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The role of recombinant basic fibroblast growth factor 
in de-differentiation of chondrocyte to mesenchymal 

stem cell-specific immunophenotype

Kondrositlerin mezenkimal kök hücreye spesifik immünofenotipe geri 
farklılaşmasında rekombinant bazik fibroblast büyüme faktörünün rolü

Hasan SALKIN1 (ID)

ÖZET 

Amaç: Kondrositlerdeki gen, protein ve fonksiyondaki 

bazı değişiklikler, bunların fibroblastik bir morfolojiye 

dönüşmesine neden olabilir. Çalışmamız, rekombinant 

bazik fibroblast büyüme faktörü (FGF-b) takviyesi 

ile kondrosit de-diferansiyasyonunu indükleyerek 

tek tabakalı kültürlerdeki kondrositleri mezenkimal 

kök hücre benzeri bir immünofenotipe dönüştürmeyi 

amaçlamaktadır.

Yöntem: Çalışmamızda kondrositler Erciyes 

Üniversitesi Genom ve Kök Hücre Merkezi’nden hazır 

hücre hattı olarak temin edildi. Kontrol grubu olarak 

standart bir besiyerinde büyütülen kondrositler kullanıldı. 

Standart büyüme ortamına 5 ng/ml konsantrasyonda 

rekombinant bazik FGF ilave edilerek deney grubu 

oluşturuldu. CD271, CD166, CD29, CD44, CD73, CD90 ve 

CD105 gibi MKH’ye özgü yüzey belirteç ifadeleri, akış 

sitometrisi ile gruplar arasında karşılaştırıldı. Gruplar 

arasında apoptoz ve canlılık verilerinin karşılaştırılması 

için üretim prosedürüne göre “Muse Annexin-V assay 

kit” ve “Muse Count and viability kit” kullanıldı. 

Kondrositlerdeki koloni oluşturma potansiyelleri, Koloni 

oluşturan birimler-fibroblast tahlili ile belirlendi. 

İstatistiksel analizler, GraphPad Prism (sürüm 8.02) 

ABSTRACT

Objective: Some changes in genes, protein, and 

function in chondrocytes can cause them to develop into 

a fibroblastic morphology. Our study aims to transform 

chondrocytes in monolayer cultures into a mesenchymal 

stem cell-like immunophenotype by inducing 

chondrocyte de-differentiation with recombinant basic-

fibroblast growth factor (FGF-b) supplementation.

Methods: In our study, chondrocytes were obtained 

from Erciyes University Genome and Stem Cell Center 

as ready-made cell lines. Chondrocytes grown on a 

standard medium were used as the control group. An 

experimental group was formed by adding recombinant 

basic FGF at a concentration of 5 ng/ml to the 

normal growth medium. MSC-specific surface markers 

expressions such as CD271, CD166, CD29, CD44, CD73, 

CD90, and CD105 were compared between groups by 

flow cytometry. “Muse Annexin-V assay kit” and “Muse 

Count and viability kit” were used according to the 

production procedure to compare apoptosis and viability 

data between groups. Colony-forming potentials in 

chondrocytes were determined by Colony-forming units-

fibroblast assay. Statistical analyzes were performed 

using the statistics software GraphPad Prism (version 
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INTRODUCTION

Light microscopy observations of chondrocytes 

in monolayer culture in the sixties described serious 

morphological changes to us. Investigations revealed 

that chondrocytes shifted towards a fibroblast-like 

morphology in monolayer culture. This phenomenon 

brought a new perspective to chondrocyte biology, 

EFFECT ON CHONDROCYTE DE-DIFFERENTIATION OF FGF-B

istatistik yazılımı kullanılarak yapıldı. P<0.05 olan 

veriler istatistiksel olarak anlamlı kabul edildi. 

Bulgular: Kondrosit kültürlerine rekombinant bazik 

FGF ilavesi, kondrositlerdeki toplam apoptoz yüzdesini 

azalttı ve canlılığı arttırdı. Akış sitometri bulgularımız, 

rekombinant bazik FGF ile muamele edilmiş 

kondrositlerde MKH’ye özgü yüzey belirteçlerinden 

CD105, CD90, CD166 ve CD271’in ifadesinde önemli 

bir artış olduğunu gösterdi. Buna karşın CD29 ve CD73 

ifadelerinde ise düşüş gözlendi. CD44 ifadesi bakımından 

gruplara arasında istatistikel olarak anlamlı bir fark 

bulunmadı.

