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Abstract: Slow growth and rapid loss of chondrogenic phenotypes are the major problems affecting
chronic cartilage lesions. The role of microRNA-195 (miR-195) and its detailed working mechanism
in the fore-mentioned process remains unknown. Fibroblastic growth factor 18 (FGF-18) plays a key
role in cartilage homeostasis; whether miR-195 could regulate FGF-18 and its downstream signal
pathway in chondrocyte proliferation and maintenance of chondrogenic phenotypes still remains
unclear. The present research shows elevated miR-195 but depressed FGF-18 expressed in joint fluid
specimens of 20 patients with chronic cartilage lesions and in CH1M and CH3M chondrocytes when
compared with that in joint fluid specimens without cartilage lesions and in CH1W and CH2W
chondrocytes, respectively. The following loss of function test revealed that downregulation of
miR-195 by transfection of miR-195 inhibitors promoted chondrocyte proliferation and expression
of a type II collagen α I chain (Col2a1)/aggrecan. Through the online informatics analysis we
theoretically predicted that miR-195 could bind to a FGF-18 3′ untranslated region (3′UTR), also, we
verified that a miR-195 could regulate the FGF-18 and its downstream pathway. The constructed dual
luciferase assay further confirmed that FGF-18 was a direct target of miR-195. The executed anti-sense
experiment displayed that miR-195 could regulate chondrocyte proliferation and Col2a1/aggrecan
expression via the FGF-18 pathway. Finally, through an in vivo anterior cruciate ligament transection
(ACLT) model, downregulation of miR-195 presented a significantly protective effect on chronic
cartilage lesions. Evaluating all of the outcomes of the current research revealed that a decrease of
miR-195 protected chronic cartilage lesions by promoting chondrocyte proliferation and maintenance
of chondrogenic phenotypes via the targeting of the FGF-18 pathway and that the miR-195/FGF-18
axis could be a potential target in the treatment of cartilage lesions.
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1. Introduction

It is common to see cartilage lesions caused by external factors such as sports injuries, trauma,
unstable joints, and degenerative arthritis, all of which may be frequently experienced in modern
society [1,2]. Mature chondrocytes are slow-metabolic, limited-proliferated, highly-differentiated
cells, and the self-repairing ability of cartilage is confined [3,4]. Also, the repair of cartilage lesions
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continues to be an urgent concern for clinical doctors in sports medicine and joint surgery. For the
past few years, methods including autologous chondrocyte implantation (ACI), autogenic or allogenic
cartilage transplantation, tissue-engineered cartilage transplantation and microfracture techniques
have been widely used for treatment of chronic cartilage lesions and have achieved a certain clinical
effect, but the long-term effect remains unsatisfactory [5–12]. Presently, ACI is mainly used for more
than 2.5–3 cm2 full-thickness cartilage defects and certain therapeutic effects are acquired, but some
problems such as an insufficiency of autologous donor cells and the difficulties of the in vitro process
to swiftly and reliably amplify the chondrocyte remains unresolved [13–16]. The major problems of
in vitro amplification of chondrocytes are its poor proliferation ability and the fast dedifferentiation
phenomenon (i.e., loss of chondrogenic phenotypes). Hence, finding a proper target gene to promote
chondrocytes proliferation and to maintain the chondrogenic phenotypes during in vitro procedures is
particularly important.

MicroRNAs (miRNAs), 22–25 nucleotides in length, are a group of small non-coding RNAs which
are involved in many diseases that include cartilage lesions and their repair [17–19]. MicroRNA-195
(miR-195) is widely reported in numerous malignant tumors such as osteosarcoma, breast cancer,
colorectal cancer, prostate cancer, and non-small lung cancer [20–24]. Through an early clinical
detection trial we found that miR-195 was elevated in joint fluid specimens of patients with chronic
cartilage lesions, so we wondered whether miR-195 was involved in the process of cartilage lesion
formation and its repair. It was reported that miR-195 could inhibit the chondrocytes proliferation
by targeting the regulation of G-protein coupled receptor kinase interacting protein-1 (GIT1) [25].
Bai et al. found that miR-195 could target hypoxia-inducible factor 1 α (HIF-1α) and promote
apoptosis in hypoxic chondrocytes [26]. However, related reports that consider whether miRNAs
could regulate chondrogenic phenotype maintenance or affect the chondrocytes dedifferentiation are
even rarer. Seidl and colleagues reported that inhibition of miR-138 contributed to the maintenance
of the chondrocyte phenotype and depressed the dedifferentiation progression in cultured human
articular chondrocytes [27]. Hong and colleagues reported that miR-221/-222 was increased during the
chondrocytes dedifferentiation [28]. Presently, whether miR-195 could affect chondrocyte proliferation
and maintenance of chondrogenic phenotypes remains unclear.

Fibroblast growth factor (FGF) phenomena are in evidence with regard to cell growth, differentiation,
angiogenesis, inflammation, and other developmental processes such as skeletal development [29,30].
As a representative of the FGF family, fibroblastic growth factor 18 (FGF-18) plays a key role in skeletal
development. [31]. Recent studies showed that FGF-18 was mainly distributed in perichondrium and
joint space locations to work as a promoter in chondrocyte proliferation [32]. Bradley and colleagues
reported that the inhibition of PH-domain and leucine-rich repeat protein phosphatase 1 (Phlpp1)
promoted chondrocyte proliferation via the upregulation of FGF-18 expression [33]. Davidson et al.
found that FGF-18 stimulated chondrocyte proliferation and matrix production via regulation of its
downstream fibroblastic growth factor receptor 3 (FGFR3) [34]. It was reported that intra-articular
injection of FGF-18 presented a protective effect on cartilage lesions [35,36]. To date, whether any
miRNA could regulate FGF-18 to influence chondrocyte proliferation and chondrogenic phenotype
maintenance remains unclear.

In the present study, we revealed that miR-195 could target FGF-18 and regulate the activity of
FGF-18 downstream and that inhibition of miR-195 protects chronic cartilage lesion formation by
promoting chondrocyte proliferation and maintenance of the chondrogenic phenotype via the targeting
of the FGF-18 pathway.

2. Results

2.1. Expression of miR-195 and FGF-18 in the Joint Fluid of Patients with Chronic Cartilage Lesions and with
Respect to the Different Ages of Chondrocytes

miR-195 expression was measured by real-time PCR while FGF-18 expression was detected by the
use of real-time PCR and western blot test methods to evaluate joint fluid specimens of 20 patients with
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chronic cartilage lesions and in paired specimens of 20 patients with non-cartilage lesions. As shown in
Figure 1A, miR-195 expression was noticeably elevated in the chronic cartilage lesion group compared
to the non-cartilage lesion group (p < 0.01). By contrast, the expression of FGF-18 was noticeably
decreased in the chronic cartilage lesion group when compared to the non-cartilage lesion group
(Figure 1B,C) (p < 0.01). Meanwhile, the relationship between miR-195 and FGF-18 expression was
analyzed by using a two-tailed Pearson’s correlation analysis, as revealed in Figure 1D, a negative
correlation between the expression of miR-21 and FGF-18 was identified (p < 0.01).
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Figure 1. Expression of microRNA-195 (miR-195) and fibroblast growth factor 18 (FGF-18) in joint 
fluid of patients with chronic cartilage lesion and in different ages of chondrocytes. (A–C) Elevated 
miR-195 (A) but decreased FGF-18 (B,C) expression in joint fluid specimens of 20 patients with 
chronic cartilage lesions and in paired specimens of 20 patients with non-cartilage lesions were 
determined by real-time PCR and western blot test methods using glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as an internal control. The mRNA and protein expression levels were 
normalized to non-cartilage lesion groups. ** p < 0.01 vs. non-cartilage lesion groups; (D) a significant 
negative correlation was revealed by a two-tailed Pearson’s correlation analysis, r = 0.6404, p < 0.01. 
(E–G) Chondrocytes isolated from 1-week-old, 2-week-old, 1-month-old, and 3-month-old 
Sprague-Dawley female rats were respectively named as CH1W, CH2W, CH1M, and CH3M. The 
expression of miR-195 and FGF-18 was also detected in the above-mentioned four groups of 
chondrocytes, and an upregulated miR-195 but downregulated FGF-18 expressions were displayed 
by real-time PCR and western blot test methods using GAPDH as an internal control. The mRNA 
and protein expression levels were normalized to the CH1W group. ** p < 0.01 vs. CH1W group.  
# p > 0.05 vs. CH1W group. All experiments were repeated in triplicate and all data was shown as a 
mean ± standard deviation (S.D.) (n = 3, each). 

It is well known that compared to premature chondrocytes, the main problems observed during 
in vitro expansion of mature chondrocytes are poor proliferation ability and the phenomenon of 
dedifferentiation [37,38]. Since miR-195 and FGF-18 are involved in chondrocyte proliferation and 
dedifferentiation, as previously reported [25,32,39], we wondered whether both of them are 
differentially expressed with respect to the different ages of chondrocytes. We isolated different ages 
of chondrocytes from 1-week-old, 2-week-old, 1-month-old, and 3-month-old rats (named as CH1W, 
CH2W, CH1M, and CH3M, respectively) and checked the expression of miR-195 and FGF-18 in the 
formerly mentioned chondrocytes. According to the results of real-time PCR, the expression of 
miR-195 was gradually elevated in chondrocytes with regard to aging (Figure 1E) (p < 0.01). 
Correspondingly, the FGF-18 expression was gradually decreased in chondrocytes with regard to 
aging (Figure 1F,G) (p < 0.01). 
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Since miR-195 was upregulated in chronic cartilage lesion patients and in chondrocytes with 
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chondrogenic phenotypes—expression of Col2a1 and aggrecan. First of all, passage 2 of CH3M 
chondrocytes were selected for all the following cellular detections. Secondly, as shown in Figure 
2A, transfection of a miR-195 inhibitor into chondrocytes resulted in significant depression of 
miR-195 expression when compared to inhibitor control (p < 0.01). The outcomes of Cell Counting 
Kit-8 (CCK-8) and 5-Ethynyl-20-Deoxyuridine (EDU) indicated that the depression of miR-195 
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Figure 1. Expression of microRNA-195 (miR-195) and fibroblast growth factor 18 (FGF-18) in joint fluid
of patients with chronic cartilage lesion and in different ages of chondrocytes. (A–C) Elevated miR-195
(A) but decreased FGF-18 (B,C) expression in joint fluid specimens of 20 patients with chronic cartilage
lesions and in paired specimens of 20 patients with non-cartilage lesions were determined by real-time
PCR and western blot test methods using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
an internal control. The mRNA and protein expression levels were normalized to non-cartilage lesion
groups. ** p < 0.01 vs. non-cartilage lesion groups; (D) a significant negative correlation was revealed
by a two-tailed Pearson’s correlation analysis, r = 0.6404, p < 0.01. (E–G) Chondrocytes isolated from
1-week-old, 2-week-old, 1-month-old, and 3-month-old Sprague-Dawley female rats were respectively
named as CH1W, CH2W, CH1M, and CH3M. The expression of miR-195 and FGF-18 was also detected
in the above-mentioned four groups of chondrocytes, and an upregulated miR-195 but downregulated
FGF-18 expressions were displayed by real-time PCR and western blot test methods using GAPDH as
an internal control. The mRNA and protein expression levels were normalized to the CH1W group.
** p < 0.01 vs. CH1W group. # p > 0.05 vs. CH1W group. All experiments were repeated in triplicate
and all data was shown as a mean ± standard deviation (S.D.) (n = 3, each).

