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Abstract This study investigated the effects of the his-

tone deacetylase (HDAC) inhibitor trichostatin A (TSA) on

cartilage degradation in an experimental model of osteo-

arthritis (OA). Thirty-two male New Zealand rabbits

underwent unilateral anterior cruciate ligament transection

(ACLT) on left knee joints to induce OA and were ran-

domly divided into two groups (n = 16), the TSA group

was injected intra-articularly with 0.3 ml TSA [250 ng/ml

in the dimethylsulphoxide (DMSO)], the OA group

received DSMO since 4 weeks after operation once a week

for 5 weeks. Rabbits were killed seven days after the last

injection. Left knee cartilage was harvested for morpho-

logical, histological and genetic analysis. Another ten

rabbits were used for normal control and received no

injection. The TSA group showed less cartilage degrada-

tion as compared to the OA group assessed by morpho-

logical and histological evaluation. Gene expression of

matrix metalloproteinase-1 (MMP-1), MMP-3, MMP-13,

and interleukin-1 (IL-1) was increased significantly in the

OA group compared to the normal group. The elevated

expression was reduced by TSA. Our results suggest that

TSA could be considered as a potential agent for treatment

for OA.
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Introduction

Osteoarthritis (OA) is a degenerative disease characterized

by the degradation of articular cartilage. It is believed that

proteolytic enzymes were involved in this process. Agg-

recanases as well as matrix metalloproteinases (MMPs)

have received intensively attentions [1–5]. It is well

established that MMPs, as the main proteolytic enzymes

play a critical role in the destruction of cartilage via

degrading extracellular matrix (ECM) [5, 6]. Among these

enzymes, MMP-1 and MMP-13 are of particular impor-

tance because they can degrade the components of the

cartilage matrix including aggrecans and collagens, espe-

cially, collagen type II (Col II) which is the major com-

ponent of the cartilage matrix [7–9]. MMPs expression was

enhanced by the pro-inflammatory cytokine interleukin-1

(IL-1) [10, 11]. It has been well established that IL-1 plays

a key role in cartilage destruction. In addition to increasing

the expression of MMPs in chondrocytes, IL-1 is also

involved in synovial inflammation in arthritis, leading to

cartilage degradation. Previous study showed that inhibi-

tion the activity of IL-1 resulted in down-regulation of

MMPs in chondrocytes [12].

Although nonsteroidal anti-inflammatory drugs

(NSAID) and corticosteroid as well as hyaluronan have

been used in the treatment of OA, they are failed to reverse

cartilage damage. Therefore, investigators are still trying to

find an ideal therapeutic agent in treatment for OA [13].

Histone deacetylase (HDAC) inhibitors are emerging as

a promising new treatment strategy in cancer [14]. Besides,

HDAC inhibitors also act as potent anti-inflammatory

agents in animal studies and in cell culture models [15, 16].

Moreover, HDAC inhibitors can repress inflammatory

responses in articular chondrocytes, for example, two

HDAC inhibitors [trichostatin A (TSA), butyric acid (BA)]
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suppressed the production of nitric oxide (NO) and pros-

taglandin E2 (PGE2) in human OA chondrocytes as well as

inducible nitric oxide synthase (iNOS) and cyclooxygen-

ase-2 (COX-2) at both protein and mRNA level [17].

Furthermore, previous study has shown that HDAC

inhibitors (TSA, NaBy) suppressed the gene expression of

MMP-1, MMP-13 in chondrocytes [18]. Similar study was

reported by other researchers [19].

The inhibition of inflammation and MMPs expression by

HDAC inhibitors suggested their potential pharmacological

use for arthritis. Animal studies have showed that HDAC

inhibitors exhibited beneficial effects on rheumatoid arthritis

(RA) mainly by suppressing synovitis [20–22]. However,

little is known about the effects of HDAC inhibitors in the

experimental OA model. In this study, we evaluated the in

vivo effects of a HDAC inhibitor, trichostatin A on cartilage

degradation following intra-articular injection in an experi-

mental OA model at the concentration 250 ng/ml, which has

been confirmed effective in vitro [17, 18].

