (11, 20).

Co-culture of IGF1-WJMSCs and IL1β-CHON002 
IGF1 75 ng/ml-induced WJMSCs, IGF1 120 ng/

ml-induced WJMSCs (IGF1-WJMSCs), IL1β 5 ng/
ml-induced CHON002, and IL1β 10 ng/ml-induced 
CHON002 (IL1β-CHON002) cells were collected with 
PBS containing 0.15% (w/v) trypsin (2000 units/g) 
and 0.02% EDTA. The cell suspensions of IGF1-WJMSCs 
and IL1β-CHON002 were mixed at five ratios including 
WJMSCs alone, IGF1-WJMSCs and IL1β-CHON002 1:2, 
1:1, 2:1, IGF1-WJMSCs alone, IL1β-CHON002 alone, and 
CHON002 alone. The cells were stored at 37 °C in 5% 
CO

2
, with medium changes three times per week. The 

co-culture was stained with alcian blue, after 2 weeks of 
incubation. Meanwhile, the conditioned medium (CM) 
was collected from the co-culture and evaluated by 
ELISA assay (21). 

Quantification of COL2 and SOX9
RNA was extracted using the Aurum total RNA kit 

(Bio-Rad, 7326820) and checked its concentration. The 
RNA was used for cDNA synthesis using iScript cDNA 
synthesis kit (Bio-Rad, 1708890) at 25 °C temperature 
for 5 min, 42 °C for 30 min, and 85 °C for 5 min for the 
final step. The end-product was stored at -20 °C.

Quantitative gene expression was conducted using 
Thermo Scientific PikoReal Real-time PCR System 
(Thermo Fisher). PCR followed these condition: 
pre-incubation cycle (95 °C for 5 min), 40 cycles of 
denaturation (95 °C for 1 min), annealing (47 °C for 
40 sec for SOX9, and 52 °C for 40 sec for COL2), and 
extension (72 °C for 1 min). The reaction mix that was 
used to perform qPCR was from an Evagreen master mix 
(Bio-Rad, 1725200). Table 1 shows the primers used in 
this research.

Levels of ADAMTS1, ADAMTS5, MMP1, MMP3, and RANKL  
Levels of ADAMTS1, ADAMTS5, MMP1, MMP3, and 

RANKL were assessed in accordance with manufacturer’s 
protocols (Elabscience, H5539, H5590, H1441, H1446, 
and H2400, respectively). Briefly, 100 µl samples or 
standards were added into wells and incubated at 37 
°C for 90 min before they were discarded. 100 µl of 
biotinylated was added, stored at 37 °C for 60 min, and 
washed with 350 µl wash buffer three times. Afterwards, 
the 100 µl of HRP conjugate was added, then incubated 
at 37 °C for 30 sec and washed with 350 µl wash buffer 
five times. 90 µl of substrate was added and incubated 
at 37 °C for 15 min until it turned blue. Then, 50 µl of 
stop solution was added until yellow changes appeared. 
Absorbance test was carried out at 450 nm.

Results
Levels of SOX9 and COL2

SOX9 is present in differentiated chondrocytes and 
all chondrocyte progenitors during chondrogenesis. 
However, the expression is completely turned off in 
hypertrophic chondrocytes (22). SOX9 expression 
parallels that of the gene coding for COL2A1, a 
chondrocyte differentiation specific marker (23). SOX9 
and COL2 were measured in WJMSCs induced by IGF1 
(Figure 1).

Figure 1 shows that the expression of SOX9 and COL2 
at IGF1 at concentration 150 ng/ml was higher, with 
values   of (1.15 ± 0.07) and (8.44 ± 0.44), respectively 
compared to IGF1 300 ng/ml, IGF1 75 ng/ml, and control. 
This indicates that IGF1-induced WJMSCs cells can 
improve chondrogenesis in controlling differentiation 
of chondrogenic cells, which can repair chondrocyte 
damage in OA. For co-culture of IL1β-induced CHON002 
and IGF1-induced WJMSCs, we used IGF1 75 ng/ml and 

Primer Forward Reverse 

Beta actin 5’-TCTGGCACCACACCTTCTACAATG-3’ 5’-AGCACAGCCTGGATAGCAACG-3’ 

SOX-9 5’-TTCGGTTATTTTTAGGATCATCTCG-3’ 5’-CACACAGCTCACTCGACCTTG -3’

COL-2 5’-GGCAATAGCAGGTTCACGTACA -3’ 5’-CGATAACAGTCTTGCCCCACTT -3’ 

Table 1. Primer sequences

Figure 1. Gene expression levels of SOX9 and COL2 on IGF1-induced 

WJMSCs

 *The data was presented as a histogram of mean±standard deviation. 

Different letters (a,b) are significant among various concentrations of 
IGF1 (0, 75, 150, and 300 ng/ml) toward level of SOX9 gene expression, 

different letters (a,b,c,d) are significant among concentrations of 
IGF toward COL2 gene expression based on  Duncan’s post hoc test 

(P<0.05)
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120 ng/ml for inducing WJMSCs. 

Level of ADAMTS1 and ADAMTS5
ADAMTS1 is presented within cartilage and the synovium 

(24) and its expression is significantly upregulated in OA 
cartilage (25). ADAMTS1 and ADAMTS5 levels are shown 
in Figures 2 and 3, respectively.

In general, co-cultures of IGF1-induced WJMSCs and 
IL1β- induced CHON002 with ratio 1:2 showed lowest 
ADAMTS1 among treatments (Figure 2); co-culture  
of IGF 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-
induced CHON002 (1:2) showed lowest ADAMTS1 

level (3.15 ng/ml), and it was significantly different 
compared to the positive control, IL1β  5 ng/ml-induced 
CHON002, and IL1β  10 ng/ml-induced CHON002 (10.74 
and 14.64 ng/ml, respectively). However, there was 
no marked difference between IGF1-induced WJMSCs 
alone, in which ADAMTS1 levels in both treatments 
(IGF1 75 ng/ml, 120 ng/ml) were 11.44 and 10.31 ng/
ml, respectively.

On the other hand, co-culture IGF1 120 ng/ml-
induced WJMSCs and IL1β 10 ng/ml-induced CHON002 
(2:1) showed the lowest ADAMTS5 level (24.83 ng/ml), 
which was significantly different compared to positive 
control, IL1β 5 ng/ml-induced CHON002, and IL1β 10 

Figure 2. Levels of ADAMTS1 in IL1β-CHON002 and IGF1-WJMSCs co-cultures 

A. Effect varied ratios of non-induced WJMSCs and non-induced CHON002 toward ADATMS1 level. Different letters (a,ab,abc,bc,c)  are significant 

among ratios of WJMSCs and CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward ADAMTS1 level based on  Duncan’s post hoc test (P<0.05)

B. Effect varied ratios of IGF1 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced CHON002 toward ADATMS1 level. Different letters (a,b,c)  are 

significant among ratios of IGF1 75 ng/ml induced-WJMSCs and IL1β 5 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward ADAMTS1 level 

based on  Duncan’s post hoc test (P<0.05)

