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Abstract: There is no clear consensus regarding the expression pattern of many growth factors in
healthy and osteoarthritic cartilage. In this study, the expression pattern of three controversial cartilage
growth factors was compared between osteoarthritic (n=27) and non-osteoarthritic cartilage samples
(n=14). The candidate growth factor included Insulin-like growth factor 1 (IGF-1), Fibroblast Growth
Factor 2 (FGF-2), and Bone Morphogenetic Protein 2 (BMP-2). The candidate markers' gene and
protein expression were analyzed using relative quantification relative to real-time PCR and ELISA,
respectively. The mean IGF-1 mRNA and protein expression were 11.1, and 2 folds greater in
osteoarthritic cartilage, respectively (p<0.001 for both). The mean FGF-2 mRNA and protein
expression were 6.7 and 1.3 folds greater in osteoarthritic cartilage, respectively (p<0.001 and p=0.003).
The mean BMP-2 mRNA and protein expression were 3.48 and 1.51 folds greater in osteoarthritic
cartilage, respectively (p=0.001 and p<0.001). A significant positive correlation was found between the
MRNA and protein expression of all candidate growth factors. In conclusion, the gene and protein
expression of IGF-I, FGF-2, and BMP-2 were significantly higher in the osteoarthritic cartilages when
compared with non-osteoarthritic, suggesting them as a therapeutic target in OA treatment.

Keywords: cartilage; osteoarthritis; growth factors; insulin-like growth factor 1 (IGF-1); fibroblast
growth factor 2 (FGF-2); bone morphogenetic protein 2 (BMP-2).
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1. Introduction

A wide variety of chronic disorders can cause musculoskeletal pain from which
osteoarthritis (OA) is considered the most common disabling chronic condition of the aged
population [1, 2]. It is a degenerative joint disorder the articular cartilage destruction
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characterizes that. No definitive treatment is known for osteoarthritis, and current non-surgical
treatments mainly aim to slow down OA progression and improve symptoms [3, 4]. Osteotomy
or total joint replacement remains the last treatment choice in patients in whom the conservative
treatment fails to improve OA pain and disability [3, 5, 6]. More understanding of OA
pathogenesis provides valuable information on the underlying mechanisms that contribute to
disease progression and develops new therapeutic targets for control of the disease [3]. This
information could also contain prognostic, diagnostic, and disease monitoring applications [7].

Cartilage homeostasis is controlled by an appropriate balance between chondrocytes'
anabolic and catabolic activities [8]. The proper balance of anabolic and catabolic activities is
crucial for maintaining cartilage integrity [9, 10]. In degenerative diseases such as
osteoarthritis, this balance is compromised so that the extent of catabolic activities
predominates over the anabolic activities, eventually presented as cartilage destruction and OA
[11]. Identification of the main players of this balance is a critical step to block or reverse OA's
progression efficiently.

Growth factors are the main anabolic factors involved in the differentiation,
proliferation, and synthetic activity of cartilage, thereby regulating cartilage's physiological
homeostasis [12]. The aberrant expression of various growth factors has been shown in the
osteoarthritic cartilage [13]. For this reason, growth factors” manipulation has become a rapidly
growing field of orthopedics, aiming to maximize cartilage's healing capacity [14, 15]. While
the role of some growth factors such as Bone Morphogenetic Protein 7 (BMP-7) and
Transforming Growth Factor B (TGF-B) has been almost cleared in the pathogenesis of OA
[16-18], the role of other growth factors such as Fibroblast Growth Factor 2 (FGF-2), Insulin-
like growth factor 1 (IGF-1), Bone Morphogenetic Protein 2 (BMP-2) remains controversial
[19-23].

In this study, we aimed to compare the expression pattern of IGF-1, FGF-2, and BMP-
2 between the human osteoarthritic and non-osteoarthritic cartilage samples, to find how the
expression of these factors change in osteoarthritic condition.

2. Materials and Methods

The review board approved this research of our university and patients provided written

informed consent before inclusion in the study.
Osteoarthritic cartilages were taken from knee OA patients who underwent total knee
arthroplasty for osteoarthritis grade 4 according to Kellgren and Lawrence classification [24].
OA patients with other joint disorders such as rheumatoid arthritis were excluded from the
study. Non-osteoarthritic cartilages were obtained from patients who survived an acute
traumatic chondral injury of the knee, which was not fixable, and removal of chondral
fragments as indicated. A knee radiograph was obtained to exclude the patients with a
radiographic sign of OA. Non-osteoarthritic patients who had a positive history of joint
disorders were excluded from the study, as well. Immediately after the excision, the tissue
samples were placed into QTAGEN’s Allprotect® Tissue Reagent (QIAGEN, Valencia, CA,
USA), as the mRNA and protein stabilization solution.

