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Abstract
Introduction An adeno-associated virus (AAV) derived
vector in gene transfer model that induces IGF-1 expression
could repair articular cartilage.
Materials and methods Male Wistar rats, 150 and 200 g,
and 7 weeks old, were used. EVectiveness of constructed
vectors was assayed inoculating them in rat knees of con-
trol and damaged animals either mechanically or by colla-
gen-induced arthritis. Inoculation was intra-articular with
50 �L of recombinant AAV-Luciferase (1.25 £ 108 parti-
cles). The rats were killed after 1, 2, 4 and 8 weeks. IGF-I
activity was analyzed by injecting 50 �L of recombinant
AAV (1.25 £ 108 particles) in animals with damaged
knees. Final analysis was performed after 8 weeks.
Results The activity of AAV vectors in vitro shows the
presence of mRNA coding to IGF-I in cells infected with
AAV-IGF and not in control cells without viral vectors and
an increase in secreted IGF-I protein in culture medium. In
vivo, AAV derived vectors induced protein expression in
cartilage 2 months after inoculation. In the animals killed
after 1 and 2 weeks, no signiWcant increase in the reaction
of luciferase was observed (P > 0.05). In the group of

animals with no injury an increase was observed at
4 weeks, which was more marked and signiWcant after
8 weeks (P = 0.029). The same behavior occurred in the
animals with induced arthritis and in the mechanical injury
group. In the levels of expression after 8 weeks, no signiW-
cant diVerences were found between the two groups of
injured animals and the group of healthy animals infected
with the virus. The joints of the animals that were subjected
to injuries in the cartilage and inoculated with AAV-IGF-I
presented a similar appearance to those animals inoculated
with saline solution.
Conclusion Autoimmune and mechanical lesions did not
show improvement in the state of its cartilage after the
treatment. The use of AAV vectors capable of inducing the
expression of IGF-I in vitro is therefore not suYcient to
protect the cartilage from the serious damage.
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Introduction

Articular cartilage is an avascular articular tissue which
protects the ends of the bones, and allows less friction in
the movement of the joints. The maintenance of a healthy
and functional cartilage is essential for physical activity [3,
19]. One consequence of the lack of vascular supply to the
cartilage is its limited capacity to self repair, which results
in the gradual spreading of the injuries to the cartilage [4, 8,
15]. When the lesion includes the underlying bone, a
response originated through the release of bone marrow
content may occur, which generates a tissue that Wlls the
injured area. This tissue will be similar to cartilage for 6–
8 months, but the type I collagen will increase, generating a
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Wbrocartilage tissue which is incapable of fulWlling the
mechanical functions of the articular cartilage [5, 15, 24].

Nowadays there are no methods that completely restab-
lish the function of damaged cartilage. Techniques like
microfracture, allografts or even autollogous chondrocyte
implantation do not achieve a complete cartilage healing,
and most of them originate from Wbrocartilage with bad
mechanical conditions. Tissue engineering and gene ther-
apy could provide a useful tool to produce a tissue capable
of maintaining the mechanical and biological functions of
the original cartilage. Some techniques introduce an
implant at the site of the injury, consisting of a three-
dimensional structure (such as collagen, alginate or chito-
san) in which the cellular component is seeded. This gener-
ally consists of auotologous cells, which can be modiWed in
the laboratory so that they express growth factors [2, 18,
23]. These strategies need two surgical procedures: the Wrst
one to obtain the cells to be modiWed and implanted in the
second, which constitutes a disadvantage. Nevertheless,
they have been widely studied using insulin like growth
factor (IGF-I), which have been considered as the main
anabolic factor for cartilage cells, and have proved to have
many eVects on these kind of cells. The greatest obstacles
to this kind of treatment include disappearance of the cellu-
lar response to IGF-I inside the damaged cartilage, and the
short average life of the protein. Despite these handicaps,
some studies have obtained positive results [7, 13, 20, 25].

The aim of the present study is to construct a model of
gene therapy using adeno-associated viruses and to study
whether an IGF-I delivery system directly injected into the
knee without any surgery is capable of preventing injuries
caused by mechanical or auto-immune damage.