C. Effect varied ratios of IGF1 120 ng/ml-induced WJMSCs and IL1β 10 ng/ml-induced CHON002 toward ADATMS1 level. Different letters (a,b,c)  

are significant among ratios of IGF1 120 ng/ml induced-WJMSCs and IL1β 10 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward ADAMTS1 

level based on  Duncan’s post hoc test (P<0.05)

Figure 3. Levels of ADAMTS5 in IL1β-CHON002 and IGF1-WJMSCs co-cultures 

A. Effect of varied ratios of non-induced WJMSCs and non-induced CHON002 toward ADATMS5 level. Different letters (a,ab,b)  are significant 

among ratios of WJMSCs and CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward ADAMTS5 level based on  Duncan’s post hoc test (P<0.05)

B. Effect of varied ratios of IGF1 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced CHON002 toward ADATMS5 level. Different letters 

(a,ab,b,bc,c)  are significant among ratios of IGF1 75 ng/ml induced-WJMSCs and IL1β 5 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward 

ADAMTS5 level based on  Duncan’s post hoc test (P<0.05)

C. Effect varied ratios of IGF1 120 ng/ml-induced WJMSCs and IL1β 10 ng/ml-induced CHON002 toward ADATMS5 level. Different letters 

(a,ab,bc,c,d)  are significant among ratios of IGF1 120 ng/ml induced-WJMSCs and IL1β 10 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward 

ADAMTS5 level based on  Duncan’s post hoc test (P<0.05)
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ng/ml-induced CHON002 (39.48 and 45.58 ng/ml, 
respectively). The result was comparable to negative 
control, CHON002 alone without induction (25.36 ng/
ml). Single culture and IGF1-induced WJMSCs alone 
(IGF1 75 ng/ml, 120 ng/ml) also presented the low levels 
of ADAMTS5 (25.89 and 26.95 ng/ml, respectively).

Level of MMP1 and MMP3
The levels of MMP1 and MMP3 in co-culture IGF1-

WJMSCs and IL1β-CHON002 are shown in Figures 4 and 
5, respectively.

The results of the present study show that both 
IGF1-WJMSCs itself and co-culture with IL1β-CHON002 
significantly decreased the level of MMP1 (Figure 

4) compared to positive control namely, IL1β 5 ng/
ml-induced CHON002 and IL1β 10 ng/ml-induced 
CHON002 (7.19 and 8.73 ng/ml, respectively). These 
results were comparable to negative control, CHON002 
alone without induction (6.49 ng/ml). Similar results 
were also found in MMP3 levels in which both IGF1-
induced WJMSCs alone and co-culture significantly 
decreased the MMP3 level compared to IL1β-induced 
CHON002 (Figure 5).

Level of RANKL
The TNF molecules called RANKL (receptor activator 

of NFκB ligand) is the main regulator of bone remodeling 

Figure 4. Levels of MMP1 in IL1β-CHON002 and IGF1-WJMSC co-cultures

A. Effect of varied ratios of non-induced WJMSCs and non-induced CHON002 toward MMP1 level. Different letters (a,b,c)  are significant among 

ratios WJMSCs and CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP1 level based on  Duncan’s post hoc test (P<0.05)

B. Effect of varied ratios of IGF1 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced CHON002 toward MMP1 level. Different letters (a,ab,b,c)  

are significant among ratios of IGF1 75 ng/ml induced-WJMSCs and IL1β 5 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP1 level 

based on  Duncan’s post hoc test (P<0.05)

C. Effect of varied ratios of IGF1 120 ng/ml-induced WJMSCs and IL1β 10 ng/ml-induced CHON002 toward MMP1 level. Different letters (a,ab,b,c)  

are significant among ratios of IGF1 120 ng/ml induced-WJMSCs and IL1β 10 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP1 level 

based on  Duncan’s post hoc test (P<0.05)

Figure 5. Levels of MMP3 in IL1β-CHON002 and IGF1-WJMSCs co-cultures

A. Effect of varied ratios of non-induced WJMSCs and non-induced CHON002 toward MMP3 level. Different letters (a,b)  are significant among 

ratios of WJMSCs and CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP3 level based on  Duncan’s post hoc test (P<0.05)

B. Effect varied ratios of IGF1 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced CHON002 toward MMP3 level. Different letters (a,b)  are 

significant among ratios of IGF1 75 ng/ml induced-WJMSCs and IL1β 5 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP3 level based 

on  Duncan’s post hoc test (P<0.05)

C. Effect of varied ratios of IGF1 120 ng/ml-induced WJMSCs and IL1β 10 ng/ml-induced CHON002 toward MMP3 level. Different letters (a,ab,b,c)  

are significant among ratios of IGF1 120 ng/ml induced-WJMSCs and IL1β 10 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward MMP3 level 

based on  Duncan’s post hoc test (P<0.05)
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and development and activation of osteoclasts. The 
levels of RANKL can be seen in Figure 6.

The results obtained show that there was a significant 
difference in RANKL levels between the treatment of 
IGF1-WJMSCs and IL1β-CHON002 (Figure 6). Level 
of RANKL was reduced by both IGF1-WJMSCs alone 
and co-culture, and it was significant compared to the 
negative control, IL1β 5 ng/ml-induced CHON002, and 
IL1β 10 ng/ml-induced CHON002. Co-culture IGF1 
75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced 
CHON002 (2:1) showed the lowest RANKL levels among 
co-cultures.

Discussion
MSCs have been employed as one particular sector of 

tissue engineering that involves the repair, replacement, 
or regeneration of cartilage tissue, due to their superior 
proliferative and differentiation capacities (26). It has 
been reported that WJMSCs may differentiate into 
chondrocytes, skeletal muscle cells, cardiac muscle cells, 
osteoblasts, adipocytes, β cells in the islets of Langerhans, 
or endothelial cells in vitro (27). Hence, these cells may 
be applied in the treatment of chronic degenerative 
disorders and prevent cartilage degradation in patients 
with OA through their trophic/regenerative potential. 

In the present study, treating WJMSCs with IGF1 
increased expression of SOX9 (Figure 1). Many cartilage 
matrix genes have been indicated to be under the 
regulation of transcriptional control of SOX9. They 
include COL2A1, COL9A1, COL11A2, aggrecan, and 
cartilage link protein (CRTL1) genes (28–31), all of 
which are involved in articular cartilage structure and 
function. Furthermore, SOX9 is presented and present 

in presumptive cartilage during embryo development. 
The mutations in human SOX9 gene leads to campomelic 
dysplasia with skeletal malformation and dwarfism 
(32). Thus, downregulation of SOX9 in OA is clearly 
likely to contribute to cartilage pathology. 

Moreover, induction of IGF1 150 ng/ml in WJMSCs 
also increased expression of COL2 (Figure 1). Referring 
to previous studies, SOX9 overexpression in human 
chondrocytes increases COL2A1 expression, as well 
as their capacity to reform a cartilage ECM (33–
35).  Collagenase-1, -2, and -3 are all synthesized by 
chondrocytes and have been considered as the rate-
limiting enzymes in collagen degradation (36–38). 
Collagenase levels in the synovial fluid and serum 
correlate with cartilage destruction in OA (39). An 
imbalance between collagenases and their endogenous 
inhibitors has also been suggested to result in cartilage 
collagenolysis (40).  