Sonuç: Sonuç olarak, kondrosit kültürlerine 

rekombinant bazik FGF ilavesi, kondrositlerdeki toplam 

apoptoz yüzdesini azaltmış ve canlılığı arttırmıştır. 

Akış sitometri bulgularımız, rekombinant bazik-

FGF ile işlenmiş kondrositlerde MKH’ye özgü yüzey 

belirteçlerinden CD105, CD90, CD166 ve CD271’in 

ifadesinde önemli bir artış olduğunu gösterdi. Bu 

MKH temel belirteçleri üzerindeki artış, rekombinant 

bazik-FGF’nin MKH fenotipi seviyesinde kondrosit 

farklılaşmasını indükleyebileceğini düşündürür. Bu 

çalışmada, rekombinank bazik FGF’nin kondrositlerin 

MKH immünofenotipine farklılaşmasında etkili 

bir büyüme faktörü olabileceğini hipotez ettik. 

Kondrositlerin rekombinant bazik FGF tarafından MKH 

immünofenotipine geri farklılaşması, bu hücreleri 

osteoartrit (OA) veya diğer eklem bozuklukları gibi 

kıkırdak hasarında rejeneratif tıp amacıyla kondrosit 

implantasyonu için daha etkili ve potansiyel hale 

getirebilir.

Anahtar Kelimeler: Kondrosit, de-diferansiyasyon, 

fibroblast büyüme faktörü, apoptoz, mezenkimal kök 

hücreler

8.02). Data with P<0.05 were considered statistically 

significant.

Results: The addition of recombinant basic-FGF to 

chondrocyte cultures reduced the percentage of total 

apoptosis in chondrocytes and increased viability. Our 

flow cytometry findings showed a significant increase in 

the expression of MSC-specific surface markers CD105, 

CD90, CD166, and CD271 in recombinant basic-FGF-

treated chondrocytes. On the other hand, a decrease 

was observed in CD29 and CD73 expressions. There was 

no statistically significant difference among the groups 

in terms of CD44 expression. 

Conclusion: In conclusion, the addition of 

recombinant basic-FGF to chondrocyte cultures 

decreased the percentage of total apoptosis in 

chondrocytes and increased viability. Our flow 

cytometry findings showed a significant increase in 

the expression of MSC-specific surface markers CD105, 

CD90, CD166, and CD271 in recombinant basic-FGF-

treated chondrocytes. The increase in these MSC key 

markers suggests that recombinant basic FGF may 

induce chondrocyte differentiation at the level of 

MSC phenotype. In this study, we hypothesized that 

recombinant basic FGF might be an effective growth 

factor in the differentiation of chondrocytes into MSC 

immunophenotype. De-differentiation of chondrocytes 

to the MSC immunophenotype by recombinant basic-FGF 

may render these cells more effective and potential for 

chondrocyte implantation for regenerative medicine in 

cartilage damage such as osteoarthritis (OA) or other 

joint disorders.  

Key Words: Chondrocyte, de-differentiation, 

fibroblast growth factor, apoptosis, mesenchymal stem 

cells



Turk Hij Den Biyol Derg 401

Cilt 81  Sayı 4 2024H. SALKIN

and this phenomenon is now called de-differentiation 

(1). De-differentiation is the process by which a 

cell in a differentiated state is transformed into 

a less differentiated phenotype in terms of gene, 

protein, function, and morphology. It has been 

reported that de-differentiated chondrocytes acquire 

multipotent character just like mesenchymal stem 

cells (MSCs), and specific surface markers exhibit 

similar expressions. Adipogenic, osteogenic, and 

chondrogenic differentiation abilities, a characteristic 

unique to MSCs, were observed in de-differentiated 

chondrocytes similarly to MSCs (1-3). Researchers 

examined the changes in stem cell-specific surface 

marker expression in de-differentiated chondrocytes 

by RT-PCR and flow cytometry. They observed an 

increase in the expression of MSC-specific markers 

such as CD105, CD166, and CD90 in chondrocytes 

remaining in monolayer culture for two weeks. 

