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Abstract
Background Fibroblast growth factor 8 (FGF-8), as a member of the �broblast growth factor (FGFs),
exerts pleiotropic effects in bone development and homeostasis. Studies have reported that FGF-8 is
expressed in osteoarthritis and promotes disease progression. Here I attempt to investigate the effect of
FGF-8 on the gelatinase (MMP-2 and MMP-9) expression of cultured chondrocytes.

Methods and Results Gelatin zymography was performed to evaluate the activation of gelatinases.
Western blot was employed to investigate the expression of the gelatinases and also NF-κB p65 signaling
pathways, and the activation of NF-κB p65 signaling wa con�rmed by immuno�uorescence staining.
According to our �ndings, recombinant FGF-8 increased the production and activation of gelatinases in
primary chondrocytes. The activation of NF-κB signaling, which resulted in acetylated p65 accumulating
in the cell nucleus, regulated FGF-8-induced gelatinase production. We further found that NF-κB inhibitors,
BAY 11-7082, could inhibit up-regulation of gelatinase induced by FGF-8.

Conclusions FGF-8 enhanced the expression and activation of gelatinases from cultured chondrocytes of
mouse. FGF-8 may participate in the degradation of cartilage and exacerbation of osteoarthritis by
promoting expression of gelatinases.

Introduction
Fibroblast growth factors (FGFs) are protein ligands that are released and operate in a paracrine or
endocrine manner to perform pleiotropic activities in development, tissue homeostasis, and
metabolism[1–3]. The human–mouse FGF family consists of 24 members, and according to
phylogenetic analysis, these genes may be divided into seven subfamilies. FGF-8 subfamily consists of
FGF-8, FGF-17 and FGF-18[4]. It has been reported that in osteoarthritis (OA), FGF-8 induced the release of
matrix metalloproteinase-3 (MMP-3) and prostaglandin E2 (PGE2) and led to degradation of extracellular
matrix (ECM). In addition, FGF-8 and IL-1 synergistically accelerated ECM degradation, and low levels of
IL-1 signi�cantly increased ECM degradation in the presence of FGF-8[5]. Under experimental OA
conditions, FGF-8 had pathological effects on rat and rabbit articular cartilage[5]. Therefore, FGF-8 might
be involved in the deterioration of cartilage tissue and aggravates the symptoms of osteoarthritis.
Osteoarthritis (OA) is a common degenerative joint disease characterized by in�ammation and major
structural changes of the joint, causing pain and functional disability[6–8]. Osteoarthritis is now known
to be a complex condition affecting the whole joint, in which activation of matrix proteases has a pivotal
role[9]. OA process is characterized by changes of chondrocytes. Chondrocytes in OA had been shown to
produce ECM-degrading proteins, including Matrix metalloproteinases (MMPs)[10, 11].

Matrix metalloproteinases (MMPs) are zinc-dependent endopeptidases and have been divided into six
groups: collagenases, gelatinases, stromelysins, matrilysins, membrane-type MMPs, and other non-
classi�ed MMPs[11]. As one part of the family, genatinases include two members, genatinase A and
gelatinase B, namely MMP-2 and MMP-9 respectively. Genatinases feature a �bronectin type II motif
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inside the active domain, which leads to binding and degrading gelatin (denatured collagen). Except ECM
remodeling, MMP-9 also transformed some cytokines and chemokines into active or inactive (for
example pro-IL-1b)[12]. Deletion of MMP-9 resulted in defects of growth plate and human MMP-2
mutants showed an osteolytic syndrome[13, 14]. Previous data showed an over-release of gelatinases in
the injured joint which might result in exacerbation of cartilage degradation in osteoarthritis[15, 16].
Furthermore, MMP-2 and MMP-9 could activate other MMPs and ampli�ed catalytic reaction[17]. It is
obvious that gelatinases play signi�cant roles in joints in normal and pathological conditions. The
changes of gelatinase expression in chondrocytes after FGF-8 treatment can further help us understand
the role of FGF-8 and gelatinases in cartilage and explore new potential treatment for OA.

