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Abstract

Background: Articular cartilage has poor regenerative capacities. Numerous cartilage repair techniques are known, including implantation of autologous
chondrocytes.

Material and methods: From 18 rabbits pieces of cartilage were harvested from femoral condyle. Minced cartilage was treated with 0.25% trypsin-EDTA.
In the Ist group (n=9) the cartilage was digested with 0.6% collagenase in 15 ml tubes by shaking in incubator at 37°C, 5%CO,. In the 2nd group (n=9)
digestion was performed in 25cm? cell culture flasks placed on the lateral side, monitoring the process under a microscope after 120 minutes. The isolated
cells were cultured to a 80-90% confluence. The chondrocytes were identified using histochemical staining after culturing for 16 days in overconfluence.
Results: Chondrocytes isolation in the 1st group lasted a fixed 360 minutes, in the 2nd group — 140+10 minutes. In the 1stgroup were isolated 9.2x10*+3.1x10*
chondrocytes with a viability of 85.36+16.41%, but in the 2nd group - 1.6x10°+3.4x10* chondrocytes with a viability of 98.09+3.85%. The mean period of
cell culture in the 1st group was 15+2 days, in the 2nd group — 1143 days. In first passage of the 1st group were obtained - 1.2x10°+4.3x10° chondrocytes
and in the 2nd group - 2.92x10° £3.6x10° chondrocytes. The secreted extracellular matrix by chondrocytes was stained specifically for cartilaginous tissue.
Conclusions: The method used for chondrocytes isolation has a direct impact on the number of isolated cells, their viability, but also upon the culture
period and the number of cells obtained during the first passage.
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Introduction and subsequent transplantation in an articular defect, using
a three-dimensional collagen matrix [11,13,14], or covering
the defect with a periosteal flap and subperiosteal inocula-
tion of chondrocytes [2, 6, 7, 13, 15]. Being a dynamic pro-
cess, consisting of many stages, isolation of chondrocytes
from articular hyaline cartilage is one of the essential steps
of the treatment method. This involves one or more types
of enzymes for enzymatic digestion process of cartilage to
release the chondrocytes. Their speed depends directly on
the enzyme concentration [4, 16-19]. Different periods of
time are recommended for enzymatic digestion of cartila-
ge to obtain a sufficient number of cells needed for culture,
from 3 to 24 hours, depending on used enzyme combinati-
on [11, 16, 19]. Isolation of a large number of chondrocytes
allows to reduce the period for cell culture and the number
of cell passages in order to obtain a sufficient number of cells
for transplantation in a short period of time. Continuous
monitoring of chondrocyte isolation process from hyaline
articular cartilage has reduced the time period for chondro-
cyte isolation and obtaining of a larger number of cells for
culture. This is very important, because chondrocytes de-

The cartilaginous articular tissue has a poor regenerative
capacity [1-4], as a result, the lesion of this tissue can have
serious consequences upon the diarthrodial joints, especi-
ally the large ones [3, 5-7]. It is known that the number of
patients with articular cartilage lesions increases about for
a million cases per year [7]. Several nonsurgical and sur-
gical methods (microfractures, allo- or autologous osteo-
chondral tissue transplantation, etc.) have been used as a
strategy to repair, or to stimulate the reparation processes
of articular cartilage defects, resulting in formation of fi-
brocartilaginous tissue with reduced mechanical properties
and faster wearing compared to hyaline cartilage [5, 8]. The
method for treating cartilage defects is autologous chondro-
cyte transplantation technique, which currently represents
the "Golden Standard” in the regeneration of articular car-
tilage [9, 10]. The method is used particularly in treatment
of articular cartilage defects in the knee joint. It consists in
harvesting pieces of hyaline cartilage from non-weight bea-
ring articular surface of the femur, and release of chondro-
cytes from it by enzymatic digestion, their culture in vitro
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grade in cells with a fibroblastic phenotype called chondro-
cyte dedifferentiation. As a result, the quality of synthesized
extracellular matrix decreases, becoming fibrocartilaginous
1,20, 21].

