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Current Trends in Cartilage Science:
An Impression from the ICRS World

Conference 2012

Jos Malda"?*" and C.Wayne Mcllwraith*"

From May 12 to 15, 2012, the 10th world congress of the
International Cartilage Repair Society (ICRS) was held in
Montreal, Canada. This year, there were 850 participants
with backgrounds in both basic scientific as well as clinical
research directed at cartilage repair and regeneration. It
encompassed more than 135 oral and 270 poster contribu-
tions; 7 plenary sessions and 20 special sessions were orga-
nized (three in parallel), each of which included two to three
invited lectures by international leaders in the field, cover-
ing recent developments and opinions both in clinical as
well as more basic scientific research on cartilage repair.

This year’s program also included two honorary lectures.
Prof. Joseph Buckwalter, who was also awarded the
Genzyme lifetime achievement award, gave the first lecture
elucidating underlying causes of posttraumatic osteoarthritis
(OA) including measurement of articular surface impact
energy (which correlates to the occurrence of posttraumatic
OA), incongruity of the joint,' and instability of the joint.
Research includes restoring congruity using computed
tomography scans and developing a model to see how pieces
fit together and evaluation of how reactive oxygen species
(ROS), produced by the mitochondria and expressed after
impaction, cause damage in the first 48 hours (and matrix
components over a longer period of time) and could be
addressed with a number of promising therapies (biologi-
cals, distraction, etc.). Prof. Daniel Grande gave the second
honorary lecture, in honor of his seminal work in the field of
cartilage repair. He spoke about the history and genealogy of
the autologous chondrocyte implantation technology, as
well as the evolution of histology grading scales and carti-
lage imaging. He concluded that the field is going toward in
situ tissue engineering, and he acknowledged the impact of
the ICRS on improved standardized protocols for research
and clinical application. Both Prof. Buckwalter and Prof.
Grande have provided review papers based on their talks
that are published separately in this issue.

Animal Models

Multiple presentations at the meeting echoed the awareness
of the limitations of the different models used, in particular
the small animal models. Moreover, there is further appre-
ciation of the equine model as one of the leading preclinical
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models, best mimicking the human situation.” Mark Hurtig
provided a review of basic science mechanisms in animal
models of articular cartilage injury in the ICRS-FIFA
Plenary Session on Sport Injury. As pointed out in the
ICRS consensus report on animal models,’ delayed repair
of chronic chondral defects is a logical target, but
Institutional Animal Care and Use Committee realities
force treatment of an acute chondral injury in instances
where the treatment involves surgery. It was pointed out
that cartilage resurfacing might need to be combined with
therapies that address the dysregulation of matrix metabo-
lism because many of our patients have long-standing
synovitis, cartilage thinning, and other evidence of a cata-
bolic synovial environment. Significant regulatory barriers
exist for combination therapies that might include some
combination of drugs, biologics, scaffolds, or cells, so a
strong case for efficacy and safety needs to be constructed.
Naturally occurring models such as canine hip dysplasia
could provide added information on controversial clinical
practices such as the diagnosis and management of femoro-
acetabular impingement.

In a special session on Animal Models and Cartilage
Tissue Regeneration, Prof. Hurtig also presented the ICRS
consensus on animal models, summarizing agreement about
the relative strengths and weaknesses of the model sys-
tems.’ His hope was that logical recommendations might
stop the wastefulness that have been pervasive in the carti-
lage R&D culture. A good example of this is the still-wide-
spread use of immature cartilage rabbits for cartilage repair
experiments, which due to their brisk intrinsic repair
response have little predictive value for patients. A fully
mature “cartilage organ” should contain zonal distribution
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of chondrocytes, a continuous tidemark with a calcified car-
tilage layer, and a regional specialization of biochemical
and biomechanical properties. Also because of the concern
about durability and maturation of the repair tissue or neo-
cartilage, long-term studies of a year or more in two species
are recommended. The cost of such studies is substantial
and time consuming, but statistical power is critical. The
consensus document reviewed the evidence-based medi-
cine around use of the larger species, because the mini-pig,
sheep, goat, and horse have all contributed to new product
registration. The thick cartilage for the horse,” suitability for
arthroscopic procedures including interim biopsies, grow-
ing availability of biomarkers and reagents, and similarity
of the cartilage volume of the human knee have made this
an attractive model for those who have specialized facili-
ties. Despite the relatively thin cartilage of the sheep and
goat, which makes fixation of scaffolds and retention of
implanted cells or tissue more difficult, experience and
expertise can overcome these obstacles. It was pointed out
that none of the larger species can simulate the extremely
thick subchondral bone plate and low trabecular volume of
the metaphysis in the human knee.