They found a remarkable increase in CD105 gene 

and protein expression, especially in late-passage 

chondrocytes (4-6). Microarray analyses performed to 

date have identified different growth factors released 

during de-differentiation. In vitro, sub-cultures 

showed that insulin growth factor1 (IGF-1), IGF-1R, 

bone morphogenic protein2 (BMP-2), fibroblast growth 

factor receptor3 (FGFR-3), transforming growth factor 

beta2 (TGFb2) and TGFB3 expressions were decreased 

in chondrocytes. On the contrary, it was revealed 

that there was an increase in the expression of FGF-

18, BMP-5, and 8 (7-11). The FGF family contains at 

least 23 molecules that regulate the differentiation 

and proliferation of chondrocytes. Among those 

identified so far, FGF 1, 2, and 18 have been found 

to play important roles in cartilage regeneration 

and chondrocyte differentiation (12). Studies show 

that FGF-2 (basic) stimulates pro-chondrogenesis in 

chondrocytes and MSCs via SOX9 (13-15). The addition 

of FGF-18 to articular chondrocytes in culture showed 

that these chondrocytes increased matrix production 

and proliferation (16, 17). Given these considerations, 

it is highly likely that the FGF family may be involved 

in de-differentiation from the chondrocyte phenotype 

to the MSC-specific immunophenotype.

Therefore, in this study, we hypothesized that 

recombinant basic FGF might be effective in de-

differentiation from chondrocytes to MSC-specific 

immunophenotype and increase MSC-specific surface 

marker expressions. FGF-basic is one of 23 known 

members of the FGF family. Proteins of this family play 

a central role during prenatal development, postnatal 

growth, and regeneration of a variety of tissues, by 

promoting cellular proliferation and differentiation. 

Recombinant Human FGF-basic is a 17.2 kDa protein 

consisting of 154 amino acid residues (13, 14). The 

aim of our study is to convert by recombinant basic 

FGF supplementation to chondrocytes in monolayer 

cultures into an MSC-like immunophenotype by 

inducing chondrocyte de-differentiation. Thus, it is 

aimed to produce de-differentiated chondrocytes, 

which can be applied in degenerative joint disorders 

such as osteoarthritis and whose in vitro regeneration 

potential is further increased.

 MATERIAL and METHOD

Culture of human chondrocytes

Chondrocytes were obtained from Erciyes 

University Genome and Stem Cell Center (GENKOK) 

as a ready-made cell line. The human chondrocyte 

cell line used was purchased from Merck Millipore 

(Germany) with catalog number SCC042. Since in 

vitro experiments were performed on ready-made 

cell lines, no ethics committee document was 

needed. The supplied cells were thawed in a water 

bath at 37˚C and taken into the culture medium. 

Cells were cultured at 37˚C in DMEM High Glucose 

(Biological Industries, Israel) containing 10% FBS 

(Fetal Bovine Serum) (Biological Industries, Israel), 

1% penicillin-streptomycin (Lonza, USA) and 1% 

L-glutamine (Gibco, USA). Chondrocytes were seeded 

at 8000 cells/cm2 and cultured in a humid atmosphere 

in a 5% CO2 incubator. Chondrocytes were amplified 

by passage by trypsinization until they reached the 

required number for the experimental sets. 
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Application of recombinant basic FGF to 
chondrocyte cultures 

When the cells reached the required numbers, 

three repetitive sets of experiments were created 

for flow cytometry, Colony-forming Units-Fibroblast 

assay, apoptosis, and viability analyses. In the 

experimental sets, a standard growth medium was 

used for the control group. As the experimental 

group, recombinant basic FGF (ThermoFisher, USA, 

# 13256-029) was added to the growth medium at 

a final volume of 5 ng/ml. Thus, the control group 

chondrocytes were cultured with a growth medium 

and the experimental group chondrocytes were 

cultured with FGF supplemented growth medium. 

Flow Cytometry

Chondrocytes in the third passage were collected 

and suspended in their culture medium at a density 

of 1x106 cells/ml. Then, chondrocytes were stained 

with positive MSC markers such as CD90-FITC, 

CD44-PE, CD105 PerCP5.5, CD73-APC, CD271-PE, 

CD166-PerCP5.5 and CD29-APC mouse-anti-human 

fluorescent antibodies (BD Bioscience, Heidelberg, 

Germany). After the cells were centrifuged and 

reconstituted with a washing solution, they were 

analyzed using a Navios (Beckman Coulter, USA) flow 

cytometer device. Data were analyzed with KALUZA 

(Beckman Coulter, USA) software. 