Nuclear factor kappa beta (NF-κB) is an ubiquitously-expressed transcription factors family involved in
broad cell behavior, like cell death, immunity and in�ammatory. The mammalian NF-κB subfamily is
composed of �ve proteins: RelA/p65, RelB, c-Rel, NF-κB1/p50 and NF-κB2/p52. Under unstimulated
conditions, NF-κB proteins are bound to inhibitory NF-κB proteins (IkB) as the form of hetero-dimers in the
cytoplasm. After stimulated, IkB is phosphorylated by IκB kinases (IKKs) and then degradated by the
ubiquitin–proteasome system. Subsequently, the dimers are released to transfer into the nucleus and
trigger the expression of target genes[18]. NF-κB signaling played the central role in triggering the up-
regulation of MMPs expression and translating into extracellular matrix (ECM) damage of cartilage[19–
21]. The NF-κB pathway was signi�cant for expressing in�ammation-related genes in chondrocytes, such
as MMP-1,3, and 13[20, 22].

In this study, we explored the expression of gelatinases in cultured articular chondrocytes under FGF-8
stimulation. We provided evidence that p65 was involved in FGF-8-mediated induction of gelatinases.
Furthermore, we showed that the secretion of MMP-2 and MMP-9 was up-regulated by FGF-8, which
might imply that FGF-8 was catabolic with pathological effects in OA cartilage. We hope to provide a new
direction for further understanding of the role of FGF-8 in physiology and pathology of cartilage.

Materials And Methods

Cell Culture
Chondrocytes were isolated from knee joints of 1-day-old mice as described previously [15]. Brie�y, the
mouse was �rst sterilized and sacri�ced to collect the knee joints. The epidermis was removed and the
joints were cut into small pieces with trypsin (0.25%) for 30 minutes (min). Then the supernatant was
replaced by 0.5% collagenase type II for 12 hours (h). The suspension was collected and mixed 1:1 (V/V)
with Dulbecco's modi�ed Eagle's medium (DMEM) (high-glucose DMEM, 4 mmol/L L-glutamine, 0.1
mmol/L non-essential amino acids and 1% penicillin–streptomycin solution) containing 10% fetal bovine
serum (FBS). Following centrifuging the mixed suspension at 1 000 r/min for 5 min, the supernatant was
replaced by 10% FBS DMEM to resuspend the cells, which were then seeded into plates or �asks and
cultured in a humidi�ed atmosphere containing 5% CO2 at 37°C.

FGF-8 Treatment
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A concentration of 5 ×105 cells per well was seeded into six-well plates (85–95% con�uence) and
cultured in DMEM with 10% FBS as previously described[23]. After 12h, the cells were starved in 2% FBS
DMEM for 12h to equilibrate all cells. After that, the cells were incubated in DMEM medium with 1% FBS
(control: 0 ng/ml FGF8), DMEM with with 1% FBS and different concentrations (1,5,10,50 and 100 ng/ml)
of recombinant FGF-8 (Peprotech, #100 − 25). For western blot, the cell lysates were collected after 6, 12,
and 24 h and for zymography the supernatant samples after 12, 24, 48, and 72 h.

NF-κB Inhibitor Treatment
BAY 11-7082 (20mg/mlx0.1ml, Beyotime, China), a NF-κB inhibitor, was used to check effects of NF-κB
on gelatinase products in cultured chondrocytes. After cell seeding, 12h starvation, we exchanged the
media with fresh 1% FBS culture media with or without BAY 11-7082 pre-treated for 1h, then we added
FGF-8 into the media.