It is well known that compared to premature chondrocytes, the main problems observed during
in vitro expansion of mature chondrocytes are poor proliferation ability and the phenomenon of
dedifferentiation [37,38]. Since miR-195 and FGF-18 are involved in chondrocyte proliferation and
dedifferentiation, as previously reported [25,32,39], we wondered whether both of them are differentially
expressed with respect to the different ages of chondrocytes. We isolated different ages of chondrocytes
from 1-week-old, 2-week-old, 1-month-old, and 3-month-old rats (named as CH1W, CH2W, CH1M,
and CH3M, respectively) and checked the expression of miR-195 and FGF-18 in the formerly mentioned
chondrocytes. According to the results of real-time PCR, the expression of miR-195 was gradually
elevated in chondrocytes with regard to aging (Figure 1E) (p < 0.01). Correspondingly, the FGF-18
expression was gradually decreased in chondrocytes with regard to aging (Figure 1F,G) (p < 0.01).

2.2. Decrease of miR-195 Promotes Chondrocytes Proliferation and Col2a1/Aggrecan Expression

Since miR-195 was upregulated in chronic cartilage lesion patients and in chondrocytes with
aging, we constructed the loss-of-function experiment to elucidate how the function of miR-195
might work in chondrocytes with special emphasis on proliferation and maintenance of chondrogenic
phenotypes—expression of Col2a1 and aggrecan. First of all, passage 2 of CH3M chondrocytes
were selected for all the following cellular detections. Secondly, as shown in Figure 2A, transfection
of a miR-195 inhibitor into chondrocytes resulted in significant depression of miR-195 expression
when compared to inhibitor control (p < 0.01). The outcomes of Cell Counting Kit-8 (CCK-8) and
5-Ethynyl-20-Deoxyuridine (EDU) indicated that the depression of miR-195 (transfection of miR-195
inhibitor) promoted chondrocyte proliferation (Figure 2B,C) (p < 0.01). Meanwhile, those observed with
immunofluorescence staining, inhibition of miR-195 also promoted Col2a1 and aggrecan expression in
chondrocytes (Figure 2D,E) (p < 0.01).
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Figure 2. Decrease of miR-195 promotes chondrocyte proliferation and Col2a1/aggrecan expression.
(A) miR-195 expression was remarkably depressed by transfection of the miR-195 inhibitor when
normalized to the inhibitor control group, as measured by real-time PCR using the internal control of
GAPDH. ** p < 0.01 vs. an inhibitor control group. (B,C) Suppression of miR-195 inhibited chondrocyte
proliferation as determined by a Cell Counting Kit-8 (CCK-8) assay (B) and 5-Ethynyl-20-Deoxyuridine
(EDU) (C). (D,E) Inhibition of miR-195 suppressed Col2a1 (D) and aggrecan (E) expression in
chondrocytes checked by immunofluorescence staining and western blot test methods. (Magnification,
200×; scale bar, 100 µm). ** p < 0.01 vs. inhibitor control group. All experiments were repeated in
triplicate and all data were shown as a mean ± S.D. (n = 3, each).
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2.3. miR-195 Targets FGF-18 and Regulates Its Downstream Pathway

According to the above outcomes, we verified that miR-195 was involved in chondrocyte
proliferation and the maintenance of chondrogenic phenotypes and that FGF-18 was ectopic and
expressed in joint fluid specimens of patients with and without chronic cartilage lesions and in the
different aging of chondrocytes. Further, we wondered about the potential relationship between
miR-195 and FGF-18. First, we theoretically predicted that miR-195 could combine with the FGF-18
3′untranslated region (3′UTR) through the use of online predictive software TargetScan (Available
online: http://www.targetscan.org) and a RNAhybrid (Available online: https://bibiserv.cebitec.
uni-bielefeld.de/rnahybrid) (Figure 3A). Second, we confirmed that up- and down-regulation of
miR-195 could negatively affect FGF-18 and the phosphorylation level of FGFR3 (FGFR3p-Tyr724)—a
downstream receptor of the FGF-18 signal pathway—to a significant level (3B-D). Third, as the results
show in Figure 3E,F, miR-195 regulated the phosphorylation level of ERK1/2 (ERK1/2p-Thr202/Tyr204),
a proliferation-related downstream target of FGF-18, and the expression of SOX9, a chondrogenic
phenotype that is maintenance-related downstream of FGF-18. Finally, a dual luciferase reporter
assay was conducted to finally confirm the target binding effect between miR-195 and FGF-18 3′UTR.
We constructed a luciferase reporter of plasmids pmirGLO-FGF-18-wt and pmirGLO-FGF-18-mut that
respectively contained a wild type and mutant FGF-18 3′UTR (Figure 3G). The constructed luciferase
reporter plasmids and miR-195 mimics were co-transfected into HEK-293 cells (miR-195 mimic control
was set as negative control, NC) and the fluorescence changes were observed to evaluate the potential
target binding effect. As the results showed in Figure 3H, compared to NC, co-transfection of miR-195
mimics and pmirGLO-FGF-18-wt resulted in significant weakness of fluorescence, but the weakened
effect vanished when the theoretical miR-195 binding sites in FGF-18 was mutated (co-transfection
of miR-195 mimics and pmirGLO-FGF-18-mut). These outcomes verified that miR-195 could target
FGF-18 and regulate its downstream pathway.

2.4. FGF-18 Rescues the Inhibitive Effect of miR-195 on Chondrocyte Proliferation and
Col2a1/Aggrecan Expression

In the above results section, we found that suppression of miR-195 could promote chondrocyte
proliferation and maintenance of chondrogenic phenotypes, furthermore, we verified that miR-195
targeted FGF-18 and regulated it downstream. It was reported that the FGF-18/FGFR3 pathway
played a key role in chondrocyte proliferation and Col2a1 and proteoglycan expression [32,34,40].
Hence, we designed an anti-sense experiment to verify whether the inhibitive effect miR-195 played
on chondrocyte proliferation and maintenance of chondrogenic phenotypes was achieved through the
FGF-18 pathway. First, we constructed the FGF-18 over-expression plasmids pcDNA3.1-FGF-18-wt
and pcDNA3.1-FGF-18-mut that respectively contained wild type and mutant miR-195 binding sites.
Second, the results of western blot test methods and real-time PCR revealed that transfection of miR-195
mimics could predictably inhibit FGF-18 expression, but that the inhibitive effect could be reversed
by pcDNA3.1-FGF-18-mut but not by pcDNA3.1-FGF-18-wt (Figure 4A). Also, we re-executed the
EDU, CCK-8, and immunofluorescence staining to check the proliferation ability and the expression
level changes of Col2a1/aggrecan in chondrocytes. As can be observed in the results presented in
Figure 4B–D, compared to pcDNA3.1 and mimic control, transfection of miR-195 mimics were shown
to remarkably decrease both the ability to proliferate and the expression level of Col2a1/aggrecan in
chondrocytes. However, the inhibitive effect was rescued by pcDNA3.1-FGF-18-mut (co-transfection
of miR-195 mimics and pcDNA3.1-FGF-18-mut) but not by pcDNA3.1-FGF-18-wt (co-transfection
of miR-195 mimics and pcDNA3.1-FGF-18-wt). Taking all the aforementioned outcomes together
indicated that miR-195 could inhibit chondrocyte proliferation and maintenance of chondrogenic
phenotypes through the FGF-18/FGFR3 pathway.