Prof. Caroline Hoemann reviewed rabbit cartilage repair
models and pointed out both the promising and limiting fea-
tures as an orthopaedic model for cartilage repair. The con-
clusion was that rabbit models are useful for proof of
concept data and as a stepping-stone to large animal pivotal
studies. The overlying recurrent outcome of rabbit studies is
the heterogeneous repair response, and there is still no clear
explanation for animal-to-animal variation. The high rate of
spontaneous repair in adolescent animals is not reproduced
in mature or geriatric rabbits. Therefore, skeletally mature
animals (i.e., greater than or equal to 7 months old) should
be used to screen the efficacy of formulations as indication
for uses in adult human patients.

The last paper in this special session was given by
Dr. David Frisbie as a review of equine models. Most of
the equine cartilage resurfacing models have focused on
the equine knee, or “stifle” as it is commonly called.
Comparative studies have demonstrated that the horse has
articular cartilage of similar thickness to that in the human
knee and closer than other species commonly used in pre-
clinical trials.>* Furthermore, this joint in the horse is com-
monly clinically affected with cartilage lesions, allowing
equine clinicians experience with not only research but
clinical outcomes as well. A minimum 9-mm diameter
defect has been determined to be a critical size, and many
studies have used a 15-mm defect. The ability to differen-
tially determine the calcified cartilage and subchondral
bone plate have allowed further refinement of defect cre-
ation both through open and arthroscopic procedures, and
the size of the equine joint allows multiple defects to be
placed in the same joint. Disadvantage of the horse include
the inability to provide compression bandaging of the stifle

area (as is done in human patients) and the lack of a non-
weight-bearing period postoperatively (this issue is some-
what overcome based on defect location). The number of
horses can be kept to a minimum in many cases by using the
horse as its own control, as well as evaluating the outcomes
at various time points (second-look arthroscopies and biop-
sies). Outcome assessments include clinical examination
for lameness and synovial effusion, as well as response to
flexion; pretreatment and posttreatment radiographs; mag-
netic resonance imaging; synovial fluid and serum bio-
markers; routine synovial fluid analysis; sequential
arthroscopies; optical coherence tomography; gross post-
mortem examination; histopathological, histochemical, and
immunological analysis; biochemical analysis for collagen
type II/collagen type 1 ratio, as well as aggrecan and gly-
cosaminoglycan content; and real-time quantitative poly-
merase chain reaction evaluation for mRNA expression of
the tissue and biomechanical evaluation. Several studies in
which biopsies were taken of repair tissue at 4 to 6 months
have indicated no detrimental long-term implications for
the repair tissue from biopsies. The paper also presented
belief that there had been a positive evolution of model
selection from it based on cost and convenience to more
critically evaluating how well an animal model simulates
the human situation.