Methods and materials

Reagents

TSA (Sigma, St. Louis, MO, USA) was dissolved in

DMSO at 250 ng/ml.

Animals

Male New Zealand rabbits weighing 2.0 kg (Animal center

of Zhejiang University) were used in this study. Rabbits

were housed individually in stainless steel cages, provided

standard laboratory food and water, maintained for one

week. Thirty-two rabbits underwent unilateral anterior

cruciate ligament transection (ACLT) on left knee joints as

described in a preceding paper [23]. After surgery, animals

were returned to cages and the limbs were not immobi-

lized. The remained ten rabbits were used for normal

control. All experiments were conducted with the approval

of Zhejiang University Animal Care and Use Committee.

Treatment

Four weeks after surgery, the rabbits underwent ACLT

were randomly divided into two groups of 16 animals each

as the TSA group and the OA group. The TSA group was

given intra-articular injection of 0.3 ml TSA (250 ng/ml)

in the left knees once a week for 5 weeks. The OA group

was injected with DMSO under the same conditions.

Rabbits were killed seven days after the last injection. The

left knee joints were harvested. Ten additional rabbits that

did not undergo surgery and received no injection were

used for normal control.

Gross morphology

The femoral condyles were examined. Gross morphologi-

cal changes were evaluated by two independent researchers

in a blind fashion after applying India ink. Criteria for

grading were used as follows: Grade 1 (intact surface),

grade 2 (minimal fibrillation), grade 3 (overt fibrillation),

grade 4 (erosion) [24]. Condyles were prepared for histo-

logic evaluation and gene expression analysis after mor-

phologic grading.

Histological examination

Ten samples from each of the OA group and TSA group

were fixed in 10% neutral buffered formalin, decalcified

with ethylenediaminetetraacetate (EDTA) buffered at pH

7.4, dehydrated in a series of ethanol solutions and

embedded in paraffin, cut into 5 lm sections and stained

with Safranin O-fast green. The samples were scored for

the degree of histological change using Mankin Score

system [25]. Two independent researchers assessed the

extent of histological cartilage damage in a blind manner.

Gene analysis by quantitative real-time polymerase

chain reaction (PCR)

Total RNA was extracted from the TSA treated group

(n = 6), the OA group (n = 6) and the normal group

(n = 6) using TRIzol (Invitrogen) reagent. First strand

cDNA was synthesized from total RNA using Reverse

Transcriptase cDNA synthesis kit (Promega) according to

the manufacturer’s recommendation. Quantitative real-time

PCR was performed with SYBR green detection using the

iCycler (Bio-Rad, Hercules, CA, USA). Gene specific

primer sequences were as follows: for MMP-1, forward

AGGAGCCTTCCCAAGAGGAA; reverse CTTGTCTCT

TGCATATCAGGATGATG, for MMP-3, forward ACAC

CGGATCTGCCAAGAGA; reverse ACACCGGATCTGC

CAAGAGA, for MMP-13, forward ACACCGGATCTGC

CAAGAGA; reverse CTGGAGAACGTGATTGGAGT

CA, for IL-1, forward CGCATCTCCTGCCAACCCT-

ACA; reverse GCTTCTCCAGAGCCACAACGACT, for

18S rRNA, forward GACGGACCAGAGCGAAAGC;

reverse CGCCAGTCGGCATCGTTTATG. Specificity of

the expected products was demonstrated by melting curves

analysis. 18S rRNA was used as an internal control. PCR

reactions for each sample were done in triplicate. Relative

quantification of mRNA expression was calculated by the

comparative Ct method described by the manufacturer. The
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relative quantification value of the target gene was

expressed as 2-(4ct target gene -4ct18s rRNA).

Statistical analysis

All data are expressed as mean ± standard deviation (SD).

Statistical analysis of the gross morphology data was per-

formed by nonparametric Mann–Whitney U test, histo-

logical and gene expression data was analyzed by a paired

t test. Differences were considered significant when P was

less 0.05.

