
49

Ukrainian Journal of Nephrology and Dialysis, 4 (84)’2024

Український журнал нефрології та діалізу №4 (84) 2024 Оригінальні наукові роботи

Original Papers

Abstract. The present study aimed to investigate the immunohistochemical characteristics 
of the bladder (UB) of rats with infravesical obstruction (IVO) after intraperitoneal 
administration of biologically active compositions (BACs) (conditioned media (CM) of native 
and cryopreserved cultures of mantle gliocytes (MG) obtained from the spinal ganglia (SG)).
Methods. IVO was reproduced by surgical ligation. BACs were intraperitoneally injected for 10 
days. The relative area of expression of S100 protein and actin, as markers of bladder nerve 
and smooth muscle cells, was calculated. The experimental animals were divided into groups as 
follows: 1 - intact control (n=15); 2 - CM from the culture of native MG (n=7); 3 - CM from the 
culture of cryopreserved MG (n=6); 4 - animals with IVO without treatment (n=15).
Results. BACs obtained from the culture of native and cryopreserved MG were involved in the 
remodeling of the bladder structure, which changed during IVO. Visual assessment of the UB 
tissue specimens subjected to immunohistochemical labelling with antibodies to S100 protein 
and actin revealed an increase in the relative area of positive labelling in animals of groups 2 
and 3 compared to group 4 (untreated). Statistical analysis demonstrated an increase in the 
relative area of expression of the studied markers of nervous and muscle structures by both 
indicators in animals of group 2 by 91.6% and 78.9% (p = 0.004; p = 0.002, respectively) 
compared to group 4 (without treatment). A somewhat different trend was observed when 
comparing the results of group 3. A statistically insignificant increase in the relative area of 
S100 protein expression in the UB tissues (p>0.05) and a significantly higher expression of 
actin by 78.8% (p=0.001) were found compared to the untreated group.
Conclusions. The positive effect of neurotrophic factors contained in the secretions of native/
cryopreserved SG cell cultures on the expression of immunohistochemical markers of nerve 
and smooth muscle cells of the bladder in the course of IVO in rats has been found. It has been 
determined that cryopreservation affects the nature of the biological activity of the secretions 
of SG cell culture. At the same time, the administration of CM of cryopreserved culture has 
been proven to be effective in correcting the effects of IVO and similar to the effect of CM of 
native culture.
Key words: immunohistochemical markers, S100, actin, protein expression, infravesical 
obstruction, spinal ganglion, mantle gliocytes, conditioned medium.
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Introduction. Urodynamic disorders due to in-
fravesical obstruction (IVO) are an urgent problem in 
modern urology. More than 50% of elderly men are 
predisposed to IVO due to benign prostatic hyperplasia 
(BPH) [1]. IVO occurs in 8-10% of women as a compli-
cation of surgical treatment of urinary incontinence [2].

In conditions of prolonged chronic bladder (UB) 
obstruction and increased urethral resistance, blood 
circulation is impaired, and cell ischaemia, detrusor hy-
pertrophy, and inflammatory processes may occur. One 
of the consequences of the structural and functional re-
structuring of cell layers is the loss of the receptor ap-
paratus and denervation of the bladder wall, which can 
be more than 50% in this pathological condition [3].

IVO causes multiple physiological and structural 
changes in smooth muscle (SM), transitional cell epi-
thelium, nerves, and vasculature. Ultimately, this can 
lead to a loss of smooth muscle function and contrac-
tility, or cause progressive severe hypertrophy and in-
creased contractility of the UB [4, 5].

It has also been morphologically proven that out-
flow obstruction causes neuronal degeneration (partial 
denervation) in the smooth muscle of the UB [6, 7, 8]. 
The loss of functional synapses can reduce the release of 
contractile neurotransmitters and thus reduce the mag-
nitude of the bladder contractile response [9]. Studies 
using experimental animals have also shown that the 
presence of an obstruction to urine outflow affects the 
nervous control of the UB activity [3, 7, 10, 11]. IVO 
is usually accompanied by a decrease in the innervation 
density of the hypertrophied bladder [12]. IVO changes 
neural networks in the central nervous system, which 
can cause organ dysfunction [6, 10, 13, 14].