Biomarkers

Prof. Stephan Lohmander addressed the question of how
can biomarkers be used as outcome measures in cartilage
repair and OA? He discussed how we should consider
patient-reported outcomes on symptoms, function, and
quality of life as the gold standard, the clinical endpoint.
Other outcomes may include functional tests, imaging tech-
niques to monitor structure and quality of joint tissues, and
molecular biomarkers to reflect the turnover, structure, and
state of joint tissues. Studies on cartilage repair and OA
with currently available outcome measures require long
observation times and trials and, therefore, a great need for
new measures that can predict the long-term clinical out-
come after a shorter observation time. The presenter pre-
dicted that biomarkers developed for OA will likely find
use also in studies of cartilage repair and regeneration. For
OA biomarkers, a terminology named BIPEDS was pro-
posed, which classifies these biomarkers into five catego-
ries corresponding to their proposed use: burden of disease,
investigational, prognostic, efficacy of intervention, diag-
nostic, and safety.” Biomarkers that are likely to have the
earliest beneficial impact on clinical trials fall into two
categories: (a) markers that would allow us to select for
trial subjects that are most likely to respond or progress
(prognostic markers) within a reasonable time for a clinical
study (1-2 years for an OA study) and (b) those that provide
early feedback for preclinical decision making and for trial
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organizers that an intervention has the desired effect on the
primary molecular target (efficacy markers). Both types of
biomarkers are highly desirable in chronic conditions
where conventional clinical outcomes may take years to
present. Validation of biomarkers against a gold standard
endpoint depends critically on the performance and speci-
ficity of that gold standard endpoint. A second useful clas-
sification system divides biomarkers into four categories
according to their current level of qualification: (a) exploration-
level biomarkers—used as research and development tools
with in vitro and/or preclinical evidence but without consis-
tent information linking the biomarker to clinical outcomes
in humans; (b) demonstration-level biomarkers—associated
with clinical outcomes in humans but have not been repro-
ducibly demonstrated in clinical studies; (c) characterization-
level biomarkers—which are reproducibly linked to clinical
outcomes in more than one prospective clinical study in
humans; and (d) surrogacy-level biomarkers—which can
substitute for a clinical endpoint, corresponding to “surro-
gate endpoint” as mentioned above and require agreement
with regulatory authorities as an FDA-registered endpoint.

Prof. Robin Poole addressed emerging molecular bio-
marker technologies and the way forward. His presentation
focused on turnover of type II collagen, the dominant com-
ponent of the extracellular matrix of cartilage without which
cartilage could not exist. Important requirements for the
development of successful skeletal biomarker technology
are the ability to accurately identify the source of the bio-
markers, the molecular event(s) that generates it, and what
the biomarker assay measures in terms of the molecular
fragment and where best to measure this biomarker in syno-
vial fluid, serum, or urine because different results can be
obtained with each of the body fluids. The presentation
looked at the development of technology to detect the syn-
thesis and degradation of type II collagen cartilage. Tests
for cartilage degeneration include the C2,C and C,2C com-
petitive ELISA inhibition assay to detect cleavage of type 11
collagen by collagenases and a competitive ELISA immu-
noassay (CPII) to detect collagen II syntheses.® These
assays used in combination can detect differences between
individuals with early, pre-, and radiographic knee OA and
those without knee OA,’ reveal differences between those
with knee OA who exhibit progression and those who do
not,® and indicate early responses to disease-modifying
therapy in patients with rheumatic arthritis.’

Although not strictly related to biomarkers, the third
excellent paper by Prof. Linda Sandell was on genetic
influence on cartilage repair and deserves mention. She
investigated cartilage regeneration in genetic murine mod-
els using common and bred strains in a set of recombinant
inbred lines generated from LG/J (healer) and SM/J (non-
healer) inbred strains to investigate cartilage regeneration
in acute full-thickness cartilage injury once created in the
trochlear groove of 265 mice by the method of Fitzgerald

and colleagues.'’ The result showed that both cartilage
regeneration and ear wound closure are significantly heri-
table traits. They concluded that articular cartilage regen-
eration is heritable, the phenotypic differences between the
lines are because of genetic differences, and a strong
genetic correlation between the two phenotypes (cartilage
regeneration and ear wound healing) exists, indicating that
they plausibly share a common genetic basis."'