http://www.targetscan.org
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Figure 3. miR-195 targets FGF-18 and regulates its downstream pathway. (A) FGF-18 3′UTR
had a binding site containing seven bases for miR-195, as predicted by online prediction software
TargetScan (Available online: http://www.targetscan.org) and RNAhybrid (Available online: https:
//bibiserv.cebitec.uni-bielefeld.de/rnahybrid); (B) miR-195 expression after different intervention
when normalized to the control group was detected by real-time PCR and GAPDH and was set as an
internal control. (C–F) miR-195 could regulate FGF-18 expression (C), then affect the phosphorylation
level of FGFR3 (FGFR3p-Tyr724) (D), ERK1/2 (ERK1/2p-Thr202/Tyr204) (E), and affect the expression level
of SOX (F) as determined by western blot test method and real-time PCR. GAPDH was set as the
internal control and all data were normalized to the control group, respectively. ** p < 0.01 vs. mimic
control group, ## p < 0.01 vs. inhibitor control group. (G) Diagram of the luciferase reporter plasmids
with the wild-type or mutant FGF-18 3′UTR. (H) Relative luciferase activity was achieved through a
dual luciferase reporter assay. ** p < 0.01 vs. NC + pmirGLO-FGF-18-wt group. All experiments were
repeated in triplicate and all data were shown as a mean ± S.D. (n = 3, each).
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Figure 4. FGF-18 rescues the inhibitive effect of miR-195 on chondrocyte proliferation and
Col2a1/aggrecan expression. (A) miR-195 mimics prominently depressed FGF-18 expression and
the depressive effect was rescued by pmirGLO-FGF-18-mut, as detected by western blot and real-time
PCR; (B) miR-195 mimics significantly inhibited chondrocyte proliferation and the inhibitive effect
was reversed by pmirGLO-FGF-18-mut, as measured by CCK-8 assay and EDU; (C,D) MiR-195
mimics crippled Col2a1 (C) and aggrecan (D) expression and the crippled effect was rescued by
pmirGLO-FGF-18-mut and evaluated by immunofluorescence staining. (Magnification, 200×; scale bar,
100 µm). ** p < 0.01 vs. miR-195 mimics group. ## p < 0.01 vs. miR-195 mimics group. & p > 0.05 vs.
miR-195 mimics group. All experiments were repeated in triplicate while all data were normalized to
pcDNA3.1 group and were shown as a mean ± S.D. (n = 3, each).
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2.5. Downregulation of miR-195 Protects Chronic Cartilage Lesions In Vivo

To further explore the functional role that miR-195 may play with regard to chronic cartilage
lesion repair in vivo, we constructed anterior cruciate ligament transection (ACLT) models as
previously reported to simulate the process of chronic cartilage lesion formation. Meanwhile, a sterile
saline, antagomir negative control (antagomir NC) and miR-195 antagomir were injected into joint
cavities in each group, respectively. The expression of matrix metalloprotease-13 (MMP-13) and
Safranin O staining were used to evaluate the degree of chronic cartilage lesion formation. As can be
observed in the results displayed in Figure 3A, compared to a sham surgery group, ACLT (injection
of antagomir NC) resulted in the significant elevation of miR-195, but the promoted effect was
inhibited by suppression of miR-195 (injection of miR-195 antagomir). Furthermore, the expression of
FGF-18 presented a contrary tendency compared with miR-195. Also, we measured the expression
of MMP-13—a marker of catabolism of cartilage—to access the role that miR-195 might have in
cartilage degradation. As presented in Figure 5C, compared to the sham surgery group, ACLT
led to a high-expression of MMP-13 which indicated an acceleration of cartilage degradation, but
the catabolic effect was suppressed by inhibition of miR-195. Additionally, Safranin O staining
tests revealed lesser staining, even a rough articular surface and significant high semi-quantitative
grading score in the ACLT group when compared to the sham surgery group, but the phenomenon
was reversed by the downregulation of miR-195 (injection of miR-195 antagomir) (Figure 5D).
The aforementioned results indicated that downregulation of miR-195 had a protective effect on chronic
cartilage lesions. In addition, the expression of Col2a1/aggrecan in each group was also detected by
immunohistochemistry (IHC), real-time PCR, and western blot. As shown in Figure 5E–G, compared
to the sham surgery group, ACLT caused a prominent depression of Col2a1 expression, but the effect
was reversed by the decrease of miR-195. Finally, the findings of an aggrecan detection displayed the
same tendency as Col2a1 (Figure 5H–J). Summarily, the outcomes revealed that downregulation of
miR-195 promoted Col2a1/aggrecan expression and had a protective on chronic cartilage lesions.

Int. J. Mol. Sci. 2017, 18, 975 9 of 18 

 

2.5. Downregulation of miR-195 Protects Chronic Cartilage Lesions In Vivo 

To further explore the functional role that miR-195 may play with regard to chronic cartilage 
lesion repair in vivo, we constructed anterior cruciate ligament transection (ACLT) models as 
previously reported to simulate the process of chronic cartilage lesion formation. Meanwhile, a 
sterile saline, antagomir negative control (antagomir NC) and miR-195 antagomir were injected into 
joint cavities in each group, respectively. The expression of matrix metalloprotease-13 (MMP-13) and 
Safranin O staining were used to evaluate the degree of chronic cartilage lesion formation. As can be 
observed in the results displayed in Figure 3A, compared to a sham surgery group, ACLT (injection 
of antagomir NC) resulted in the significant elevation of miR-195, but the promoted effect was 
inhibited by suppression of miR-195 (injection of miR-195 antagomir). Furthermore, the expression 
of FGF-18 presented a contrary tendency compared with miR-195. Also, we measured the expression 
of MMP-13—a marker of catabolism of cartilage—to access the role that miR-195 might have in 
cartilage degradation. As presented in Figure 5C, compared to the sham surgery group, ACLT led to 
a high-expression of MMP-13 which indicated an acceleration of cartilage degradation, but the 
catabolic effect was suppressed by inhibition of miR-195. Additionally, Safranin O staining tests 
revealed lesser staining, even a rough articular surface and significant high semi-quantitative 
grading score in the ACLT group when compared to the sham surgery group, but the phenomenon 
was reversed by the downregulation of miR-195 (injection of miR-195 antagomir) (Figure 5D). The 
aforementioned results indicated that downregulation of miR-195 had a protective effect on chronic 
cartilage lesions. In addition, the expression of Col2a1/aggrecan in each group was also detected by 
immunohistochemistry (IHC), real-time PCR, and western blot. As shown in Figure 5E–G, compared 
to the sham surgery group, ACLT caused a prominent depression of Col2a1 expression, but the 
effect was reversed by the decrease of miR-195. Finally, the findings of an aggrecan detection 
displayed the same tendency as Col2a1 (Figure 5H–J). Summarily, the outcomes revealed that 
downregulation of miR-195 promoted Col2a1/aggrecan expression and had a protective on chronic 
cartilage lesions. 

 
Figure 5. Cont.



Int. J. Mol. Sci. 2017, 18, 975 10 of 18Int. J. Mol. Sci. 2017, 18, 975 10 of 18 

 

 

Figure 5. Downregulation of miR-195 protects chronic cartilage lesion in vivo. (A–C) Anterior 
cruciate ligament transection (ACLT) led to elevated miR-195 (A) and matrix metalloprotease-13 
(MMP-13) (C) but depressed FGF-18 (B) mRNA expression, but the increased or decreased effects 
were reversed by miR-195 antagomir, as determined by real-time PCR. (D) Safranin O staining 
revealed significant cartilage lesion by ACLT in antagomir NC group but an obvious protective effect 
in the miR-195 antagomir group (depression of miR-195). (E–G) Immunohistochemistry (IHC) (E), 
real-time PCR (F) and western blot (G) presented a remarkable decrease of Col2a1 (E) by ACLT in the 
antagomir NC group, while the weakening effect was reversed in the miR-195 antagomir group 
(depression of miR-195). (H–J) Immunohistochemistry (IHC) (H), real-time PCR (I) and western blot 
(J) presented a remarkable decrease of aggrecan by ACLT in the antagomir NC group, while the 
weakening effect was reversed in the miR-195 antagomir group (depression of miR-195). 
(Magnification, 40×; scale bar, 400 μm). * p < 0.05, ** p < 0.01 vs. sham surgery group. ## p < 0.01 vs. 
antagomir NC group. All experiments were repeated in triplicate while all data were normalized to 
the sham surgery group and were shown as mean ± S.D. (n = 3, each). 

3. Discussion 

Cartilage repair is a disturbing problem for clinical doctors because of the slow-metabolic, 
highly differentiated characteristics, and limited self-repair capacity of mature chondrocytes [41–43]. 
Though surgical therapeutic methods for cartilage repair achieved certain encouraging outcomes, 
gene therapy based strategies in the repair of cartilage lesions remain a hotspot in basic 
cartilage-related research [44,45]. miRNAs and their target genes of mediated regulation of cartilage 
development, hemostasis, and regeneration provide new insight for post-damage repair of cartilage 
[19,46,47]. 

miR-195 is located at chromosome 17p13.1 and has been widely characterized as a tumor 
suppressor gene in various cancers including prostate cancer, breast cancer, hepatocellular 
carcinoma, osteosarcoma, and others [48–51]. Also, miR-195 was reported to take part in aortic 
aneurysmal disease, mesenchymal stem cells proliferation and osteogenesis, Hirschsprung’s disease, 
and chondrocyte hemostasis [26,52–54]. Almeida et al reported that overexpression of miR-195 led to 
a decrease in osteogenic differentiation and proliferation rate in human primary mesenchymal 
stromal/stem cells (MSC) [55]. Zhou and colleagues reported that miR-195 suppressed cervical 

Figure 5. Downregulation of miR-195 protects chronic cartilage lesion in vivo. (A–C) Anterior cruciate
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(C) but depressed FGF-18 (B) mRNA expression, but the increased or decreased effects were reversed
by miR-195 antagomir, as determined by real-time PCR. (D) Safranin O staining revealed significant
cartilage lesion by ACLT in antagomir NC group but an obvious protective effect in the miR-195
antagomir group (depression of miR-195). (E–G) Immunohistochemistry (IHC) (E), real-time PCR (F)
and western blot (G) presented a remarkable decrease of Col2a1 (E) by ACLT in the antagomir NC
group, while the weakening effect was reversed in the miR-195 antagomir group (depression of
miR-195). (H–J) Immunohistochemistry (IHC) (H), real-time PCR (I) and western blot (J) presented
a remarkable decrease of aggrecan by ACLT in the antagomir NC group, while the weakening effect
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3. Discussion

Cartilage repair is a disturbing problem for clinical doctors because of the slow-metabolic, highly
differentiated characteristics, and limited self-repair capacity of mature chondrocytes [41–43]. Though
surgical therapeutic methods for cartilage repair achieved certain encouraging outcomes, gene therapy
based strategies in the repair of cartilage lesions remain a hotspot in basic cartilage-related research [44,45].
miRNAs and their target genes of mediated regulation of cartilage development, hemostasis,
and regeneration provide new insight for post-damage repair of cartilage [19,46,47].

miR-195 is located at chromosome 17p13.1 and has been widely characterized as a tumor
suppressor gene in various cancers including prostate cancer, breast cancer, hepatocellular carcinoma,
osteosarcoma, and others [48–51]. Also, miR-195 was reported to take part in aortic aneurysmal disease,
mesenchymal stem cells proliferation and osteogenesis, Hirschsprung’s disease, and chondrocyte
hemostasis [26,52–54]. Almeida et al. reported that overexpression of miR-195 led to a decrease in
osteogenic differentiation and proliferation rate in human primary mesenchymal stromal/stem cells
(MSC) [55]. Zhou and colleagues reported that miR-195 suppressed cervical cancer migration and
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invasion through targeting Smad3 [56]. In the present study, we found that miR-195 was elevated in
joint fluid specimens of patients with chronic cartilage lesions and in CH1M/CH3M chondrocytes.
It is well known that miRNAs could regulate their downstream genes via binding to the 3′UTR of
the targeted genes [57–59]. Here, through an online bioinformatics analysis and the executed dual
luciferase assay, we verified that miR-195 could target and bind to a FGF-18 3′UTR and regulate FGF-18
mRNA and protein expression, and further affect the phosphorylation level of FGFR3—a downstream
receptor of FGF-18. As to the functional experiment, we revealed that miR-195 played a key role in
chondrocyte proliferation and the maintenance of chondrogenic phenotypes.

