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Objective: To investigate the role of autologous platelet-rich plasma (PRP) on the repair of meniscal white-white zone
injury through promoting the proliferation of canine bone marrow-derived mesenchymal stem cells (BMSCs).

Methods: A total of 24 beagle dogs were selected to construct meniscal white-white zone injury models in both lateral
knee joints. All subjects were divided into four groups: control, BMSCs, PRP, and PRP + BMSCs. Immunohistochemis-
try was applied in the expression detection of type I and type II collagens. HE staining and methylene blue staining
were performed to observe the injury of cartilage of lateral femoral condyle in each group. ELISA was used to detect
the osteopontin (OPN) content in cartilage of lateral femoral condyle. HE staining and magnetic resonance imaging
(MRI) were used to observe the healing of meniscus in each group. Outcome measures include the expression of OPN
in the synovial fluid of knee joint, the expression of type I collagen and type II collagen, the healing of meniscus injury,
and the damage degree of lateral femoral condyle cartilage.

Results: Compared with the control group, the expressions of type I and type II collagens were enhanced in the PRP
group and the PRP + BMSCs group. Compared with 1 week before modeling, the expression of OPN was elevated in
the control group and the BMSCs group at 3 weeks after modeling. There were no significant differences in the above
indicators between the PRP group and the PRP + BMSCs group. According to MRI and pathological section after HE
staining, meniscal healing in the PRP group and the PRP + BMSCs group was significantly improved as compared to
that of the control group and the BMSCs group (all P < 0.05), and there was no significant difference between the PRP
group and the PRP + BMSCs group (P > 0.05). All subjects were divided into the non-healing group and the healing
group in accordance with the HE staining results in previous experiment. The injury of cartilage of lateral femoral con-
dyle was significantly heavier in the non-healing group than that in the healing group.

Conclusion: The application of PRP alone or in combination with BMSCs could promote the clinical healing rate of
meniscal white-white zone injury.
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Introduction

Menisci were once wrongly identified as “functionless
remnants in intra-articular leg muscles,” and the

importance of meniscus was not noted until Fairbank first
proposed the role of the menisci in load transmission across
the knee in 19471. Meniscal tears are the most commonly-
seen type of knee injuries and are a leading cause of knee
disability, accounting for no less than 15% of all knee inju-
ries2. According to the location of meniscal tears, they are
divided into three main types: red-red tears, red-white tears,
and white-white tears, among which white-white tears are
located in the inner third region without blood supply, and
the meniscus tears that extend into the avascular region
(white-white tears) are the most difficult to manage3. The
management of meniscal injuries has continued to evolve,
and the elevated degenerative changes of the knee due to
total meniscectomy were discovered, resulting in increased
commitment among orthopaedists to avoid total men-
iscectomy whenever possible4. Therefore, this paper explores
new treatment other than meniscectomy in the healing of
meniscal white-white zone.

Bone marrow-derived mesenchymal stem cells (BMSCs),
an important part of chondrogenesis, are known as an
attractive cell source of cartilage regenerative medicine
due to the fact that they are easy to isolate and expand in
a minimally invasive manner, thus BMSCs-based cell ther-
apy is increasingly accepted as a potential treatment of
cartilage defect5. Moreover, platelet-rich plasma (PRP) has
raised a great deal of interest in recent years, as an autolo-
gous concentration of platelets in small plasma volume,
which is considered to be capable of promoting angiogene-
sis and increasing the healing rate of ligament, skeletal
muscle, and bone6. Platelet-rich plasma (PRP) provides a
release of various growth factors which are involved in tis-
sue repair processes, including vascular endothelial growth
factor (VEGF), platelet derived growth factor (PDGF), and
transforming growth factor β (TGF-β)7. Furthermore, it is
well-documented in previous clinical and animal studies
that a combination of PRP and autogenous bone graft
could improve the rate of osteogenesis and accelerate bone
formation qualitatively, indicating that different concen-
trations of PRP might influence bone formation in a dif-
ferent manner8,9. However, there are limited data about
the effects of different concentrations of PRP on the
growth and proliferation of BMSC at present; therefore,
this study aims to investigate the effects of PRP on the
healing of meniscal white-white zone through inducing
the canine BMSCs.

Materials and Methods

Ethical Statement
Animal experiments were designed with the consent of the
animal ethics committee and all the studies were conducted
strictly in accordance with international standards.