Nerve Dependence on Cartilage
Development, Repair, and Joint Pain

Prof. Malcolm Maden introduced a novel topic. His lecture
focused on Urodele limb regeneration and how this is rel-
evant to mammalian cartilage regeneration. He investigated
the role of nerves in the newly developing Urodele limb.
Following amputation and wound healing, the internal
tissues—muscle, cartilage/bone, dermis—dedifferentiate
and form the blastema, which grows and redifferentiates
into the missing structures. The regeneration of these ampu-
tated limbs is highly dependent on the nerve fibers remain-
ing at the amputation plane, which is regulated through
anterior gradient protein secreted by the Schwann cells of
the distal nerve sheath and the gland cells in the wound
epidermis covering the amputated limb. Current research in
his group now focuses on the regeneration of large punch
holes in rabbits and mice'? that occurs by a process strik-
ingly similar to Urodele limb regeneration.

Dr. David Walsh then addressed neurogenic factors and
the eitopathogenesis of OA. He outlined that OA is more
than just a disease of the articular cartilage alone, and
peripheral sensitization of nerves within the joint contrib-
utes to OA. Consequently, the experience of OA will
depend on how the signals are processed through the spinal
cord in the brain. In the osteoarthritic joint, sensory nerves
invade through vascular channels that extend from the sub-
chondral bone into the articular cartilage. This leads to the
general activation of the sensory nerve system in the joint.
In addition, both blood vessel formation in osteophytes and
the meniscus also give rise to further nerve in growth and
contribute to pain in OA, even if subjected only to normal
mechanical stresses. Nerve growth and angiogenic factors
(which overlap in their functions) are each up-regulated in
OA, and recent preclinical studies and clinical trials have
demonstrated the potential that blocking nerve growth fac-
tor or angiogenesis may reduce OA pain."

Prof. Mats Brittberg concluded the session addressing
the question of which cartilage lesions are painful and what
the cause is of the pain experiences by some patients.
Today, it is unclear which defects are causing pain for
patients and where that pain specifically originates from.
However, the pain sensation may use the same channels as
in OA-related pain. Prof. Brittberg described that pain could
be a result of the elevated stress, resulting in edema, in the
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subchondral bone, although this is difficult to measure.
Moreover, like the pain in OA, it could also result from the
formation of osteophytes and/or subchondral microfrac-
tures. Pain could also originate from the surrounding
through the disturbance of joint homeostasis, that is, a focal
cartilage lesion can result in the secretion of neuropeptides
(e.g., calcitonin-gene-related peptide and substance P) in
the subchondral region that may directly interact with the
receptors of the chondrocytes.'* He concluded that in view
of improving clinical therapy, a better understanding of the
role of the nerves in the subchondral bone and the intra-
articular structures is of importance.

Bioprinting and Cartilage
Regeneration

The opportunities for bioprinting in the regeneration of
cartilage were the basis of a special session on this emerg-
ing topic. Prof. Dietmar Hutmacher introduced the session.
He presented the basic concepts and potential application of
additive tissue manufacturing that allows the generation of
living multifaceted structures. Importantly, bioprinting
allows the incorporation of patient-specific anatomy to cre-
ate custom-designed implants potentially in the operation
theatre, resulting in the reduction of costs. Prof. Hutmacher
provided clinical examples of how with printing technol-
ogy custom-made scaffolds can be generated that fit exactly
in the defect,” although directing the embedded cells to
generate specific functional tissue still needs further
research. Even though we are still far away from implants
that can be used clinically with respect to cartilage, build-
ing machines have been designed that provide spatial con-
trol of placing hydrogels and cells'® to better reflect the
layered architecture of the native cartilage.'” He concluded
that the next challenge in translating this approach to the
clinic will be the inclusion of multiple cells, materials, and
manufacturing processes in a sterile and controlled envi-
ronment.