RNA sequencing
RNA sequencing was performed as previously described[24]. Brie�y, primary chondrocytes were seeded
into 35 mm single well at the concentration of 1×106 cells per plate, and incubated in 10% FBS DMEM for
12h. The cells were then starved in DMEM containing 2% FBS for another 12h to equilibrate all cells. Then
the cells were cultured with fresh DMEM with 1% FBS (control group with 0 ng/ml FGF-8) or DMEM
containing of 1% FBS and recombinant FGF-8 (100 ng/ml). Using Trizol (No. 15596-026, Thermo Fisher
Scienti�c), we collected lysates from cells at 95% con�uency. The experiment was performed three times
independently using different chondrocytes from different mice. The transcriptome analysis of cell
samples was performed by Shanghai Life Gene Biotechnology Co., Ltd. (Shanghai, China). The
Bioanalyzer 2100 System (Agilent Technologies, CA, USA) was used to assess RNA integrity prior to
transcriptome sequencing. The manufacturer's instructions speci�ed that 1.5 µg of total RNA was utilized
as the input material for RNA sample detection. The index-coded samples were clustered using the HiSeq
4000 PE Cluster Kit (Illumia, San Diego, CA, USA) on a cBot Cluster Generation System. Initially, an
internal perl script was used to process raw data in fast q format to obtain clean data (clean reads)
through removing reads containing adapters, reads containing ploy-N, and low-quality reads. HISAT2
v2.1.0 was used to align paired-end clean reads to the reference genome. Counting reads mapped to each
gene was performed with HTSeq v0.6.1. Gene FPKMs were calculated by adding up the FPKMs of
transcripts associated with each gene group. Based on GO (Gene Ontology) and KEGG enrichment
analysis, differentially expressed genes were identi�ed. Differentially expressed genes were deemed
signi�cantly enriched by GO terms or KEGG terms with a P-value less than 0.05. The DESeq2 R package
(1.26.0) was used for differential expression analysis (control group vs FGF-8 group). P value < 0.05 and
|FoldChange| ≥1.5 were set as the threshold for signi�cantly differential expression.

Western Blot
The Western Blot procedure was followed as reported earlier[25]. The antibodies that were employed are
as follows: 1:1000 primary antibody MMP-2 (ab37150, Abcam, USA), MMP-9 (ab52915, Abcam, USA), NF-
κB p65 (250060,ZEN BIO, China), NF-κB p65 (Acetyl K310, ab19870, Abcam, USA), β-actin (sc-47778,
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SANTA CRUZ, USA), and 1:5000 secondary antibody (m-IgGκ BP-HRP, sc-516102, Cruz Marker, Shanghai,
China; mouse anti-rabbit IgG-HRP, sc-2357, Cruz Marker, Shanghai, China). Then a Western Blotting
Luminol Reagent kit (Santa Cruz Biotechnology, Santa Cruz, USA) was used to visualize the membranes
and Image J software was employed to quantify the protein bands.

Gelatin Zymography
The gelatin zymography was performed as previously described[25]. Brie�y, 10% SDS-polyacrylamide
gels containing 0.05% gelatin (Thermo-Fisher Scienti�c, Waltham, MA USA), were utilized to separate the
proteins. Then three times of wash was carried out with renaturing buffer (2.5% Triton X-100 diluted in
water). Then, the renaturing buffer was replaced by proteolysis buffer (50mM CaCl2, 0.5M NaCl, 50mM
Tris, pH 7.8) to incubate the gels at 37°C for 16 ~ 18h. Next, the gels were washed with renaturing buffer
before adding coomassie blue. Two hours later, coomassie blue was replaced by destain buffer (40%
methanol, 7.5% acetic acid, 52.5% H2O). There was no coomassie blue staining in the regions of
enzymatic activity (white bands). Image J software was used to quantify the band densities.

Immuno�uorescence staining
Immuno�uorescence staining was carried out as described before[23]. The cells were cultured with fresh
10% FBS DMEM with 100 ng/ml FGF-8 or without FGF-8 (as control) for 6h. Firstly, the cells were �xed by
4% cold paraformaldehyde for 15 min and permeabilized with 0.5% Triton X-100. Then the cells were
blocked with 5% bull serum albumin (BSA) (Sigma-Aldrich, MO) for 1h before incubation at 4°C overnight
with 1:200 primary antibody NF-κB p65 (acetyl K310, ab19870, Abcam, USA) or total NF-κB p65 (250060,
ZEN BIO, China). Then the primary antibody was replaced by Alexa Fluor 488-conjugated �uorescent
secondary antibody (ab150113, Abcam, USA) for 2h. All samples were counterstained with FITC-
phalloidin (Invitrogen, Carlsbad, CA, USA) overnight and DAPI (D9642; Sigma, St. Louis, MO, USA) for 10
minutes. A confocal laser scanning microscope (CLSM, Olympus, FV3000, Japan) was used to take the
pictures of the stained cells.