Preparation of Dog Platelet-Rich Plasma (PRP)
A total of 24 healthy adult male beagle dogs (provided by
the laboratory animal department at Xiangya Hospital of
Central South University) were chosen. The dogs weighed
15–17 kg each and were raised in the clean-level breeding
center. After anesthesia using Sumianxin II combined with
pentobarbital, about 40 ml of whole venous blood was drawn
from the forearm vein, and 2 ml were taken from this sample
for whole blood platelet count, and the remaining blood was
used to make PRP by a secondary centrifugation method
(Fig. 1A)10. Firstly, the sample was centrifuged at 200 g for
10 min, and the whole blood was divided into three layers.
After discarding the supernatant higher than 3 mm above
the interface, the remaining supernatant down to 3 mm
below the interface was collected and transferred to another
centrifuge tube, which was centrifuged at 200 g for 10 min.
At this time, the liquid was divided into two layers, and the
supernatant higher than 3 mm above the interface was dis-
carded. After shaking, the remaining material was PRP. All
operating processes were kept sterile. The numbers of plate-
lets in the whole blood and PRP blood were counted by an
automatic blood analyzer (Perlong Medical, Nanjing, China).
After adding 10% solution of calcium chloride and 100 U/ml
of thrombin, PRP was mixed by shaking and placed for 6–
10 s to make a PRP gel, which was stored in sterile condi-
tions at 4�C for future use.

Culture and Identification of BMSCs
After the dogs were anesthetized, a No.18 bone needle was
used to withdraw 2 ml of bone marrow from the femur. The
bone marrow was then placed in a test tube with heparin
and 6 ml of DMEM culture medium containing 10% FBS
was added. After mixing, the sample was placed into a 25 ml
flask and cultured in an incubator at 37�C and 5% CO2. The
medium was changed every 2 days. When the degree of con-
fluency of BMSCs reached about 90%, they were digested
with 0.25% trypsin and centrifuged for subculture. The
fourth generation of BMSCs were digested by trypsin and
their concentration was adjusted to 1 � 106/ml, and 1 ml of
the cells were placed in an EP tube, followed by dyeing with
the addition of CD13-FITC and CD45-FITC antibodies (all
from Becton, Dichkinson and Company, Franklin Lakes, NJ,
USA), respectively. In the negative control, FITC-IgG anti-
body was added, followed by mix and incubation in the dark
for 30 min. And then, the cells were resuspended in PBS
after centrifugation (Fig. 1B). Using a flow cytometer
(Becton, Dichkinson and Company, Franklin Lakes, NJ,
USA), 1000 cells were detected and the percentage of positive
cells was analyzed with Cellquest software.

BMSCs Cultured in Different Concentrations of PRP
PRP stored at 4�C was taken out and dissolved at room tem-
perature. After counting the total number of platelets
through the automatic blood analyzer, DMEM medium con-
taining 10% FBS was used to make different PRP concentra-
tions (20%, 40%, 50%, 60%, 70%, 80%, and 90%). BMSCs
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were inoculated in 35-mm culture plates at 2 � 105 cells/
plate, and medium with different concentrations of PRP was
added. A DMEM medium with 10% FBS-containing but no
PRP (0% PRP) was used as control. On day 7, cell prolifera-
tion ability was measured through cell counts (Fig. 1C).

Meniscal White-White Zone Injury Model Establishment
and Grouping
In all of the 24 beagle dogs, the lateral meniscal white-white
zone injury models were established in both knees. Specific
steps were as follows: The beagle dogs were anesthetized and
put into a lateral position, and a medial patellar incision was
made next to the middle line of the knee. The patella was then
dislocated towards the outside direction, and a part of the fat
pad was removed. By peeling off the lateral collateral ligament
near the end point of femoral, the lateral meniscus was exposed
(Fig. 2A). In the inner white-white zone of the lateral meniscus,
a small sharp knife was used to make full-layer damage with
about 2 cm in length, and the meniscus incision was closed

with absorbable sutures (3–0). All beagle dogs were divided into
four groups with each group containing six beagle dogs. In the
saline control group (control), 2 ml of saline was used to treat
the suture; in the BMSCs group, 2 ml of BMSCs suspension
was used to treat the suture; in the PRP group, 2 ml of PRP gel
was placed in the gap of the suture; in the PRP + BMSCs
group, 1 ml of PRP and 1 ml of BMSCs (PRP and BMSCs were
diluted and mixed to a suitable concentration for BMSCs
growth) were used to treat the suture (Fig. 2B). For contralat-
eral knee operation, the steps were the same as above. After the
operation, intramuscular injection of gentamicin was done for
3 days, and the knee joints in bilateral lower extremity were
immobilized with gyp for 2 weeks. The wound dressings at the
incision sites were replaced in general ways, and the stitches
were removed after 7–10 days.