The results obtained in this study are in line with 
previous studies that proteoglycan core protein and 
collagen type II are induced by IGF1 and that it stabilizes 
the chondrocyte phenotype in pathological conditions 
(41–43). IGF-1 is fairly mitogenic in human adult 
articular cartilage and highly stimulates the production 
of chondrocyte extracellular matrix components (13, 
14).

Furthermore, IGF1 with concentrations of 75 ng/ml 
and 120 ng/ ml was used to induce WJMSCs which were 
co-cultured with IL1β (5 ng/ml, 10 ng/ml)-induced 
CHON002. These IGF1 concentrations were used in 
this study because SOX9 expression is not appropriate. 
According to Kim and Im, 2009, supplementation 
of mesenchymal stem cells with IGF, did not induce 

Figure 6. Level of RANKL in IL1β-CHON002 and IGF1-WJMSCs co-cultures

A. Effect of varied ratios of non-induced WJMSCs and non-induced CHON002 toward RANKL level. Different letters (a, ab, bc, c) are significant 

among ratios WJMSCs and CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward RANKL level based on Duncan’s post hoc test (P<0.05)

B. Effect of varied ratios of IGF1 75 ng/ml-induced WJMSCs and IL1β 5 ng/ml-induced CHON002 toward RANKL level. Different letters (a,b,c,d)  

are significant among ratios of IGF1 75 ng/ml induced-WJMSCs and IL1β 5 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward RANKL level 

based on  Duncan’s post hoc test (P<0.05)

C. Effect of varied ratios of IGF1 120 ng/ml-induced WJMSCs and IL1β 10 ng/ml-induced CHON002 toward RANKL level. Different letters (a,b,c,d)  

are significant among ratios of IGF1 120 ng/ml induced-WJMSCs and IL1β 10 ng/ml-induced CHON002 (1:0, 1:2, 2:1, 1:1, 0:1) toward RANKL level 

based on  Duncan’s post hoc test (P<0.05)
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SOX9 significantly (44). Parameters measured were 
chondrogenic markers that included ADAMTS-5, 
ADAMTS-1, MMP-3, MMP-1, and RANKL. Elevation of 
MMP-1 (collagenase-1) and MMP-3 (stromelysin-1) have 
been documented in osteoarthritic cartilage (45, 46) 
and in the synovial fluid of osteoarthritic joints (47, 48). 
The present study has recognized the messenger RNA 
(mRNA) presence for some MMPs, i.e., MMP13, MMP9, 
MMP3, and MMP1, in human OA cartilage (49, 50), and 
other studies have reported specific MMP proteins 
and collagenase-mediated type II collagen degradation 
products (51, 52). These enzymes are involved in 
intrinsic chondrocyte-mediated degenerative changes 
of the cartilage matrix in OA.

In the present study, IGF-induced WJMSCs decreased 
the ADAMTS1 level. ADAMTS1 has shown in cartilage 
and the synovium (24) to cleave aggrecan and versican 
(53). Some studies reported that the expression of 
ADAMTS1 is significantly elevated in OA cartilage 
(25, 54–58), however, some studies also indicated a 
decreased expression in late-stage human OA (59–61).

The TNF family of molecules called RANKL (receptor 
activator of NFκB ligand, also known as osteoprotegerin 
ligand), osteoclast differentiation factor (ODF), TNF 
related activation-induced cytokine (TRANCE), and 
TNFSF11 and its receptor RANK (TNFRSF11A) is the 
main regulator of bone remodeling and activation of 
osteoclasts (62, 63–66). In   this  study, IGF-induced 
WJMSCs also reduced the RANKL level. Production 
of RANKL activated by T-cells directly controls 
osteoclastogenesis, bone remodeling, and also associated 
with autoimmune diseases, cancers, leukemias, asthma, 
chronic viral infections, and periodontal disease (63). In 
particular, RANKL is more likely to be the pathogenetic 
principle that results in the destruction of bone and 
cartilage in arthritis. RANKL is highly presented in 
osteoblast/stromal cells, primitive mesenchymal 
cells surrounding the cartilaginous anlagen, and 
hypertrophying chondrocytes (62). RANKL mRNA has 
also been observed in hypertrophic and prehypotrophic 
chondrocytes at day 15 of embryogenesis and 
extraskeletal tissues such as the brain, heart, 
kidneys, skeletal muscles, and skin throughout 
mouse development (67). RANKL expression can be 
upregulated by bone-resorbing factors i.e., vitamin D3, 
glucocorticoids, IL1, IL6, IL11, IL17, TNFα, PGE

2
, and 

PTH (68, 62, 65). 
These findings are supported by several studies. 

A study done by Ahmed et al. showed that both rat 
model and co-culture between MSCs and cartilage 
chips involve MMP-13 and tissue inhibitor of MMP1 
and MMP2 as factors in hypertrophy (69).  Moreover, 
some studies also reported enhanced chondrogenesis 
of MSCs co-cultured with chondrocytes, which shows 
higher cartilage-specific marker expression in the co-
culture compared with monocultures as well as reduced 
expression of hypertrophic markers such as MMP3 (70, 
71). IGF1-WJMSCs is, therefore, promising for use as 
medicine in the treatment of OA.

Conclusion
The IGF1-induced WJMSCs increased expression of 

COL2 and SOX9 compared to controls, which indicates 
IGF1-WJMSCs are capable of enhancing chondrogenesis 

and can be further used in OA treatment. Validation 
of IGF1-WJMSCs in animal models should eventually 
follow as further study. 

Acknowledgment
This study was supported by the Grants-in-Aid from 

Insinas Riset Pratama 2017 and 2018, the Ministry of 
Research, Technology, and Higher Education of the 
Republic of Indonesia. The authors like to thank Hanna 
Sari W Kusuma, Rahmawati Rahmawati, Risma Laila 
Qodariah, and Fajar Sukma Perdana from Biomolecular 
and Biomedical Research Center, Aretha Medika Utama, 
Bandung, West Java, Indonesia for their technical 
assistance.

References
1. Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: an 

update with relevance for clinical practice. Lancet 2010; 377: 

2115-2126.

2. Anderson DD, Chubinskaya S, Guilak F. Post-traumatic 

osteoarthritis: improved understanding and opportunities for 

early intervention. J Orthop Res 2011; 29: 802-809.

3. Van den Berg WB. Osteoarthritis year 2010 in review: 

pathomechanisms. Osteoarthr Cartilage 2010; 19: 338-341.

4. Aigner T, Gebhard PM, Schmid E, Bau B, Harley V, Poschl 

E. SOX9 expression does no correlate with type II collagen 

expression in adult articular chondrocytes. Matrix Biol 2003; 

22: 363-372.

5. Ashraf A, Cha BH, Kim JS, Ahn J, Han I, Park H, Lee SH. 

Osteoarthritis and Cartilage. Osteoarthritis  Cartilage 2016; 

24:196-205.

6. Buckwalter JA, Saltzman C, Brown T. The impact of 

osteoarhtritis: implications for research. Clin Orthop Relat Res 

2004; S6: 15.

7. Aigner T, McKenna L. Molecular pathology and pathobiology 

of osteoarthritic cartilage. Cell Mol Life Sci 2012; 59: 5-18.