Dr. Jos Malda then outlined the use of natural and syn-
thetic biomaterials for bioprinting and introduced the con-
cept of osteochondral bioprinting based on the simultaneous
printing of various materials and cells. In a layer-by-layer
fashion, constructs could be created based on cell-laden
hydrogels and thermoplastic polymer fibers to provide
additional mechanical properties.'® Obviously, these two
classes of biomaterials have to meet specific and often com-
plimentary requirements: whereas the hydrogels must sup-
port cellular survival and differentiation and degrade
relatively fast, the thermoplastic polymer should degrade
much slower and provide the construct with sufficient
strength. In addition, Dr. Malda pointed out the importance
of selecting the appropriate biomaterial for the cell-laden
phase. He presented his work on the modification of hydro-
gel systems to improve the physical requirements for the

printing, as well as to enhance the cellular differentiation
after printing. Although natural materials such as collagen
and alginate support cellular behavior, printing with good
shape fidelity and high resolution is troublesome, if not
impossible. Synthetic materials are, on the other hand, very
suitable for bioprinting applications but do not support suf-
ficient chondrogenesis. Hence, the biofunctionalization of
synthetic platforms, or rheological adaptation of natural
systems by, for example, addition of viscosity enhancers,
such as gellan gum, is currently explored.

Dr. Lawrence Bonassar addressed the use of bioprinting
for cartilage and osteochondral repair and reviewed the cur-
rent state-of-the-art of orthopaedic tissue printing. He
explained that, at this stage, bioprinting of bone has been
explored to a further extent than of cartilage. For the appli-
cation of bioprinting for the restoration of osteochondral
defects, he identified three critical challenges. The first
challenge is the generation of implants with a complex
shape, that is, a construct that takes in account the curvature
or noncircular perimeters of the defect site. He illustrated
this with his work on the printing of complex-shaped ear
and meniscus cartilage. Using an incorporated laser scan-
ner,'® his group was able to demonstrate that the printed
structures are close to the native tissue with a resolution of
200 to 300 um. The second challenge Dr. Bonassar identi-
fied is the generation of a multitissue implant. A number of
groups have achieved printing of multiple domains, using,
for example, labeled cell populations, again with a resolu-
tion of about 200 um. Using multiple nozzle strips, hetero-
geneous tissues, such as vessels-like structures, can be
made can be made. The third challenge is the delivery of the
implant to the defect site and the potential shift toward in
situ printing. This was illustrated by recent work demon-
strating the possibility of directly filling calverial'® or osteo-
chondral® defects by means of in situ bioprinting. In line
with the previous two speakers, Dr. Bonassar concluded
that, although big steps have been taken, bioprinting is still
in its infancy but with significant potential for the field of
cartilage repair. Moreover, he stressed that conversation
regarding the technological developments is happening
largely outside the field of orthopaedics and that to stimu-
late the advancement it is of importance that the ICRS con-
tinues to embrace this topic in the future.

Cell-Free Approaches

The shift toward in situ engineering of tissues was addressed
in this plenary session by Prof. Jeremy Mao and Dr. Laurie
Goodrich. Prof. Mao discussed biological joint replacement.
Prof. Mao discussed homing of endogenous stem/progeni-
tor cells in cartilage regeneration. He started his discussion
by pointing out the paradigm of biomaterials, cells, and
molecules still being the way and there being a need to
progress. He presented his work published in the Lancet”!
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where the anatomic model of the articular surface of the
rabbit glenohumeral joint was generated by three-dimen-
sional printing from 80% poly-e-caprolactone and 20%
hydroxyapatite composite. Although the focus of the
planned experiments was on seeding the scaffolds with
MSCs to induce bone formation, a cell-free group, which
contained a TGF-B-loaded collagen gel was included as
well. Against expectations, cartilage regenerated over the
surface of the scaffold of the growth factor loaded con-
structs, resulting in a hyaline-like tissue with appropriate
mechanical properties in contrast to their earlier studies in
the mandibular joint.** Prof. Mao showed that cell homing
plays an important role in this response. Using stem cells
derived from different tissues (adipose, bone marrow, and
synovium), it was demonstrated that by supplementing with
factors such as SDF-1 and TGF beta 3, conditions can be
created that conditions homed cells and stimulated chon-
drogenesis.”® To further elucidate the combined effect of
multiple factors, his group is now applying a high-through-
put approach using multi-well microfluidics devices.

