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We present an injection form of tissue-engineering construct on the basis of autogenous
human chondroblasts for regeneration of the cartilaginous tissue. A material meeting the
requirements for the creation of the injection form of an ITC construct (injectable
chondrocyte transplantation) was used as the matrix carrier. The developed construct
on the basis of autogenous human chondroblasts and homogenized hemostatic gelatin
sponge is now at the stage of complex experimental testing.
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Studies in the field of regeneration of the cartila-
ginous tissue are prompted by high prevalence of
intervertebral disk, articular cartilage, and nasal
septum pathologies. Cell technologies can be an
alternative to low efficient methods aimed at sti-
mulation of regeneration or prevention of dege-
neration of the cartilaginous tissue. Modern ten-
dencies in the transplantation of viable equivalents
of the cartilaginous tissue primarily concern the de-
velopment of injection forms of tissue-engineering
ICT (injectable chondrocyte transplantation) con-
structs [2,6,12].

For the delivery and fixation of condroblasts in
a certain place, biodegradable materials (natural,
synthetic, or composite) are used in tissue-engine-
ering constructs as carrier matrices. The scientists

creating and applying the carrier matrix for ITC
constructs are guided by the following principles:
bioinertness of the carrier, its capacity to pass through
the injection needle, and sufficient viscosity (for
prevention of transplant leakage) [3,13].

Natural carrier matrices can be prepared from
blood components (fibrin and platelet-rich plasma,
PRP) [14], chitin of invertebrates (chitosan), and
plant raw material (alginate) [9]. Some investigators
create constructs including extracellular matrix pro-
teins, e.g. ostein (demineralized bone matrix) [1],
elastin [7], and gelatinized type 1 collagen [10].

Among synthetic materials, polylactide micro-
spheres are most often used [4]. Polyethylene gly-
col and hyaluronic acid polyesters are used in the
form of gels [8].

The present work is devoted to the develop-
ment of a tissue-engineering construct on the basis
of autogenous human chondroblasts and a carrier
matrix consisting of a material registered by Fede-
ral Service on Surveillance in Healthcare and Social
Development of Russian Federation and meeting
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all requirements for the creation of an injection
construct.

MATERIALS AND METHODS

Isolation of primary human chondroblast cul-
ture. For isolation of chondroblasts we used biopsy
material obtained during surgery for excision of
sequestrated intervertebral disk hernia. Cultures
obtained from 9 patients (3 women and 6 men,
mean age 37 years) operated for excision of inter-
vertebral disk hernia at N. N. Burdenko Institute of
Neurosurgery and tested for the presence of viral
and bacterial infections were used.

The material (a fragment of annulus fibrosus
of intervertebral disk endplate) was transported to
the laboratory within 1 h after surgery in a special
transporting container. The cartilaginous tissue was
maximally cleansed from the connective tissue,
minced with scissors, and incubated for 1.5-3 h in
enzyme solution containing 0.02% pronase E (Sig-
ma), 0.1% collagenase II (PanEko), and 0.1 hyalu-
ronidase (Sigma) in 1:1:1 ratio. After incubation,
the total number of isolated cells and their viability
were evaluated by exclusion of 0.4% trypan blue.

The material was then transferred into Nunc
flasks with complete nutrient medium DMEM/F12
(1:1; PanEko) supplemented with FCS (up to 20%,
HyClone-Perbio), L-glutamine (4 mM, PanEko),
amikacin (500 mg/liter, Sintex AKO), insulin-trans-
ferrin-selenite (to 2%, PanEko); 1-2×105 cells per
1 ml medium.

Immunocytochemical studies. Synthesis of ex-
tracellular matrix by chondroblasts was evaluated
by cytochemical staining with mouse monoclonal
antibodies to type 1 and type 2 collagen and ag-
grecan (Abcam). Proliferative capacity of chondro-
blasts was evaluated by the method recommended
by the manufacturer using rabbit polyclonal anti-
bodies to Ki67 (Abcam).