8. Johnson K, Zhu S, Tremblay MS. A stem cell-based approach 

to cartilage repair. Science 2012; 336: 717-721.

9. Haleem-Smith H, Calderon R, Song Y. Cartilage oligomeric 

matrix protein enhances matrix assembly during 

chondrogenesis of human mesenchymal stem cells. J Cell 

Biochem 2012; 113: 1245-1252.

10. Hass R, Kasper C, Bohm S, Jacobs R. Different populations 

and sources of human mesenchymal stem cells (MSC): a 

comparison of adult and neonatal tissue-derived MSC. Cell 

Commun Signal 2011; 9: 12-25.

11. Widowati W, Laura W, Bachtiar I. Effect of oxygen tension 

towards proliferation and characteristics of wharton’s jelly-

derived mesenchymal stem cells. BGM 2014; 7: 1-8.

12. Kim HJ, Im GI. Chondrogenic differentiation of adipose 

tissue-derived mesenchymal stem cells: Greater doses of 

growth factor are necessary. J Orthop Res 2009; 27: 612-619.

13. Guenther HL, Guenther HE, Froesch ER, Fleisch H. Effect of 

insulin-like growth factor on collagen and glycosaminoglycan 

synthesis by rabbit articular chondrocytes in culture. 

Experientia 1982; 38: 979-981.

14. McQuillan DJ, Handley CJ, Campbell MA, Bolis S, Milway 

VE, Herington AC. Stimulation of proteoglycan biosynthesis 

by serum and insulin-like growth factor-I in cultured bovine 

articular cartilage. Biochem J 1986; 240: 423-430.

15. Schoenle E, Zapf J, Humbel RE, Froesch ER. Insulin-like 

growthfactor I stimulates growth in hypophysectomized rats. 

Nature 1982; 296: 252-253.



751Iran J Basic Med Sci, Vol. 21, No. 7, Jul 2018

Effect of IGF WJMSCs in osteoarthritis Widowati et al.

16. Trippel SB, Corvol MT, Dumontier MF, Rappaport R, Hung 

HH, Mankin HJ. Effect of somatomedin-C/insulin-like growth 

factor I and growth hormone on cultured growth plate and 

articular chondrocytes. Pediatr Res 1989; 25: 76-82.

17. Bhaumick B, Bala RM. Differential effects of insulin-

like growth factors I and II on growth, differentiation and 

glucoregulation in differentiating chondrocyte cells in culture. 

Acta Endocrinol 1991; 125: 201-211.

18. Bhaumick B. Insulin-like growth factor (IGF) binding 

proteins and insulin-like growth factor secretion by cultured 

chondrocyte cells: Identification, characterization and 

ontogeny during cell differentiation. Regul Pept 1993; 48: 113-

122.

19. Madry H, Kaul G, Gucchiarini M, Stein U. Enhanced repair of 
articular cartilage defects in vivo by transplanted chondrocytes 

overexpressing insulin-like growth factor I (IGF-I). Gene Ther 

2005; 12: 1171-1179.

20. Widowati W, Wijaya L, Murti H, Widyastuti H, Agustina D, 

Laksmitawati DR, et al. Conditioned medium from normoxia 

(WJMSCs-norCM) and hypoxia-treated WJMSCs (WJMSCs-

hypoCM) in inhibiting cancer cell proliferation. Biomarkers 

and Genomic Medicine 2015; 7: 8-17.

21. Tsuchiya K, Chen G, Ushida T, Matsuno T, Tateishi T. The 

effect of coculture of chondrocytes with mesenchymal stem 

cells on their cartilaginous phenotype in vitro. Materials 

Science and Engineering: C 2004; 24: 391-396.

22. Ng LJ, Wheatley S, Muscat GE, Conway-Campbell J, Bowles 

J, Wright E. SOX9 binds DNA, activates transcription, and 

coexpresses with type II collagen during chondrogenesis in 

the mouse. Dev Biol 1997; 183: 108e21.

23. Zhao Q, Eberspaecher H, Lefebvre V, deCrombrugghe B. 

Parallel expression of Sox9 and Col2a1 in cells undergoing 

chondrogenesis. Dev Dyn 1997; 209: 377e86.

24. Kelwick R, Desanlis I, Wheeler GN, Edwards DR. The ADAMTS 

(A Disintegrin and Metalloproteinase with Thrombospondin 

motifs) family. Genome Biol 2015; 16: 113-128.

25. Gardiner MD, Vincent TL, Driscoll C, Burleigh A, Bou-

Gharios G, Saklatvala J. Transcriptional analysis of micro-

dissected articular cartilage in post-traumatic murine 

osteoarthritis. Osteoarthritis and Cartilage 2015; 23: 616-628.

26. Seo S, Na K. Mesenchymal stem cell-based tissue engineering 

for chondrogenesis. J Biomed Biotechnol 2011: 1-8.

27. Can A, Karahuseyinoglu S. Concise review: Human umbilical 

cord stroma with regard to the source of fetus – derived stem 

cells. Stem Cells 2007; 25: 2886-2895.

28. Sekiya I, Tsuji K, Koopman P, Watanabe H, Yamada Y, 

Shinomiya K, et al. SOX9 enhances aggrecan gene promoter/

enhancer activity and is up-regulated by retinoic acid in a 

cartilage-derived cell line, TC6. J Biol Chem 2000; 275: 10738-

10744.

29. Zhang P, Jimenez SA, Stokes DG. Regulation of human 

COL9A1 gene expression. Activation of the proximal promoter 

region by SOX9. J Biol Chem 2003; 278: 117-123.

30. Bridgewater LC, Lefebvre V, de Crombrugghe B. 

Chondrocyte-specific enhancer elements in the Col11a2 gene 

resemble the Col2a1 tissue-specific enhancer. J Biol Chem 

1998; 273: 14998-15006.

31. Kou I, Ikegawa S. SOX9-dependent and -independent 

transcriptional regulation of human cartilage link protein. J 

Biol Chem 2004; 279: 50942-50948.

32. Wagner T, Wirth J, Meyer J, Zabel B, Held M, Zimmer J, et al. 

Autosomal sex reversal and campomelic dysplasia are caused 

by mutations in and around the SRY-related gene SOX9. Cell 

1994; 79: 1111-1120.

33. Li Y, Tew SR, Russell AM, Gonzalez K, Hardingham TE, 

Hawkins RE. Transduction of human articular chondrocytes 

with adenoviral, retroviral and lentiviral vectors and the 

effects of enhanced expression of SOX9. Tissue Eng 2004; 10: 

575-584.

34. Tew SR, Li Y, Pothacharoen P, Tweats LM, Hawkins RE, 

Hardingham TE. Retroviral transduction with SOX9 enhances 

re-expression of the chondrocyte phenotype in passaged 

osteoarthritic human articular chondrocytes. Osteoarthritis 

Cartilage 2005; 13: 80-89. 

35. Lefebvre V, Huang W, Harley VR, Goodfellow PN, de 

Crombrugghe B. SOX9 is a potent activator of the chondrocyte-

specific enhancer of the pro alpha1 (II) collagen gene. Mol Cell 

Biol 1997; 17: 2336-2346.