Dr. Goodrich presented current prospects for gene ther-
apy as a noncellular therapy. The presentation focused on
gene therapy as a noncellular therapy and therefore direct in
vivo injection of gene therapy vectors. Therapeutic compli-
mentary DNA (cDNA) is placed into a vector backbone and
the gene therapeutic vector is then injected into the joint.
The research presented has focused on adeno-associated
viral vectors (AAV) that appear to have overcome the prob-
lems of inefficient transduction. The group is focused on
the development of AAV vectors to transmit interleukin-1
(IL-1) into equine joints.24 Previously effective inhibition
of OA* as well as promotion of cartilage repair’® with
adenoviral vector—mediated IL-1ra therapy have been
demonstrated.

Platelet-Rich Plasma in Joint Tissue
Repair

This topic was the subject of a special session. The first
paper was Dr. Lisa Fortier discussing, ‘Platelet-Rich
Plasma: Overview of Current Knowledge: Hope, Hype and
Reality.” Platelet concentrates such as platelet-rich plasma
(PRP) have gained popularity in sports medicine and ortho-
paedics to promote accelerated physiological healing and
return to function. The concept that PRP can improve joint
or tendon disease is based on the physiologic role of plate-
lets and their contained growth factors in wound healing.
However, PRP is composed of all substances in blood and
components and this mixture has bioactive functions that
positively and negatively affect musculoskeletal tissue
regeneration and healing. Mixed reports of success have
been reported after the use of PRP in sports medicine, but
with the field in its infancy, there is sufficiently positive
outcome data available to continue use and investigation

into PRP. Dr. Fortier reviewed the basic science and clini-
cal indications. Originally, PRP was considered as a
method to deliver platelets and therefore growth factors that
led to the common thought that more platelets is better,
leading to a race among manufacturers to develop systems
that would increase platelet concentration to a greater level
compared with their competitors. However, concerns were
raised about the increase in leukocytes in some preparations
leading to the concept that PRP is a mixture of all blood
components and not simply a means of growth factor deliv-
ery. Ex vivo studies indicated that concentrations of leuko-
cytes in PRP were directly correlated to loss of normal
tendon function and an increase in inflammatory molecules.
In comparisons of high platelet count versus low platelet
count products, there was a much higher white cell count in
the high platelet count product and an associated increase
in metalloproteinases. Clinical hype over PRP in North
America began in early 2009 when two famous athletes
received PRP injections and successfully returned to pro-
fessional athletics earlier than anticipated. A media blitz
began but there are a few level 1 studies and several level 2
or 3 studies that have mixed results regarding the efficacy
of PRP for treatment of musculoskeletal ailments including
joint pain, patella tendonitis, Achilles tendinosis, and epi-
condylitis. Clinical observation and opinions suggest that
pain relief and restoration of function occur more rapidly
than expected for some orthopaedic problems with the use
of PRP, and this has led to investigations of antinociceptive
and anti-inflammatory properties of PRP in the author’s
laboratory and others. The data indicate that in patients with
OA, PRP decreases the production of pro-inflammatory
markers of pain such as tumor necrosis factor, which sup-
ports the concept that PRP functions to decrease pain and
inflammation. A by-product of decreasing inflammation
would be joint preservation, but there are no clinical data
indicating that PRP increases production of cartilage
extracellular matrix proteins such as aggrecan or type II
collagen.

The second paper was from Prof. Elizaveta Kon, who
discussed the biological rationale of PRP and its clinical
application as a conservative treatment and as a “biological
augmentation” during surgical procedures. Good clinical
results have been reported in a case report using PRP in
conjunction with repair of cartilage avulsion.”” A further
study proving the efficacy of polyglycolic/acid hyaluronan
scaffold immersed in PRP for treating full-thickness chon-
dral defects of the knee was discussed.”® A pilot study in the
United States reporting benefit in patients with primary
and secondary knee OA” and a prospective study by the
presenter herself published in 2009*° where 91 patients (115
knees) treated with three injections of PRP. Patients under-
went clinical evaluation at 2, 6, and 12 months of follow-up,
and 80% expressed satisfaction for the treatment received.
Clinical outcome registered a statistically relevant
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improvement of all variables just after 2 months from the
end of the treatment at 2 months and 6 months with a ten-
dency of worsening from 6 to 12 months of follow-up.
Despite the decrease reported after 1 year, the clinical
scores at that time were still higher than the basal level. A
later study by the same authors evaluated the patients at 24
months of follow-up, confirming this trend with a further
decrease in clinical outcome, thus concluding that intra-
articular therapy with platelet-derived growth factors is
time dependent with an average age of 9 months and better
and long-lasting results in younger patients with lower level
of joint degeneration.’’