Materials and methodology

Experimental design

The study was divided into two parts. The Wrst, in order to
assay the induction of expression, recombinant adeno-asso-
ciated viruses (AAV) capable of inducing luciferase
expression (AAV-luciferase) were used. Animals were
divided into four groups as follows (Table 1):

– Group 1: Control
– Group 2: Inoculation with AAV-luciferase
– Group 3: Collagen induced arthritis (CIA) model inocu-

lated with AAV-luciferase
– Group 4: Mechanical injury model inoculated with

AAV-luciferase.

Four animals of every group were killed at 1, 2, 4 and
8 weeks after the virus inoculation.

In the second part of the study (once optimized the time
for expression induction by the vectors), recombinant
adeno-associated viruses (AAV) capable of inducing IGF-I
expression (AAV-IGF-I) were used to analyze the IGF-I
eVect in the joint disorders. The animals were divided as
follows (Table 2):

– Group 1: Control
– Group 2: Control CIA model
– Group 3. Control Mechanical injury model
– Group 4: AAV-IGF-I inoculation.
– Group 5: AAV-IGF-I inoculation and CIA model
– Group 6: AAV-IGF-I inoculation and mechanical injury

model.

Table 1 Experimental groups used to assay the induction of expres-
sion by recombinant AAV capable of inducing luciferase expression
(AAV-luciferase)

Group Number 
of animals

Treatment Killed 
after
(weeks)

1 4 Control (saline) 1

1 4 Control (saline) 2

1 4 Control (saline) 4

1 4 Control (saline) 8

2 4 AAV-luciferase 1

2 4 AAV-luciferase 2

2 4 AAV-luciferase 4

2 4 AAV-luciferase 8

3 4 CIA + AAV-luciferase 1

3 4 CIA + AAV-luciferase 2

3 4 CIA + AAV-luciferase 4

3 4 CIA + AAV-luciferase 8

4 4 Mechanical damage + AAV-luciferase 1

4 4 Mechanical damage + AAV-luciferase 2

4 4 Mechanical damage + AAV-luciferase 4

4 4 Mechanical damage + AAV-luciferase 8

Table 2 Experimental groups used to assay the activity of the IGF-I
factor inoculating recombinant adeno-associated viruses that induce
IGF-I expression (AAV-IGF-I)

Group Number 
of animals

Treatment Killed 
after 
(weeks)

1 4 Control (saline) 8

2 4 CIA 8

3 4 Mechanical damage 8

4 4 AAV-IGF-I 8

5 4 CIA + AAV-IGF-I 8

6 4 Mechanical damage + AAV-IGF-I 8
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Time of analysis was determined according to the results
obtained in the Wrst part (8 weeks).

Proceedings with animals

The animal experiments were carried out according to the
policies and principles established by the Animal Welfare
Act, and our national animal welfare guidelines. The study
was approved by our Institutional Animal Care and Use
Committee. Eighty-eight male Wistar rats were used,
weighing between 150 and 200 g, and aged 7 weeks.

Recombinant AAV vectors were inoculated intra-articu-
larly (1.25 £ 108 particles) in both the knees suspended in
50 �L of saline solution. Control groups were inoculated in
both the knees with 50 �L of the saline solution. The intra-
articular injections were performed after sedation with
100 mg/kg ketamine (Imalgene™, Merial, Harlow, Essex,
UK) administered intra-peritoneally. The joint damage
model was carried out on the next day, after inoculation
with the virus as described below.

Animals were killed by over-exposure to CO2. In order
to evaluate the physical state of the animals, and to avoid
possible variations in the knee biomechanics during the
evolution of both the models, body weight parameter was
monitored during all the experiments.

Collagen-induced arthritis model

The animals were inoculated with a collagen emulsion to pro-
duce arthritis according to Trentham et al. [27]. The model
was induced as follows: 8 mg of chicken type II collagen
(Sigma™, St Louis, MO, USA) was diluted in 2.5 mL of
0.5 M acetic acid. The resulting solution was added drop-
wise to 2.5 mL of incomplete Freund adjuvant (BD™, Frank-
lin Lakes, NJ, USA). They were mixed for 2–3 min using an
Ultra Turrax homogenizer (IKA™, Staufen, Germany) until
an emulsion was achieved. The inoculation of 0.5 mL emul-
sion was performed subcutaneously in the animal’s back,
1 day after inoculation with the virus. As a booster dose,
0.1 mL of the same collagen emulsion was injected 1 week
after the Wrst dose, under the same conditions.