36. Catterall JB, Carrere S, Koshy PJ. Synergistic induction 

of matrix metalloproteinase 1 by interleukin-1alpha and 

oncostatin M in human chondrocytes involves signal 

transducer and activator of transcription and activator protein 

1 transcription factors via a novel mechanism. Arthritis Rheum 

2001; 44: 2296-2310.

37. Stremme S, Duerr S, Bau B, Schmid E, Aigner T. MMP-

8 is only a minor gene product of human adult articular 

chondrocytes of the knee. Clin Exp Rheumatol 2003; 21: 205-

209.

38. Neuhold LA, Killar L, Zhao W. Postnatal expression in 

hyaline cartilage of constitutively active human collagenase-3 

(MMP-13) induces osteoarthritis in mice. J Clin Invest 2001; 

107: 35-44.

39. Maiotti M, Monteleone G, Tarantino U, Fasciglion EG, Marini 

S, Coletta M. Correlation between osteoarthritic cartilage 

damage and levels of proteinases and proteinase inhibitors in 

synovial fluid from the knee joint. Arthroscopy 2000; 16: 522-

526.

40. MarteL-Pelletier J, McCollum R, Fujimoto N, Obata K, 

Cloutier JM, Pelletier JP. Excess of metalloproteases over 

tissue inhibitor of metalloprotease may contribute to cartilage 

degradation in osteoarthritis and rheumatoid arthritis. Lab 

Invest 1994; 70: 807-815.

41. Franchimont P, Bassler C. Effects of hormones and local 

growth factors on articular chondrocyte metabolism. J 

Rheumatol 1991; 18 (Suppl 27): 68-70.

42. Sandell LJ, Dudek EJ. Insulin-like growth factor I stimulates 

type II collagen gene expression in cultured chondrocytes. 

Trans Orthop Res Soc 1988; 35: 300.

43. Tesch GH, Handley CJ, Cornell HJ, Herington AC. Effects of 

free and bound insulin-like growth factors on proteoglycan 

metabolism in articular cartilage explants. J Orthop Res 1992; 

10: 14-22.

44. Kim HJ, Im GL. Chondrogenic Differentiation of Adipose 

Tissue-Derived MesenchymalStem Cells: Greater Doses of 

Growth Factor are Necessary. J Orthop Res 2009; 27:612-619.

45. Dean PW, Nelson JK, Schumacher J. Effects of age 

and prosthesis material on in vitro cartilage retention of 

laryngoplasty prostheses in horses. American Journal of 

Veterinary Research 1990; 51: 114-117. 

46. Su S, Grover J, Roughley PJ, DiBattista JA, Martel-Pelletier 

J, Pelletier JP, et al. Expression of the tissue inhibitor of 

metalloproteinases (TIMP) gene family in normal and 

osteoarthritic joints. Rheumatology International 1999; 18: 

183-191.

47. Clark IM, Powell LK, Ramsey S, Hazleman BL, Cawston 

TE. The measurement of collagenase, tissue inhibitor of 

metalloproteinases (timp), and collagenase—timp complex 

in synovial fluids from patients with osteoarthritis and 



Iran J Basic Med Sci, Vol. 21, No. 7, Jul 2018

Widowati et al. Effect of IGF WJMSCs in osteoarthritis

752

rheumatoid arthritis. Arthritis and Rheumatology 1993; 36: 

372-379.

48. Cawston TE. Proteinases and inhibitors. British medical 

bulletin 1995; 51: 385-401.

49. Freemont AJ, Hampson V, Tilman R, Goupille P, Taiwo Y, 

Hoyland JA. Gene expression of matrix metalloproteinases 1, 3, 

and 9 by chondrocytes in osteoarthritic human knee articular 

cartilage is zone and grade specific. Annals of The Rheumatic 

Diseases 1997; 56: 542-548. 

50. Shlopov BV, Gumanovskaya ML, Hasty KA. Autocrine 

regulation of collagenase 3 (matrix metalloproteinase 13) 

during osteoarthritis. Arthritis and Rheumatism 2000; 43: 

195-205.

51. Freemont AJ, Byers RJ, Taiwo YO, Hoyland JA. In situ 

zymographic localisation of type II collagen degrading activity 

in osteoarthritic human articular cartilage. Annals of the 

rheumatic diseases 1999; 58: 357-365.

52. Billinghurst RC, Dahlberg L, Lonescu M, Reiner A, Bourne 

R, Rorabeck C. Enhanced cleavage of type II collagen by 

collagenases in osteoarthritic articular cartilage. J Clin Invest 

1997; 99: 1534-1545. 

53. Rodríguez-Manzaneque JC, Westling J, Thai SN, Luque A, 

Knauper V, Murphy G. ADAMTS1 cleaves aggrecan at multiple 

sites and is differentially inhibited by metalloproteinase 

inhibitors. Biochem Biophys Res Commun 2002; 293: 501-

508.

54. Geyer M, Grassel S, Straub RH, Schett G, Dinser R, Grifka J. 

Differential transcriptome analysis of intraarticular lesional vs 

intact cartilage reveals new candidate genes in osteoarthritis 

pathophysiology. Osteoarthritis and Cartilage, 2009; 17: 328-

335.

55. Geyer M, Grassel S, Straub RH, Schett G, Dinser R, Grifka J. 

Differential transcriptome analysis of intraarticular lesional vs 

intact cartilage reveals new candidate genes in osteoarthritis 

pathophysiology. Osteoarthritis and Cartilage, 2009; 17: 328-

335.

56. Karlsson C, Dehne T, Lindahl A, Brittberg M, Pruss A, 

Sittinger M. Genome-wide expression profiling reveals new 

candidate genes associated with osteoarthritis. Osteoarthritis 

and Cartilage, 2010; 18: 581-592.

57. Ramos YF, den Hollander W, Bovee JV, Bomer N, Van der 

Breggen R, Lakenberg N. Genes involved in the osteoarthritis 

process identified through genome wide expression analysis 

in articular cartilage; the RAAK study. PLoS One, 2014; 9: 

e103056.

58. Wachsmuth L, Bau B, Fan Z, Pecht A, Gerwin N, Aigner 

T. ADAMTS-1, a gene product of articular chondrocytes in 

vivo and in vitro, is downregulated by interleukin 1beta. J 

Rheumatol 2004; 31: 315-320.

59. Davidson RK, Waters JG, Kevorkian L, Darrah C, Cooper A, 

Donell ST. Expression profiling of metalloproteinases and their 

inhibitors in synovium and cartilage. Arthritis Res Ther 2006; 

8: R124-R133.

60. Kevorkian L, Young DA, Darrah C, Donell ST, Shepstone L, 

Porter S. Expression profiling of metalloproteinases and their 

inhibitors in cartilage. Arthritis Rheum 2004; 50: 131-141.

61. Swingler TE, Waters JG, Davidson RK, Pennington CJ, 

Puente XS, Darrah C. Degradome expression profiling in 

human articular cartilage. Arthritis Res Ther 2009; 11: R96.

62. Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess 

T. Osteoprotegerin ligand is a cytokine that regulates osteoclast 

differentiation and activation. Cell 1998; 93: 165-176.