Imaging Examination
At 3 months after the operation, knee joint MRI (GE, Fair-
field city, CT, USA) was done for checking the conditions of

Fig. 1 Preparation of dog platelet-rich plasma (A) and culture and identification of BMSCs (B) and BMSCs cultured in different concentrations of

PRP (C).
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meniscal healing in each group. Beagle dogs were examined
referring to the examination settings of human tissues after
anesthesia.

Tissue Selection
At 3 months after the operation, beagle dogs were killed by
anesthesia overdose, and a cut was made through the original
surgical incision. General observation about meniscal healing
was made at first, and the meniscus was removed completely.
After fixing in 4% paraformaldehyde, dehydrated, and
embedded in paraffin, serial sections with a thickness of
3 μm were produced, which were baked at 62�C for 60 min
and stored for future use. The lateral sections at the central
portion of meniscus were used for hematoxylin–eosin
(HE) staining to observe the meniscal healing, and the

sections near the damaged area were chosen for immunohis-
tochemistry to measure the synthesis of collagen. Sagittal sec-
tions near the weight-bearing area at central portion of the
lateral femur were used for HE staining and toluidine blue
staining to observe the cartilage damage at femoral condyles
(Fig. 2C).

HE Staining
After dewaxing and hydration, the sections were stained with
hematoxylin for 5 min and washed with tap water for 1 min.
Subsequently they were differentiated in 1% hydrochloric
acid alcohol for 30 s and soaked in tap water for 15 min,
then stained with 0.5% eosin for 3 min and slightly rinsed in
distilled water. Finally, the sections were dehydrated, made
transparent, mounted in neutral resin, and observed under

Fig. 2 Meniscal white-white zone injury model

establishment and grouping (A, B) and tissue

selection and observation (C).
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an optical microscope for pathological morphology of the
meniscus.

Immunohistochemistry Staining
The sections were dewaxed and hydrated, washed with PBS,
and incubated in 3% H2O2 for 10 min at room temperature.
They were then washed with PBS and distilled water,
respectively, and pepsin solution was added dropwise and
incubated for 10 min at 37�C. After washing with PBS,
normal goat serum was used to block the antigen, and the
sections were incubated at room temperature for 15 min.
After removal of the serum completely, anti-dog type I colla-
gen and type II collagen monoclonal antibody (both with 1:
500 dilution, purchased from Sigma, Saint Louis, MO, USA)
were added dropwise, respectively. After incubation at 4�C
overnight, the sections were washed with PBS for 3 times,
and biotinylated goat anti-rabbit IgG secondary antibody
was added dropwise and incubated at 37�C for 15 min. After
PBS washing, working solution of streptavidin labeled with
horseradish peroxidase was added dropwise and incubated at
37�C for 20 min. After washing with PBS, the sections were
developed in DAB chromogenic reagent for 10 s, washed
with tap water, and re-stained with hematoxylin for 2 min.
Finally, after washing, the sections were differentiated with
hydrochloric acid alcohol for a few seconds, washed with tap
water, dehydrated, made transparent, and mounted in a neu-
tral resin.

Toluidine Blue Staining
After the sections were dewaxed and hydrated convention-
ally, they were stained with 2% toluidine blue (Sigma, Saint
Louis, MO, USA) for 5 min and rinsed with tap water for
2 min. They were then dehydrated with gradient alcohol,
made transparent by xylene, and mounted in a neutral resin.

The Expression of OPN in the Synovial Fluid of
Knee Joint
OPN is an important bone matrix protein, which is closely
related to the formation and development of bone. Studies
have shown that the expression of OPN in subchondral bone
of osteoarthritis (OA) patients is positively correlated with
the degree of disease.