Mechanical damage model

The mechanical lesion was produced in both the knees. A
hypodermic needle was introduced through the anterior part
of the knee, across the patellar tendon under Xuoroscopy. A
widespread osteochondral injury in the tibial plate was per-
formed by scratching the tibial surface and reaching the
subchondral bone. During the complete procedure, animals
were anesthetized with 100 mg/kg ketamine and 10 mg/kg
xylacine (Rompun™, Bayer, Leverkusen, Germany)
administered intraperitoneally.

Construction of adeno-associated viruses

The recombinant viruses were constructed according to the
method used by Zaratiegui et al. [33]. Co-transfection of
293T cells was performed with two plasmids, one of which
contained the genome of the virus except for the rep and
cap genes and the cDNA, which codes for luciferase/IGF-I
under the control of the cytomegalovirus promoter (CMV).
The other had the two genes, rep and cap inserted. The cells
used had the genes of the adjuvant adenovirus needed for
replication. In the cytoplasm of the cells, the formation of
the viral particles took place. The cells were lysed and their
DNA and RNA were digested. Finally, the viruses were
puriWed by chromatography in an agarose column, and their
titer estimated by quantitative PCR.

In vitro assay

Adeno-associated virus vectors were Wrst assayed in vitro
for its capability to induce expression of IGF-I in cultured
chondrocytes. All cell culture reagents were purchased
from Gibco-BRL™ (Gaithersburg, MD, USA). Cells were
extracted from rat cartilage using collagenase/dispase
digestion and grown in monolayer up to passage 2 in
DMEM medium supplemented with 10% FBS, penicillin/
streptomicyn, L-Cys and Hepes. They were then detached
using a tripsin/EDTA solution and counted with trypan blue
dye. A total of 5 £ 105 cells were seeded on 75 cm2-Xasks
with medium consisting of DMEM supplemented with
0.1% FBS, penicillin/streptomicyn, L-Cys and Hepes. Two
hours after seeding, viral vectors were added (m.o.i 50.000)
and resuspended in 1 mL culture medium. Control Xask
was supplemented with 1 mL medium without viral parti-
cles.

AAV vectors were allowed for the infection and induc-
tion of protein expression during 72 h, and then cells were
collected by tripsinization and centrifugation (5 min at
1,500g). Conditioned media were also collected and stored
at ¡20°C. After resuspension of cell pellet in Trizol™
reagent, RNA was extracted according to manufacturer’s
guidelines, and Wnal RNA pellet was resuspended in 20 �L
RNAse free water. Conditioned media were assayed for the
presence of IGF-I by ELISA assay, and RNA was subjected
to RT-PCR experiments.

Protein determination

Prior to ELISA assay, conditioned media were subjected to
Bradford assay to determine the protein content. Bradfor
reagent (Bio-Rad™, Hercules, CA, USA) was used in 96
well plates in a total volume of 200 �L per well using
Bovine Serum Albumin as a standard. Absorbance was
measured at 595 and 450 nm using a plate reader (Organon
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Teknica™, Boxtel, Netherlands), and the ratio 595/450 nm
was used to calculate protein concentration.

ELISA

A volume of 100 �L of every extract was added per well
(four repeats) in 96 well plates, using 100 �L per well of
fresh medium and PBS as controls. After 2 h of incubation
at room temperature, plates were blocked with 100 �L of
TBS/0.5% Tween 20 and 1% BSA for 2 h at RT. SpeciWc
antibody to IGF-I (Upstate-Millipore™, Billerica, MA,
USA) was diluted 1:1,000 in blocking buVer and 100 �L
was added to every well. After 2 h of incubation at RT,
three washes were performed using blocking buVer and
then secondary antibody HRP conjugated (Amersham-Bio-
sciences™, Piscataway, NJ, USA) was added at a 1:500
dilution and allowed for its binding for 30 min. After wash-
ing again as described, colour was developed adding citrate
buVer supplemented with 1.1 mg/10 mL 2,2�-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS) and H2O2

(45 �g/10 mL) and waiting until the appearance of color.
Absorbance was measured at 405 nm with a plate reader
(Organon Teknika™).