At present, reinnervation of the urethra is an urgent 
task in urology, reconstructive surgery, and tissue engi-
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Резюме. Мета роботи – вивчення імуногістохімічних характеристик сечового міхура (СМ) самок щу-
рів із інфравезікальною обструкцією (ІВО) після внутрішньочеревного введення біологічно активних композицій 
(БАК) (кондицiйованих середовищ (КС) нативної і криоконсервованої культур мантійних гліоцитів (МГ), отри-
маних зi спінальних гангліїв (СГ)).

Методи. ІВО моделювали лігатурним методом. БАК вводили тваринам внутрішньочеревно протягом 
10 діб. Розраховували вiдносну площу вiдносної площi експресії білку S 100 та актину, як маркерів нервових i 
гладеньком’язових клітин сечового міхура. Тварин поділили на групи: 1 – інтактний контроль (n=15); 2 – КС 
від культури нативних МГ (n=7); 3 – КС від культури кріоконсервованих МГ (n=6); 4 – тварини з ІВО без лі-
кування (n=15).

Результати. БАК, отримані від культури нативних і криоконсервованих МГ, брали участь у ремоделю-
ванні структури сечового міхура, яка змінювалась під час ІВО. За візуальною оцінкою препаратів тканини СМ, 
які було піддано імуногістохімічному міченню антитілами до білку S100 та актину, встановлено збільшення 
вiдносної площі позитивного мiчення у тварин груп 2 і 3 порiвняно з групою 4 (без лiкування). Шляхом ста-
тистичного аналізу було встановлено збільшення вiдносної площi експресії досліджуваних маркерів нервових i 
м’язових структур за обома показниками у тварин групи 2 на 91,6% та на 78,9% (p = 0,004; p = 0,002 відповід-
но), порівняно з групою 4 (без лікування). Дещо інша тенденція була при порівнянні результатів групи 3. Вста-
новлено статистично не значуще збільшення вiдносної площi експресії у тканинах СМ білку S100 (p>0,05) та 
значно більші показники експресії актину на 78,8% (p = 0,001), порівняно з групою без лікування.

Висновки. Встановлено позитивний вплив нейротрофiчних факторів, якi мiстяться у секретомах натив-
ної/кріоконсервованої культур клітин СГ на експресію імуногістохімічних маркерів нервових i гладеньком›язових 
клітин сечового міхура при IВО у щурів. Визначено, що кріоконсервування впливає на характер біологічної ак-
тивності секретомів культури клітин СГ. При цьому введення КС кріоконсервованої культури було ефективним 
для корегування наслідків IВО і схожим на вплив КС нативної культури.

Ключові слова: імуногістохімічні маркери, S100, актин, експресія білків, інфравезікальна обструкція, 
спiнальний ганглій, мантійні гліоцити, кондиційоване середовище.
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neering of the urinary tract. According to current data, 
cultures of cells of neural origin, in particular Schwann 
cells and nerve cells obtained from various sources, are 
used to solve such problems [15, 16].

It is known that glia derivatives are able to pro-
duce a number of neurotrophic factors (NFs) that pro-
mote neuronal regeneration and stimulate the directed 
growth of nerve cell axons [17, 18]. This is valuable for 
the reinnervation of the UB and restoration of the pool 
of nerve endings in the bladder wall.

Currently, research is being conducted on the cul-
tivation and cryopreservation of spinal ganglion (SG) 
cell culture and the generation of cell-free media con-
taining NFs [19, 20]. However, there has been no at-
tempt so far to use SG cell culture, secretions, and other 
biological products to restore the UB receptor pool and 
improve its contractility in IVO.

The research aims to investigate the effect of bio-
logically active compositions (conditioned media of 
native and cryopreserved cell cultures) obtained from 
spinal ganglia on the expression of S100 proteins and 
actin in the bladder of rats with infravesical obstruction.

Materials and Methods. Investigations were car-
ried out on 6-month-old white outbred rats (250–320g, 
n=43). Manipulations in animals were performed 
in accordance with the Law of Ukraine ‘On Protec-
tion of Animals Against Cruelty’ (No. 3447-IV dated 
21.02.2006) in compliance with the requirements of the 
Committee in Bioethics of the Institute for Problems of 
Cryobiology and Cryomedicine of the National Acad-
emy of Sciences of Ukraine (Kharkiv), in accordance 
with the provisions of the European Convention for the 
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (Strasbourg, 1986).