For the gene expression analysis, first, the samples were disrupted and homogenized
using the TissueLyser for RNA purification (RNeasy Mini Kit, QIAGEN, Valencia, CA, USA)
as described in the manufacturer protocol. Then, the homogenized samples were subjected to
RNA extraction process using QlAzol Lysis Reagent (QIAGEN, Valencia, CA, USA). After
measuring the concentration of the RNA by spectrophotometer (IMPLEN, Germany) and
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assessment of RNA quality through determining the ratio of absorbance in 260 and 280, 1 ug

of RNA was utilized as a template for reverse transcription into complementary DNA (cDNA)
using Revert Aid First Strand cDNA Synthesis Kit (Thermo Scientific, USA). Two microliters
of cDNA product were used for the relative quantification Real-time PCR using a set of
designed primers (Table 1) at the following condition: initial denaturation at (95 °C/10 min),
and 40 cycles of the following steps: denaturation (95 °C/30 seconds), annealing (59 °C /40
seconds) and extension (72 °C/30 seconds). A SYBR® Premix Ex Taq™ II (Takara, Japan) on
StepOnePlus™ Real-Time PCR System (Applied Biosystems, USA) was used for real-time
PCR reactions. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal
reference, and its primer was purchased as predesigned (QT01658692, QIAGEN, Valencia,
CA, USA). PCR assays were performed in triplicate, and positive and negative controls were
employed in every run. The specificity of reactions was verified by melting curve analysis.
Finally, the gene expression data were analyzed using the comparative Ct method. In this
respect, 274 was computed for each sample, in which ACt is: (CT gene of interest—CT internal
control) [25].

Table 1. Primer pairs used for gene expression analysis.

Gene Primer sequence Product size

FGF2 Forward: AGAGCGACCCTCACATCAAG 132 base pair
Reverse: CCGTAACACATTTAGAAGCCAG

BMP2 Forward: CTGCGGTCTCCTAAAGGTCG 188 base pair
Reverse: CAACTCGAACTCGCTCAGGA

IGF-1 Forward: CTGGTGGATGCTCTTCAGTTC 142 base pair
Reverse: GCCTCCTTAGATCACAGCTCC

For the protein expression analysis, cartilage tissues were disrupted and homogenized
using the TissueLyser for total protein purification (Qproteome Mammalian Protein Prep Kit,
QIAGEN, Valencia, CA, USA) as described in the manufacturer protocol. Then, the total
protein was extracted using the RIPA buffer. The extracted proteins were adjusted by Bradford
assay to measure protein concentration in the solution and address the inter-sample
heterogeneity. Subsequently, manufactured ELISA (enzyme-linked immunosorbent assay) kits
were used for the evaluation of the protein expression level of IGF-I1 (Human IGF-I Quantikine
ELISA Kit, DG100, R & D Systems, Wiesbaden-Nordenstadt, Germany), FGF-2 (Human
FGF-2 Quantikine ELISA Kit, DFB50, R & D Systems, Wiesbaden-Nordenstadt, Germany),
and BMP-2 (Human BMP-2 Quantikine ELISA Kit, DBP200, R & D Systems, Wiesbaden-
Nordenstadt, Germany).

SPSS for Windows (version 16) was implemented for statistical evaluations. The
descriptive statistics were provided as mean + standard deviation or number and percentage.
The mean expression of the genes and proteins in osteoarthritic cartilages was compared with
the mean expression of genes and proteins in non-osteoarthritic cartilages using an independent
t-test or its nonparametric counterpart (Mann-Whitney U test). A p-value of fewer than 0.05
was considered significant.

3. Results and Discussion

A total of 27 osteoarthritics and 14 non-osteoarthritic knee cartilage samples were
assessed in this study. The patients' mean age was 67.5+5.8 years in the osteoarthritic group
and 65.2+8 years in nonosteoarthritic group. This difference was not statistically significant
(p=0.22). No significant difference was found between the sex distribution and body mass
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index (BMI) of the two study groups. The mean disease duration was 9.2+5.4 years. The
demographic and clinical characteristics of the patients are demonstrated in Table 2.