Colony Forming Units-Fibroblast (CFU-F) Assay

CFU-F assay was performed to evaluate the 

clonogenic potential and colony formation potential 

in culture in the control group and FGF-treated 

chondrocytes. For this, cells were inoculated 

into 6 well plates at 100 cells/cm2 in control and 

experimental groups. Thus, the cells were allowed to 

fall into the culture dishes one by one and away from 

each other. The cells were cultured in their culture 

medium (growth medium and growth medium + FGF) 

for two weeks. Colonies formed at the end of the 

second week were stained with crystal violet (Sigma, 

USA). Colored colonies were counted and compared 

between groups. 

Annexin-V Assay

Early, late, and total apoptosis percentages in the 

control group and experimental group chondrocytes 

were measured at 24, 72, and 120 hours using the 

Muse Cell Analyzer (Millipore, Germany) device 

and Annexin V and Dead cell kit (Muse, Millipore, 

Germany) according to the production procedure. 

Experiments were run in three repetitions. The 

percentages of early, late, and total apoptosis were 

compared between groups. 

Viability Assay

Viability percentages and cell numbers of cells in 

chondrocytes in the control and experimental groups 

were measured at 24, 72, and 120 hours using the 

Muse Cell Analyzer (Merck Millipore, Germany) device 

and cell counting and viability kit (Muse Count and 

Viability-Merk Millipore, Germany) according to the 

production procedure. Experiments were run in three 

repetitions. Viability percentages were compared 

between groups. 

Statistical Analysis

Viability, apoptosis, CFU-F, and flow cytometry 

findings were presented as mean ± standard deviation 

in the groups. For comparison of viability and 

apoptosis parameters, distribution and homogeneity 

of data between groups were determined by two-way 

ANOVA. All experiments were performed in triplicate 

and multiple comparisons between groups were 

analyzed by Sidak’s test. Flow cytometry and CFU-F 

findings were compared between groups by unpaired 

t-test. Statistical analyzes were performed using 

GraphPad Prism (version 8.02) statistical software. 

Data with P<0.05 were considered statistically 

significant.

RESULTS

Immunophenotypic Analysis

Recombinant basic FGF administration to 

chondrocyte cultures increased the expression 

of MSC-specific positive markers such as CD271, 
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CD166, CD90, and CD105 (P<0.001). There was 

no statistically significant difference between 

the groups regarding CD44 expression. CD29 and 

CD73 expression decreased in chondrocytes with 

recombinant basic FGF administration (Figure 1). The 

findings obtained between the groups are presented 

in Table 1 as mean ± SD, and data with a p-value less 

than 0.05 were considered statistically significant. 

Table 1. Mean ± SD and p values of immunophenotypic markers whose expressions were compared between groups

Antibodies Groups Mean Std. Deviation P-value

CD29
Growth medium 99.0 0.3

<0.001Growth medium + FGF 92.1 1.0

CD166
Growth medium 88.2 0.2

<0.001
Growth medium + FGF 99.0 0.2

CD271
Growth medium 97.0 0.4

=0.001
Growth medium + FGF 99.2 0.3

CD90
Growth medium 88.8 0.5

=0.02
Growth medium + FGF 90.9 0.9

CD44
Growth medium 94.5 0.5

=0.55
Growth medium + FGF 94.9 0.9

CD105
Growth medium 58.0 1.0

<0.001
Growth medium + FGF 99.2 0.5

CD73
Growth medium 98.1 0.3

=0.003
Growth medium + FGF 94.9 0.8

Figure 1. Flow cytometric analyzes of CD29, CD166, CD271, CD90, CD44, CD105, and CD73 surface marker expressions 
between groups (A-B) after FGF administration in chondrocyte cultures in the 3rd passage. Statistical comparison of surface 
marker expressions between groups after repeated experiments (C). It was determined that FGF administration induced 
chondrocyte-MSC immunophenotypic de-differentiation. Histograms in gray represent negative control isotypes
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Colony Forming Units-Fibroblast (CFU-F) Assay 

Colony formation potential in FGF-treated 

chondrocyte cultures was significantly reduced 

compared to the control group (Figure 2). FGF-treated 

chondrocytes were found to display a more monolayer 

appearance in culture, while a clustered morphology 

was observed in control cells. While the number of 

colonies formed in the control group was 29 ± 2, the 

number of colonies formed by chondrocytes treated 

with FGF was determined as 21.7 ± 4.04 (P=0.05).

