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Abstract: Background: Mild developmental dysplasia of hip (DDH) causes high morbidity of osteoarthritis (OA) on 
adult. It is thought that change of collagen and proteoglycans in cartilage may be the direct reasons for osteoarthri-
tis. Objective: To detect the changes of the expressions of type II collagen of acetabular cartilage in early DDH and 
to investigate the relevance between type II collagen and the degeneration mechanism of the acetabular cartilage. 
Methods: The rabbit model of DDH was successfully established by applying the method of knee extending and fix-
ing with cylinder cast in which left lower extremity as experimental group and right one as control group, checking 
with X-ray after 5 weeks. The stains of H&E and toluidine blue were applied on the samples of acetabular cartilage 
to observe the morphological changes of chondrocytes and extracellular matrix (ECM). The immunohistochemical 
staining and Western-blot were employed to respectively qualify and quantitate the expression of type II collagen. 
Results: Pathohistology observing indicated the signs of retrogressive changes of acetabular cartilage in experi-
mental group. Also, the positive stained cells in type II collagen in experimental group was higher based on immu-
nohistochemiscal staining. The quantitative amounts of type II collagen by Western-blot in experimental group was 
higher significant difference existed between two groups (t = 2.18, P < 0.05). Conclusions: The expression of type II 
collagen is correlated to a degeneration of acetabular cartilage and increase obviously in early DDH.
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Introduction

Developmental dysplasia of the hip (DDH) 
refers to hip dysplasia in various forms on pedi-
atric patients at different ages. This is the one 
of the most common diseases in pediatric 
orthopedics [1-3]. The reported morbidity of 
DDH throughout the world varies from 0.14% to 
3.5%, averagely 3% [4-6], while the highest 
morbidity goes to Poland, 6.8% as reported in 
2006 [7]. A lot of experiments showed that a 
perfect DDH model can be obtained with hip 
joint inflexion and with knee joint fixed and 
straightened [8-10]. The reason lies in that 
poses like sitting or squatting of rabbits are 
similar to the gesture of a fetus in uterus. The 
extended knee joint makes the hip joint bended 
and tight hamstring for long time, thus results 
in hip joint capsule and round ligament get 
stretched and gradually reaches subluxation or 
total dislocation.

Mild DDH causes high morbidity of osteoarthri-
tis (OA) on adult. OA is the most common degen-
erative disease, characterized by cartilage deg-
radation, loss of joint space, subchondral scle-
rosis, and formation of osteophytes [11, 12]. 
Some long-term follow-up studies have shown 
that DDH patients are prone to OA at an earlier 
age than non-DDH controls, and the symptoms 
of OA in the DDH patients are more severe and 
require a higher rate of hip replacement surgery 
[13, 14]. Pathology basis of OA is primarily 
degeneration and degradation of articular carti-
lage, including degradation of enzymes of extra-
cellular matrix (ECM) and/or inhibition of new 
substrate synthesis, etc. At present, it is thought 
that change of quantity and quality of collagen 
and proteoglycans in cartilage are the direct 
reasons for OA losing its normal biomechanics 
features. During infancy and early childhood, 
there is increased turnover of type II collagen in 
the articular cartilage. Etiological study also 
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holds the view that type II collagen gene varia-
tion may be related to development of DDH 
[15]. So far, researches on expression of mac-
romolecule protein such as collagen in acetab-
ular cartilage of DDH model only have few 

reports. In order to investigate the articular car-
tilage degenerative changes in early-stage 
DDH, this experiment detected the expression 
and changes of type II collagen in early acetab-
ular cartilage of DDH model with immunohisto-

Figure 1. A: Anteroposterior X-ray before fixation; B: Anteroposterior X-ray 5 weeks after fixation: acetabulum dyspla-
sia, enlarged inclination of acetabulum, Shenton’s line was continuous.

Figure 2. A: Anteroposterior X-ray before fixation; B: Anteroposterior X-ray 5 weeks after fixation: acetabulum dyspla-
sia and subluxation, femoral head moved outward, Shenton’s line was not continuous.
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chemical staining qualitative assessment and 
Western-blot quantitative testing.