A total of 0.5 ml intra-articular synovial fluid was
extracted from each beagle dog at 1 week before modeling
and 3 months after modeling, and the OPN concentrations
were measured using a canine OPN ELISA assay kit (Sigma,
Saint Louis, MO, USA). After serial dilution of the standard,
100μl of sample to be tested were added into a microplate
well, followed by set of a control well. After incubation at
37�C for 2 h, the liquid was discarded, and 100 μl of testing
solution A was added for incubation at 37�C for 1 h. After
discarding the liquid, the plate was washed three times, and
100 μl of detection reagent B were added, followed by lami-
nating and incubation at 37�C for 1 h. After that, the plate
was washed five times with the addition of 50 μl of stop solu-
tion (the blue color will immediately change to yellow color)

and the optical density (OD) value of each well was detected
at a wavelength of 450 nm using a microplate reader.

The Expression of Type I Collagen and Type II Collagen
Collagen has the effect of promoting chondrogenesis, so the
determination of its expression is helpful to evaluate
the degree of cartilage formation. Type I collagen is found in
bones and skin. It accounts for more than 90% of bone
organic matter, and is also the main component of skin, ten-
dons, and ligaments. Type II collagen is the main cartilage
collagen.

After immunohistochemistry staining, the collagen
expression in meniscus was observed under a stereo micro-
scope and photographed, wherein a brown staining was asso-
ciated with a positive staining result. The quantitative
analysis of collagen expression was done using Image Pro
Plus 6.0 image analysis software (Media Cybernetics, Rock-
ville, Maryland, USA), and the surface density was calculated
as the ratio between the target area and the statistical field
area. The numerical density was calculated as the ratio
between the target number and the statistical field area, and
the perimeter density was calculated as the ratio between the
target perimeter and statistical field area. Three sections from
each sample were analyzed and averaged.

The Healing of Meniscus Injury
MRI is often used to evaluate the injury or healing of menis-
cus. Meniscal healing was evaluated according to the Stoller
method11: grade I is associated with abnormal signals that
are spherical or ovoid and are not connected to articular sur-
face; degree II is associated with abnormal signals that are
linear but are not connected to articular surface; degree III is
associated with high linear signals connected to articular sur-
face, or meniscus signals appear at abnormal positions, or
the meniscus signal is missing. Among them, grade I and II
are associated with meniscal healing while grade III is not
associated with meniscus healing.

Histopathological sections can also be used to evaluate
the healing of meniscus. After HE staining, the pathological
morphology of meniscus was observed under light micro-
scope. Evaluation of meniscal healing was done referring to
the method reported by Henning12: non-healing is defined as
less than 50% healing; partial healing is defined as 50%–90%
healing; healing is defined as greater than 90% healing.

The Damage Degree of Lateral Femoral Condyle
Cartilage
Lateral meniscus injury often leads to lateral femoral condy-
lar cartilage injury. After HE staining and toluidine bule
staining, the degree of cartilage injury can be determined by
observing the pathological section of the injured area under
light microscope.

The damage to cartilage of lateral femoral condyle in
each group was observed under an optical microscope. His-
topathological grading was done according to the Mankin
scoring of cartilage13: normal cartilage: 0–2 points; mild
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cartilage damage: 2–6 points; moderate cartilage damage: 7–
10 points; severe cartilage damage: 11–14 points.

Statistical Analysis
Data analysis was done using SPSS 21.0 statistical software
(SPSS, Inc., Chicago, IL, USA). Measurement data were pres-
ented as mean � standard deviations (�x � s). Comparisons
between two groups were done using the Bonferroni test,
and the comparisons between before and after the operation
within a group were done using the paired t-test; categorical
data were presented using composition ratios, and the com-
parisons between two groups were done using the chi-square
test. A P value of <0.05 was considered statistically
significant.

Results

Effect of PRP on the Growth Ability of BMSCs
The analysis results from the automatic blood analyzer showed
that the platelet concentration was (158.89 � 35.23) � 109/L in
the whole blood of beagle dogs and was significantly lower than
the platelet concentration [(1368.67 � 52.51) � 109/L] in pre-
pared PRP (P < 0.05). The primary bone marrow cells from
beagle dogs were extracted and cultured, and cell colonies could
be seen after 5–7 days, and in about 14 days the cells
completely covered the bottom of tissue culture flasks. The
spindle-formed fibroblast-like cells grow rapidly. The fourth
generation of BMSCs were inspected with flow cytometry, and
the results showed that the expression of CD13 was positive,
while the expression of CD45 was negative (Fig. 3A), indicating
that high purity BMSCs were obtained with a natural purifica-
tion method. The cell counting results (Fig. 3B) showed that
when the PRP concentration was less than 70%, the prolifera-
tion of BMSCs gradually increased with an increasing PRP con-
centration, and the proliferation ability of BMSCs was the
highest at a PRP concentration of 70%. When the concentra-
tion of PRP was greater than 70%, the effect of increasing PRP
concentration on promoting BMSCs proliferation gradually
decreased, and at a PRP concentration of 90%, the proliferation
ability of BMSCs was not statistically different from that of the
control group (0% PRP) (P > 0.05), indicating that the PRP

concentration had great influence on BMSCs proliferation.
Therefore, the PRP concentration of 70% was chosen as the
appropriate concentration for further in vivo intervention
experiments.