Evaluation of cytotoxicity. Cytotoxicity of the
gelatin sponge was assessed using MTT test. The
test is based on the capacity of mitochondrial suc-
cinate dehydrogenase to reduce light yellow MTT-
tetrazolium (3-(4,5-dimethylthiazol-2-yl)-2,5 diphe-
nyl tetrazolium bromide) to insoluble dark-colored
formazan. Formazan crystals were extracted from
cells with organic solvents (DMSO).

The cells were seeded to 96-well plates at a
density of 10,000 cells per well. After cell adhesion
and flattening, a gelatin sponge fragments (~1 mm3)
were placed into wells; control wells contained no
sponge. After 1, 2, or 7 days, 0.5 mg/ml MTT (Pan-
Eko) was added and the plates were incubated for
2 h at 37oC under visual control. The reaction was

stopped by removing the medium containing MTT.
Formazan was eluted with DMSO (PanEko) for 20
min (on a shaker at 200 rpm).

Adsorption of formazan was evaluated by mea-
suring optical density of the eluate at λ=540 nm
and standardizing it to the background value mea-
sured at λ=620 nm. Fluoroscan Ascent plate reader
(Labsystems) was used.

RESULTS

Isolation and characteristics of human chondro-
blast culture. The isolated cells adhere to plastic
within 24-48 h. Some cells retained spherical sha-
pe, while others started to flatten on the substrate
(Fig. 1, a).

After 1.5-2 weeks, the culture attained con-
fluence and the cells were subcultured not more
than 3-4 times. The total number of passages did
not exceed 3. All 9 autogenous chondroblast cultu-
res were presented by small uniform polygonal cells
(<10-12 µ) with few processes, centrally located nu-
cleus, and weakly granular cytoplasm (Fig. 1, b).

In various cultures, the percent of cells syn-
thesizing type 1 collagen varied from 21 to 28%
and the percent of cells producing type 2 collagen
and aggrecan varied from 82 to 92% (Fig. 2, a).
Under conditions of long-term culturing with high
cell density, actively proliferating chondroblasts
spontaneously formed aggregates characterized by
enhanced synthesis of extracellular matrix (aggre-
can and type 2 collagen, Fig. 2, b).

Evaluation of proliferative activity of chon-
droblasts showed that about 40% cells were in a
state of active proliferation (i.e. in G1, S, G2, or M
phases of the cell cycle) immediately after seeding
(Fig. 3), while other 60% cells did not express Ki67,
i.e. were in a resting state. The percent of resting
cells attained 100% during long-term culturing at
high cell density.

Carrier matrix. When choosing the matrix for
the tissue-engineering construct meeting the purpo-
ses of our study, we focused on two requirements
to the carrier matrix: cell integrity during low-inva-
sive (injection) route of administration and cell fi-
xation at the site of application. Analysis revealed
considerable drawbacks of the majority of widely
used matrixes for injection application such as toxi-
city, impossibility of biodegradation, instability, etc.

In our laboratory, we previously used a hemo-
static gelatin sponge as the basis for the construct.
Here we used Spongostan hemostatic gelatin spon-
ge consisting of 1-cm3 sterile sponge blocks. The
choice of this sponge as the carrier was based on
the analysis of its propereties: the hemostatic gela-
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Fig. 1. Human chondroblast culture. a) cell adhering to the substrate, ×400; b) confluent monolayer, ×200.

Fig. 3. Expression of Ki67 by chondroblast at the stage of
subconfluent monolayer (immunofluorescence, ×400).

Fig. 2. Synthesis of aggrecan in chondroblast culture. a) synthesis of aggrecan (immunofluorescence, ×200); b) enhanced synthesis of
extracellular matrix (aggrecan) in chondroblast aggregates (immunofluorescence, ×100).

tin sponge is listed in the Drug Register of the Rus-
sian Federation, it is not cytotoxic, exhibits high
adhesion to cells and tissues, is biologically inert,
and contains no additional components (antibiotics
etc.). This sponge is stable, elastic, sterile, and wa-
ter-insoluble, it is resorbed in tissues within 3-5
weeks and exhibits affinity to body tissues.