Table 2. Clinical and demographic characteristics of patients with knee osteoarthritis.

Variable Osteoarthritis Non-osteoarthritic P-value
patients patients
(n=27) (n=14)
Age (year) 67.5+5.8 65.2+8 0.22
Gender
e Male 6 (22.2) 5(35.7) 0.39
e Female 21 (77.8) 9 (64.3)
Family history
e  Positive 20 (74.1) 3(21.4) <0.001
e Negative 7(25.9) 11 (75.6)
Body mass index (kg/m?) 24.3+2.6 24.9+2.7 0.56
Disease duration 9.2+5.4 -
*Associated disease
e  Positive 22 (81.5) 10 (71.4) 0.34
e Negative 5(18.5) 4 (28.6)

*Diabetes mellitus, hypertension, or cardiovascular diseases.
The data are shown as mean+SD of number (%)

The mean IGF-I mRNA expression was 0.078+0.057 in the osteoarthritic and
0.007£0.002 in the non-osteoarthritic samples. Accordingly, the mean IGF-1 mRNA expression
was 11.1 folds greater in osteoarthritic cartilage. This difference was statistically significant
(p<0.001). The mean IGF-I protein level was 638.3+215.6 pg/ml in the osteoarthritic and
317.4+£132 pg/ml in the non-osteoarthritic group. Accordingly, the IGF-1 protein expression
level was two folds greater in osteoarthritic cartilage. This difference was statistically
significant, as well (p<0.001).

The mean FGF-2 mRNA expression was 0.006£0.004 in the osteoarthritic and
0.0009+0.001 in the non-osteoarthritic samples. Accordingly, the mean FGF-2 mRNA
expression was 6.7 folds greater in osteoarthritic cartilage. This difference was statistically
significant (p<0.001). The mean FGF-2 protein level was 109.3+39.7 pg/ml in the osteoarthritic
and 82.7£13.5 in the non-osteoarthritic group. Accordingly, the FGF-2 protein expression level
was 1.3 folds greater in osteoarthritic cartilage. This difference was statistically significant
(p=0.003).

The mean BMP-2 mRNA expression was 0.16+0.09 in osteoarthritic and 0.046+0.04
in non-osteoarthritic samples. Accordingly, the mean BMP-2 mRNA expression was 3.48 folds
greater in osteoarthritic cartilage. This difference was statistically significant (p=0.001). The
mean BMP-2 protein level was 70.3£15 pg/ml in the osteoarthritic and 46.4+15.4 in the non-
osteoarthritic group. Accordingly, the BMP-2 protein expression level was 1.51 folds greater
in osteoarthritic cartilage. This difference was statistically significant (p<0.001). The
expression pattern of growth factors at both mRNA and protein levels has been demonstrated
in Figure 1.

The IGF-1 mRNA expression significantly correlated with the IGF-1 protein expression
(r=0.602, p<0.001). A significant correlation was found between the FGF-2 mRNA expression
and its protein expression (r=0.643, p<0.001). Also, a significant correlation was found
between the BMP-2 mRNA and protein expression level (r=0.669, p<0.001).
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Figure 1. Comparison of growth factors’ expression pattern between osteoarthritic and non-osteoarthritic
cartilaginous samples: (a) IGF-1 mRNA expression in osteoarthritic and non-osteoarthritic samples; (b) FGF-2
MRNA expression in osteoarthritic and non-osteoarthritic samples; (c) BMP-2 mRNA expression in osteoarthritic
and non-osteoarthritic samples; (d) IGF-1 protein expression in osteoarthritic and non-osteoarthritic samples; ()
FGF-2 protein expression in osteoarthritic and non-osteoarthritic samples; (f) BMP-2 protein expression in
osteoarthritic and non-osteoarthritic samples (data are shown as mean + standard deviation).

Based on this study's results, the expression pattern of all evaluated growth factors,
including IGF-I, FGF-2, and BMP-2, was significantly more in the osteoarthritic cartilage at
both protein and mMRNA levels. Moreover, a significant correlation was found between the
MRNA and protein expression of the candidate growth factors.

Cartilaginous growth factor expression has been studied in other investigations, as well.
However, as obtaining a cartilage sample, particularly from non-osteoarthritic individuals, is
difficult, the majority of earlier studies have been performed on cultured chondrocytes or
animal models.