Comparisons of the Healing of Meniscal White-White
Zone Injury by MRI Among Four Groups
After establishing the meniscal white-white zone injury model,
the beagle dogs in each group showed no wound infection, and
the wound healed well; all beagle dogs in each group were alive
healthily with no significant changes in body weight, body
length, and height before and after the modeling. Meniscal
healing results from MRI showed that: at 3 months after the
operation, the intra-articular effusion in the control group was
basically eliminated, and the high signal of meniscus reached
until the articular surface; in the BMSCs group, there was a
slight intra-articular effusion, and the high signal in the lateral
meniscus was in contact with the articular surface; in the PRP
group and the PRP + BMSCs group, there was no intra-articu-
lar effusion, the lateral meniscus was intact, and there was no
abnormal signal (Fig. 4A). The results of meniscal white-white
zone healing evaluated by the Stoller method showed: there was
no healing in the control group; the number of cases of healing
in the BMSCs group was one; the number of cases of healing
in the PRP group was nine; and the number of cases of healing
in the PRP + BMSCs group was 10. The chi-square test analy-
sis showed that: meniscal healing in the PRP group and the
PRP + BMSCs group was significantly improved as compared
to that of the control group and the BMSCs group (all
P < 0.05), and there was no significant difference between the
PRP group and the PRP + BMSCs group (P > 0.05) (Fig. 4B),
indicating that PRP can promote the healing of meniscal white-
white zone injury in beagle dogs, and the effect of PRP alone
was not different from that of using PRP and BMSCs jointly.

Comparisons of Histopathology of Meniscus Among Four
Groups
By visual observation and using a blunt object to tentatively
penetrate or slightly pull the healing site in the meniscal
white-white zone in a lateral direction showed that, in the
control group and the BMSCs group, there was essentially

Fig. 3 Expressions of BMSCs surface antigens were inspected using flow cytometry (A) and histogram that shows the effect of different PRP

concentrations on the growth ability of BMSCs (B). Note: *, indicates P < 0.05 as compared with the 0% PRP group.
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no continuous tissues through the meniscus injury; in both
the PRP group and the PRP + BMSCs group, there were
continuous tissues through meniscus at the lesion site and
the tissues have been repaired, and the injury site could
not be clearly determined by the naked eye (Fig. 5A). The
HE staining of the meniscal tissue sections showed that
there was no healing in the control group and the BMSCs
group and there were two separations at the outer edge of
the damaged site; in the PRP group and the PRP + MSCs
group, the healing of meniscus was obvious and continu-
ous fibers were seen through the lesions, and there was no
histological differences between the callus and nearby
meniscus tissues (Fig. 5B). Assessment of meniscal white-

white zone healing using HE staining showed: there was
no complete healing in the control group; there was one
complete case of healing in the BMSCs group, nine com-
plete cases of healing in the PRP group, and 10 complete
cases of healing in the PRP + BMSCs group. The chi-
square test analysis showed that: as compared with the
meniscal white-white zone healing in the control group,
there was no significant difference in the BMSCs group
(P > 0.05), but the situations in the PRP group and the
PRP + BMSCs group were improved significantly (all
P < 0.05), and there was no significant difference in the
healing between the PRP and BMSCs + PRP groups
(P > 0.05) (Fig. 5C). This further confirmed that using

Fig. 4 Comparisons of MRI images of beagle dogs among four groups (A) and histogram for the evaluation of meniscal white-white zone healing by

MRI (B). Note: Different lowercase letters indicate P < 0.05 as compared between the two groups.

Fig. 5 General observation of meniscus in the beagle dogs of each group (A), HE staining observation of beagle dogs among four groups (B) and

histogram evaluation of meniscal white-white zone healing by HE staining (C) Note: Different lowercase letters indicate P < 0.05 as compared

between the two groups.
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PRP alone or in combination with BMSCs can promote
the repair of meniscal white-white zone in beagle dogs.