Annexin-V Apoptosis Assay

 Although early apoptosis was found to be 

significantly increased (P=0.03) in FGF-treated 

chondrocytes at 24 hours compared to the control 

group, late apoptosis was found to be significantly 

reduced (P<0.001) (Figure 3 A and B). Therefore, there 

was no statistically significant difference between the 

groups regarding total apoptosis percentages at 24 

hours (Figure 3 C). There was no significant difference 

between the groups regarding early, late and total 

apoptosis at 72 hours (Figure 3A-C). Remarkable 

results in terms of apoptosis were seen at the 120th 

hour. At 120 hours, total apoptosis was found to be 

dramatically decreased in FGF-treated chondrocytes 

compared to the control group (P<0.001). These 

findings showed us that FGF administration has 

a suppressive effect on apoptosis, especially in 

long-term chondrocyte cultures (Figure 3 C).

Viability Analysis

 The percentage of cellular viability in FGF-treated 

chondrocytes compared to the control group was 

statistically significantly increased at 24 and 120 hours, 

respectively (P=0.003 and P<0.001). Especially at the 

points where apoptosis decreased in chondrocytes 

with FGF application, it was determined that cellular 

viability increased significantly (P<0.001). Our viability 

findings supported our apoptosis findings. Viability 

increased where apoptosis decreased (Figure 3D).

Figure 2. Crystal violet-stained chondrocyte colonies in the control group (A) and FGF-treated chondrocytes (B). Statistical 
comparison of the numbers of properly morphed and purified colonies between groups obtained as a result of repeated 
experiments (C).



Turk Hij Den Biyol Derg 405

Cilt 81  Sayı 4 2024H. SALKIN

Figure 3. Statistical comparison of the percentages of early apoptosis, late apoptosis, total apoptosis, and viability in the 
control group and FGF-treated chondrocytes. While FGF administration increased early apoptosis in chondrocytes at 24 
hours, it decreased early apoptosis at 120 hours (A). The percentage of late apoptosis was decreased in FGF-treated chond-
rocytes compared to the control group (B). Total apoptosis in FGF-treated chondrocytes appears to be markedly reduced 
at the 120th hour (C). Cell viability increases significantly at points where apoptosis is reduced by FGF administration (D).

DISCUSSION

Although studies over the last two decades have 

evaluated the changes in gene expression patterns 

on differentiated chondrocytes and de-differentiated 

chondrocytes in chondrocytes de-differentiation 

and preservation of chondrocyte properties, the 

exact mechanism of chondrocyte de-differentiation 

has still not been elucidated to date (7, 10, 18-19). 

The role of growth factors in stimulating 

chondrocyte proliferation in culture is well known. 

From the past to the present, many studies have 

reported that the addition of factors such as 

transforming growth factor beta1 (TGF-B1), FGF, 

and insulin-like growth factor1 (IGF-1) to the culture 

medium increases the proliferation, differentiation, 

and extracellular matrix formation of chondrocytes 

(20-24). In our study, unlike the information reported 

so far, the role of recombinant basic FGF in inducing 

de-differentiation to MSC-specific immunophenotype 

surface markers in cultured chondrocytes was 

investigated. Yamaoka et al. (2010) emphasized 

the importance of FGF-18 in the de-differentiation 

of human chondrocytes in culture and reported 

that FGF-18 is highly expressed in undifferentiated 

chondrocytes and that FGF-18 up-regulation may be 

a marker of differentiation. It has also been reported 

that it may be an important marker in the preservation 

of chondrocyte properties. Members of the FGF family, 

FGF-1,5,10,13 and 18, were found to be expressed 

higher in the later passages compared to the early 

passages of chondrocyte cultures (25). In our study, 
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it was determined that chondrocytes treated with 