Wei et al. aimed to investigate whether the expression of IGF-1 is associated with loss
of chondrocyte and extracellular matrix breakdown in the guinea pig model. Based on their
results, histological loss of chondrocytes and cartilage matrix was associated with decreased
IGF-1 distribution. Decreased level of IGF-1 was also more prominent in the 12-month old
compared with 6-month old pigs. Further, these observations were more significant in the
medial tibial than the lateral plateau. According to these results, they concluded that the IGF-1
might be applicable for OA therapy [26]. By contrast, in Schneiderman et al., IGF-1 level was
considerably higher in human osteoarthritic cartilage than normal human cartilage [27].
Furthermore, osteoarthritic chondrocytes are not responsive to IGF-1 owing to the inhibition
of IGF-1 ligand-receptor interactions dictated by IGF binding proteins that are highly expressed
in osteoarthritic chondrocytes [28]. The present research results also revealed increased IGF-I
expression in osteoarthritic cartilage, suggesting a detrimental role for IGF-1 in OA
pathogenesis.

Studies investigating the FGF-2 role in cartilage have been conflicting. There is not a
consensus on whether FGF-2 is a good or bad player in the joint [29]. FGF-2 potently
antagonizes BMP-7 and IGF-1 mediated proteoglycan production in human cartilage [30]. It
also induces the expression of matrix metalloprotease-13 as the most potent collagen-type II
degrading enzyme [31]. By contrast, the study of Chia et al. revealed an accelerated OA
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development in mice lacking FGF2 (FGF2 null mice) [32]. The survey of Yan et al. attributed
this controversy to the balance between the two major FGF receptors, FGFR1 and FGFRS.
While the catabolic effects of FGF2 are mediated primarily through FGFR1, the anabolic
effects of FGF-2 are exerted through FGFR3 [33]. These results suggest that FGF receptors
could be more important in OA's pathophysiology than the FGF-2 itself. The current study
results revealed a higher FGF-2 gene expression in osteoarthritic cartilage compared with non-
osteoarthritic tissue. These results reveal the pathological significance for FGF2 as a major
target for drug development and therapeutics in OA, as earlier discussed by Coffin et al. [34].

BMP-2 is demonstrated to have an adverse effect on ECM biosynthesis, and its
expression is up-regulated in osteoarthritic chondrocytes [35, 36]. BMP-2 concentrations in
serum and synovial fluid have also revealed a close association with the radiographic and
symptomatic severity of knee OA [7, 37]. Nevertheless, in the recent study of Hicks et al.,
sustained delivery of BMP2 induced the differentiation of muscle-derived stem cells to a
chondrocyte lineage for in vivo cartilage regeneration and healing in the osteoarthritis model
[38]. In this dilemma, the present study revealed increased BPM-2 expression in osteoarthritic
cartilage compared to non-osteoarthritic cartilage.

Shietal. delivered IGF-I, FGF-2, and/or TGF-B1 to adult bovine articular chondrocytes
in primary culture and evaluated the resulting alterations in IGF-1, FGF-2, and TGF-B1 gene
and protein expression. Accordingly, FGF-2 increased FGF-2 mRNA expression to a
maximum of 2.7-fold at 12h. IGF-I revealed a little effect on IGF-I expression. TGF-B1
increased its own mMRNA expression < 1.7-fold from 2 h through 1 day. FGF-2, IGF-I, and
TGF-B1 also synergistically regulated each other’s gene expression [39]. These results suggest
that interaction between growth factors substantially modulate their regulatory functions and
should also be considered when trying to use them as disease-modifying agents.

This study was not without limitations. A smaller number of samples in the non-
osteoarthritic cartilage group could be regarded as the main limitation of this study, which was
dictated by the inability to obtain cartilage samples from healthy individuals. This limitation
might have adversely affected the power of statistical analysis. Also, non-osteoarthritic samples
were obtained from patients with a traumatic accident. Trauma-induced effects on cartilage
growth factors were not considered in this survey, which could be regarded as the other
limitation of the study. Therefore, complementary studies are required to fully explore the
expression pattern of growth factors in the context of OA.

4. Conclusions

The gene expression of IGF-1, FGF-2, and BMP-2 was higher in the osteoarthritic
cartilages when compared with non-osteoarthritic cartilages. These higher gene expressions
were also reflected in the expression of the corresponding proteins. Therefore, these growth
factors could be suggested as a therapeutic target in OA treatment. Even so, further large-scale
standardized studies are needed to shed more light on this implication, particularly in
elucidating the synergistic and antagonistic interactions between growth factors.
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