Results

Gross morphology evaluation

Rabbits in TSA group and OA group exhibited complete

transection of the ACL and various degree of cartilage

degradation. One condyle in the TSA group and none in the

OA group showed Grade 1 damage. Five condyles in the

TSA group and three in the OA group showed Grade 2

damage. Six of the TSA group and seven of the OA group

showed Grade 3 damage. Four of the TSA group and six of

the OA group showed Grade 4 damage. (Data are shown in

Table 1 in supplementary data) Cartilage degradation in

the TSA group was less severe than in the OA group, but

this difference was not significant (P [ 0.05). Typical

photographs were showed in Fig. 1.

Histological analyses

Histological analyses showed the similar results. Cartilage

from the OA group exhibited more severe degenerative

changes including hypocellularity as well as loss of pro-

teoglycans as compared to that treated with TSA (Fig. 2).

When evaluated with Mankin score system, cartilage from

the OA group had average values of 10.99 ± 4.21 while the

TSA-treated cartilage showed significantly lower values of

8.52 ± 2.87 (P \ 0.05). (Data are shown in Table 2 in

supplementary data).

Expression of MMP-1, MMP-3, MMP-13, and IL-1 in

Cartilage.

Quantitative real-time PCR was performed in triplicate

and yielded almost identical results. The mRNA expression

of MMP-1, MMP-3, MMP-13, and IL-1 was increased

significantly in the OA group compared with the normal

group and the up-regulated gene expression was suppressed

by TSA (Fig. 3).

Discussion

In this study, we examined the effects of TSA on carti-

lage degradation in a widely used OA model induced by

ACLT. Our data showed that severity of articular carti-

lage degradation was reduced and the histological scores

of cartilage were improved in the TSA group as compared

to that in the OA group, gene expression of MMP-1,

MMP-3, MMP-13, and IL-1 was significantly suppressed

by TSA in vivo.

We administered TSA by intra-articular injection at a

concentration of 250 ng/ml which has been confirmed

effective in vitro [17, 18]. Our results showed that TSA at

this dose reduced the severity of cartilage damage in

experimental OA as evaluated by morphological, histo-

logical and gene analysis. In previous studies, HDAC

inhibitors were used at higher doses by intra-gastric

administration, intra-venous or subcutaneous injection in

RA model [21, 22].

MMPs are implicated in cartilage degradation via

degrading collagens and aggrecans. In this study, we con-

firmed that expression of MMP-1, MMP-3, and MMP-13

was increased in arthritic cartilage. Our data are consistent

with the findings of other studies that noted elevated MMP

level in arthritic cartilage [26]. In the present study, genic

analysis showed the augmented MMP-1,MMP-3, and

MMP-13 expression in OA cartilage in vivo were sup-

pressed by TSA. Our results indicate that TSA may inhibit

MMPs expression and consequently reduce cartilage deg-

radation in experimental OA rabbits. The results are in a

line with the findings of other studies in vitro including

those by Young et al. and Wang et al. [18, 19]. They

reported that HDAC inhibitors repressed the expression of

MMPs in human chondrocytes. Interestingly, the results are

not consistent. Young et al. found that MMP-3 was not

repressed by TSA in human chondrocytes while Wang

et al. showed gene expression of MMP-3 was repressed by

TSA in human chondrocytes. Nasu et al. [22] noted that

TSA repressed MMP-13 expression in human chondro-

cytes but not in ATDC5 chondrogenic cell. MMP-2

expression affected by TSA also showed the different

results in different cells [27]. These results indicate that

HDAC inhibitors can suppress the expression of MMPs

and the effects may depend on cell types, exposure time

and stimulation conditions and so on.

Table 1 Gross morphological assessment of the femoral condyles

Grade TSA group Control group

1 1 0

2 5 3

3 6 7

4 4 6
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In this study, we confirmed that gene expression of IL-1

was increased in OA cartilage. It is well known that

cytokines secreted by synovial cells and chondrocytes are

implicated in cartilage degradation. Among these cyto-

kines, IL-1 is believed to play pivotal roles [28]. IL-1

contributes to cartilage degradation through increasing

MMPs gene expression, reducing the production of TIMPs,

up-regulating other cytokines and so on [29]. Thus, the

inhibition of IL-1 may be effective in the treatment of OA.