FGF-18 is a novel growth factor first reported in 1998, and belongs to the FGF family, which are
comprised of 23 members [31]. It was reported that FGF-18 could bind to FGFR3 with a high affinity and
played a key role in chondrocyte proliferation [60,61]. In the current study, we confirmed that FGF-18 was
decreased in chondrocytes with age as a factor (CH1M and CH3M) and in joint fluid specimens of patients
with chronic cartilage lesions. Meanwhile, we verified that upregulation of miR-195 suppressed FGF-18
expression and the activity level of its downstream FGFR3/ FGFR3p-Tyr724, ERK1/2/ERK1/2p-Thr202/Tyr204,
and SOX9. SOX9, which was well accepted as the upstream regulator of Col2a1 and aggrecan [62–66], was
reported as being regulated by FGF-18 according to former studies [67,68]. Furthermore, in the present
study, we also showed that ectopic miR-195 could correspondingly regulate the expression of FGF-18
and its downstream SOX9 and further effect the expression of Col2a1 and aggrecan. Simultaneously,
we revealed that miR-195 could regulate the phosphorylation level of ERK1/2—an acknowledged
proliferation-related gene. Through the antisense experiment, we showed that the elevation of miR-195
by transfection of miR-195 mimics resulted in significant inhibition of chondrocyte proliferation
and Col2a1/aggrecan expression. However, the inhibitive effect was reversed by the FGF-18 cDNA
plasmids containing mutant (pcDNA3.1-FGF-19-mut) but wild (pcDNA3.1-FGF-19-wt) type binding
sites for miR-195. This phenomenon strongly confirmed that miR-195 could regulate chondrocyte
proliferation and maintenance of chondrogenic phenotypes through a FGF-18 pathway (Figure 6).
Finally, through the in vivo ACLT model, we confirmed that depression of miR-195 promoted Col2a1
and aggrecan expression and presented a protective effect on chronic cartilage lesions.

In conclusion, as the schematic diagram displayed in Figure 6 illustrates, the present research
reveals that FGF-18 was a target of miR-195 and that miR-195 could negatively regulate FGF-18
expression and affect chondrocyte proliferation via the ERK1/2 pathway and affect maintenance of
chondrogenic phenotypes via the SOX9 pathway. Meanwhile, the current study might provide a
new regulating target in chondrocyte amplification in vitro. Also, the present study indicated that
miR-195/FGF-18 axial might be a new target in cartilage repair.
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4. Materials and Methods

4.1. Patients and Tissue Samples

The joint fluid specimens of 20 patients with chronic cartilage lesions and in paired specimens
of 20 patients with non-cartilage lesions, as verified by arthroscopy according to the International
Cartilage Repair Society (ICRS) classification system, were collected in the first affiliated hospital of
Dalian Medical University. The ICRS sore of the patients with chronic cartilage lesions were grade III
in 12 cases and grade IV in 8. All the samples were obtained at the time of surgery and immediately
sent to the central laboratory of Dalian Medical University for further testing. The trial was approved
by the Institute Research Medical Ethics Committee of Dalian Medical University (16 May 2016,
No. 2016MAR22-13). Written informed consent was obtained from all participants.

4.2. Cell Isolation and Culture

Primary chondrocytes were isolated as previously described from 1-week-old, 2-week-old,
1-month-old, and 3-month-old Sprague-Dawley female rats and named as CH1W, CH2W, CH1M,
and CH3M, respectively [69,70]. In brief, the cartilage from the femoral head, femoral condyles,
and tibia plateau were stripped, diced, and digested twice in 3 mg/mL collagenase (Gibco, El Paso,
TX, USA) for 1 h and then 0.5 mg/mL overnight at 37 ◦C. Undigested cartilage was filtered out and the
remaining filtrate containing chondrocytes was centrifuged for 5 min, 1000 rpm. Next, the supernatant
was discarded and the pellet was re-suspended in Dulbecco’s Modified Eagle Media: Nutrient Mixture
F-12 (DMEM/F12, Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco), 100 IU/mL
penicillin (Baomanbio, Shanghai, China), and 100 mg/mL streptomycin (Baomanbio), and then
cultured in the incubator at 37 ◦C in a humidified atmosphere containing 5% CO2. Chondrocytes were
passaged until a 90% confluence was met. Passage 2 chondrocytes were used for following experiments.

4.3. Plasmids Construction and Cell Transfection

FGF-18 fragments containing a miR-195 binding site were amplified and cloned into pmirGLO
vector (Promega, Madison, WI, USA) to gain the reporter vector pmiRGLO-FGF-18-wild-type
(pmirGLO-FGF-18-wt). The putative binding site of miR-195 in FGF-18 was mutated by using
a QuikChange Site-Directed Mutagenesis kit (Agilent, Santa Clara, CA, USA) to synthetize
pmirGLO-FGF-18-mutant-type (pmirGLO-FGF-18-mut). The above plasmids were used for the
following luciferase reporter assays. Similarly, FGF-18 fragments containing a miR-195 binding site
were amplified and cloned into the KpnI and XhoI restriction sites (Promega) of pcDNA3.1 vector to
synthetize pcDNA3.1-FGF-18-wild-type (pcDNA3.1-FGF-18-wt), and pcDNA3.1-FGF-18-mutant-type
(pcDNA3.1-FGF-18-mut) was also gained by using a QuikChange Site-Directed Mutagenesis kit
(Agilent). These two plasmids were used to construct FGF-18 over-expression cell models. For cell
transfection, once the chondrocytes were 80% confluent, miR-195 mimics, mimic control, miR-195
inhibitors, inhibitor control (GenePharma, Shanghai, China), and the constructed plasmids were
transfected into the chondrocytes with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions, respectively.

4.4. Cell Proliferation Assays

Cell counting Kit-8 (CCK-8) assay and 5-Ethynyl-20-Deoxyuridine (EDU) incorporation assay
were used to evaluate the chondrocytes proliferation abilities. For the CCK-8 assay, as previously
reported [71], chondrocytes were seeded in 96-well plates (2 × 103) and supplemented with complete
growth medium and followed by different transfection 24 h later. At days 1, 2, 3, 4, and 5 after
transfection, 10 µL CCK-8 solution was added into each well and incubated for 2 h. Absorbance was
measured at 450 nm with a Microplate Autoreader (Bio-Rad, Hercules, CA, USA). Experiments were
repeated in triplicate. For EDU incorporation assay, EDU detection kits (Ribobio, Guangzhou, China)
were applied and the detailed processes were performed according to the manufacturer’s instructions.
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4.5. Reverse Transcription and Quantitative Real-Time PCR

The procedure was performed as previously reported [72]. Briefly, total RNAs from joint fluid
specimens, chondrocytes, and animal model articular cartilage were isolated by Trizol reagent
(Invitrogen) as recommended by the manufacturer’s protocol, respectively. cDNA was reverse
transcribed using M-MLV (Invitrogen) containing 5 µg total RNA, then qPCR was performed using
SYBR Mixture (CWBIO, Beijing, China). U6 and β-actin were used as an internal control. Primers were
synthesized by Sangon Biotech (China) and the sequences were as follows.

Name Forward Primer (5′–3′) Reverse Primer (5′–3′)

FGF-18 CGAGGACGGGGACAAGTATG CAGCTCAGTCTGTCCCTTGG
SOX9 TTCCTCCTCCCGGCATGAGTG CAACTTTGCCAGCTTGCACG
Col2a1 CCCCTGCAGTACATGCGG CTCGACGTCATGCTGTCTCAAG

Aggrecan TAAACCCGGTGTGAGAACCG CCTGGGTGACAATCCAGTCC
MMP-13 CAGTTGACAGGCTCCGAGAA CGTGTGCCAGAAGACCAGAA
GAPDH GGAATCCACTGGCGTCTTCA GGTTCACGCCCATCACAAAC

4.6. Western Blot Analysis

Radio immunoprecipitation assay (RIPA) lysis buffer (Sigma, St. Louis, MO, USA) was used to
split cells. Protein samples were subjected to 10% dodecyl sulfate, sodium salt (SDS)-Polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred onto a polyvinylidene fluoride (PVDF) membrane,
then blocked for 1 h at room temperature. Each membrane was incubated with primary antibodies at
4 ◦C overnight and then secondary antibodies at room temperature for 1 h the next day. The following
antibodies were used: mouse anti-FGF-18 antibody (Absci, Vancouver, WA, USA; dilution rates of
1:1000), mouse anti-FGFR3 antibody (Abcam, Cambridge, UK; dilution rates of 1:1000), mouse anti
anti-phospho-FGFR3 antibody (Abcam; dilution rates of 1:1000), mouse anti-ERK1/2 antibody (Abcam,
dilution rates of 1:1000), mouse anti-phospho-ERK1/2 (Cell Signaling Technologies, Danvers, MA,
USA; dilution rates of 1:1000), and mouse anti-GAPDH antibody (Abcam, concentration of 0.5 µg/mL).