Subjects and methods

Materials

This experiment introduced New Zealand albi-
no rabbits of either gender with big ears, born 
after 4 to 5 weeks and weigh 0.5-0.8 kg (pro-
vided by department of laboratory animals from 
Fudan University). This study was carried out in 
strict accordance with the recommendations in 
the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health. 
The animal use protocol has been reviewed 
and approved by the Institutional Animal Care 
and Use Committee (IACUC) of Fudan University. 
Rabbits were intramscular injected with 5% ket-
amine hydrochloride 5-10 mg/kg; left lower 
extremities of rabbits were as experimental 
sides, make knee joints straightened and fixed 
with long leg cylinder cast; right lower extremi-
ties were as control sides which kept the way it 
is. Anteroposterior X-rays were taken for pelvis 
5 weeks later and got 8 successful rabbit mod-
els of DDH. Specific indexes of X-ray for DDH 
diagnosis [8] were as follow: 1) enlarged incli-
nation of acetabulum, Shenton’s line was con-
tinuous (Figure 1A, 1B); 2) femoral head moved 
outward, Shenton’s line was not continuous 
(Figure 2A, 2B). After euthanasia, obtained hip 
joints of both sides under asepsis conditions; 
take part of acetabular cartilage on each side 

as sample and kept them in liquid nitrogen for 
two usages: one was to detect protein expres-
sion with Western-blot immunoblotting; the 
rest was treated with routine histopathology 
staining and immunohistochemical staining.

Morphological observation

Samples were fixed with 4% paraformaldehyde 
and decalcified in EDTA decalcifying fluid for 3 
to 4 weeks, then dehydrated, cleared and 
embedded with paraffin. Paraffin was cut into 
pieces and stained with H&E and toluidine blue. 
Observe morphous, size and arrangement of 
acetabular cartilage cells and changes of ECM 
under Leica-DMRA2 optical microscope.

Immunohistochemical staining

Here we introduced with immunohistochemical 
EnVision Two-Step Method. First antibodies 
was type II collagen antibody of 1:200 anti-
mouse polyclone (product of Labvision compa-
ny), second antibodies were Chem Mate TM 
EnVision kit of gene company. Both of them 
were observed under Leica-DMRA2 optical 
microscope. Replace first antibodies with PBS 
as the negative control. Determination index for 
the results: type II collagen presented positive 
if chondrocyte was surrounded with brown ana-
chromasis, also with visible brown anachroma-
sis in cytoplasm and wavy or irregular-shaped 
brown anachromasis in ECM.

Western blot analysis

Here we set beta-actin as internal reference 
(products of Santa Cruz). Take tissue samples 
which were kept in liquid nitrogen and added 
extracting solution of total sample protein, 
homogenate were iced bath and total protein 
was extracted. After centrifugation, detected 
protein density in supernatant fluid under ultra-
violet spectrometer. Take 300 μg of total pro-
tein and added buffer solution of samples then 
degenerate 3 min with 100°C. Apply protein 
electrophoresis separately on 10% (beta-actin) 
and 8% (type II collagen) PAGE gelatin. After 
electrophoresis was done, protein transferred 
to cellulose acetate membrane and sealed with 
TTBS which include 0.5% skimmed milk pow-
der. Then added first antibodies (working con-
centration of type II collagen was 1:200; work-
ing concentration of beta-actin antibody was 
1:200) and react 2 hours at room temperature. 

Figure 3. Clustered chondrocytes were seen in ex-
perimental group with H&E staining (indicated with 
arrows). Magnification × 200.
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Washed the extra first antibodies and added 
second antibodies (Gene Company, working 
concentration of 1:1000) then react for 1 hour 
at room temperature and visualized with lumi-
nescence substrate. Then the film was scanned 
and the strap analyzed with photodensitome-
try. Divided grey scale value of interest protein 
by grey scale value of internal reference and 
used the result to correct the error, the results 
embodied relative amount of interest protein.

Statistical analyses

All data was expressed with mean ± standard 
error, and processed the collected experimen-
tal data with SPSS12.0 statistical package and 
run t-test of two groups samples. The differ-
ence has statistical significance if P < 0.05.

Results

Morphologic observation under microscope

Experimental group: Fibrosis were visible in 
many chondrocytes of surface layer with H&E 
staining; arrangement of cells in middle layer 
was in disorder; cells in columnar and cell layer 
were decreased with irregular arrangement and 
a few clustered chondrocytes (Figure 3); ECM 
stained by toluidine blue suffered with uneven 
staining on columnar cell layer (Figure 4A).

Control group: Cell sizes were even with H&E 
staining, cells in columnar cell layer were 
arranged in column and perpendicular to the 
chondrocytes surface, no clustered chondro-

Figure 4. A: ECM stained by toluidine blue suffered with uneven staining on columnar cell layer. Magnification × 200. 
B: ECM stained with toluidine blue had not obvious staining loss. Magnification × 200.