IL-1 receptor antagonist has been found to inhibit the Col II

Fig. 1 Macroscopic analysis of

the femoral condyles from

normal group (a) TSA treated

group (b) and OA group (c) in

the 9 weeks after ACLT.

Cartilage from normal group

showed no lesions in surface.

Arrowheads show complete loss

of articular cartilage and

exposure of the underlying bone

in OA group and moderate

velvety fibrillation, staining as

black patches in TSA group. OA
osteoarthritis, TSA trichostatin

A, ACLT anterior cruciate

ligament transection. M medial,

L lateral

Fig. 2 Representative Safranin

O-stained sections of articular

cartilage. Normal cartilage

showed no loss of Safranin O

staining (a). Arrowhead in

cartilage from TSA-treated

group indicate the loss of

Safranin O staining in the

superficial zones (b). As shown

with arrowhead, loss of

Safranin O staining was more

serious in OA group (c)
compared to the TSA-treated

group (Original magnification

950)

Table 2 Histological score of articular cartilage

Femoral condyle TSA group Control group

Structurral changes 3.30 ± 1.77* 4.30 ± 2.50

Cellular changes 2.30 ± 0.48* 2.80 ± 0.79

Safranin staining 2.50 ± 0.85* 3.10 ± 1.10

Tide mark 0.42 ± 0.26* 0.79 ± 0.21

Sum of score 8.52 ± 2.87* 10.99 ± 4.21

Values are the means ± SD.

* P \ 0.05

3970 Mol Biol Rep (2010) 37:3967–3972

123



cleavage and the glycosaminoglycan (GAG) release in OA

cartilage [12]. In the present study, TSA inhibited the

expression of IL-1, it may partly due to the anti-inflam-

matory effects of TSA. It is well known that HDAC

inhibitors has anti-inflammatory property, Leoni F et al.

[30, 31] reported that ITF2357 and suberoylanilide hy-

droxamic acid (SAHA), two HDAC inhibitors, reduced the

release of IL-1 in human peripheral blood mononuclear

cells, respectively. In the present study, we examined the

effects of TSA on IL-1 in cartilage in vivo. Our results

confirmed the anti-inflammatory effects of HDAC inhibi-

tors. The results may partly explain the protective effects of

TSA on cartilage.

It is well known that NFjB plays critical role in the

induction of pro-inflammatory cytokines such as IL-1 and

catabolic factors including MMPs [32,33]. Therefore,

inhibition of NF-jB activity may result in down-regulation

of expression of these NF-jB dependant genes. Inhibition

of DNA-binding activity of NF-kB by TSA and SAHA was

reported in A549 cells, similar results were also noted in

human colon cell lines [34, 35]. The inhibition of NF-jB

activity may partly account for the depressant effects of

TSA on gene expression of MMP-1, MMP-3,MMP-13, and

IL-1. However, Chabane et al.[17] found that TSA and BA

did not affect the DNA-binding activity of NF-jB in IL-1

stimulated human chondrocytes, thus, they speculated that

down-stream of DNA-binding also may be influenced by

HDAC inhibitors in chondrocytes.

It is well known that HDAC are related to transcriptional

regulation [36]. In generally, HDAC inhibitors cause

acetylation of histone, leading to a loosen nucleosomal

structures and resulting in an increased transcription, on the

other hand, HDAC inhibitors also down-regulate some

expression [37, 38]. As found in the present study, TSA

showed the inhibitory effects on gene expression. The

explanation may be that the influence of acetylation of

histone on target promoters depend on the cell type as well

as promoter context. In addition to histone, signal trans-

duction molecules as well as transcription factors which are

involved in gene expression may also be affected by

acetylation and deacetylation, thus can be modulated by

HDAC inhibitors. However, the mechanism is still unclear.

In conclusion, our results demonstrate that intra-articu-

lar injection of TSA plays a protective role against carti-

lage degradation during OA development in an

experimental model. To our knowledge, this study is the

first to demonstrate the cartilage protective effect of HDAC

inhibitor in an induced OA model. The results of this study

suggest that TSA can be considered as a therapeutic agent

for human OA.
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