RT-PCR

After RNA concentration determination by spectropho-
tometry (Genequant II, Amersham Biosciences™), RT-
PCR assays were performed (Superscript Platinum
RTPCR System™ Invitrogen™). For each reaction, 10 ng
of RNA and 20 nM of each of the two primers (Proligo™,
Boulder, CO, USA) were used. Finally, a thermal cycler
was programmed (Omnigene™ Hybaid™, Franklin, MA,
USA) to achieve the following reaction: 50°C, 30 min;
94°C, 2 min, 1 cycle; 94°C; 1 min; Tm 1 min; 72°C,
1 min, 30 cycles and 72°C, 10 min, 1 cycle. Primers used
were tctacaacgagctgcgtgtg (forward) and cgtgaggatcttcat-
gaggt (reverse) for �-actin gene and atgtcgtcttcacatctcttc-
tacc (forward) and gatggaacgagctgactttgtag (reverse) for
IGF-I gene.

The results were visualized in a 2% agarose gel and pho-
tographed and analyzed using Gel Doc 2000™ system
(Bio-Rad™). Every experiment was repeated three times,
to asses its reproducibility and a representative gel is pre-
sented.

Obtaining and processing the tissue

After killing the animals, the two femora–tibial joints were
removed. The right knees were stored at ¡20°C for total
protein extraction, while the left knees were directed for
histological processing. The specimens for the morphologi-
cal study were maintained in 4% formaldehyde, for 24 h.

Once Wxed, were decalciWed in a solution of 7.5% poly-
vinyl-pyrrholidone (PVP), and 10% EDTA, in Tris 0.1 M
and pH 6.95 for at least 3 weeks, at room temperature. Sub-
sequently, they were embedded in paraYn. Finally, 4 �m
thick sections were obtained using a conventional micro-
tome (Microm™, Neuss, Germany) and stained with Mas-
son’s trichrome and Safranine-O. Safranine stained samples
were graded for the histological state of cartilage using
Mankin score [14] (Table 3).

To extract the protein, the joints were frozen in CO2 and
triturated. They were subsequently homogenized using an
Ultra-Turrax homogenizer (IKA®), and 1.5 mL RLB
buVer (Reporter Lysis BuVer) was added corresponding to
the Luciferase Assay System (Promega®, Madison, WI,
USA). The homogenate was centrifuged for 10 min at
15,000g to obtain a supernatant which constituted the pro-
tein extract from each knee. A volume of 100 �L of this
extract was added to 100 �L of the substrate for the lucif-
erase. To read the results at 562 nm, a luminometer (Bert-
hold Systems®, Bad Wildbad, Germany) was used. The
total protein concentration for each sample was deter-
mined using Bradford’s method (Bio-Rad™), and the
result was used to normalize the data corresponding to the
luciferase activity.

Table 3 Mankin score for histologic grading of cartilage degeneration

Grade Structure

0 Normal

1 Surface irregularities

2 Pannus and surface irregularities

3 Clefts to transitional zone

4 Clefts to radial zone

5 Clefts to calciWed zone

6 Complete disorganization

Cells

0 Normal

1 DiVuse hypercellularity

2 Cloning

3 Hypocellularity

Safranin O staining

0 Normal

1 Slight reduction

2 Moderate reduction

3 Severe reduction

4 No dye noted

Tidemark integrity

0 Intact

1 Crossed by blood vessels
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Immunhistochemistry

Immunostaining was performed using a Vectastain ABC kit
(Vector Laboratories, Burlingame, CA USA). BrieXy, after
trypsin treatment and following deparaVinization, endoge-
nus peroxidase was blocked by placing the sections in 3%
hydrogen peroxide solution for 30 min. They were then
incubated in the following reagents with appropriate tris-
buVered-saline (TBS 0.55 M, pH 7.36) washes: normal pig
serum for 30 min, primary antibody (anti luciferase diluted
1:100, SIGMA™) for 1 h, biotinylated antirabbit antibody
for 30 min, and avidin–biotin complex for 30 min. The
reaction was visualized with chromogen substrate solution
(0.3 mg/mL diaminobenzidine and hydrogen peroxide), and
sections were then counterstained with Harris’ hematoxilin,
dehydrated, and mounted. Normal serum was used as nega-
tive control.