4.7. Immunofluorescence Analysis

The procedure was performed as previously reported [73]. Briefly, chondrocytes were seeded
onto glass coverslips (0.8 cm × 0.8 cm) and cultured until reaching 50–60% confluence. The medium
was abandoned and the coverslips were rinsed twice with phosphate buffer saline (PBS), fixed with
4% paraformaldehyde for 15 min and blocked with 5% bovine serum albumin (BSA) for 1 h at room
temperature and incubated with primary antibodies at 4 ◦C overnight. The next day, after incubation
with fluorescent secondary antibodies (Invitrogen) for 1 h and finally incubated with Hoechst 33342
(Cell Signaling Technologies) for 5 min at room temperature, the coverslips were observed under a
fluorescent microscope (Leica, Wetzlar, Germany). Images were analyzed using Image-Pro Plus 6.0
software (Media Cybernetics, Rockville, MD, USA).

4.8. Dual Luciferase Reporter Assay

HEK-293 cells were seeded in 96-well plates in Dulbecco’s Modified Eagle Media-High
Glucose (DMEM-HG, Gibco) supplemented with 10% fetal bovine serum (FBS, Gibco), 100 IU/mL
penicillin (Baomanbio), and 100 mg/mL streptomycin (Baomanbio) and cultured for 24 h. miR-195
mimics, miR-195 mimic control, and the constructed reporter plasmids—pmirGLO-FGF-18-wt/
pmirGLO-FGF-18-mut—were co-transfected into the cultured HEK-293 cells when they reached
about 60–80% confluence. Forty-eight hours after transfection, the luciferase activity was measured
using the Dual-Luciferase Reporter Assay System according to the manufacturer’s protocol (Promega).
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4.9. Establishment of Chronic Cartilage Lesion Models in Rat

We used the anterior cruciate ligament transection (ACLT) method to simulate the chronic
cartilage lesion models in rat specimens, as previously reported [74]. In brief, fifteen 8-week-old rats
were divided into three groups randomly: sham surgery group (n = 5, non-ACLT and intra-articular
injection of sterile saline), antagomir NC group (n = 5, ACLT and intra-articular injection of antagomir
negative control), and miR-195 antagomir group (n = 5, ACLT and intra-articular injection of miR-195
antagomir). All rats were operated on using the right knee after sterilization with polyvinyl iodine
(TargetMol, Boston, MA, USA). A medial parapatellar incision was made and the patella was dislocated
laterally to expose the anterior cruciate ligament (ACL), then ACL was transected by using a #11
surgical blade in antagomir NC group and miR-195 antagomir group, but not in antagomir NC group,
respectively. The medial retinaculum was repaired, and the capsule and skin was layer sutured. For the
postoperative injection, 10 mg/kg antagomir negative control, 10 mg/kg miR-195 antagomir (Ribobio,
Guangzhou, China), and the same volume of sterile saline was injected into the operated knee joint
cavities fortnightly in the antagomir NC group, miR-195 antagomir group, and sham surgery group,
respectively. After 8 weeks injection, the rats were sacrificed for further detection.

4.10. Samples Collection and Immunohistochemistry

The cartilage samples of tibial plateau containing 2 cm thickness of subchondral bones were
collected from the sacrificed rats for further immunohistochemistry (IHC) detection. The samples
were fixed in 4% paraformaldehyde for 24 h, and then decalcified in 10% ethylene diamine tetraacetic
acid (EDTA) (pH 7.3), dehydrated, and paraffin embedded. Slices of 5 µm were taken through the
tissue samples at an interval of 50 µm. Safranin O staining was performed by using of Safranin O
staining kit (Keygen, Nanjing, China) to evaluate the degree of chronic cartilage lesion according to the
manufacturer’s instructions. IHC staining was executed to measure the expression of Col2a1/aggrecan,
as previously described [75]. Briefly, slices were incubated with primary antibodies at 4 ◦C overnight
and secondary antibodies at 37 ◦C for 30 min consecutively, and were subsequently incubated with
streptavidin horseradish peroxidase, stained with 3,3-diaminobenzidine, then counterstained with
hematoxylin, dehydrated in a graded ethanol series (absolute ethyl alcohol for 3 min, 95% ethanol for
3 min, and 85% ethanol for 3 min), and finally mounted.

4.11. Statistical Analysis

All experiments were repeated in triplicate and all data from three independent experiments were
expressed as mean ± SD. GraphPad Prism V5.0 (GraphPad Software, Inc., La Jolla, CA, USA) software
and SPSS 19.0 statistical software were used for statistical analysis. Correlation between miR-195 and
FGF-18 expression was determined by two-tailed Pearson’s correlation analysis. Differences in two
groups were analyzed with the Student’s t-test or one-way ANOVA. Differences were considered
significant if p < 0.05 and differences were considered prominently significant if p < 0.01.

5. Conclusions

In summary, the current study demonstrated that miR-195 was closely involved in the proliferation
of chondrocytes and maintenance of chondrogenic phenotype via targeting FGF-18 and its downstream
pathway. Decreases in miR-195 promoted chondrocyte proliferation and maintenance of chondrogenic
phenotype. Therefore, the present study indicated that the miR-195/FGF-18 pathway might be a new
target in cartilage regeneration and repair.

Acknowledgments: This work was supported by the National Natural Science Foundation of China (grants Nos.
81371706 and 81502333) and China Postdoctoral Science Foundation (grants No. 2016M591437).



Int. J. Mol. Sci. 2017, 18, 975 15 of 18

Author Contributions: Yong Wang is responsible for the acquisition, analysis, and interpretation of data, critical
revision of the manuscript for important intellectual content, and drafting of the manuscript; Tao Yang contributed
equally with Yong Wang to this manuscript and should be regarded as co-first authors; Zhen Zhang, Wei Zhao,
Yadong Liu, and Ming Lu are responsible for conception and statistical analysis; Weiguo Zhang is responsible for
design and supervision of this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Brophy, R.H.; Rodeo, S.A.; Barnes, R.P.; Powell, J.W.; Warren, R.F. Knee articular cartilage injuries in the
National Football League: Epidemiology and treatment approach by team physicians. J. Knee Surg. 2009, 22,
331–338. [CrossRef] [PubMed]

2. Menetrey, J.; Unno-Veith, F.; Madry, H.; Van Breuseghem, I. Epidemiology and imaging of the subchondral
bone in articular cartilage repair. Knee Surg. Sports Traumatol. Arthrosc. 2010, 18, 463–471. [CrossRef] [PubMed]

3. Cleland, K.A.; James, M.J.; Neumann, M.A.; Gibson, R.A.; Cleland, L.G. Differences in fatty acid composition
of immature and mature articular cartilage in humans and sheep. Lipids 1995, 30, 949–953. [CrossRef]
[PubMed]

4. Sandell, L.J.; Sugai, J.V.; Trippel, S.B. Expression of collagens I, II, X, and XI and aggrecan mRNAs by bovine
growth plate chondrocytes in situ. J. Orthop. Res. 1994, 12, 1–14. [CrossRef] [PubMed]

5. Biant, L.C.; Bentley, G.; Vijayan, S.; Skinner, J.A.; Carrington, R.W. Long-term results of autologous
chondrocyte implantation in the knee for chronic chondral and osteochondral defects. Am. J. Sports Med.
2014, 42, 2178–2183. [CrossRef] [PubMed]

6. Cole, B.J.; DeBerardino, T.; Brewster, R.; Farr, J.; Levine, D.W.; Nissen, C.; Roaf, P.; Zaslav, K. Outcomes of
autologous chondrocyte implantation in study of the treatment of articular repair (STAR) patients with
osteochondritis dissecans. Am. J. Sports Med. 2012, 40, 2015–2022. [CrossRef] [PubMed]

7. Dasar, U.; Gursoy, S.; Akkaya, M.; Algin, O.; Isik, C.; Bozkurt, M. Microfracture technique versus carbon
fibre rod implantation for treatment of knee articular cartilage lesions. J. Orthop. Surg. 2016, 24, 188–193.
[CrossRef] [PubMed]

8. Iwasaki, N.; Yamane, S.; Nishida, K.; Masuko, T.; Funakoshi, T.; Kamishima, T.; Minami, A. Transplantation
of tissue-engineered cartilage for the treatment of osteochondritis dissecans in the elbow: Outcomes over a
four-year follow-up in two patients. J. Shoulder Elbow Surg. 2010, 19, e1–e6. [CrossRef] [PubMed]

9. Mithoefer, K.; Gill, T.J.; Cole, B.J.; Williams, R.J.; Mandelbaum, B.R. Clinical Outcome and Return to
Competition after Microfracture in the Athlete’s Knee: An Evidence-Based Systematic Review. Cartilage
2010, 1, 113–120. [CrossRef] [PubMed]

10. Mithoefer, K.; Venugopal, V.; Manaqibwala, M. Incidence, Degree, and Clinical Effect of Subchondral Bone
Overgrowth after Microfracture in the Knee. Am. J. Sports Med. 2016, 44, 2057–2063. [CrossRef] [PubMed]

11. Polat, G.; Ersen, A.; Erdil, M.E.; Kizilkurt, T.; Kilicoglu, O.; Asik, M. Long-term results of microfracture
in the treatment of talus osteochondral lesions. Knee Surg. Sports Traumatol. Arthrosc. 2016, 24, 1299–1303.
[CrossRef] [PubMed]

12. Takazawa, K.; Adachi, N.; Deie, M.; Kamei, G.; Uchio, Y.; Iwasa, J.; Kumahashi, N.; Tadenuma, T.; Kuwata, S.;
Yasuda, K.; et al. Evaluation of magnetic resonance imaging and clinical outcome after tissue-engineered
cartilage implantation: Prospective 6-year follow-up study. J. Orthop. Sci. 2012, 17, 413–424. [CrossRef]
[PubMed]

13. Lee, D.A.; Reisler, T.; Bader, D.L. Expansion of chondrocytes for tissue engineering in alginate beads enhances
chondrocytic phenotype compared to conventional monolayer techniques. Acta Orthop. Scand. 2003, 74, 6–15.
[CrossRef] [PubMed]