recombinant basic FGF induced chondrocyte-MSC 

immunophenotypic de-differentiation. In addition, 

our findings show that recombinant basic FGF plays an 

important role in increasing chondrocyte viability and 

reducing apoptosis in long-term culture. Cucchiarini 

et al. (2009) reported that overexpression of FGF-2 

in chondrocyte spheroids increased viability and cell 

division. While the viability of control spheres was 

35%, the viability of chondrocyte spheres induced 

by FGF-2 overexpression viral vectors increased to 

92% (26). Results supporting this were also observed 

in chondrocytes after recombinant basic FGF 

administration in our study. While the viability was 56% 

in the control group chondrocytes of our study at the 

120th hour, the viability was 80% in the chondrocytes 

treated with recombinant basic FGF. The increase in 

viability at the 120th hour in recombinant basic FGF-

applied chondrocytes significantly suppressed total 

apoptosis in the same time period. Our findings show 

that recombinant basic FGF administration increases 

viability and reduces apoptosis in chondrocytes.

Many studies have shown that chondrocytes 

adopt an immunophenotype similar to MSC during 

de-differentiation. It has been reported that de-

differentiated chondrocytes increase the expression 

of MSC-specific surface markers CD105, CD10, 

CD166, and CD90 in monolayer culture. Studies show 

that CD105 expression is more expressed in later 

passages compared to early passages, especially 

in chondrocytes (4-6).  In addition, Arufe et al. 

(2009) showed that CD105+ MSC subsets have the 

potential for chondrogenic differentiation (27). In 

our study, we found that CD105 expression increased 

drastically from 58% to 99.2% with FGF application 

to chondrocytes. Considering that CD105 expression 

is highly expressed in de-differentiated chondrocytes 

according to our current literature knowledge, 

this study shows that recombinant basic FGF 

application may be very important in chondrocyte-

MSC immunophenotypic de-differentiation. Our flow 

cytometry findings showed a significant increase in 

the expression of MSC-specific surface markers CD105, 

CD90, CD166, and CD271 in recombinant basic-FGF-

treated chondrocytes. On the other hand, a decrease 

was observed in CD29 and CD73 expressions. There 

was no statistically significant difference between 

the groups in terms of CD44 expression.  In a previous 

study, we showed that TGF-B1 increases CD44 

expression in fibroblasts (28). This situation may be 

one of the possible reasons why CD44 expression 

did not change in chondrocytes with recombinant 

basic FGF administration (29). Tanaka et al. (2007) 

have reported that integrin alpha5beta1 induces 

hypertrophic differentiation in chondrocytes. Integrin 

alpha5beta1 is composed of α5 (ITGA5/CD49e) and 

β1 (ITGB1/CD29) subunits (29). This actually explains 

why CD29 expression was decreased in recombinant 

FGF-treated chondrocytes in our study. In our study, 

we aimed to de-differentiate chondrocytes and 

convert them to an MSC-like immunophenotypic 

profile. Hypertrophy may negatively affect de-

differentiation, and therefore, the decrease in 

CD29 expression with recombinant basic FGF seems 

to support our hypothesis in our study. Another 

study reported that CD73 expression was down-

regulated, inversely to CD90 expression, in adipose-

derived stem cell spheroids induced for chondrocyte 

differentiation (30). Considering the importance 

of de-differentiation for a stable cartilage tissue 

without hypertrophy, the fact that CD73 expression 

was downregulated by recombinant basic FGF in our 

study and that it did this in an opposite way to CD90 

expression supports the literature. Accordingly, the 

increased expression of not only CD105 but also MSC-

specific surface markers such as CD166, CD271, and 

CD90 in chondrocytes with recombinant basic FGF 

application revealed that recombinant basic FGF 

plays a very active and key factor in chondrocyte 

de-differentiation.  Recombinant basic FGF-treated 

chondrocytes were found to display a more monolayer 

appearance in culture, while a clustered morphology 

was observed in control cells. This suggests that 

recombinant basic FGF can induce chondrocyte 
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de-differentiation at the level of MSC phenotype.

In conclusion; in this study, we hypothesized that 

recombinant basic FGF might be an effective growth 

factor in the de-differentiation of chondrocytes to 

the MSC immunophenotype. Our findings supported 

this hypothesis. De-differentiation of chondrocytes to 

the MSC immunophenotype by recombinant basic FGF 

may render these cells more effective and potential 

for chondrocyte implantation for regenerative 

medicine in cartilage damage such as osteoarthritis 

(OA) or other joint disorders. Therefore, there is 

a need for new studies to be performed in vivo to 

support these in vitro results. Our results may lead to 

in vivo studies modeling cartilage damage such as OA.
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