Dr. Scott Rodeo then reported on clinical experiences
with PRP. He reviewed recent clinical data on the use of
PRP for tissues in and around the joint including hyaline
cartilage, ligament, tendon, and meniscus. The rationale
and attraction of PRP is the ability to deliver numerous
cytokines in physiologic-relevant proportions. Dr. Rodeo
noted that despite vast basic science and laboratory data
demonstrating a positive effect of various PRP formulations
on basic cell biology, this has not yet translated into a con-
sistently positive clinical effect. One of the limitations in
studying PRP is the fact that there is tremendous variability
in various commercially available PRP preparations with
regard to platelet content, white cell content, platelet activa-
tion, kinetics of cytokine release from PRP/PRFM, ratio
between fibrinogen and thrombin concentration, formation
of a fibrin matrix, and microstructure of the final fibrin net-
work. It has been noted that there is also variability between
individuals/patients with regard to platelet counts, day-to-
day variation in platelet count, growth factor content per
platelet, and other protein/factors in the plasma. Clinical
effects typically wear off after 6 to 12 months, and there is
very little (virtually zero) data that have demonstrated a
positive structural effect (actual regeneration of cartilage
tissue). Kon ef al. have reported PRP superior to HA.*
Platelet-rich plasma may inhibit the adverse effects of IL-1[3
and other negative factors in the inflammatory environ-
ment, but much further research is needed. There are little
data available on the effect of PRP for patellar tendinopa-
thy, but there are some positive data for lateral epicondyli-
tis, suggesting that PRP may be effective for extra-articular
tendons, and one study reported positive results on mag-
netic resonance imaging appearance of degenerative patella
tendon.

Clinical Studies Using Cartilage
Fragments

Drs. Jack Farr and David Caborn presented a plenary ses-
sion discussing the use of autologous and allogenic carti-
lage fragments. Dr. Farr presented the two new approaches
that use minced/particulated cartilage to treat chondral
defects. One technique uses autograft cartilage (cartilage

autograft implantation system [CAIS]) (DePuy Mitek;
Raynham, MA) and the other uses juvenile allograft carti-
lage (DeNovo NT; Zimmer, Warsaw, IN).33 With the
CAIS technique, preclinical data®**® were compelling
enough for the FDA to approve a safety pilot study. The
clinical outcomes are now published at 2 years and an
extension follow-up study is complete to 4 years postop-
eration and an extension is just being initiated. A parallel
pilot study has been completed in Europe. This was pre-
sented in one of the free paper sessions on cartilage/cell
transplantation by Prof. Brittberg. In the United States, the
FDA has approved a pivotal study of the technique and the
plan is to enroll more than 300 patients for a randomized,
perspective comparison of CAIS to microfracture. The
case study is restricted to ICRS grade 3a-4a chondral
lesions of the femoral condyles or trochlea that, after
debridement, measure from 1 cm? to 10 cm?. Dr. Caborn
presented the use of allogenic cartilage fragments (DeNovo
NT) with clinical case data. Though an extended abstract
is not available, good clinical results were reported. After
the paper, the Co-Chairs Profs. Anthony Hollander and
Alan Gross led an active discussion of the current limita-
tion of clinical data and outcome information in this
emerging area of cartilage repair.