Statistical analysis

The data obtained in the luminometer to detect the presence
of luciferase and those obtained with the Mankin score
were compared using the non-parametric Kruskal–Wallis
and Mann–Whitney U tests. The former was used to deter-
mine the diVerences between all the diVerent treatments,
and the latter was used for the diVerences between each
treatment. SigniWcance was set at P = 0.05 for all tests. For
the analysis, the program SPSS 9.0 for Windows™ was
used.

Results

AAV induction in vitro

Chondrocytes in monolayer culture were used to asses the
activity of AAV vectors in vitro. After infection, RNA from
cells was subjected to RT-PCR. Results presented in Fig. 1
show the presence of mRNA coding to IGF-I in cells
infected with AAV-IGF and not in control cells, without
the viral vectors or with AAV-Luciferase. The mRNA pres-
ence agrees with the results obtained in the ELISA assays.
The Wgure also shows an increase in speciWc binding of the
antibody to IGF-I, as indicated by the absorbance measure,
demonstrating a higher level of IGF-I protein in condi-
tioned media from cells infected with AAV-IGF-I vectors,
and thus an eYcient induction of expression.

Models of joint damage

To ensure that the state of the animals did not have any
inXuence on the evolution of the damage models, the physi-
cal conditions of the animals were evaluated by monitoring

body weight, as shown in Fig. 2. Animals in every group
showed similar patterns of weight gain, independent of the
treatment applied. Thus, condition of the cartilage was only
aVected by mechanical injuries or by injection of type II
collagen. After 2 months, the aspect of the joints in animals
inoculated with saline solution (control group) showed no
type of alteration. Tibial cartilage had no injury, and was

Fig. 1 Induction of IGF-I expression in cultured chondrocytes using
AAV vectors. a ELISA assay of conditioned culture media. b RT-PCR
analysis. Both Wgures show an increase in IGF-I protein (a) and mRNA
(b) content in AAV-IGF-I infected cells. Lanes on gel are 1: � £ 174/
HaeIII, DNA marker; 2: control cells; 3: AAV-IGF-I infected cells.
� £ 174/HaeIII DNA bands sizes are 1,353 bp, 1,078 bp, 872 bp,
603 bp and 310 bp. AAV-Luciferase: adeno-associated virus vector
with luciferase DNA, AAV-IGF-I: adeno-associated virus vector with
IGF-I DNA

Fig. 2 Evolution of rat body weight during the damage models used
in this study. No statistically signiWcant diVerences were observed be-
tween groups
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healthy with normal thickness and homogenous surface
(Fig. 3).

In the joints of rats inoculated with the recombinant
adeno-associated virus AAV-Luciferase, the morphology
of the tibial cartilage was similar to that in the control
group. In animals that suVered the CIA model, the articular
cartilage was thinner than in the control group. In some
regions, the cartilage disappeared leaving the subchondral
bone of the tibia exposed. The surface of the tissue was
rough and uneven (Fig. 3). Similar articular cartilage mor-
phology was found in the animals that suVered a mechani-
cal injury (Fig. 3).

Mankin score conWrms the results presenting a signiWcant
increase in the grading of animals injured either mechani-

cally or with collagen induced arthritis. This increase is not
observed in control animals inoculated with saline solution
or in control animals inoculated only with the virus (Fig. 3).

AAV induction in vivo

To asses the activity of AAV vectors in vivo, AAV-Lucif-
erase vectors were used in control and damaged rats
(Fig. 4), and total knee protein extracts assayed for the reac-
tion of luciferase. In the animals killed after 1 and 2 weeks,
no signiWcant increase in the reaction was observed
(P > 0.05). In animals with no injury, after 4 weeks of
treatment, an increase in the parameter obtained using the
luminometer was observed (P > 0,05). The increase was

Fig. 3 Histological analysis of 
damaged models using Massons 
Trichrome staining, a saline 
solution (£20), b collagen in-
duced arthritis (CIA) (£20), c 
mechanical injury (£20), d IGF-
I (£20), e CIA + IGF-I (£20), f 
mechanical injury + IGF-I 
(£20), g quantiWcation of dam-
age following Mankin score. 
Zones with an intense disorgani-
zation of cartilage structure are 
indicated by asterisks. T Tibia, C 
tibial Cartilage, M meniscus
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more marked and signiWcant after 8 weeks (P = 0.029). The
same behavior occurred in the animals with CIA, with a
non-signiWcant increase at 4 weeks and a signiWcant
increase at 8 weeks of treatment (P = 0.029). In the animals
that suVered mechanical injury, the level of luciferase reac-
tion did not increase after 4 weeks of treatment but delayed
until 8 weeks (P = 0.029).