Comparisons of Type I Collagen and Type II Collagen
Expressions of Meniscus Among Four Groups
Immunohistochemical staining of type I collagen and type II
collagen of meniscus has shown that, the expressions of type
I collagen and type II collagen in the control group and the
BMSCs group was relatively weak, while the expressions of
type I collagen and type II collagen in the PRP group and
the PRP + BMSCs group were stronger with more brown
staining (Fig. 6A,C). Quantitative analysis on the numerical
density, surface density, and perimeter density of type I col-
lagen and type II collagen expressions in each group showed
that: as compared with the different parameters in the con-
trol group, there were no significant differences in the
BMSCs group (all P > 0.05), but the parameters in the PRP
group and the PRP + BMSCs group all significantly
increased (all P < 0.05). In addition, there were no significant
differences among those three parameters in the expressions
of type I collagen and type II collagen between the PRP
group and BMSCs + PRP group (all P > 0.05) (Fig. 6B,D).
This indicates that PRP intervention promotes collagen
expression during the repair of meniscal white-white zone in
beagle dogs.

Comparisons of OPN Contents in the Synovial Fluid of
Knee Joint Among Four Groups
Results of ELISA showed that at 1 week before modeling, the
OPN content in the synovial fluid of knee joint in each
group was not significantly different (all P > 0.05). At
3 months after modeling, there was no significant difference

between the control group and the BMSCs group (P > 0.05),
but the OPN content in the PRP group and the PRP
+ BMSCs group significantly decreased (P < 0.05). In addi-
tion, there was no significant difference between the PRP
group and the PRP + BMSCs group (P > 0.05). Compared
with the OPN content at 1 week before the modeling, the
OPN content in the control group and the BMSCs group
was significantly increased at 3 months after the modeling
(all P < 0.05), but the contents in the PRP and the PRP
+ BMSCs groups did not change significantly (P > 0.05)
(Table 1). This suggests that PRP inhibits the increase of
OPN concentration in the synovial fluid of the knee joint
caused by meniscus injury.

Impact of Meniscal White-White Zone Injury on
Cartilage of Lateral Femoral Condyle
According to the results of HE staining shown above, the
experimental animals were divided into: the non-healing
group (22 knees) and the healing group (a total of 26 knees
including the fully healed and partially healed knees). HE
and toluidine blue staining of pathological tissues of lateral
femoral condyle showed that, in the non-healing group, the
surface at the injury site of cartilage of lateral femoral con-
dyle was arranged in disorder with chondrocyte hypertrophy:
the staining was uneven; the tide line was not continuous, or
a part of the tide line was lost; cracking was seen in a portion
of cartilage surface; the toluidine blue staining was uneven
and some parts were not stained. In the healing group, the
cartilage cells were arranged in neat rows, and there was no
obvious hypertrophy or vacuolization: the stain was uniform,
and the tidal line was continuous and neat; and the toluidine
blue staining was uniform (Fig. 7A). The histopathological

Fig. 6 Immunohistochemical staining results of type I and type II collagens in the meniscus of different groups (A, C) and histogram of protein

quantitative analysis (B, D) Note: Different lowercase letters indicate P < 0.05 as compared between the two groups.
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grading results on cartilage damage showed that, in the non-
healing group, the cartilages in six knees were normal, while
the cartilages in 16 knees had mild injuries. In the healing
group, the cartilages in 20 knees were normal, while the car-
tilages in six knees had mild injuries. There were no moder-
ate or severe cartilage damage in either group. Statistical
analysis showed a significant difference in the cartilage dam-
age between the two groups (P < 0.001) (Fig. 7B). This indi-
cates that the unhealed meniscus white-white zone injury
will lead to femoral cartilage injury in the corresponding
knee joint.

Discussion

The crucial roles of the menisci in human knee are well-
documented, occupying 60% of the contact area between

the surfaces of tibial and femoral cartilage, and more than
50% of joint compression forces are transmitted by
menisci14. Avascular meniscal tears, also known as meniscal
white-white tears, have a poor self-healing ability. As poor
long-term clinical results following partial and total men-
iscectomy have been recorded by many investigators, PRP
has gained much attention as a promising nonoperative
treatment for the repair of meniscal tears extended into the
avascular zone15,16. Therefore, the present study investigates
the efficacy of PRP on the healing of meniscal white-white
zone by inducing BMSCs.