Figure 5. A: Uneven expression of type II collagen in the ECM in experimental group, cells were surrounded with hy-
perchromatic, wavy or irregular-shaped collagen in ECM, and obvious hyperchromatic cytoplasm showed in chondro-
cyte (indicated with arrow); Magnification × 400. B: lower staining of ECM of normal chondrocytes in control group, 
lighter staining in cytoplasm and fewer stained cells. Magnification × 400.
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cytes; ECM stained with toluidine blue had not 
obvious staining loss (Figure 4B).

Immunohistochemical staining

Experimental group: Type II collagen expressed 
unevenly in ECM of cartilage layer, cells were 
surrounded with hyperchromatic, wavy or irreg-
ular-shaped collagen in ECM, and obvious 
hyperchromatic cytoplasm showed in chondro-
cyte. The positive cells were higher than those 
of control group (Figure 5A). Some cells suf-
fered olistherozone with blooming-effect 
(Figure 6).

Control group: Type II collagen expresses even-
ly in ECM of normal acetabular cartilage and 
staining level was low and no staining in cyto-
plasm of chondrocytes generally (Figure 5B).

Western blot

Visualization of expression of type II collagen 
protein: Strap of relative molecular mass of 
129 × 103 was type II collagen, strap of relative 
molecular mass of 43 × 103 was β-actin pro-
tein (Figure 7).

Relative quantity of protein expression: Divide 
gray value of interest protein of type II collagen 
protein by gray value of internal reference 
β-actin protein and used the result to correct 
the error and it also presented the relative 
amount of interest protein.

The result showed that there were type II colla-
gen expression in control group, meanwhile 
expression of type II collagen in the experimen-
tal group were higher, so there was a significant 
difference between two groups (t = 2.18, P = 
0.047).

Discussion

In early period, Wilkinson [16] pointed out that 
human acetabulum shares similarity with rab-
bit. Originally, people would drag lower extrem-
ity with excessive physical exertion to get DDH 
animal models while now it has been evolved 
into using plastic cannula, intramedullary nee-
dle and percutaneous fixation to straighten and 
fix the knee joint [8]. In this experiment, these 
young rabbits were fixed with plaster fixation 
and with extended knee joint, so their hips were 
under mechanical stress of muscle skeleton 
under a long time and finally got the DDH mod-
els successfully, this has been provided a theo-
retical foundation on the importance of the 
acquired environment effect on this disease as 
well as proved that DDH is a “developmental” 
disease to some extent. 21 rabbits were 
involved and 16 rabbit models were obtained 
(8 were applied for this experiment), so the ter-
atogenic rate was 76.2% (16/21) and 3 got 
dead (two were infected; one accidently falled). 
To sum up, special attention should be paid to 
improve success ratio of DDH model: 1) Plaster 
fixation should be long enough to wrap the 
whole lower extremity. Because there are large 
connected aliform skin between the hind limb 
and gaster-skin, so plaster could not be fixed in 
groin region completely but just fixed at the 
middle and lower part of thigh, meanwhile rab-
bits grow very quick thus make plaster easily 
peeled off and then knee joint will recover to 
the flexion mode, so the model establish will be 
a failure. Therefore, we should frequently 
observe during model establish and add plas-
ter length at proximal to keep knee joint extend-
ed continuously. 2) Proper plaster tightness. 
Thigh diameter of rabbit is 3 to 4 times of crus 
diameter. Plaster is cone-shaped and inversed, 
if plaster is not fixed tightly it will get loosed 
easily, if it is too tight the lower extremity will be 
swelling and necrosis. Therefore, after fixation 
with plaster, open the slot is a good way to 
reduce stress and adjust plaster tightness. 3) 
Apply polyamine polymer plaster. Rabbits are 
rodents and common calcium sulfate plaster 

Figure 6. Olistherozone with blooming-effect sur-
rounding of chondrocytes (indicated with arrow). 
Magnification × 400.
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can be bitten off and destroyed easily while 
polyamine polymer plaster with strong intensity 
and high hardness can better prevent this 
issue.

DDH refers to children of different ages present 
dysplasia of hip joint in various forms, which is 
the most common disease of pediatric orthope-
dics. Mild DDH causes high morbidity of osteo-
arthritis for grown up. It is reported that 76% 
hip joint arthritis is caused by DDH, most of 
them have to take total hip replacement before 
the age of 50 [17]. Normal chondrocytes 
secrete proteoglycan and show prunosus after 
staining with toluidine blue. After compressed, 
the invisible layer of articular cartilage surface 
having immunologic barrier to type II collagen 
antibody will be destroyed, then collagen fibers 
expose in synovial and cause chondrocytes 
damages as well as dysfunction and secret 
abnormal proteoglycans, therefore toluidine 
blue fails staining or with unevenly staining. In 
this experiment, it is observed that more visible 
fibrosis in many chondrocytes of surface layer, 
chaotic arrangement of cells in the middle layer, 
cells in columnar cell layer reduction as well as 
disordered, uneven toluidine blue staining and 
failed staining on matrix, which indicates that 
chondrocytes became degenerated due to 
compression in early DDH and then caused 
ECM elements changes in quantity and quality 
such as proteoglycans. This may be the patho-
logical basis of osteoarthritis in prophase.