Material and methods

In the study were used 18 domestic rabbits 5+1 mon-
ths old, 8 females and 10 males, with an average weight of
3.4%0.6 kg. To perform the experiments the following solu-
tions and culture media were prepared:

1. Chondrocyte culture media: DMEM culture media
(Sigma, UK) - 500 ml; fetal bovine serum (VBS) (Lonza,
Belgium) - 55 ml; fibroblast growth factor (FGF) (Prospec,
USA) - 5.5 pg; transforming growth factor -2 (TGFf-2)
(Prospec, USA) - 550 ng / ml; vitamin C - 13.75 mg; 200
mM ultraglutamine (Lonza, Belgium) - 5.5 ml; penicillin —
55000 U; streptomycin — 55 mg; amphotericin B - 137.5 pug.

2. Collagenase solution 0.6%: by dissolution of 600 mg
collagenase from Clostridium histolyticum (Sigma, UK) in
100 ml DMEM culture media (Sigma, UK).

3. Tripsin-EDTA solution 0.25%: HanK’s Balanced Salt
Solution (HBSS) without calcium and magnesium, with
phenol red (Gibco, UK) - 100 ml; EDTA - 37.2 mg (Sigma,
Germany); Trypsin from porcine pancreas (Sigma, USA);
0.1 N NaOH solution.

All solutions were prepared in sterile conditions under a
laminar air flow hood and sterilized by filtering at 0.22 pm
(Sofra, China).

Isolation and culture of chondrocytes

Under general anesthesia (with 5 mg/kg xylazine, 35
mg/kg ketamine and 2 mg/kg diazepam), under sterile con-
ditions, from the non-weight bearing surface of the femoral
condyle at the knee joint, pieces of articular cartilage were
taken and placed in a 15 ml test tube filled with preheated
chondrocyte culture media. The wound was sutured and
the animals were isolated in vivarium. The harvested car-
tilage, under sterile conditions in laminar flow hood (LN
090, Nuve) was washed with warm PBS (HiMedia, India) 3
times. Then the cartilage was minced with a scalpel to frag-
ments of 1-2 mm?® and placed in a sterile 15 ml tube with
5 ml of 0.25% trypsin-EDTA solution and shaked for 10
minutes in a orbital thermo-shaker (ES-20, Biosan) at 150
rpm, 37°C. The tube was centrifuged for 3 minutes at 50 x g.
After supernatant removal, the cartilage pieces were washed
with warm PBS and centrifuged again (fig. 1).

The cartilage pieces were resuspended in 2 ml of 0.6%
collagenase solution [16], with subsequent separation into
2 groups. In the 1* group (n = 9) the cartilage pieces with
collagenase were transferred to 15 ml tubes, and in the 2
group (n = 9) they were introduced in a 25 cm? cell culture
flasks (Nunc, Denmark) positioned on the lateral side (fig.
2). With the slightly opened cap, the vessels with pieces of
cartilage and collagenase were introduced into an incubator
(HealForce, Start Cell) at 37°C, 5% CO, on a rocker shaker
(MR-1, Biosan) and shaked at 20-25 oscillations per minute.
In the 1* group, the cartilage pieces were subjected to an
enzymatic digestion with 0.6% collagenase for 6 hours [16].