Statistics
The data were showed by mean ± standard deviation (SD) of at least three independent experiments.
When comparing the differences between the groups, one-way analysis of variance (ANOVA) was
employed. P < 0.05 (α = 0.05) was set as the critical value for the signi�cance level.

Results
High MMP-2 and MMP-9 activity of chondrocytes induced by FGF-8 in vitro.

Through RNA sequencing, we revealed the changes of the selected 25 genes in the extracellular matrix
(Fig. 1A). We found that the genes of MMP-2 and MMP-9 showed changes of expression. Then the
gelatin zymography assays showed increased activity of MMP-2 and MMP-9 after FGF-8 treatment in a
time-dependent manner (Fig. 1B). FGF-8 enhanced MMP-2 and MMP-9 activity in primary chondrocytes in



Page 6/20

a time-dependent manner, according to the quanti�cation (Fig. 1C). The activity of MMP-2 increased by
up to 1.85 times and the activity of MMP-9 up to 2.45-fold in primary chondrocytes at 72h after treatment
with 100 ng/ml FGF-8 (Fig. 1D). Then we performed western blot to examine the production of MMP-2
and MMP-9 after stimulation of FGF-8 with different concentration of 0, 1, 10, 100 ng/ml at 24h (Fig. 1E).
The expression of MMP-2 and MMP-9 was increased with FGF-8 treatment, and MMP-2 was increased by
up to 1.10-fold and MMP-9 up to 1.29-fold in primary chondrocytes at 100 ng/ml FGF-8 compared to
control group (Fig. 1F).

The activation of NF-κB p65 in cultured chondrocytes with FGF-8 treatment in vitro.

In order to explore the involvement of p65 in the FGF-induced gelatinase expression in cultured
chondrocytes, western blot was performed to detect the activation of p65 (Fig. 2A). Both the signaling
factor p65 and its acetylation (acetyl p65) were signi�cantly enhanced following FGF-8 treatment at 6h
and 12h (Fig. 2A). And the activation of p65 following FGF-8 treatment at 6 and 12h was validated by
quantitative analysis. The production of p65 was raised by up to 1.24-fold and acetyl p65 up to 1.71-fold
in primary chondrocytes compared to control cells at 6h at 100 ng/ml FGF-8, with the expression of p65
increased by up to 1.15-fold and acetyl p65 up to 1.40-fold at 12h (Fig. 2B).

FGF-8-induced gelatinase expression can be recovered by NF-κB inhibitor.

To learn more about the involvement of p65 in the production of gelatinase in chondrocytes induced by
FGF-8, a NF-κB inhibitor, BAY 11-7082, was used. Firstly, the western blot assay showed that BAY 11-7082
signi�cantly inhibited the up-regulation of both p65 and acetyl p65 induced by FGF-8 in primary
chondrocytes (Fig. 2C, 2D). Then we detected the expression of MMP-2 and MMP-9 (Fig. 2E), the result
showed that the expression of MMP-2 and MMP-9 stimulated by FGF-8 was signi�cantly inhibited by BAY
11-7082 (Fig. 2E, 2F).

FGF-8-induced p65 translocation into nuclear can be recovered by NF-κB inhibitor.