63. Kong YY, Feige U, Sarosi I, Bolon B, Tafuri A, Morony S. 

Activated T cells regulate bone loss and joint destruction in 

adjuvant arthritis through osteoprotegerin ligand. Nature 

1999; 402: 304-309.

64. Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS, 

Luthy R. Osteoprotegerin: a novel secreted protein involved in 

the regulation of bone density. Cell 1997; 89: 309-319.

65. Yasuda H, Shima N, Nakagawa N, Yamaguchi K, Kinosaki 

M, Mochizuki S. Osteoclast differentiation factor is a ligand 

for osteoprotegerin/osteoclastogenesis-inhibitory factor and 

is identical to TRANCE/RANKL. Proc Natl Acad Sci USA 1998; 

95: 3597-3602.

66. Wong BR, Rho J, Arron J, Robinson E, Orlinick J, Chao M. 

TRANCE is a novel ligand of the tumor necrosis factor receptor family that activates c-Jun N-terminal kinase in T cells. J Biol 

Chem 1997; 272: 25190-25194.

67. Kartsogiannis V, Zhou H, Horwood NJ, Thomas RJ, Hards 

DK, Quinn JMLoalization of RANKL (receptor activator of NFkB 

ligand) mRNA and protein in skeletal and extraskeletal tissues. 

Bone 1999; 25: 525-534.

68. Roodman GD. Cell biology of the osteoclast. Exp Hematol. 

1999; 27: p. 1229-1241. 

69. Ahmed N, Dreier R, Göpferich A, Grifka J, Grässel S. Soluble 

signalling factors derived from differentiated cartilage tissue 

affect chondrogenic differentiation of rat adult marrow 

stromal cells. Cell Physiol Biochem 2007; 20: 665-678.

70. Bian L, Zhai DY, Mauck RL, Burdick JA. Coculture of human 

mesenchymal stem cells and articular chondrocytes reduces 

hypertrophy and enhances functional properties of engineered 

cartilage. Tissue Eng A 2011; 17: 1137-1145. 

71. Babur BK, Kabiri M, Klein TJ, Lott WB, Doran MR. The 

rapid manufacture of uniform composite multicellular-

biomaterial micropellets, their assembly into macroscopic 

organized tissues, and potential applications in cartilage 

tissue engineering. PLoS One 2015; 10: e0122250.



Manuscript ID: IJBMS-1712-6840 

Manuscript Title: Effects of Insulin Like Growth Factor (IGF)-Induced Wharton Jelly 

Mesenchymal Stem Cells (WJMSCs) toward Chondrogenesis in Osteoarthritis Model 

Authors: Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra, Rizal Rizal, Annisa 

Amalia, Yukko Arinta, Indra Bachtiar, Harry Murti 

Dear Dr Dr. Wahyu Widowati 

I wish to acknowledge the receipt of the above mentioned manuscript. 

Please be sure that the submitted manuscript has not been published previously and will not be 

submitted elsewhere prior to our decision. Accepted manuscripts cannot be withdrawn, once this 

decision has been reached. 

Open access publishing is not without costs. IJBMS, therefore, levies an article-processing 

charge of 4.000.000 Rls. for each original and short communication article accepted for 

publication. Please note that these charges apply only to accepted articles of Iranian 

authors. All other articles are exempt from these charges. 

Our editorial decision will be brought to your attention once the paper has been reviewed. 

Regards 

Bibi Sedigheh Fazly Bazzaz, Ph.D. 

Editor-in-Chief 

Iranian Journal of Basic Medical Sciences 

http://ijbms.mums.ac.ir 

Tel: +98-5138823265   Fax: +98-5138823251 

E-mail: jbms@mums.ac.ir 

 

Dear Madam/Sir 

The manuscript  ID No.6840 has been checked for plagiarism. The evaluation shows that your 

article has some   similarity in text with previous published paper(s). We can not accept your 

manuscript in its current form. Please find the attached report, correct the manuscript and send 

back it as soon as possible. 

 

Manuscript ID: IJBMS-1712-6840 

Manuscript Title: Effects of Insulin Like Growth Factor (IGF)-Induced Wharton Jelly 

Mesenchymal Stem Cells (WJMSCs) toward Chondrogenesis in Osteoarthritis Model 

http://ijbms.mums.ac.ir/
mailto:fazlis@mums.ac.ir


Authors: Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra, Rizal Rizal, Annisa 

Amalia, Yukko Arinta, Indra Bachtiar, Harry Murti 

Dear Dr. Dr. Wahyu Widowati 

  

Your manuscript entitled: Effects of Insulin Like Growth Factor (IGF)-Induced Wharton 

Jelly Mesenchymal Stem Cells (WJMSCs) toward Chondrogenesis in Osteoarthritis Model 

  

which you submitted to The Iranian Journal of Basic Medical Sciences, has been reviewed. The 

reviewer(s) would like to see some revisions made to your manuscript before publication. 

Therefore, I invite you to respond to the reviewer(s)' comments and revise your manuscript. 

When you revise your manuscript please highlight the changes you make in the manuscript 

by using bold and underline text. 

A revised version of your manuscript that takes into account the comments of the reviewer(s) 

will be reconsidered for publication. Please note that revising your manuscript does not 

guarantee eventual acceptance, and that your revision will be subject to re-review before a 

decision is rendered. 

Because we are trying to facilitate timely publication of manuscripts submitted to The Iranian 

Journal of Basic Medical Sciences, your revised manuscript should be uploaded within one 

month. If it is not possible for you to submit your revision in a reasonable amount of time, we 

may have to consider your paper as a new submission. 

To see reviewers' comments please log in to the journal's website. 

When submitting your revised manuscript, please respond to each of the comments made by the 

reviewer(s) in a separate file. 

 

IMPORTANT: 

1)      If this study is part of student’s thesis, please add this sentence” The results described in 

this paper were part of student thesis” to the Acknowledge part. 

Once again, thank you for submitting your manuscript to The Iranian Journal of Basic Medical 

Sciences, and I look forward to receiving your revision. 

  

 

Sincerely, 

B.S. Fazly Bazzaz, Ph.D. 

Editor-in-Chief 

Iranian Journal of Basic Medical Sciences 



Editor's Comments to Author: 

  

Please also make any or all of the following revisions as needed: 

  

1- Separate discussion from results. 

2- Abstracts should be structured and limited to 250 words. 

3- References should conform to the journal's format. 

4- Conclusions are required. 

5- Declare financial source in acknowledgements. 

6-Running title is included and has 50 characters at the most. 

7-A list of 5-8 keywords, chosen from the Medical Subject Headings (MeSH) list, is to be 

provided directly below the abstract. 



 

Manuscript ID: IJBMS-1712-6840 (R1) 

Manuscript Title: Effects of Insulin Like Growth Factor (IGF)-Induced Wharton Jelly 

Mesenchymal Stem Cells (WJMSCs) toward Chondrogenesis in Osteoarthritis Model 

Authors: Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra, Rizal Rizal, Annisa 

Amalia, Yukko Arinta, Indra Bachtiar, Harry Murti 

Date: 2017-12-05 

 

 

Dear Dr. Wahyu Widowati 

Thank you for submitting the revised file of your manuscript to the Iranian Journal of Basic 

Medical Sciences 

The Editorial Office will proceed on your manuscript and inform you in the earliest time. 