—

Fig. 1. Articular cartilage harvesting and trypsinization:
(a) animal preoperative management,

(b) knee joint opening, (c) cartilage harvesting from the non-
weight bearing surface of the femoral condyles, (d) cartilage after
mincing and washing, (e) treatment with 0.25% trypsin-EDTA,
(f) articular cartilage after trypsinization

In the 2™ group, the process was monitored under micro-
scope after 120 minutes of enzymatic digestion every 10-20
minutes, with the interruption of the process when chon-
drocytes were spread in large number (occupying 50-60% of
field of view), even if the cartilage pieces were incompletely
digested. Collagenase digestion was stopped by diluting the
solution with 10 ml of preheated PBS. To separate the cells
from the undigested cartilage, the solution was filtered thro-
ugh a 70 pm pore nylon filter (Sigma, UK) and centrifuged
at 170 x g for 10 minutes. After supernatant removal, the
chondrocytes were washed with 10 ml of chondrocyte cul-
ture media and centrifuged repeatedly. After centrifugation,
the chondrocytes were resuspended in 5 ml of chondrocyte
culture media, the cells number and viability were measured
with the hemocytometer by trypan blue exclusion method
(1, 2, 3). Chondrocytes were seeded in 25 cm?cell culture
flasks (Thermo Fisher, Sweden) at different densities ran-
ging from 2x10° to 8x10° living cells per cm* and incubated
at 37°C, 5% CO,, changing half of the culture media every
2-3 days. At 70-80% chondrocytes confluence, the cells were
detached from the cell culture surface with 0.25% trypsin-
EDTA, counted and used by destination: transplantaion, cy-
totoxicity tests for cryopreservation.

No of cells/ml = Average No of cells in n squares x Dilution
fraction x 10* (1);
Total No of cells = No of cells/ml x Volume (2);
% living cells = (No of living cells x 100%)/Total No
of cells (3);

Chondrocytes identification

From one passage 5x10° chondrocytes were taken and
placed in two 25 cm? cell culture flasks in equal number.
The cells were cultured in overconfluence for 16 days, with
complete changing of culture media every 2 days. After
culture in overconfluence the specific cartilaginous extra-
cellular matrix secreted by chondrocytes was identified by
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Fig. 2. Enzymatic digestion with 0.6% collagenase on a rocker
shaker in the incubator:

(a) in a 15 ml tube for 360 minutes and (b) cartilage enzymatic
digestion in a cell culture flask positioned on the lateral side
with the possibility of monitoring under a microscope of
chondrocytes releasing process, (c) the isolated chondrocytes
(x60) and (d) the chondrocytes released from cartilage (x40)

specific staining with Safranin O and Toluidine blue with
Fast Green.

As a control group in chondrocytes identification pro-
cess were used the 3™ passage of primary rabbit bone mar-
row mesenchymal stem cells (MSC) which were stored at
-85°C [22]. The 5x10° MSCs were thawed and suspended
in 10 ml culture medium consisting of DMEM/F-12 Ham
(Sigma, UK) with 10% FBS (Lonza, Belgium) and antibi-
otics with antimycotic solution. After pipetting, in two 25
cm? cell culture flasks were introduced by 5 ml of cell sus-
pension. MSCs were cultured parallely with chondrocytes
in incubator at 37°C, 5% CO, completely changing the cul-
ture media every 1 to 2 days [23].

The staining for chondrocytes identification with
Safranin O was realised after removing of cell culture media
from the cell culture flask and cells washings with PBS. In
cell culture flask were added 5 ml of 0.1% glutaraldehyde
in PBS for 20 min at room temperature. After 3 consecutive

The isolated chondrocytes (p=0.003)
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washings with PBS, 3 ml of 0.001% Fast Green were added
for 5 min and 1% acetic acid for 10 seconds. The cells were
washed repeatedly with PBS and 3 ml of 0.1% Safranin O so-
lution were added for 15 minutes. After repeated washings,
2 ml of PBS were added for microscopic examination. For
Toluidine blue and Fast Green staining, after removing of
cell culture media, 3 ml of 0.4% Toluidine blue were added
for 10 minutes. The cells were washed gently 3 times for 30
seconds with dH2O followed by addition of 3 ml of 0.02%
Fast Green. The cells were washed again 2 times with dH,O
and other 2 ml of dH,0 were added for microscopic exa-
mination [24].