A lot of clustered chondrocytes in articular car-
tilage is the pathological feature for osteoar-
thritis suffers cartilaginous degeneration; as 
for mild osteoarthritis, metabolism of chondro-
cyte is active thus cells will be clustered. 
Proliferation of chondrocyte induces chondro-
cyte close to surface layer to cluster in early 
stage of osteoarthritis [18]. Local clustered 
chondrocytes in this experiment verifies that 
uneven stress of cartilage indifferent areas in 
early stage of DDH will affect the mechanical 
biological environment of chondrocytes.

Aigner et al [19] found that there was an obvi-
ous proliferation of chondrocytes in osteoar-
thritis; and presumed that cartilage degenera-
tion in osteoarthritis started from macromole-
cule protein synthesis changes, which reflected 
as synthesis changes of type II collagen protein 
and proteolytic enzyme, etc. In 1990, the first 
genetic mutation responsible for OA was report-
ed after researchers found a high rate of OA 
with a mild chondrodysplasia in the family of a 
44-year-old patient with degenerative changes 
of both hips. The mutation responsible for OA in 
this family occurred in the type II collagen gene, 
COL2A1 (collagen, type II, alpha 1.), which 
encodes a protein expressed almost exclusive-
ly in cartilage [20, 21]. This mutation weakens 
the matrix and leads to premature degenera-
tion of the cartilage [22].

Although a healthy adult’s articular cartilage 
has rich type II collagen, only little type II colla-
gen mRNA expression in chondrocytes, which 
proves that anabolism of type II collagen in nor-
mal articular chondrocytes is weak. Because 
the expression of type II collagen mRNA in artic-
ular chondrocytes of osteoarthritis significantly 
increases, it indicates that injured chondro-
cytes may repair ECM with the extra synthesis 
of collagen [23]. Cellular metabolism is active 
in minor injured articular cartilage, gene expres-
sion of type II collagen and proteoglycans is 
higher than that in the control group. With the 
increment of gene expression, the synthesis of 
type II collagen increase also and meanwhile 
the deliquescence and denaturation of colla-
gen increase obviously. Functions of chondro-
cytes will change and compound more matrix 
metalloproteinases to participate in deliques-
cence and denaturation of type II collagen, 
which will destroy the balance of ECM main-
tained by matrix components including type II 
collagen. Collagen total amount in cartilage 
during early and middle stage of osteoarthritis 
is up; the increment of synthesis of type II col-
lagen in early stage shows that type II collagen 
is stained darker than the normal situation, 

Figure 7. Visualization results of expression of type II collagen protein in both groups under Western-blot.
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especially around the chondrocyte cells and 
cytoplasm, the increment of collagen is larger 
than that of destroyed before cartilage reach 
the certain damage degree [24].

In this experiment, anachromasis of type II col-
lagen in ECM of dysplastic acetabular cartilage 
suggested that more collagen in ECM; anachro-
masis of collagen in chondrocytes suggested 
that stronger synthesis of collagen. The 
Western-blot detected that the expression of 
type II collagen protein rose significantly, fur-
ther explained that when DDH acetabular carti-
lage under continuous abnormal stress, chon-
drocytes were activated and cartilaginous 
degeneration started then synthesized many 
extra cellular matrix like collagen and other 
macromolecule protein to adapt this kind of 
stress changes. Olistherozones with blooming-
effect were also visible around chondrocytes in 
this experiment, the cause of it lay in the chang-
es of chondrocytes function and synthesis of 
matrix metalloproteinases would destroy matrix 
components like type II collagen around cells.

Morphology change of acetabular cartilage and 
abnormal expression of type II collagen in early 
stage of DDH model which generated under 
mechanical stress were observed in this experi-
ment, suggesting that these degeneration 
changes may be a compensatory repair reac-
tion of chondrocytes to environmental factors 
(such as the mechanical changes, cytokine, 
etc.). Once this compensatory repair reaction is 
decompensated, cartilage may appear incon-
vertible degeneration changes and present the 
syndrome of osteoarthritis. Therefore, the 
amount and intensity of II type collagen are 
probably interrelated with different cartilage 
degeneration degrees, furthermore, as a bio-
logical parameter that reflects cartilaginous 
degeneration to which degree osteoarthritis 
will occur has not yet studied.
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