The expression of p65 and translocation of it into the nucleus following treatment with 100 ng/ml FGF-8
for 6h were then examined using immuno�uorescence staining. We found that FGF-8 promoted the
expression of p65 primarily in nuclear regions which could be recovered by NF-κB inhibitor (Fig. 3A). In
comparison to the control group, measurement of the �uorescence intensity distribution of total p65 in
one chondrocyte revealed a propensity for p65 to be transported into nuclear (Fig. 3B). Phosphorylated
p65 (p-p65) was shown to bind to CBP/p300 complexes to translate into acetylation of p65, which then
triggered transcription[26]. Following that, we noticed that the FGF-8-treated group had a higher amount
of acetyl p65 in their nuclei than the control group (Fig. 4A). When the �uorescence intensity distribution
of acetyl p65 in one chondrocyte was quanti�ed, it revealed a propensity for acetyl p65 to accumulate in
the nucleus, which could be retrieved using NF-κB inhibitor (Fig. 4B). This was consistent with the WB
data, indicating that nuclear p65 played an essential part in gelatinase regulation.

Discussion
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Gelatinases belongs to the matrix metalloproteinase family. MMP-2 and MMP-9 were discovered in the
early 1970s [27] and early 1980s [28], respectively, and named gelatinase A and gelatinase B in 1991 to
distinguish the molecular mass of the two (gelatinase A, 72kDa; gelatinase B, 92kDa) [29]. Based on the
naming rules established by the International MMP Conference held in Florida in 1989, gelatinases were
renamed in the form of MMP abbreviation with number, namely MMP-2 (gelatinase A) and MMP-9
(gelatinase B) [30]. As an important regulator of cell activity, gelatinases not only affected reproduction,
angiogenesis and tissue remodeling, bone development, wound healing, neuronal network learning,
memory and other broad sides of life, but also participated in periodontitis, allergy, osteochondral
condition, cardiovascular disease, diabetes and other pathological processes [31–34]. Studies had
reported that MMP-2-de�cient mice developed normally and were fertile without any serious anatomical
abnormalities [35]. Human MMP-2 de�ciency which resulted from inactivating autosomal recessive
mutations in MMP-2 gene, manifested as severe osteolysis and arthritis [13, 36]. MMP-2-de�cient mice
also showed similar symptoms, but relatively mild [37]. Winchester syndrome was another condition
related to changes in MMP-2 activity. Due to decreased activation of MMP-2, Winchester syndrome was
characterized by osteolysis-related symptoms [38]. MMP-9 de�ciency was non-lethal in mice, but
abnormal development of growth plates in the long bones and delayed endochondral ossi�cation were
observed in MMP-9-null mice. This abnormality seemed to be caused by abnormal vascular invasion.
MMP-9 was considered to be a key regulator of growth plate angiogenesis and hypertrophic chondrocyte
apoptosis [14]. Consistent with this, later studies in chickens also found tibial chondrodysplasias related
to the decreased expression of the MMP-9 gene. During the development of mice, it has been reported
that there was high expression of MMP-2 in osteoclasts [39]. Indeed, MMP-2 and MMP-9 played a
signi�cant role in maintaining homeostasis in joints. In adult tissues, the basic expression of MMP-2 has
been observed in normal articular cartilage, suggesting that MMP-2 might be involved in the physiological
ECM turnover of articular cartilage, and the expression of MMP-9 was relatively low and limited to some
chondrocytes in the very super�cial layer. However, gelatinase expression was elevated in many
pathologies such as tumor metastasis and osteoarthritis. And in this work, FGF-8 promoted gelatinase
expression and activity by cultured articular chondrocytes. We suggested that this increased expression
of gelatinases might have negative effects on cartilage, such as promoting cartilage matrix degradation
and activating various pro-in�ammatory factors. As has been reported previously, the cartilage section of
OA patients showed that the expression and distribution of MMP-2 and MMP-9 were increased compared
with the normal control group [40–42]. However recent studies showed that the increase of MMP-2 in
joint synovial �uid might have a protective effect. MMP-2 de�cient mice had been found with increased
arthritis grades [43, 44], and injection of �broblasts that secreted MMP-2 into the joints could reduce the
response. So, it requires further studies that the effect of FGF-8-induced gelatinase expression on
cartilage.