Results

Asaresult of this new method implementation, the num-
ber of isolated chondrocytes has increased significantly. The
time period of cartilage exposure to collagenase digestion in
the 1% group was 360 minutes, whereas in the 2™ group this
period varied, having an average of 140+10 minutes. As a re-
sult, in the 1% group were isolated 9.2x10*+3.1x10* chondro-
cytes, while in the 2™ group, using continuous monitoring,
were isolated almost 2 times more cells — 1.6x10°+3.4x10*
chondrocytes (p = 0.005) (fig. 3).

The duration of enzyme exposure, also influenced the
viability of the isolated cells, not just their number. After
cells counting with hemocytometer by exclusion with try-
pan blue, in the I* group was obtained a cell viability of
85.36%+16.41%, and in the 2™ group - 98.09+3.85% (p =
0.081). An uncritical difference, but in case of isolation of
a small number of cells, a low viability may have negative
effects on the cellular culture potential. Since the num-
ber of viable cells cultured in the first passage was about
7.5x10*+2.1x10* and in the 2™ group - 1.6x10°+3.5x10* (p
<0.0001), the time for chondrocyte culture including adhe-
sion to the cell culture surface, multiplication, formation of
cellular colonies with a tendency to confluence and reaching
a confluence of 70-80% was different in both groups. In the
I* group the culture period of the first passage was 17+2
days, but in the 2™ group - 1143 days (p <0.0001) (fig. 4). As

The chondrocytes obtained in the first passage
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Fig. 3. Comparative presentation of isolated chondrocytes and the number of total chondrocytes obtained in the first passage
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Fig. 4. Chondrocyte confluency during the first passage

aresult, the number of cells obtained in first passage by both
groups was different. In the 1** group were obtained 1.2x10°
+ 4.3x10° chondrocytes, and in the 2™ group - 2.92x10° +
3.6x10° cells (p <0.0001), with a 100% viability in both gro-
ups.

The histochemical staining techniques of the extra-
cellular matrix secreted by chondrocytes during 16 days
of culture in overconfluence, allowed to stain the secreted
matrix in red-orange with Safranin O, while in the control
group (MSC) the staining was absent or poorly expressed.
The same is characteristic for Toluidine blue and Fast green
staining, where the secreted by chondrocytes extracellular
matrix was stained blue-purple, and the staining of extracel-
lular matrix also was absent. This indicates that the isolated
cells from hyaline articular cartilage secrete cartilage-speci-
fic extracellular matrix and are chondrocytes, but no diffe-
rence was observed between the stainings of both chondro-

cytes groups (fig. 5).

Fig. 5. Cartilage specific staining with Safranin O and Toluidine blue with Fast green (x100): Mesenchymal stem
cells - control group (a, b); the 1% group chondrocytes (c, d), the 2™ group chondrocytes (e, f)
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Discussion

Chondrocytes isolation and culture is an important step
for the autologous chondrocyte transplantation process for
articular cartilage repair [2, 6, 7, 9, 11-14]. Chondrocytes
can also be used in vitro to test the effects of different sub-
stances [25], implants, grafts designed for treatment of car-
tilage defects or other intra-articular lesions leading to oste-
oarthritis of the joints [17, 26].

The surgical procedure for autologous chondrocyte
transplantation has several weak parts, related to both the
surgical and the laboratory component. Namely, the labora-
tory stage ensures the treatment procedure with a sufficient
number of chondrocytes, but, in addition to the high risk
of contamination and infection of isolated chondrocytes, a
negative factor in the culture process to obtain a sufficient
number of cells for transplantation is the fibroblastic degra-
dation of chondrocytes, also called chondrocyte dedifferen-
tiation [1, 15, 19]. This dedifferentiation is characterized by
changing of chondrocyte shape from round to spindle-like,
characteristic for fibroblast, decreased expression of GAGs,
COL2A1 and ACAN genes, enhancing the expression of
COL1AL1 genes. As a result, reducing the synthesis of gly-
cosaminoglycans, type II collagen and aggrecan, but stimu-
lating of type I collagen [1, 19-21], which intensifies during
cultivation, starting with the second passage [19] and beco-
mes evident after 5 consecutive passages [20]. As a result,
reducing the time period for chondrocytes culture in pas-
sages is mandatory because it reduces not only the risk of
chondrocyte cultures infection, but also the degree of their
degradation [27]. To obtain a sufficient number of normal