The sponge exhibited no toxic properties with-
in 1 week and even slightly stimulated chondroblast
proliferation. Two-week culturing showed that para-
meters of control and experimental wells became
similar after 2 days; on day 7, the percent of viable
cells decreased compared to the control, but this
decrease did not exceed 5% (Fig. 4).

For preparing the injection form, the sponge
blocks were minced with a dispersion homoge-
nizer. We used different regimens of homogeni-
zation for preparing gelatin sponge particles of
different sizes. These particles represented a 3D
interlacing of planes and thin lamellar structures
(Fig. 5, a). Further studies showed that the optimal
size of particles varied from 100 to 500 µ, these
particles were obtained at 5000-6000 rpm homo-
genizer knife rotation rate.

Preparation and characteristics of tissue-en-
gineering construct. After obtaining a required
amount of biomaterial (20-30 mln. chondroblasts),
the cells were harvested with trypsin-versene and
precipitated by centrifugation at 1100 rpm for 10
min. Gelatin sponge blocks were minced with a
dispersion homogenizer (5000-6000 rpm). The car-
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Fig. 4. Evaluation of cytotoxicity of gelatin sponge by MTT test.
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Fig. 5. Standard structural unit of the carrier. a) appearance of a structural unit of the carrier, b) evaluation of viability of cells immobilized
on the carrier. Trypan blue staining (0.4%; ×100).

Fig. 6. Dynamics of chondroblast flattening on the carrier surface after mixing the construct components. a) after 3 h; b) after 2 days.
May-Grunewald staining, ×400.

rier and suspended cell pellet were mixed and pla-
ced in a CO2 incubator under standard conditions.
After 1-2-day incubation, the tissue-engineering con-
struct was precipitated by centrifugation at 500 rpm
for 10 min.

A total of 50-200 cells adhered to a standard
structural unit of the carrier 3 h after mixing the
components of the tissue-engineering construct; cell
viability was determined by trypan blue (0.4%)
exclusion (Fig. 5, b).

At this stage, some adherent chondroblasts star-
ted to flatten on the substrate (Fig. 6, a), after 1
day, these cells constitute 80%, while after 2 days
the construct represented a carrier coated with flat-
tened cells (Fig. 6, b). Thus, the data of MTT test
and kinetics of cell flattening suggest that the 2-day
period is optimal for the creation of the construct.

Stability of the tissue-engineering construct.
For evaluation of the stability of the obtained con-
struct to external factors corresponding to injection
conditions, it was transferred into a syringe, allo-

wed to stay at 4oC for 3 h, and passed through a
0.6-mm needle. Cell viability evaluated by trypan
blue exclusion practically did not change and the
cells retained flattened shape. Thus, the obtained
tissue-engineering construct was resistant to exter-
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nal physical factors, which attests to the possibility
of using the injection form of the preparation.

It should be noted that the results of injection
of a suspension of nonadherent cells and trans-
plantation of a tissue-engineering construct were
principally different. Experiments on animals sho-
wed that cell death after injection of cell suspension
can attain 90% due to mechanical injury and the
absence of proper microenvironment [11]. Poor
survival and uncontrolled diffuse migration of cells
into the adjacent tissue considerably decreased the
efficiency of this transplantation [5]. After injection
of the tissue-engineering construct, the cells adhe-
ring to the carrier are fixed at the site of injection,
while elastic carrier protects them from mechanical
injury. Moreover, 3D tissue-engineering construct
is in fact a histion, which excludes sharp changes
in microenvironment impairing functional activity
of the transplanted cells.

Thus, we create a tissue-engineering construct
for regeneration of the cartilage tissue fully meet-
ing the required parameters and prepared an injec-
tion form of the preparation, which makes possible
to use low invasive methods of transplantation. The
use of this tissue-engineering construct for medical
purposes opens wide prospects.

The study was performed within the framework
of research program “The Use of Tissue Engine-
ering for Reconstruction of Hyaline and Fibrous
Cartilage” (No 2005-ZhS-13.1/003) of Federal Sci-

entific and Technical Program “Studies and De-
velopments in Priority Fields of Science and Tech-
nology for 2002-2006”.
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