Stem Cells for Cartilage Repair

Another plenary session on stem cells for cartilage repair
moderated by Prof. Anthony Hollander had two speakers,
Prof. Frank Barry, addressing stem cell therapy for joint
repair, and Prof. C. De Bari, discussing stem cell-based
therapeutic approaches to joint surface repair. Prof. Barry
discussed both adult mesenchymal stem cells (MSCs) iso-
lated from bone marrow as well as the use of allogeneic
stem cells. He noted that there are many aspects of the biol-
ogy of MSCs that are poorly described, and a more exhaus-
tive characterization is necessary to exploit these cells fully
in the context of tissue repair. Adequate translation of MSC
therapy will only be successful if the following are
addressed: (a) development of new cell-specific markers,
(b) deciphering the therapeutic mechanism of action and
unraveling the paracrine signals that contribute to tissue
repair, (c¢) understanding clonal heterogeneity in cultured
populations, (d) ensuring that batch variability
is controlled, and (e) understanding the nature of host
immunomodulation by transplanted MSCs and allonge-
neicity. There is evidence that human MSCs isolated by
current methods are not homogeneous and in fact consist of
mixtures of progenitors and other cells. The possibility of
culture-induced heterogeneity and the lack of highly spe-
cific markers raise issues of regulatory compliance that
may need clinical testing. Presently, there are several anti-
bodies that are routinely used to characterize MSCs from
human bone marrow by flow cytometry and other methods,
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and some have been adopted as release tests for clinical
grade cells. These include CD105, CD73, CD90, Stro-1,
and CD271. None of these represents a canonical marker of
MSCs, and therefore, the homogeneity, reproducibility, and
consistency of isolated populations are not assured. The
author’s laboratory has produced an avian immune phage
display library to overcome potential immune tolerance and
to generate a new antibody discovery platform for human
MSCs. It has been well demonstrated that MSC prolifera-
tive activity in vitro is high and that when exposed to TGF-
B they have a chondrogenic capacity that far exceeds that of
primary chondrocytes in cultures. It was also proposed that
MSC:s are fully tolerated in an allogenic setting when deliv-
ered to an immunocompetent host, which created new
opportunities for the therapeutic use of these cells without
the need for a tissue biopsy.

Prof. De Bari discussed how the use of MSCs is being
pursued as chondrocyte substitutes in an autologous chon-
drocyte implantation equivalent procedure because MSCs
are easily accessible, easy to isolate and to expand in culture,
and the ability to form cartilage and bone. He also proposed
that they appear to be immune privileged under specific
conditions. At the same time, preclinical and clinical stud-
ies are needed to compare MSCs with articular chondrocytes
and see if implantation of MSCs will result in a cartilage
tissue that is durable and if the use of MSCs would extend
the application of cell-based technologies to nonlocalized,
chronic lesions in OA patients as has been reported.*® Prof.
De Bari also noted that there is evidence that MSCs can be
poorly immunogenic in vivo under specific conditions®’;
however, the differentiation into a mature phenotype of the
implanted stem cell is likely to result in the loss of the immu-
nological privilege with consequent rejection. He also dis-
cussed that another approach to the repair of the joint surface
could be the activation of intrinsic regenerative mechanisms
by using medications that target the stem cells naturally
present in their own environments and related reparative sig-
naling pathways. In this respect, several joint associated tis-
sues such as synovial membrane and fluid, fat pad,
periosteum, bone marrow, and even the articular cartilage
itself have been reported to contain cells that after isolation
and culture expansion display properties of MSCs.

Concluding Remarks

The 2012 ICRS meeting brought together clinicians, health
care professionals, and basic scientists and provided an
overview of the current state-of-the-art in the field of carti-
lage repair. Based on this, we identified that the field is
moving toward induction of endogenous repair, patient
profiling, and the use of cartilage fragments and extracel-
lular matrix scaffolds. Although the use of stem cells is
promising, additional markers are needed. There is a need
for better-controlled clinical trials, particularly for newer
biological therapies such as PRP. In addition, preclinical

models continue to be needed with better definition of
appropriate model selection.

Information will continue to emerge at the next meeting
in [zmir, Turkey, in September 2013.
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