14. Oldershaw, R.A. Cell sources for the regeneration of articular cartilage: The past, the horizon and the future.
Int. J. Exp. Pathol. 2012, 93, 389–400. [CrossRef] [PubMed]

15. Tubo, R.; Binette, F. Culture and identification of autologous human articular chondrocytes for implantation.
Methods Mol. Med. 1999, 18, 205–215. [PubMed]

16. Zheng, M.H.; King, E.; Kirilak, Y.; Huang, L.; Papadimitriou, J.M.; Wood, D.J.; Xu, J. Molecular
characterisation of chondrocytes in autologous chondrocyte implantation. Int. J. Mol. Med. 2004, 13,
623–628. [CrossRef] [PubMed]

http://dx.doi.org/10.1055/s-0030-1247771
http://www.ncbi.nlm.nih.gov/pubmed/19902729
http://dx.doi.org/10.1007/s00167-010-1053-0
http://www.ncbi.nlm.nih.gov/pubmed/20148327
http://dx.doi.org/10.1007/BF02537487
http://www.ncbi.nlm.nih.gov/pubmed/8538383
http://dx.doi.org/10.1002/jor.1100120102
http://www.ncbi.nlm.nih.gov/pubmed/8113931
http://dx.doi.org/10.1177/0363546514539345
http://www.ncbi.nlm.nih.gov/pubmed/25002462
http://dx.doi.org/10.1177/0363546512453292
http://www.ncbi.nlm.nih.gov/pubmed/22822178
http://dx.doi.org/10.1177/1602400214
http://www.ncbi.nlm.nih.gov/pubmed/27574261
http://dx.doi.org/10.1016/j.jse.2010.05.016
http://www.ncbi.nlm.nih.gov/pubmed/20850993
http://dx.doi.org/10.1177/1947603510366576
http://www.ncbi.nlm.nih.gov/pubmed/26069542
http://dx.doi.org/10.1177/0363546516645514
http://www.ncbi.nlm.nih.gov/pubmed/27190069
http://dx.doi.org/10.1007/s00167-016-3990-8
http://www.ncbi.nlm.nih.gov/pubmed/26831855
http://dx.doi.org/10.1007/s00776-012-0231-y
http://www.ncbi.nlm.nih.gov/pubmed/22580865
http://dx.doi.org/10.1080/00016470310013581
http://www.ncbi.nlm.nih.gov/pubmed/12635786
http://dx.doi.org/10.1111/j.1365-2613.2012.00837.x
http://www.ncbi.nlm.nih.gov/pubmed/23075006
http://www.ncbi.nlm.nih.gov/pubmed/21370178
http://dx.doi.org/10.3892/ijmm.13.5.623
http://www.ncbi.nlm.nih.gov/pubmed/15067360


Int. J. Mol. Sci. 2017, 18, 975 16 of 18

17. Hong, E.; Reddi, A.H. MicroRNAs in chondrogenesis, articular cartilage, and osteoarthritis: Implications for
tissue engineering. Tissue Eng. Part B Rev. 2012, 18, 445–453. [CrossRef] [PubMed]

18. McAlinden, A.; Varghese, N.; Wirthlin, L.; Chang, L.W. Differentially expressed microRNAs in chondrocytes
from distinct regions of developing human cartilage. PLoS ONE 2013, 8, e75012. [CrossRef] [PubMed]

19. Shang, J.; Liu, H.; Zhou, Y. Roles of microRNAs in prenatal chondrogenesis, postnatal chondrogenesis and
cartilage-related diseases. J. Cell. Mol. Med. 2013, 17, 1515–1524. [CrossRef] [PubMed]

20. Liu, B.; Qu, J.; Xu, F.; Guo, Y.; Wang, Y.; Yu, H.; Qian, B. MiR-195 suppresses non-small cell lung cancer by
targeting CHEK1. Oncotarget 2015, 6, 9445–9456. [CrossRef] [PubMed]

21. Wang, Y.; Zhang, X.; Zou, C.; Kung, H.F.; Lin, M.C.; Dress, A.; Wardle, F.; Jiang, B.H.; Lai, L. miR-195 inhibits
tumor growth and angiogenesis through modulating IRS1 in breast cancer. Biomed. Pharmacother. 2016, 80,
95–101. [CrossRef] [PubMed]

22. Ye, S.; Song, W.; Xu, X.; Zhao, X.; Yang, L. IGF2BP2 promotes colorectal cancer cell proliferation and survival
through interfering with RAF-1 degradation by miR-195. FEBS Lett. 2016, 590, 1641–1650. [CrossRef] [PubMed]

23. Zhang, X.; Tao, T.; Liu, C.; Guan, H.; Huang, Y.; Xu, B.; Chen, M. Downregulation of miR-195 promotes
prostate cancer progression by targeting HMGA1. Oncol. Rep. 2016, 36, 376–382. [CrossRef] [PubMed]

24. Zhou, Q.; Chen, F.; Zhao, J.; Li, B.; Liang, Y.; Pan, W.; Zhang, S.; Wang, X.; Zheng, D. Long non-coding RNA
PVT1 promotes osteosarcoma development by acting as a molecular sponge to regulate miR-195. Oncotarget
2016, 7, 82620–82633. [CrossRef] [PubMed]

25. Gu, Y.L.; Rong, X.X.; Wen, L.T.; Zhu, G.X.; Qian, M.Q. miR-195 inhibits the proliferation and migration of
chondrocytes by targeting GIT1. Mol. Med. Rep. 2017, 15, 194–200. [CrossRef] [PubMed]

26. Bai, R.; Zhao, A.Q.; Zhao, Z.Q.; Liu, W.L.; Jian, D.M. MicroRNA-195 induced apoptosis in hypoxic
chondrocytes by targeting hypoxia-inducible factor 1 α. Eur. Rev. Med. Pharmacol. Sci. 2015, 19, 545–551.
[PubMed]

27. Seidl, C.I.; Martinez-Sanchez, A.; Murphy, C.L. Derepression of MicroRNA-138 Contributes to Loss of the
Human Articular Chondrocyte Phenotype. Arthritis Rheumatol. 2016, 68, 398–409. [CrossRef] [PubMed]

28. Hong, E.; Reddi, A.H. Dedifferentiation and redifferentiation of articular chondrocytes from surface and
middle zones: Changes in microRNAs-221/-222, -140, and -143/145 expression. Tissue Eng. Part A 2013, 19,
1015–1022. [CrossRef] [PubMed]

29. Brewer, J.R.; Mazot, P.; Soriano, P. Genetic insights into the mechanisms of FGF signaling. Genes Dev. 2016,
30, 751–771. [CrossRef] [PubMed]

30. Teven, C.M.; Farina, E.M.; Rivas, J.; Reid, R.R. Fibroblast growth factor (FGF) signaling in development and
skeletal diseases. Genes Dis. 2014, 1, 199–213. [CrossRef] [PubMed]

31. Haque, T.; Nakada, S.; Hamdy, R.C. A review of FGF18: Its expression; signaling pathways and possible
functions during embryogenesis and post-natal development. Histol. Histopathol. 2007, 22, 97–105. [PubMed]

32. Liu, Z.; Lavine, K.J.; Hung, I.H.; Ornitz, D.M. FGF18 is required for early chondrocyte proliferation,
hypertrophy and vascular invasion of the growth plate. Dev. Boil. 2007, 302, 80–91. [CrossRef] [PubMed]

33. Bradley, E.W.; Carpio, L.R.; Newton, A.C.; Westendorf, J.J. Deletion of the PH-domain and Leucine-rich
Repeat Protein Phosphatase 1 (Phlpp1) Increases Fibroblast Growth Factor (FGF) 18 Expression and Promotes
Chondrocyte Proliferation. J. Boil. Chem. 2015, 290, 16272–16280. [CrossRef] [PubMed]

34. Davidson, D.; Blanc, A.; Filion, D.; Wang, H.; Plut, P.; Pfeffer, G.; Buschmann, M.D.; Henderson, J.E. Fibroblast
growth factor (FGF) 18 signals through FGF receptor 3 to promote chondrogenesis. J. Boil. Chem. 2005, 280,
20509–20515. [CrossRef] [PubMed]

35. Mori, Y.; Saito, T.; Chang, S.H.; Kobayashi, H.; Ladel, C.H.; Guehring, H.; Chung, U.I.; Kawaguchi, H.
Identification of fibroblast growth factor-18 as a molecule to protect adult articular cartilage by gene
expression profiling. J. Boil. Chem. 2014, 289, 10192–10200. [CrossRef] [PubMed]

36. Power, J.; Hernandez, P.; Guehring, H.; Getgood, A.; Henson, F. Intra-articular injection of rhFGF-18 improves
the healing in microfracture treated chondral defects in an ovine model. J. Orthop. Res. 2014, 32, 669–676.
[CrossRef] [PubMed]

37. Rosenzweig, D.H.; Ou, S.J.; Quinn, T.M. P38 mitogen-activated protein kinase promotes dedifferentiation of
primary articular chondrocytes in monolayer culture. J. Cell. Mol. Med. 2013, 17, 508–517. [CrossRef] [PubMed]