After 8 weeks, no signiWcant diVerences were found
between the two groups of injured animals and the group of
healthy animals infected with the virus.

The joints corresponding to the animals killed at 8 weeks
were analyzed by immunohistochemistry using a speciWc
antibody for luciferase. The results show the expression
induced by the adeno-associated virus. The cells in articular
cartilage of AAV-Luciferase inoculated animals were
stained speciWcally, compared with cells in control animals,
that showed no staining (Fig. 3). Thus, data presented here
prove that AAV derived vectors are eYcient for the induc-
tion of protein expression in articular cartilage 8 weeks
after a direct intra-articular administration in vivo.

EVect of IGF-I gene therapy on joint damage

The joints of the animals that were subjected to injuries in
the cartilage and inoculated with AAV-IGF-I presented a
similar appearance to those animals inoculated with saline
solution (Fig. 4). The intra-articular inoculation of AAV-
IGF-I did not modify the appearance of the joint after
induction of collagen-induced arthritis, or after mechanical
injury after 8 weeks. The injured animals inoculated with
adeno-associated viruses presented similar characteristics,
with de-structuring of the tibial cartilage, and disappear-
ance of the tissue in certain parts, leaving the subchondral
bone exposed.

Results obtained with the Mankin score (Fig. 4) showed
no decrease in animals injured and previously treated with
AAV-IGF-I. Both lesions, autoimmune and mechanical,
did not show an improvement in the state of its cartilage,
suggesting inability of the proposed strategy for protecting
or inducing the repair of articular cartilage. The use of
AAV vectors capable of inducing the expression of IGF-I
injected intrarticularly in vivo is therefore not suYcient to
protect the cartilage from the serious damage provoked by
the models used in this study.

Discussion

IGF-I promotes the proliferation and synthesis of extracel-
lular chondrocyte matrix, which has promoted several stud-
ies that support the use of IGF-I in the treatment of joint
disorders [16, 28–30]. In canine models of arthritis, the
intra-articular administration of 2 �g of IGF-I, three times a
week for three weeks, produced an improvement in the
state of the cartilage [25]. The treatment of chondral defects
in rabbits and pigs by administering 50 ng/mL of IGF-I in
Wbrin patches improved the state of cells of the repair tissue
[10], whereas in rats treated with recombinant adenoviruses
for IGF-I, a better repair was achieved in the short term [9].
Nixon et al [20], in a horse model, improved the repair of

Fig. 4 Immunohistochemistry for luciferase expression (£20), con-
trol sample (a) and AAV infected sample (b). The graph (c) shows the
quantiWcation of relative light units (RLU) per mg of protein of each
sample. An increase in luciferase activity in samples that correspond to
infected animals is shown
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large chondral defects by applying 25 �g of IGF-I on Wbrin
patches. The integration of implants of chondrocytes in
alginate was boosted when the cells were modiWed to
express IGF-I [13]. Nonetheless, there are no published
studies which demonstrate that articular cartilage is pro-
tected by administrating IGF-I via gene therapy in vivo.
The study by Mi et al. [17], achieved stimulation of the
chondrocyte metabolism in rabbits in vivo using a strategy
of IGF-I administration via recombinant adenoviruses, but
this did not improve the state of the cartilage in arthritic
joints, even though the IGF-I did produce an anabolic
eVect.

AAV is an advantageous technique for the induction of
protein expression in vivo. Using these vectors, in vivo and
in vitro induction of expression by chondrocytes in diVerent
conditions has been achieved [12, 31, 32]. Several publica-
tions also report the successful introduction of genes with
therapeutic capacities, such as IL-4, IL-10, and the TNF-�
receptor [1, 6, 32, 34]. Zhang et al. [34], used an intra-artic-
ular injection in transgenic animals which over-express the
same TNF-� factor. This same administration strategy was
used in the arthritis model by Pan et al. [22] mediated by
lipopolysaccharides in the rat and in that by Watanabe et al.
[32] in mice with collagen-induced arthritis.