chondrocytes for transplantation, in the literature are de-
scribed methods of chondrocyte redifferentiation, such as
chondrocytes culture on non-adherent surfaces [17], cultu-
re on the three-dimensional matrices with their subsequent
transplantation [20], culture in condition with a low oxygen
pressure [28], mechanical stimulation [29], and utilisation
of chondrocyte differentiation factors [30] which we used.
Continuous monitoring of chondrocyte releasing process by
enzymatic digestion of articular cartilage is aimed to obtain
a large number of chondrocytes cultured in a reduced num-
ber of passages to obtain the required amount of cells. When
a small number of viable chondrocytes is obtained and they
are seeded at a density less than 3-3.5x10° chondrocytes/
cm?, is observed formation of isolated, nonconfluent chon-
drocyte colonies as in 7 cases from the 1* group (fig. 6), or
stagnation of cellular multiplication. Once the number of
cells is sufficient to form uniform cell colonies on a cell cul-
ture surface, the number of obtained cells per passage will
be higher. The isolated growth of cell colonies dictated by
a small number of seeded cells results in occupation of a
reduced part of the cell culture surface and, as a result the
number of cells obtained per passage is smaller.

Another effective method for chondrocytes obtaining
without involvement of enzymatic digestion of articular
cartilage is the explant method [14, 23]. Since after isolation
of chondrocytes from articular cartilage by continuous mo-
nitoring permanently remain undigested pieces of cartilage,
it is reasonable to combine both methods, which consists
in initial release by enzymatic digestion of a large number
of condocytes with following utilisation of undigested car-
tilage as an explant (fig. 7). Also, undigested cartilage pieces

Fig. 6. Isolated cell colony formed as a result of the small number of cultured chondrocytes, stained with Safranin O (a) (x100), (b)
(x150) and Toluidine blue with Fast green (c) (x100), (d) (x150)

()

/




V. Cobzac et al. Moldovan Medical Journal. December 2021;64(6):13-19

ORIGINAL RESEARCH

may undergo a repeated enzymatic digestion with a fresh

dose of collagenase solution.
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Fig. 7. Chondrocyte colony formation around an explant (x60)

Identification of isolated cells is a mandatory part of cel-
lular isolation and culture process not only for chondrocy-
tes but and for other types of cells [22, 23]. Histochemical
methods, such as Safranin O and Toluidine blue with Fast
green stainings used for histological analysis of cartilage,
are qualitative methods and were sufficient to identify the
presence of glycosaminoglycans and proteoglycans specific
to cartilaginous tissue in chondrocytes cultured in overcon-
fluence.

Conclusions

The short period of enzymatic exposure of cartilage du-
ring chondrocyte isolation directly influences not only the
number but also the viability of isolated cells. Microscopic
monitoring of the enzymatic digestion process allowed to
isolate approximately 2 times more viable cells (p <0.0001)
in a shorter period of time, and in the first passage the time
period for chondrocyte culture was almost one week shorter
(p <0.0001).

Isolation of a large number of viable chondrocytes di-
rectly influenced in the first passage duration for cell cul-
ture and the number of obtained cells in the first passage.
Although there is a segnificant difference between the quan-
tity of isolated chondrocytes in both methods, comparative
histochemical examination did not reveal any differences
related to the secretion of specific extracellular cartilaginous
matrix after culture in overconfluence of the second celular
passage.
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