38. Rosenzweig, D.H.; Solar-Cafaggi, S.; Quinn, T.M. Functionalization of dynamic culture surfaces with
a cartilage extracellular matrix extract enhances chondrocyte phenotype against dedifferentiation.
Acta Biomater. 2012, 8, 3333–3341. [CrossRef] [PubMed]

http://dx.doi.org/10.1089/ten.teb.2012.0116
http://www.ncbi.nlm.nih.gov/pubmed/22670839
http://dx.doi.org/10.1371/journal.pone.0075012
http://www.ncbi.nlm.nih.gov/pubmed/24040378
http://dx.doi.org/10.1111/jcmm.12161
http://www.ncbi.nlm.nih.gov/pubmed/24373548
http://dx.doi.org/10.18632/oncotarget.3255
http://www.ncbi.nlm.nih.gov/pubmed/25840419
http://dx.doi.org/10.1016/j.biopha.2016.03.007
http://www.ncbi.nlm.nih.gov/pubmed/27133044
http://dx.doi.org/10.1002/1873-3468.12205
http://www.ncbi.nlm.nih.gov/pubmed/27153315
http://dx.doi.org/10.3892/or.2016.4797
http://www.ncbi.nlm.nih.gov/pubmed/27175617
http://dx.doi.org/10.18632/oncotarget.13012
http://www.ncbi.nlm.nih.gov/pubmed/27813492
http://dx.doi.org/10.3892/mmr.2016.5982
http://www.ncbi.nlm.nih.gov/pubmed/27922692
http://www.ncbi.nlm.nih.gov/pubmed/25753868
http://dx.doi.org/10.1002/art.39428
http://www.ncbi.nlm.nih.gov/pubmed/26359943
http://dx.doi.org/10.1089/ten.tea.2012.0055
http://www.ncbi.nlm.nih.gov/pubmed/23190381
http://dx.doi.org/10.1101/gad.277137.115
http://www.ncbi.nlm.nih.gov/pubmed/27036966
http://dx.doi.org/10.1016/j.gendis.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25679016
http://www.ncbi.nlm.nih.gov/pubmed/17128416
http://dx.doi.org/10.1016/j.ydbio.2006.08.071
http://www.ncbi.nlm.nih.gov/pubmed/17014841
http://dx.doi.org/10.1074/jbc.M114.612937
http://www.ncbi.nlm.nih.gov/pubmed/25953896
http://dx.doi.org/10.1074/jbc.M410148200
http://www.ncbi.nlm.nih.gov/pubmed/15781473
http://dx.doi.org/10.1074/jbc.M113.524090
http://www.ncbi.nlm.nih.gov/pubmed/24577103
http://dx.doi.org/10.1002/jor.22580
http://www.ncbi.nlm.nih.gov/pubmed/24436147
http://dx.doi.org/10.1111/jcmm.12034
http://www.ncbi.nlm.nih.gov/pubmed/23480786
http://dx.doi.org/10.1016/j.actbio.2012.05.032
http://www.ncbi.nlm.nih.gov/pubmed/22659179


Int. J. Mol. Sci. 2017, 18, 975 17 of 18

39. Yamaoka, H.; Nishizawa, S.; Asawa, Y.; Fujihara, Y.; Ogasawara, T.; Yamaoka, K.; Nagata, S.; Takato, T.;
Hoshi, K. Involvement of fibroblast growth factor 18 in dedifferentiation of cultured human chondrocytes.
Cell Prolif. 2010, 43, 67–76. [CrossRef] [PubMed]

40. Valverde-Franco, G.; Binette, J.S.; Li, W.; Wang, H.; Chai, S.; Laflamme, F.; Tran-Khanh, N.; Quenneville, E.;
Meijers, T.; Poole, A.R.; et al. Defects in articular cartilage metabolism and early arthritis in fibroblast growth
factor receptor 3 deficient mice. Hum. Mol. Genet. 2006, 15, 1783–1792. [CrossRef] [PubMed]

41. Kaul, G.; Cucchiarini, M.; Arntzen, D.; Zurakowski, D.; Menger, M.D.; Kohn, D.; Trippel, S.B.; Madry, H. Local
stimulation of articular cartilage repair by transplantation of encapsulated chondrocytes overexpressing
human fibroblast growth factor 2 (FGF-2) in vivo. J. Gene Med. 2006, 8, 100–111. [CrossRef] [PubMed]

42. Knecht, S.; Vanwanseele, B.; Stussi, E. A review on the mechanical quality of articular cartilage—Implications
for the diagnosis of osteoarthritis. Clin. Biomech. 2006, 21, 999–1012. [CrossRef] [PubMed]

43. Sandell, L.J.; Aigner, T. Articular cartilage and changes in arthritis. An introduction: Cell biology of
osteoarthritis. Arthritis Res. 2001, 3, 107–113. [CrossRef] [PubMed]

44. Madry, H.; Orth, P.; Cucchiarini, M. Gene Therapy for Cartilage Repair. Cartilage 2011, 2, 201–225. [CrossRef]
[PubMed]

45. Trippel, S.; Cucchiarini, M.; Madry, H.; Shi, S.; Wang, C. Gene therapy for articular cartilage repair. Proc. Inst.
Mech. Eng. H 2007, 221, 451–459. [CrossRef] [PubMed]

46. Goldring, M.B.; Marcu, K.B. Epigenomic and microRNA-mediated regulation in cartilage development;
homeostasis; and osteoarthritis. Trends Mol. Med. 2012, 18, 109–118. [CrossRef] [PubMed]

47. Martinez-Sanchez, A.; Dudek, K.A.; Murphy, C.L. Regulation of human chondrocyte function through direct
inhibition of cartilage master regulator SOX9 by microRNA-145 (miRNA-145). J. Boil. Chem. 2012, 287,
916–924. [CrossRef] [PubMed]

48. Amer, M.; Elhefnawi, M.; El-Ahwany, E.; Awad, A.F.; Gawad, N.A.; Zada, S.; Tawab, F.M. Hsa-miR-195
targets PCMT1 in hepatocellular carcinoma that increases tumor life span. Tumour Boil. 2014, 35, 11301–11309.
[CrossRef] [PubMed]

49. Cai, H.; Zhao, H.; Tang, J.; Wu, H. Serum miR-195 is a diagnostic and prognostic marker for osteosarcoma.
J. Surg. Res. 2015, 194, 505–510. [CrossRef] [PubMed]

50. Cecene, G.; Ak, S.; Eskiler, G.G.; Demirdogen, E.; Erturk, E.; Gokgoz, S.; Polatkan, V.; Egeli, U.; Tunca, B.;
Tezcan, G.; et al. Circulating miR-195 as a Therapeutic Biomarker in Turkish Breast Cancer Patients. Asian Pac.
J. Cancer Prev. 2016, 17, 4241–4246. [PubMed]

51. Liu, C.; Guan, H.; Wang, Y.; Chen, M.; Xu, B.; Zhang, L.; Lu, K.; Tao, T.; Zhang, X.; Huang, Y. miR-195 Inhibits
EMT by Targeting FGF2 in Prostate Cancer Cells. PLoS ONE 2015, 10, e0144073. [CrossRef] [PubMed]

52. Lei, H.; Tang, J.; Li, H.; Zhang, H.; Lu, C.; Chen, H.; Li, W.; Xia, Y.; Tang, W. MiR-195 affects cell migration
and cell proliferation by down-regulating DIEXF in Hirschsprung’s disease. BMC Gastroenterol. 2014, 14, 123.
[CrossRef] [PubMed]

53. Okada, M.; Kim, H.W.; Matsu-ura, K.; Wang, Y.G.; Xu, M.; Ashraf, M. Abrogation of Age-Induced
MicroRNA-195 Rejuvenates the Senescent Mesenchymal Stem Cells by Reactivating Telomerase. Stem Cells
2016, 34, 148–159. [CrossRef] [PubMed]

54. Zampetaki, A.; Attia, R.; Mayr, U.; Gomes, R.S.; Phinikaridou, A.; Yin, X.; Langley, S.R.; Willeit, P.; Lu, R.;
Fanshawe, B.; et al. Role of miR-195 in aortic aneurysmal disease. Circ. Res. 2014, 115, 857–866. [CrossRef]
[PubMed]

55. Almeida, M.I.; Silva, A.M.; Vasconcelos, D.M.; Almeida, C.R.; Caires, H.; Pinto, M.T.; Calin, G.A.; Santos, S.G.;
Barbosa, M.A. miR-195 in human primary mesenchymal stromal/stem cells regulates proliferation,
osteogenesis and paracrine effect on angiogenesis. Oncotarget 2016, 7, 7–22. [CrossRef] [PubMed]

56. Zhou, Q.; Han, L.R.; Zhou, Y.X.; Li, Y. MiR-195 Suppresses Cervical Cancer Migration and Invasion Through
Targeting Smad3. Int. J. Gynecol. Cancer 2016, 26, 817–824. [CrossRef] [PubMed]

57. Chen, H.; Wang, J.; Hu, B.; Wu, X.; Chen, Y.; Li, R.; Yuan, W. MiR-34a promotes Fas-mediated cartilage
endplate chondrocyte apoptosis by targeting Bcl-2. Mol. Cell. Biochem. 2015, 406, 21–30. [CrossRef] [PubMed]

58. Liang, Z.J.; Zhuang, H.; Wang, G.X.; Li, Z.; Zhang, H.T.; Yu, T.Q.; Zhang, B.D. MiRNA-140 is a negative
feedback regulator of MMP-13 in IL-1beta-stimulated human articular chondrocyte C28/I2 cells. Inflamm. Res.
2012, 61, 503–509. [CrossRef] [PubMed]