If there is anything else, please do not hesitate to contact us. 

Truly yours, 

Executive Managing Director of Iranian Journal of Basic Medical Sciences 

Manuscript ID: IJBMS-1712-6840 (R1) 

Authors: Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra, Rizal Rizal, Annisa 

Amalia, Yukko Arinta, Indra Bachtiar, Harry Murti 

Dear Dr. Wahyu Widowati 

 I am pleased to inform you that your paper entitled: 

 Manuscript Title: Effects of Insulin Like Growth Factor (IGF)-Induced Wharton Jelly 

Mesenchymal Stem Cells (WJMSCs) toward Chondrogenesis in Osteoarthritis Model 

has been accepted for publication in the Iranian Journal of Basic Medical Sciences.  Thank you 

for submitting your work to the Iranian Journal of Basic Medical Sciences. 

 With kind regards, 

Bibi Sedigheh Fazly Bazzaz, Ph.D. 

Editor-in-Chief 

Iranian Journal of Basic Medical Sciences 

http://ijbms.mums.ac.ir 

Tel: +98-5138823265 Fax: +98-5138823251 

E-mail: jbms@mums.ac.ir 
 
 

http://ijbms.mums.ac.ir/
mailto:fazlis@mums.ac.ir


The Iranian Journal of Basic Medical Sciences (IJBMS) Format 

 

Should be: 
 

Italic In vitro- In vivo 

Only the first letter of the title should be capitalized. 
Other letters should be typed in lower case. Also 
within the tables and figures. DO NOT USED 
ABBREVIATIONS IN TITLES. No frame or 
background or extra lines.  

Title of Figures and Tables 

Italic without period et al 

Italic Post hoc- ad hoc –ad libitum 

min  Minute  

hr hour 

sec second 

g gram 

Italic.  First time mentioned in the manuscript 
should be typed complete. For the second time etc, 
the first letter or the first letter of the first word 
should be capitalized, then one space and then the 
second word should be typed with lowercase letter - . 
e.g.: 
Escherichia coli 
E. coli 

names of microbes, bacteria, plants 

Capitalized, no  period IP-IV-IM 

Capitalized and complete.  The word Figure-Table 

Italic,  Capitalized   P-value 

Vancouver Style References 

Should be structures as: 
 

objectives, Material&Methods, results, conclusion 

Abstract format  

-Running title is included and has 50 characters at 

the most. 

-Discussion is separated from results.  

-Introduction, Conclusion, Materials and Methods 

are included.  
-Tables and figures are integrated into the 
manuscript and not submitted separately 

manuscript structure 

Cannot be MSc student. Necessarily a Professor Corresponding author 



LEMBAR HASIL PENILAIAN 
SEJAWAT SEBIDANG atau PEER REVIEW 

KARYA ILMIAH: JURNALILMIAII 
Effects of insulin-like growth factor-induced Wharton jelly mescnchymal 

stem cells toward chondrogenesis in an osteoarthritis modcl 
Judul Karya Imiah (Artikel) 

Jumlah Penulis 9 orang 

Wahyu Widowati, Ervi Afifal, Tjandrawati Mozef, Ferry Sandra , Rizal 

Rizal, Annisa Amalia, Yukko Arinta, Indra Bachtiar, Harry Murti 
Nama-nama Penulis

Status Penulis Penulis Pertama femtiskC Penulis Korespondensi **) 

Identitas Jumal Imiah a. Nama jurnal Iranian Journal of Basic Medical Sciences 

b. Nomor ISSN 2008-3874 

Vol.21., No.7, July 2018 

Mashhad University of Medical Sciences 

c. Vol., No., Bulan, Tahun 

d. Penerbit

e. DOI Arikel Gika ada) : 10.22038/AJBMS.2018.28205.6840 
hltps://pubmed.ncbi.nlm.nih.gov/30140415/ 

Scopus Q2, SJR 0.611 
f. Alamat Web Jurnal 
g. Terindeks di 

urnat Hmiratrintermasiomal/Internasional Bereputasi **) Kategori Publikasi Jurnal Ilmiah: 

(beri tanda V yang dipilih) 
Junal IImiah Nasional Terakreditasi 

Jurnal Ilmiah Nasional /Nasional terindeks ***) 

HASIL PENILAIAN (Peer Review ) 
Nilai Maksimal JURNAL ILMIAH 

Internasional/ Nasional Nasional***) Nilai Akhir 
Bereputasi Terakreditasi Yang 

Diperoleh *) 
No Komponen Yang Dinilai 

(10%)a. Kelengkapan unsur isi karya
b. Ruang lingkup dan kedalaman 

pembahasan 

4 

30%) 12 

Kecukupan dan kemutakhiran data 

informasi dan metodologi 
Kelengkapan unsur dan kualitas 

penerbitan 

(30%) 12 

d. 
(30%) 12 8 

Total 100% 40 382 

Catatan Penilaian ARTIKEL oleh Reviewer: 
a. Kclcngkapan dan kcscsuaian unsur.. 

.oyap.,.hil..ereuhan.seAAI.Ngan.dadu.fAekhan..angilkuh..kasclako. 
nehan... 
b. Ruang lingkup & kedalaman pembahasan. 
atagak Memadai meleputy.Indukci...WUMSCs..erggunakan..t.Mn ONdrogenelS 

******************"*****"****°******************************e************.****°"** *** 

s ********************************************** *******************eo**********************o***** 

***********"*.***************"********************* ***************** 

. .....mbdeteogctrihr 

c. Kecukupan & kemutakhiran data serta metodologi...br..pusfaca...MaEa...NHOe o Culfyre . 

MLAyang.induks....dan.el.lerKt.mnAuekan..9mnIedsafkaa.ekse.rES.. 
CD AK:cein..kdiban.ding....JML.aryA.Adukh,.t 

d. Kelengkapan unsur dan kualitas penerbit.. 
.IBM...nolera..pus.. 0ael...ereret.. Maghad uvesnty. ot Medral 

* *********** *************************************************************************************************** 

*************i*******i .** *****.******* 

**************** 

r******* ***************************************************** ********* .. ******* 

C. Indikasi plagiasi 



Colary index sebet: o. hdat tondana le***** ****s*****s* . larihu mdex Sebetur :o hdak erdapat naigAgiast£M..AaA..0.f...1JA... 
f. Kesesuaian bidang ilmu .. 