The functions of FGF-8 on developing tissues has been widely reported. FGF-8 was expressed during
gastrulation[45]. Researches on embryogenesis in mice and chicks found that FGF-8 played a very
important role in the formation of central nervous system, craniofacial organs, heart system, limbs and
urogenital system [46–49]. FGF-8-de�cient mouse could not develop through gastrulation [50]. In the
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early limb ectoderm, the inactivation of FGF-8 resulted in a noteworthy reduction in the size of limb buds
[51]. The skull was formed through intraperiosteal osteogenesis. Schmidt and colleagues found that
moderately increased FGF-8 expression led to craniosynostosis, while higher FGF-8 level shifted the fate
of mesenchymal cells from ossi�cation to abnormal cartilage formation [50]. FGF-8 might also be
involved in ectopic bone and cartilage formation in breast cancer cells that produced large amounts of
FGF-8 [52]. But its functions on adult tissues were less studied. Uchii and his colleague provided new
�ndings on the role of FGF-8 in joint in�ammation. They found that FGF-8 could promote the destruction
of articular cartilage by inducting catabolic factors such as MMP in joints [5]. Consistently, Liu and his
colleague found that FGF-8 and FGF receptor-3 (FGFR-3) were all increased in the cartilage of children
with Kashin-Beck disease, one type of OA [53]. The role of FGF-8 in cultured chondrocytes was studied in
this work. Through western blot, zymography and immuno�uorescence, we found that recombinant FGF-
8 could increase gelatinase expression of culture chondrocytes. Given what we found, we hypothesized
that FGF-8 might participate in the degradation of cartilage and exacerbation of osteoarthritis by
enhancing expression of gelatinases. But other MMPs, like MMP-1, MMP-3 and MMP-13, were not
measured.

In addition, FGF-8-induced expression of gelatinases was regulated through activation of NF-κB p65
signaling with acetylated p65 accumulating in the nucleus of the cell (Fig. 5). And we further found that
NF-κB inhibitor could inhibit up-regulation of gelatinase induced by FGF-8. Activation of NF-κB signaling
by FGFs has been reported, like FGF19 in hepatocytes [54], FGF1 In LX-2 cell [55], FGF2 in vascular
smooth muscle cells [56]. It has also been reported that FGF-8 mediated NF-κB signaling in the nervous
system [57]. This paper demonstrated for the �rst time that FGF-8 activated the NFkB signaling pathway
in mouse knee chondrocytes. However the details by which FGF-8 activated p65 remained to be explored.

Our work provided a further insight into the regulation of FGF-8 in the expression of MMP-2 and MMP-9 in
cultured chondrocytes. It indicated the potential role of FGF-8 in participating in OA. Most of studies
focused on the pivotal role of FGF-8 in embryogenesis and morphogenesis, while it was less reported
about its role in adult tissues, especially in joints. Uchii and his colleagues reported FGF-8 was expressed
low in normal knees but higher in OA models, which indicated that FGF-8 might act as a catabolic
mediator of cartilage[5]. Further studies are required for the role of FGF-8 in articular chondrocytes.

In conclusion, FGF-8 enhanced the expression and activity of MMP-2 and MMP-9 of cultured
chondrocytes of mouse through upregulating NF-κB p65 signaling.
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Figure 1

FGF-8 promotes the activity and expression of MMP-2 and MMP-9 in cultured chondrocytes from mice

(A) RNA sequencing results revealed differences of the chosen 25 genes in the extracellular matrix
between the control and FGF-8 groups. Whole cell lysates from control and FGF-8 treatment were
analyzed by characterizing the mRNA transcripts. After treatment for 72h, cell samples were obtained.
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The data were presented as log2(1+FPKM) and formatted by the online Rpackage. FPKM: Fragments Per
Kilobase of transcript per Million fragments mapped. Three pairs of lysate samples were taken from three
independent cell isolates (n=3), namely Sample 1 and1', Sample 2 and2', and Sample 3 and 3'. Each pair
of cells came from the same mother.

(B) Zymography images indicating a time-dependent increase in activity of MMP-2 (left) and MMP-9
(right) in primary chondrocytes treated with FGF-8 after 12, 24, 48 and 72h. The gels depicted were based
on 3  separate experiments (n = 3).