59. Wang, Y.; Zhao, W.; Fu, Q. miR-335 suppresses migration and invasion by targeting ROCK1 in osteosarcoma
cells. Mol. Cell. Biochem. 2013, 384, 105–111. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1365-2184.2009.00655.x
http://www.ncbi.nlm.nih.gov/pubmed/19909293
http://dx.doi.org/10.1093/hmg/ddl100
http://www.ncbi.nlm.nih.gov/pubmed/16624844
http://dx.doi.org/10.1002/jgm.819
http://www.ncbi.nlm.nih.gov/pubmed/16097039
http://dx.doi.org/10.1016/j.clinbiomech.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16979270
http://dx.doi.org/10.1186/ar148
http://www.ncbi.nlm.nih.gov/pubmed/11178118
http://dx.doi.org/10.1177/1947603510392914
http://www.ncbi.nlm.nih.gov/pubmed/26069580
http://dx.doi.org/10.1243/09544119JEIM237
http://www.ncbi.nlm.nih.gov/pubmed/17822147
http://dx.doi.org/10.1016/j.molmed.2011.11.005
http://www.ncbi.nlm.nih.gov/pubmed/22178468
http://dx.doi.org/10.1074/jbc.M111.302430
http://www.ncbi.nlm.nih.gov/pubmed/22102413
http://dx.doi.org/10.1007/s13277-014-2445-4
http://www.ncbi.nlm.nih.gov/pubmed/25119594
http://dx.doi.org/10.1016/j.jss.2014.11.025
http://www.ncbi.nlm.nih.gov/pubmed/25498513
http://www.ncbi.nlm.nih.gov/pubmed/27797225
http://dx.doi.org/10.1371/journal.pone.0144073
http://www.ncbi.nlm.nih.gov/pubmed/26650737
http://dx.doi.org/10.1186/1471-230X-14-123
http://www.ncbi.nlm.nih.gov/pubmed/25007945
http://dx.doi.org/10.1002/stem.2211
http://www.ncbi.nlm.nih.gov/pubmed/26390028
http://dx.doi.org/10.1161/CIRCRESAHA.115.304361
http://www.ncbi.nlm.nih.gov/pubmed/25201911
http://dx.doi.org/10.18632/oncotarget.6589
http://www.ncbi.nlm.nih.gov/pubmed/26683705
http://dx.doi.org/10.1097/IGC.0000000000000686
http://www.ncbi.nlm.nih.gov/pubmed/27206216
http://dx.doi.org/10.1007/s11010-015-2420-4
http://www.ncbi.nlm.nih.gov/pubmed/25910896
http://dx.doi.org/10.1007/s00011-012-0438-6
http://www.ncbi.nlm.nih.gov/pubmed/22273691
http://dx.doi.org/10.1007/s11010-013-1786-4
http://www.ncbi.nlm.nih.gov/pubmed/23975506


Int. J. Mol. Sci. 2017, 18, 975 18 of 18

60. Barnard, J.C.; Williams, A.J.; Rabier, B.; Chassande, O.; Samarut, J.; Cheng, S.Y.; Bassett, J.H.; Williams, G.R.
Thyroid hormones regulate fibroblast growth factor receptor signaling during chondrogenesis. Endocrinology
2005, 146, 5568–5580. [CrossRef] [PubMed]

61. Ohbayashi, N.; Shibayama, M.; Kurotaki, Y.; Imanishi, M.; Fujimori, T.; Itoh, N.; Takada, S. FGF18 is required
for normal cell proliferation and differentiation during osteogenesis and chondrogenesis. Genes Dev. 2002,
16, 870–879. [CrossRef] [PubMed]

62. Eldridge, S.; Nalesso, G.; Ismail, H.; Vicente-Greco, K.; Kabouridis, P.; Ramachandran, M.; Niemeier, A.;
Herz, J.; Pitzalis, C.; Perretti, M.; et al. Agrin mediates chondrocyte homeostasis and requires both LRP4 and
α-dystroglycan to enhance cartilage formation in vitro and in vivo. Ann. Rheum. Dis. 2016, 75, 1228–1235.
[CrossRef] [PubMed]

63. Sekiya, I.; Tsuji, K.; Koopman, P.; Watanabe, H.; Yamada, Y.; Shinomiya, K.; Nifuji, A.; Noda, M.
SOX9 enhances aggrecan gene promoter/enhancer activity and is up-regulated by retinoic acid in a
cartilage-derived cell line, TC6. J. Boil. Chem. 2000, 275, 10738–10744. [CrossRef]

64. Shi, S.; Wang, C.; Acton, A.J.; Eckert, G.J.; Trippel, S.B. Role of SOX9 in growth factor regulation of articular
chondrocytes. J. Cell. Biochem. 2015, 116, 1391–1400. [CrossRef] [PubMed]

65. Simental-Mendia, M.; Lara-Arias, J.; Alvarez-Lozano, E.; Said-Fernandez, S.; Soto-Dominguez, A.;
Padilla-Rivas, G.R.; Martinez-Rodriguez, H.G. Cotransfected human chondrocytes: Over-expression of
IGF-I and SOX9 enhances the synthesis of cartilage matrix components collagen-II and glycosaminoglycans.
Braz. J. Med. Boil. Res. 2015, 48, 1063–1070. [CrossRef] [PubMed]

66. Yasuda, H.; Oh, C.D.; Chen, D.; de Crombrugghe, B.; Kim, J.H. A Novel Regulatory Mechanism of Type II
Collagen Expression via a SOX9-dependent Enhancer in Intron 6. J. Boil. Chem. 2017, 292, 528–538. [CrossRef]
[PubMed]

67. Correa, D.; Somoza, R.A.; Lin, P.; Greenberg, S.; Rom, E.; Duesler, L.; Welter, J.F.; Yayon, A.; Caplan, A.I.
Sequential exposure to fibroblast growth factors (FGF) 2, 9 and 18 enhances hMSC chondrogenic
differentiation. Osteoarthr. Cartil. 2015, 23, 443–453. [CrossRef] [PubMed]

68. Elluru, R.G.; Thompson, F.; Reece, A. Fibroblast growth factor 18 gives growth and directional cues to airway
cartilage. Laryngoscope 2009, 119, 1153–1165. [CrossRef] [PubMed]

69. Filip, A.; Bianchi, A.; Mainard, D.; Lacolley, P.; Magdalou, J.; Mercier, N. A simple two dimensional culture
method to study the hypertrophic differentiation of rat articular chondrocytes. Biomed. Mater. Eng. 2015, 25,
87–102. [PubMed]

70. Kuhne, M.; John, T.; El-Sayed, K.; Marzahn, U.; Aue, A.; Kohl, B.; Stoelzel, K.; Ertel, W.; Blottner, D.;
Haisch, A.; et al. Characterization of auricular chondrocytes and auricular/articular chondrocyte co-cultures
in terms of an application in articular cartilage repair. Int. J. Mol. Med. 2010, 25, 701–708. [PubMed]

71. Wei, X.; Peng, G.; Zheng, S.; Wu, X. Differentiation of umbilical cord mesenchymal stem cells into
steroidogenic cells in comparison to bone marrow mesenchymal stem cells. Cell Prolif. 2012, 45, 101–110.
[CrossRef] [PubMed]

72. Wang, Y.; Yang, T.; Zhang, Z.; Lu, M.; Zhao, W.; Zeng, X.; Zhang, W. Long non-coding RNA TUG1 promotes
migration and invasion by acting as a ceRNA of miR-335-5p in osteosarcoma cells. Cancer Sci. 2017.
[CrossRef] [PubMed]

73. Tian, K.; Zhong, W.; Zheng, X.; Zhang, J.; Liu, P.; Zhang, W.; Liu, H. Neuroleukin/Autocrine Motility
Factor Receptor Pathway Promotes Proliferation of Articular Chondrocytes through Activation of AKT and
SMAD2/3. Sci. Rep. 2015, 5, 15101. [CrossRef] [PubMed]

74. Zhang, D.; Cao, X.; Li, J.; Zhao, G. MiR-210 inhibits NF-κB signaling pathway by targeting DR6 in
osteoarthritis. Sci. Rep. 2015, 5, 12775. [CrossRef] [PubMed]

75. Zhao, W.; Xu, H. High expression of TRPM8 predicts poor prognosis in patients with osteosarcoma.
Oncol. Lett. 2016, 12, 1373–1379. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1210/en.2005-0762
http://www.ncbi.nlm.nih.gov/pubmed/16150908
http://dx.doi.org/10.1101/gad.965702
http://www.ncbi.nlm.nih.gov/pubmed/11937494
http://dx.doi.org/10.1136/annrheumdis-2015-207316
http://www.ncbi.nlm.nih.gov/pubmed/26290588
http://dx.doi.org/10.1074/jbc.275.15.10738
http://dx.doi.org/10.1002/jcb.25099
http://www.ncbi.nlm.nih.gov/pubmed/25708223
http://dx.doi.org/10.1590/1414-431X20154732
http://www.ncbi.nlm.nih.gov/pubmed/26445237
http://dx.doi.org/10.1074/jbc.M116.758425
http://www.ncbi.nlm.nih.gov/pubmed/27881681
http://dx.doi.org/10.1016/j.joca.2014.11.013
http://www.ncbi.nlm.nih.gov/pubmed/25464167
http://dx.doi.org/10.1002/lary.20157
http://www.ncbi.nlm.nih.gov/pubmed/19358209
http://www.ncbi.nlm.nih.gov/pubmed/25538060
http://www.ncbi.nlm.nih.gov/pubmed/20372812
http://dx.doi.org/10.1111/j.1365-2184.2012.00809.x
http://www.ncbi.nlm.nih.gov/pubmed/22324479
http://dx.doi.org/10.1111/cas.13201
http://www.ncbi.nlm.nih.gov/pubmed/28205334
http://dx.doi.org/10.1038/srep15101
http://www.ncbi.nlm.nih.gov/pubmed/26459914
http://dx.doi.org/10.1038/srep12775
http://www.ncbi.nlm.nih.gov/pubmed/26244598
http://dx.doi.org/10.3892/ol.2016.4764
http://www.ncbi.nlm.nih.gov/pubmed/27446440
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Expression of miR-195 and FGF-18 in the Joint Fluid of Patients with Chronic Cartilage Lesions and with Respect to the Different Ages of Chondrocytes 
	Decrease of miR-195 Promotes Chondrocytes Proliferation and Col2a1/Aggrecan Expression 
	miR-195 Targets FGF-18 and Regulates Its Downstream Pathway 
	FGF-18 Rescues the Inhibitive Effect of miR-195 on Chondrocyte Proliferation and Col2a1/Aggrecan Expression 
	Downregulation of miR-195 Protects Chronic Cartilage Lesions In Vivo 

	Discussion 
	Materials and Methods 
	Patients and Tissue Samples 
	Cell Isolation and Culture 
	Plasmids Construction and Cell Transfection 
	Cell Proliferation Assays 
	Reverse Transcription and Quantitative Real-Time PCR 
	Western Blot Analysis 
	Immunofluorescence Analysis 
	Dual Luciferase Reporter Assay 
	Establishment of Chronic Cartilage Lesion Models in Rat 
	Samples Collection and Immunohistochemistry 
	Statistical Analysis 

	Conclusions 