We performed and compared two models of joint dam-
age. One comprised collagen-induced arthritis, while the
other was based on a mechanical injury. Both models
caused cartilage destruction, which disappeared in parts,
leaving the subchondral bone of the tibia exposed. In spite
of the damage produced in the knee, we have achieved
induction of luciferase expression by cartilage cells. In ani-
mals that were subjected to the CIA model, the expression
initiated after 4 weeks of inoculation was the same as in the
control group without any damage. Nevertheless in
mechanically injured knees, the detection of expression
delayed until the 8th week, but the level of expression was
not signiWcantly diVerent than other groups at that time.
Perhaps mechanically produced damage, performed the day
after the injection of the virus, provoked a loss of infected
cells, which would cause a decrease in the viral particles
that eVectively infected cells. This fact would delay the
time needed to achieve a suYcient and detectable level of
luciferase, without delaying the beginning of the protein
expression induction. On the other hand, cytokines released
by dying cells in damaged cartilage could aVect the metab-
olism and behavior of infected cells, which could also be
responsible for the molecular mechanisms that delayed the
induction of expression.

Based on those results, and due to the lack of studies that
focus on the direct eVect of IGF-I on joint disorders, the
main goal of our work was to deliver IGF-I in damaged
knees by inoculating AAV-IGF-I. According to recent ref-
erences, the eVect on the joint damage in most studies of

gene therapy with IGF-I is based on boosting the eVects of
cell implants, without demonstrating whether IGF-I itself
performs signiWcant activities for preventing or repairing
damage.

Although we achieved luciferase expression throughout
the time of the study, administration of AAV-IGF-I was not
enough to prevent damage. As shown in Fig. 4, the aspect
of cartilage from animals inoculated with AAV-IGF-I that
suVered any damage was similar to that of damaged ani-
mals inoculated with saline solution. Related to this, there
are some facts that could explain this lack of eVect. The
greatest disadvantages of joint therapy using IGF-I are the
short average life of the protein in biological systems, and
the low response in cells from damaged or old cartilage
[13]. The former problem was addressed in earlier studies
by repeated administration or the use of Wbrin patches capa-
ble of releasing the protein gradually [20]. Gene therapy
should ensure that the cells themselves express IGF-I over a
long period of time, eventually solving this problem. This
might be the case of studies such as that by Mi et al. [17], or
our own, in which the prolonged administration of IGF-I
should not be necessary. Nevertheless it would seem that
the cellular response to the growth factor was not enough to
halt the damage caused, or that expression of IGF-I induced
by these vectors did not provide a suYcient protein concen-
tration to achieve any signiWcant eVect. Implantation of
genetically modiWed cells could solve the second of the
problems, as these would provide cells capable of respond-
ing to IGF-I. Madry et al. [13], uses these techniques to
achieve the repair of chondral lesions. However, the
implant used as a control also had a reparative eVect on the
injury, which does not provide any data in our understand-
ing of the eVect of IGF-I on the damaged cartilage or its
potential for stimulating repair in the tissue by itself.

Both IL-1 and TNF-�, and IGF-I itself, are capable of
stimulating the appearance of proteins that bind IGF or
IGFBPs. According to Olney et al. [21], IL-1 and TNF-�
encourage the synthesis of IGFBP-3 but not IGFBP-4. How-
ever, Sunic et al. [26], describe the stimulation of IGFBP4
by IL-1, and IGF-I itself is capable of inducing the produc-
tion of IGFBP-4 in a mechanism, which prevents its in vivo
action even in tissues that have not undergone inXammatory
damage. Thus the presence of all these proteins in the extra-
cellular matrix of cartilage from damaged knees has been
proposed as being responsible for the waning of the response
to IGF-I in old or damaged tissue, and might partly explain
the lack of response obtained in the present study.

Thus, IGF-I gene therapy approach used in our study is
not suYcient for the repair of in vivo systems. Other
attempts of repair have been published trying to eliminate
the catabolic activity, which takes place in the extracellular
matrix of damaged tissue [11]. However, although these are
capable of slowing down cartilage degradation, they are not
123
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capable of promoting the synthesis of new tissue, which is
also needed for the joint re-establishment. In short, the
administration of AAV capable of inducing IGF-I produc-
tion, in spite of IGF-I capacity to exert some eVect on the
metabolism [17], is insuYcient to slow down the damaged
caused by the two models used in our study.
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