(C) Image J software was used to do a quantitative analysis of the bands in (A). The data were the mean
of three different experiments (n = 3).

(D) Quantitative analysis of gelatinase activity promoted by FGF-8 at 72h in (A). The data were presented
in the form of the mean of three different experiments (n = 3).  Statistical signi�cance was considered
when *p < 0.05, **p < 0.01 or ***p < 0.001.

(E) The expression of MMP-2 and MMP-9 induced by FGF-8. The gels shown were representative of three
different experiments (n = 3). 

(F) Histogram showing the fold change of MMP-2 and MMP-9 expression induced by FGF-8 in (D). The
data were the mean of three different experiments (n = 3). Statistical signi�cance was considered when
*p < 0.05, **p < 0.01 or ***p < 0.001.
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Figure 2

FGF-8 activates p65 in primary chondrocytes, and NF-κB inhibitor BAY 11-7082 can suppress the up-
regulation of gelatinases induced by FGF-8

(A-B) The expression of p65 and acetyl p65 detected by WB (A) and quantitative analysis of (A) in (B).
beta-actin was used as internal reference. The gels shown were representative of three different
experiments (n = 3). Statistical signi�cance was considered when *p < 0.05, **p < 0.01 or ***p < 0.001.

(C-D) The expression of p65 and acetyl p65 with treatment of FGF-8 and BAY 11-7082 detected by WB(C)
and quantitative analysis of (C) in (D). beta-actin was used as internal reference. The gels shown were
representative of three different experiments (n = 3). Statistical signi�cance was considered when *p <
0.05, **p < 0.01 or ***p < 0.001.

(E-F) The expression of MMP-2 and MMP-9 with treatment of FGF-8 and BAY 11-7082 detected by WB(E)
and quantitative analysis of (E) in (F). beta-actin was used as internal reference. The gels shown were
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representative of three different experiments (n = 3). Statistical signi�cance was considered when *p <
0.05, **p < 0.01 or ***p < 0.001. 

Figure 3

FGF-8 activates p65 signaling in the primary chondrocytes by Immuno�uorescence
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(A) Representative immuno�uorescence staining by CLSM exhibiting the production of p65 in articular
chondrocytes treated with FGF-8 (100 ng/ml, 6h), BAY 11-7028 (5 μM, pre-treatment for 1h), FGF-8 and
BAY 11-7028, respectively.

(B) Quanti�cation of p65 �uorescent intensity in (A) to describe the distribution of p65 cross the cell. The
data were the representative of three different experiments (n = 3)

Figure 4

FGF-8 activates acetyl p65 in the primary chondrocytes by Immuno�uorescence.
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(A) Representative immuno�uorescence staining by CLSM exhibiting the production of  acetyl p65 in
chondrocytes treated with FGF-8 (100 ng/ml, 6h), BAY 11-7028 (5 μM, pre-treatment for 1h), FGF-8 and
BAY 11-7028, respectively.

(B) Quanti�cation of acetyl p65 �uorescent intensity in (A) to describe the distribution of acetyl p65 cross
the cell. The data were the representative of three different experiments (n = 3)
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Figure 5

Schematic diagram elucidates the mechanism of upregulation of MMP-2 and MMP-9 by FGF-8 through
NF-κΒ p65 signaling in cultured chondrocytes.

The mechanism that FGF-8 promoted the expression of gelatinases through p65 is indicated by solid
arrows, and what are not included in this study is indicated by dashed arrows according to previous
reports. FGF-8 induced p65 of the canonical NF-κB signalling pathway, then activated p65 was
translocated into cell nucleus and acetylated, then started expression of gelatinases. FGFR, �broblast
growth factor receptor; D1-D3, the extracellular ligand-binding domain of FGFR is composed of three
immunoglobulin (Ig) like domains, designated D1–D3; NF-κB, nuclear factor kappa-light-chain-enhancer
of activated B cells; IκB, Inhibitors of NF-κB; IKK, IκB kinases; P, phosphate; ace, acetyl.


