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We studied morphological changes in the paraurethral area of Wistar rats after introduction of 
tissue engineering constructs on the basis of multipotent mesenchymal stem cells and gelatin 
sponge. The tissue engineering construct containing autologous culture of the stromal fraction 
of the adipose tissue was most effective. After introduction of this construct we observed more 
rapid degradation of the construct matrix and more intensive formation of collagen fi bers.
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Methods of introduction of preparations replenish-
ing local connective tissue defi cit are widely used in 
medical practice (in degenerative diseases of the skin 
and connective tissue, in congenital urinary tract pa-
thologies, in stress-induced urinary incontinence, etc.). 
Urethral sling surgery, the least invasive surgical ap-
proach [3], is the method of choice for the correction 
of stress-induced urinary incontinence [2]. However, 
their effi ciency is not always suffi cient (treatment can 
be associated with complications). The methods based 
on the use of preparation creating additional volume 
in the site of their introduction and aimed at attaining 
pressure equilibrium between the urinary bladder and 
urethra have some advantages (biomaterials forming 
additional artifi cial uncontrollable sphincter increasing 
partial pressure in the urethra are introduced para- or 
periurethrally [15]).

These preparations should not contain toxic sub-
stances, rapidly degrading and eliminated substances, 
and substances migrating into surrounding tissues.

Certain positive effect and temporal remission of 
stress urinary incontinence can be attained after intro-
duction of cell suspensions (multipotent mesenchymal 
stromal cells, MMSC) [4,13]. However, the effect is 
short lasting, because introduction of unbound cells is 
associated with their diffuse migration into surround-
ing tissues or massive death due to the absence of 
proper microenvironment.

Our aim was to create a tissue-engineering con-
struct (TEC) including cell culture capable of replen-
ishing the volume of connective tissue and fi xing the 
cells in the site of injection and a carrier matrix ensu-
ring cell integrity in low-invasive route of administra-
tion (injection).

When choosing the optimal carrier for TEC we 
excluded many synthetic preparations [5,6,15], prepa-
rations on the basis of organic acid polyesters [14], 
and gels on the basis of collagen and hyaluronic acid 
[6]. Gelatin sponge was used as a carrier for TEC 
[10,18].

Stromal fraction of the adipose tissue (SFAT) was 
chosen as the cell component of TEC because this cul-
ture corresponds to certain parameters: low-traumatic 
procedure of obtaining primary material, the possibili-
ty of isolation of autologous cell culture, high prolife-
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rative activity, and active synthesis of extracellular 
matrix [20]. MMSC isolated from the adipose tissue 
more intensively synthesize collagen fi bers than cell 
cultures isolated from other sources [17,19].

Here we studied morphological changes in parau-
rethral area of female rats after introduction of TEC 
on the basis of adipose tissue MMSC and gelatin 
sponge.

MATERIALS AND METHODS

Isolation of adipose tissue stromal cell culture. SFAT 
cell cultures were isolated as described previously 
[12]. The material (subcutaneous fat) was transported 
into the laboratory in sterile tubes with transport me-
dium (F12 with amikacin, 0.5 g/liter) within 1 h. All 
manipulations with the material were performed in a 
sterile laminar box (safety class II).

Tissue fragments were transferred into a Petri 
dish, thoroughly cleansed from blood vessels, and 
washed 3-4 times with Hanks saline with cephazolin 
(1 g/liter), then transferred into another Petri dish with 
Hanks saline with cephazolin and minced with scis-
sors. The homogenized tissue was transferred with a 
pipette into a 15-ml centrifuge tube, Hanks saline was 
carefully discarded. Versen and 0.25% trypsin (1:1) 
were added to the tube so that the material was com-
pletely covered with the enzyme solution. The tubes 
were incubated for 1.5-2 h in a CO2 incubator (37oC, 
5% CO2) and vortexed every 15 min.

After incubation, Hanks saline or culture medium 
were added to the tube for reducing enzyme concen-
tration. The cells were precipitated by centrifugation 
(1100 rpm, 10 min). The supernatant was removed 
and the pellet was resuspended in culture medium 
(DMEM/F12 1:1 supplemented with 10% ECS, 584 
mg/liter L-glutamine, and antibiotic (500 mg/liter ami-
kacin) and transferred to ciltural fl asks. The cells at-
tached to the substrate within 12-24 h.

After removal of fl oating cells, the culture looked 
homogenous and was presented primarily by spindle-
shaped fi broblast-like cells (15-17-μ long) with few 
processes, centrally positioned nucleus, and low num-
ber of granules in the cytoplasm.