First of all, we find that PRP could remarkably pro-
mote the proliferation of canine BMSCs, and both PRP

and PRP + BMSCs treatments are effective in the repair
of meniscal white-white zone. BMSCs are cells postulated
to be involved in the process of tissue homoeostasis, rem-
odeling, and repair through ensuring the mature cell
replacements are free of physiological turnover, senes-
cence, injury, or disease17. In recent years, the potential of
BMSCs in achieving good healing through the formation
of fibrocartilage-like tissue and improvement in biome-
chanical properties has raised much concern, thus MSCs-
based therapies for the regeneration of different tissues
have gained popularity18. PRP is also a widely tested med-
icine because of its potential in aiding tissue regeneration
with low self-healing, including white-white meniscal
tears19. Furthermore, former study also demonstrates that
the PRP concentration variations might affect the bone
formation, possibly due to the fact that when a small
amount of BMSCs are mixed with a large volume of PRP,
part of the bone cells are transferred in the autograft,
which contains the primary bone regenerating cells; at the
same time, the bone cells would be exposed to high PRP
concentrations8. In other words, the proliferation of MSCs
are suppressed by high PRP concentrations, but were
upregulated by low PRP concentrations. This is why PRP
in appropriate concentration combined with BMSCs is an
effective regimen for the healing of meniscal white-white
zone20. We innovatively proposed that PRP in the concen-
tration of 70% promotes the proliferation of canine
BMSCs the most based on our intensive experiments, in

TABLE 1 Comparisons of OPN contents in the synovial fluid of knee joint among four groups (Mean�SD, pg./ml)

Control group BMSCs group PRP group BMSCs + PRP group

One week before modeling 1998.61 � 35.15 2003.23 � 25.76 2026.00 � 53.78 2012.90 � 47.78
Three months after modeling 5024.95 � 82.27# 4002.18 � 60.74# 2221.77 � 113.16* 2140.63 � 138.86*

* indicates P < 0.05 as compared with the control group.; # indicates P < 0.05 as compared with that at 1 week before modeling.

Fig. 7 HE and toluidine blue staining of cartilage of lateral femoral condyle in the healing and non-healing groups (A) and histopathological grading

histogram of numbers of cartilage damage between the healing and non-healing groups (B). Note: *, indicates P < 0.05 as compared with the non-

healing group.
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the hope of setting a recommended concentration of PRP
as a guideline for later investigators.

In addition, our results indicate that the expressions of
type I collagen and type II collagen during meniscus injury
repair process are significantly promoted and the concentration
of OPN in synovial fluid induced by meniscus injury is signifi-
cantly inhibited in the PRP group and the PRP + BMSCs
group. PRP is known for its role in hemostasis where they can
prevent blood loss at the injury sites, and PRP contains a great
number of growth factors, including PDGF, TGF-β, VEGF, as
well as cytokines, such as PF4 and CD40L proteins21. A recent
study about tissue biology has recorded the regulatory roles of
growth factors in tissue repair and indicates the effectiveness
for application of growth factors in tissue healing. For instance,
the study shows that TGF-β can significantly increase the
expression of collagens, which is consistent with our results22.
OPN is a kind of phosphoprotein secreted by many cell types,
including bone-forming cells and hypertrophic chondrocytes. It
is also pointed out that elevated OPN level in synovial fluid
and articular cartilage is linked with increased disease severity
of knee osteoarthritis patients23. Intra-articular injection of PRP
can stimulate chondrogenesis and generation of glycosamino-
glycan, thus OPN expression level is inhibited during the pro-
cess of chondrogenesis24. Moreover, the findings of our study
revealed that the incidence of cartilage injury is significantly

higher in the non-healing group. Cartilage injury is often
accompanied with meniscus tears, and the increased articular
cartilage damage rate has been identified as a cause of the delay
between injury and surgical reconstruction25.

All in all, PRP in the concentration of 70% has the
most promoting ability in the proliferation of canine BMSCs.
Besides, PRP can significantly upregulate the expressions of
collagens and downregulate the concentration of OPN in
synovial fluid. Therefore, PRP injection may be a promising
approach in the repair of meniscal white-white zone. How-
ever, the most suitable composition of PRP is still unknown,
thus further study should be conducted for understanding
the PRP to obtain the maximum value of promoting the
repair of damage.
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