APebldarg ro MedikunG aeMad oaan (o?olanj. Iu...P.er 
* ****s************************* ******** 

REVIEWER 1 

(Praf. Dr. Chrismis Novalinda Ginting, M.Kes)
NIK 0115127801 
UNIVERSITAS PRIMA INDONESIA 



LEMBAR HASIL PENILAIAN 

SEJAWAT SEBIDANG atau PEER REVIEW 

KARYA ILMIAH: JURNAL ILMIAH 

:Effects of insulin-like growth factor-induced Wharton jelly mesenchymal 

stem cells toward chondrogencsis in an ostcoarthritis model

9 orang 

Judul Karya Ilmiah (Artikel) 

Jumlah Penulis

:Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra 

Rizal, Annisa Amalia, Yukko Arinta , 
Indra Bachtiar, Harry Murti 

Rizal 
Nanma-nama Penulis 

Status Penulis Penulis Pertama Henttis-ke Penulis Korespondensi **) 

a. Nama jurnal Iranian Journal of Basic Medical Sciences 
Identitas Jurnal IImiah

b. Nomor ISSSN 2008-3874 

C. Vol., No., Bulan, Tahun Vol.21 ., No.7, July 2018 

d. Penerbit Mashhad University of Medical Sciences 

:10.22038/1JBMS.2018.28205.6840 c. DOI Artikel (jika ada) 

f. Alamat Web Jurnal https://pubmed.ncbi.nlm.nih.gov/30140415 

: Scopus Q2, SJR 0.611g Terindeks di 

Kategori Publikasi Jurnal Ilmiah: VurnatHmiah tnternasional / Internasional Bereputasi **) 

(beri tanda V yang dipilih) 

Jurnal Ilmiah Nasional Terakreditasi 

Jurnal Imiah Nasional /Nasional terindeks ***) 

HASIL PENILAIAN (Peer Review):
Nilai Maksimal JURNAL ILMIAH 

Nasional Nasional ***) nternasional Nilai Akhir
Bereputasi Terakreditasi Yang 

Diperoleh *) 
No Komponen Yang Dinilai

Kelengkapan unsur isi karya (10%)a. 
Ruang lingkup dan kedalaman 

pembahasan 
b. (30%) 12 

Kecukupan dan kemutakhiran datal 

informasi dan metodologi 
(30%) 12 S 

d. |Kelengkapan unsur dan kualitas 

penerbitan 
(30%) 12 

Total 100% 40 38,4 

Catatan Penilaian ARTIKEL oleh Reviewer

a. Kelengkapan dankesesuaian unsur.

m M.dah.Cubup engkap..d erolepa eresuueNTn nturn unsur olam 

.... 
b. Ruang lingkup & kedalaman pembahasan.. 

n9.ugy.. aeh..uah..emol don herlepatkeelalomah oncde 

c. Kecukupan & kemutakhirap data serta metodolpg 
..... uMum metobt o naku Tebetuß dun belum Henuhnua 

****"******************************* 

. .... .. ...aaaa... ssnns*****ansasnn*************.***.***********.************s**usssonssons 
d. Kelengkapan unsur dan kualita_ penerbit 
..... AUtr ener ulw h map Lam memenu hi rch dan ualtuc a 

********************"i*****************r *************************************{***************** 

... .. n.egon...nterme o.Berepu ak yenne buTk 

c. Indikasi plagiasi.. ****** ****************************"******""******************************"**********************"****** 



*oo* is*************"|**/******* ***** *"**************"""**** ecur Umum eum Teihat ecya unur . *** **.***********.ii . 

| f. Kesesuaian bidang ilmu 

Wna ni dula ¢es ueu denAn ovzl . . ********************************.**********"*************************'0******** o hefcunA 
*****************************"***************** 

REVIEWER 2 

(Prof. Dr. Ermi Girsang, M. Kes) 

NIK :0117057501 
UNIVERSITAS PRIMA INDONESLA 



LEMBAR HASIL PENILAIAN 
SEJAWAT SEBIDANG atau PEER REVIEW

KARYA ILMIAHL:JURNALILMIAH 

Effccts of insulin-like growth factor-induced Wharton jclly mescnchymal 

stem cells toward chondrogcnesis in an ostcoarthritis model

9 orang 

Judul Karya Ilmiah (Artikel) 

Jumlah Penulis 

Wahyu Widowati, Ervi Afifah, Tjandrawati Mozef, Ferry Sandra , 
Rizal

Rizal, Annisa Amalia, Yukko Arinta , Indra Bachtiar, Harry Murti Nama-nama Penulis

Status Penulis
Penulis Pertama Pettlis ke- / Penulis Korespondensi ** 

a. Nama jurnal :Iranian Journal of Basic Medical Sciences 
ldentitas Jurnal Imiah 

b. Nomor ISSN 2008-3874 

c. Vol., No., Bulan, Tahun Vol.21., No.7, July 2018 

Mashhad University of Medical Scienccs 

e. DOI Artikel (jika ada) 10.22038/IJBMS.2018.28205.6840 

d. Pencrbit 

htups://pubmed.ncbi.nlm.nih.gov/30140415 
:Scopus Q2, SJR 0.611

f. Alamat Web Jurnal

g. Terindeks di 

Kategori Publikasi Jurnal Imiah: tratHmriath-tnternasional / Internasional Bercputasi **) 

(beri tanda yang dipilih)

Jurnal Ilmiah Nasional Terakreditasi 

JurnalIlmiahNasional /Nasional terindeks ***) 

HASILPENILAIAN (PeerReview):
Nilai Maksimal JURNAL ILMIAH 

Internasional Nasional Nasional ***) 
Nilai Akhir Yang 

Diperoleh *) No Komponen Yang Dinilai Bereputasi Terakreditasi 

(10%) Kelengkapan unsur isi karya
Ruang lingkup dan kedalaman 

a. 

O. 
(30%) 12 

pembahasan 

Kecukupan dan kemutakhiran datal 

informasi dan metodologi 
Kelengkapan unsur dan kualitas 

penerbitan 

. 

(30%) 12 

d. 
(30%) 12 

Total 100% 40 3855 
Catatan Penilaian ARTIKEL oleh Reviewer 

a. Kelengkapan dan kesesuaian unsur...

. urg 4p k..onelhah.ekua.dengn..Jdu.xnelhan..gui.kaldah.. Penelikon.. ***************************************** *: *********** *u*****U******. 

************* *********o***********************..*********** **********************************************"*********************n* * * 

rhal adah Cmlu...ngkae..dah.feraaa.kesehiguaM....AntAra..nur.dn inye ****** ******. *********************** 

******°*********************'°*****************°°*****************************************************************************°°****°"* *****. * ******.****. 

****************************°***********'*************************************************'**************"************************************"**********"''********** 

b. Ruang lingkup & kedalaman pembahasan.. ...enossnn**********************ounnneuooanoeweman sss 

**** *******************************************|**************************** ****************************i****************************** 
.ak..ang..Mmauda....MApAu...mdurk....MSCS... ANA kn,..o... urdukc..KOAdro genesis 

. d. 6to arrih
*********************"*"v 

************** 




	Int Publish 2018-2 (Wahyu IJBMS-Wahyu FKUKM).pdf (p.1-13)
	Int Publish 2018-2 (Wahyu IJBMS-Wahyu FKUKM) Reviewer.pdf (p.14-47)
	Int Publish 2018-2 (Wahyu IJBMS-Wahyu FKUKM)-.pdf (p.1-32)
	Submission.pdf (p.1-4)
	The Iranian Journal of Basic Medical Sciences.pdf (p.5)
	6840_doc.pdf (p.6-24)
	6840 revised (15052018).pdf (p.25-32)
	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack


	IJBMS June 2018-Rini (Wahyu-FKUKM).pdf (p.33)
	IJBMS Juni 2018-Shirly (Wahyu-FKUKM).pdf (p.34)



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