Cell transfection with marker gene Green 
Fluor escent Protein (GFP). For cell transfection with 
marker gene GFP we used a construct on the basis of 
adenovirus (AD-5 EGFP; kindly provided by B. S. 
Naroditskii, Doct. Biol. Nauk, Head of Laboratory of 
Molecular Biotechnology, N. F. Gamaleya Institute of 
Epidemiology and Microbiology)

For evaluation of the working dilution of the vi-
rus, the cells were seeded in a 6-well and incubated 
in a medium with different content of the transfec-
ting agent. The optimum dilution was determined by 

the effi ciency of transfection and the absence of the 
cytotoxic effect.

Two days before transplantation, the confl uent cell 
monolayer was washed from serum and incubated in 
serum-free medium with chosen virus concentration for 
2.5-3 h at 37oC. After incubation, the cells were repeat-
edly washed and low-serum medium (1%) was added.

The effi ciency of transfection was evaluated visu-
ally. Green fl uorescence appeared 24 h after transfec-
tion.

Devitalization of cell culture. The required 
amount of cells were suspended in physiological sa-
line, transferred into cryotubes, and placed into liquid 
nitrogen (without cryoprotectors and staged freezing). 
After freezing, the tube was placed into hot water 
(90oC) for complete defrosting. The procedure was re-
peated 3 times. Cell viability was excluded by staining 
with 0.4% trypan blue; cell death was also confi rmed 
by their inability to attach to the plastic over 48 h 
under standard culturing conditions.

Experimental stage of the study. Experiments 
were carried out on female Wistar rats weighing 250-
300 g (n=96, Stolbowaya nursery). Animal experi-
ments were performed with Order No. 755 of Ministry 
of Health of USSR (August 12, 1977). The experiment 
was approved by Bioethical Committee of Institute of 
Human Morphology, Russian Academy of Medical 
Sciences.

The animals were divided into 4 groups: main, 
reference, and 2 control groups. The construct contain-
ing minced gelatin sponge and autologous culture of 
SFAT cells was injected to animals of the main group. 
Animals of the reference group received minced gela-
tin sponge and allogenic cell culture. Control group 
1 received only TEC matrix and control group 2 re-
ceived minced gelatin sponge and devitalized culture 
of SFAT cells. Two animals in the main and control 
groups received TEC with cell culture transfected with 
GFP in each point of the study.

Before the experiment, subcutaneous fat was ob-
tained from the withers of rats of the main group for 
isolation of autogenous and allogenic cultures of SFAT 
cells. The hairs on the withers were removed, the skin 
was cut longitudinally, and the subcutaneous fat was 
exposed by the blunt and sharp methods. A fragment 
of the adipose tissue (0.5×0.5 cm) was cut and af-
ter hemostasis the wound was sutured. The obtained 
samples in the transport medium were transported to 
the cultural laboratory; the temperature of the medium 
was maintained at 4oC. For ensuring autogenous trans-
plantation, the animals were marked by auricle cuts.

The transplant (0.1 ml volume, cell concentration 
5 mln) was paraurethrally injected using an insulin 
syringe with a standard needle (0.6 mm diameter) to 
animals anesthesized with ether.
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In each group (n=6 in each group), the animals 
were sacrifi ced on days 7, 14, 30, and 60 of the ex-
periment with ether overdose. After sacrifi ce, the skin 
around the clitoris including the upper part of the va-
gina was cut. The clitoris was mobilized by the blunt 
and sharp technique up to the pubic bone together with 
the portion of the vagina and cut at a depth of 1 cm.

Histological and morphological studies. Histo-
logical examination of tissue samples was performed 
immediately after animal sacrifi ce. The material was 
fi xed in 10% neutral formalin on Lilly phosphate buf-
fer for 72 h and then washed with running water for 
24 h. After standard histological processing, the tis-
sue samples were embedded into paraffi n (Gistomix) 
using histological rings (Biovitrum). Sections (5 μ) 
were obtained on a Microm HM430. For survey ex-
amination of sections of the paraurethral area, the pre-
parations were stained with hematoxylin and eosin 
and after Mallory; picrosirius red staining was used 
for evaluation of the total area of collagen fi bers and 
Romanovskii–Giemsa staining was used evaluation of 
the morphology of cell infi ltration. GFP was detected 
using immunohistochemical staining of histological 
sections using rabbit polyclonal antibodies to GFP 
(Abcam). Histological preparations were studied and 
photographed using a Zeiss Axioplan-2 microscope 
and Axiocam digital camera.

For evaluation of morphological changes in the 
transplantation site, morphometric study of the con-
struct matrix, cells infi ltrating the area of construct 
transplantation, collagen fi bers, and blood vessels was 
performed.

Six digital photos at ×200 were taken in each sec-
tion in the transplantation area. The fi elds of view 
were chosen using random number table. The calcu-
lation was performed by the methods of fi elds using 
a 100-point grid [1], and then the relative volume of 
each element was determined.

The qualitative composition of the cell infi ltrate 
was evaluated by counting 100 cells in the transplanta-
tion area in each animal. The following cell elements 
were counted: macrophages, fi broblasts, fi brocytes, 
and cells of the transplant.

Changes in the content of collagen fi bers were 
studied on 4-μ sections stained with picrosirius red 
yielding most precise visualization of collagen [11]. 
On each section from the transplantation area, up to 4 
photos were taken at ×200 and processed using Adobe 
Photoshop CS3 software. The fraction of collagen fi -
bers was calculated by the ratio of all collagen pixels 
to the total number of pixels.

The data were processed statistically using stan-
dard software (Statistica 6.0, Sigma Stat 3.5). The 
differences were signifi cant at p≤0.05.

RESULTS

On day 7 of the experiment, the maximum proportion of 
infi ltrate in the transplantation area was observed in the 
main group (Fig. 1). Appreciable infi ltration was noted 
in the reference group, while in both control groups 
this parameter was minimum. No signifi cant differences 
between the control groups were revealed.

On day 14, the volume density of infi ltrate in 
the main and reference groups did not differ; control 
groups were also similar by this parameter. However, 
the content of infi ltrate in animals receiving TEC con-
taining viable cells considerably surpassed the corre-
sponding parameter in the control groups. On days 30 
and 60, the volume density of infi ltrate decreased in 
the main and reference groups and increased in both 
control groups. On day 60, the volume density of in-
fi ltrate became similar in all groups.

At early terms of the experiment, the infi ltration 
in the main and reference groups was presented by 
transplanted cell culture, which disappeared or was 
transformed into connective tissue cells by day 30. The 
latter hypothesis was confi rmed by detection of the 
label in analogous cells during histochemical study. 
In groups receiving cell cultures, transplanted cells 
constitute a considerable portion of infi ltrate on days 
7 and 14. The increase and leveling of the number of 
cells in control groups at late terms can be explained 
by the fact that on days 7 and 14 the matrix occupied 
practically total fi eld of view and masked the cells.

On day 7, the composition of the infi ltrate dif-
fered: fi broblasts and fi brocytes predominated in the 
main and reference groups and macrophages were more 
abundant in the control groups (Fig. 2, Table 1).

On day 30 of the experiment, fi broblasts and fi -
brocytes still predominated in the main and reference 
groups, their number being maximum in the main 
group. The number of fi broblasts and fi brocytes in the 

Fig. 1. Changes in volume density of cell infiltrate after injection of 
TEC containing autologous (1), allogenic (2), and devitalized (3) cell 
cultures and matrix alone (4) at different terms of the experiment.
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two fi rst observation groups corresponded to the area 
of formed collagen fi bers (Fig. 3).

The predominance of macrophages in the control 
groups at early terms of the experiments is determined 

by the development of the infl ammatory process [7,21]. 
However, MMSC exhibit pronounced immunosuppres-
sor properties, which also can affect the number of 
macrophages in the main and reference groups.

Fig. 2. Cell composition at the site of transplantation on day 7. a) groups with transplantation of autologous cell culture (main group), b) 
allogenic (reference group), c) devitalized (control 2), and matrix alone (control 1). 1) macrophages, 2) fibroblast-like cells, 3) cells of the 
transplant (immunohistochemical staining detects GFP on serial sections). Romanovskii–Giemsa staining (×100).

Fig. 3. Volume density of fibroblasts (a) and collagen fibers (b) after injection of TEC containing cell cultures and matrix alone. 1) main 
group; 2) reference group; 3) control 1; 4) control 2.
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On the whole, the number of fi broblasts and fi bro-
cytes corresponded to the area of the formed collagen 
fi bers: on day 30, the amount of collagen fi bers was 
maximum in the main group (injection of autologous 
cells culture), intermediate in the reference group (in-
jection of allogenic cell culture), and minimum in both 
control groups. In control groups we found the matrix 
and a considerable number of macrophages, some cells 
were in the state of incomplete phagocytosis. In the 
control groups, the volume density of all macrophages 
was similar and on days 7 and 30 after surgery signifi -
cantly surpassed that in groups with transplantation of 
cell cultures.

Thus, the intensity of cell infi ltration on day 7 
was similar in two control groups and was higher in 
the main and reference groups at the expense of trans-
planted cells.

In the main group, the matrix was found in only 
few cases at all terms of the study (Fig. 4). On day 7 
of the experiment, the content of matrix was consider-
able in the control groups (maximum in group 1) and 
somewhat lower in the reference group. On day 14, the 
matrix was found only in the control groups, while on 
days 30 and 60 its content was negligible in all groups. 
In the main and reference groups, the matrix of the 
construct was rapidly eliminated, while in the control 
groups it was sometimes detected even on day 60.

The percent of blood vessels in all groups did not 
exceed 4% at all terms of the study, but in the main 
and reference groups it signifi cantly surpassed the cor-
responding parameter in the control groups.

The mean area of collagen fi bers was higher in 
the main and reference groups at all terms of the study 
(Fig. 5); on days 7 and 14, this parameter in the main 
group was higher than in the reference group. In the 
control groups, the area of collagen fi bers was similar 
and was lower than in the main and reference groups 
at all terms of the experiment.

Thus, the connective tissue formed more rapidly 
and contained more collagen fi bers in groups receiving 
TEC with cell cultures.

TABLE 1. Morphological Parameters of Volume Density of Infiltration Cells after Injection of TEC Containing Cell Cultures 
and Matrix on Day 7 of the Experiment (%)

Parameter

Groups

main reference
control

1 2

Fibroblasts and fibrocytes 10.25 14.50 11.00 10.00

Macrophages 21.75 17.75 82.25 80.25

Fig. 4. Changes in volume density of the transplanted matrix after 
injection of TEC containing autologous (1, main group), allogenic 
(2, reference group), and devitalized (3, control 2) cell cultures and 
matrix alone (4, control 1) at different terms of the experiment.

Fig. 5. Changes in the area of collagen fibers after injection of 
TEC containing autologous (1, main group), allogenic (2, reference 
group), and devitalized (3, control 2) cell cultures and matrix alone 
(4, control 1) at different terms of the experiment.
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The formation of the connective tissue at the site 
of transplantation can attests to orthology of the regen-
eration processes and on the infl uence of microenvi-
ronment on differentiation of stromal cells.

TEC on the basis of gelatin sponge were previ-
ously used for creation of skin tissue equivalents; 
in tensive formation of collagen fi bers in the area of 
transplantation of cell cultures was demonstrated [20]. 
Some authors reported that MMSC isolated from the 
adipose tissue more intensively synthesize collagen 
fi bers than cell cultures isolated from other sources 
[17,19].

We also observed more pronounced formation 
of collagen fi bers by MSC, especially, by autologous 
MSC, and found a direct correlation between the pres-
ence of transplanted cells and the number of fi bro-
blasts and fi brocytes at the site of transplantation and 
the area of formed collagen fi bers.

The advantage of TEC over unbound suspension 
cultures consists in the presence of optimum microen-
vironment promoting cell survival and preventing their 
migration into surrounding tissues. These effects and 
the presence of viable cell cultures in the construct 
provide long-lasting and local production of the con-
nective tissue and collagen.

Morphological study showed that TEC containing 
viable culture of SFAT cells ensure considerable for-
mation of collagen at the site of transplantation at all 
terms of the experiment. Transplantation of TEC con-
taining autologous cell culture is most effective. Rapid 
degradation of the matrix, pronounced infi ltration at 
the site of injection, and greater area of collagen fi bers 
were noted in this case.

Immunohistochemical study revealed transplanted 
cells labeled with GFP at late terms of the experi-
ment.

In our study, TEC containing devitalized cell 
cul ture was used as the additional control. However, 
comparative study revealed long persistence of the 
transplanted matrix and insuffi cient cell infi ltration 
and collagen formation at the site of transplantation 
little differing from those in the group receiving matrix 
alone (without cell culture).

Thus, we demonstrated effi ciency of TEC contain-
ing culture of autologous SFAT cells for local forma-
tion of the connective tissue. These advantages of the 
proposed TEC open prospects for successful treat-
ment of connective tissue defects in some pathological 
states.
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