Study design. The culture of mantle gliocytes 
(MG) was obtained from the  SG  of neonatal piglets 
by an enzymatic method [19]. The initial seeding con-
centration of cells in both cases was 6 × 104 cells/cm2. 
On the 21st day of cultivation, the medium was col-
lected from all Petri dishes, and combined; an aliquot 
was taken and used in further experiments. Part of the 
SG cell cultures after cultivation for 6 days was de-
tached from the substrate with  0.25% trypsin-EDTA 
solution with Hanks salts (Biowest, France) and cryo-
preserved as a suspension in cryoprotective medium 
with 10%  dimethyl sulfoxide (DMSO) with a cool-
ing rate of 1 °С/min to –40 °С and further immer-
sion in liquid nitrogen. The cells were kept at –196 °C  
for 1  month, after which they were thawed,  washed 
from  DMSO,  and cultured for  20 days. On day 21, 
the culture medium was collected from all samples, 
combined; an aliquot was taken and used in further 
experiments. IVO was modeled by the ligature method 

[21]. After 1.5 months, the ligature was removed and 
the next day the animals were started to become in-
jected with the BACs intraperitoneally for 10  days. 
Conditioned medium obtained from native and cryo-
preserved  MG  cultures were injected with  0.6 mL/kg 
of body weight.  The animals were taken out of the ex-
periment by decapitation under anesthesia on the 56th 
day from the start of IVO modeling. The animals were 
divided into groups: 1-control (C); 2-the introduction 
of conditioned medium from the culture of native MG 
(CMCNMG); 3-introduction of conditioned medium 
from the culture of cryopreserved MG  (CMCCMG);  
4-without treatment (UT).

Detection of S100 and Actin expressions in the uri-
nary bladder. A Rady-to-Use test kit with monoclonal 
antibodies (MAbs) against Smooth Muscle Actin 1A4 
(DAKO, Denmark) was used as a marker of bladder 
muscle structures. As a marker of peripheral glia cells, 
MAbs against S-100A protein (Thermo Scientific, Ger-
many) at 1:100 dilution was used. To visualise the im-
munohistochemical staining with the first antibodies, 
the UltraVision Quanto Detection Systems HRP Poly-
mer (Thermo Scientific) was used. DAB (diaminoben-
zidine) was used as a chromogen. 

Stained sections were examined using a Primo 
Star microscope (Carl Zeiss) with AxioCam software  
(ERc 5s). 

The qualitative assessment of immunohistochemi-
cal staining was determined by the presence or absence 
of brown staining of cellular structures [22].

For quantitative evaluation, the relative area of 
positive labelling was calculated using AxioVision Rel 
4.7 image processing software as the ratio of the total 
area of stained structures (in μm2) to the standard sec-
tion area (in μm2) multiplied by 100% according to the 
method [23].

When calculating quantitative characteristics of 
structural components in the urinary bladder, in each 
case, a micro-photograph was measured 30 times [23]. 

Statistical analysis. The results were statistically 
processed using Excel (Microsoft, USA) and Statis-
tica 10 (StatSoft, USA). Quantitative data were pre-
sented as median (Me) and quartiles (Q1; Q3) and 
were assessed using nonparametric Kruskal-Wallis 
and Mann-Whitney tests with the Dunnett’s test for 
post-hoc comparisons. Differences were considered 
significant at p<0.05.

Results. Immunohistochemical studies. Visual as-
sessment of the SM tissue specimens subjected to im-
munohistochemical labelling with antibodies to protein 
S100 and actin revealed an increase in the relative area 
of positive labelling in animals of group 2 compared to 
group 4 (untreated) (Fig. 1). 
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Fig. 1. UB tissue of rats of group 2 (injection of CM from native cell culture).  
Immunohistochemical study of S 100 (a) and actin (b) expression.

Also, visual assessment revealed an increase in the 
relative area of positive labelling of nervous and muscle 

structures with antibodies to proteins S100 and actin in 
group 3 compared to group 4 (untreated) (Fig. 2).

	 а	 б 

Fig. 2. UB tissue of group 3 rats (injection of CM from cryopreserved cell culture).  
Immunohistochemical study of S 100 (a) and actin (b) expression.

Morphometric characteristic of the urinary bladder. 
Statistical analysis revealed an increase in the rela-
tive area of expression of the studied markers of ner-
vous and muscle structures by both indicators in ani-
mals of group 2 by 91.6% and 78.9% (Fig. 3, p = 0.004;  
p = 0.002, respectively) compared to group 4 (without 
treatment).

A somewhat different trend was observed when 
comparing the results of group 3. A statistically insig-
nificant increase in the relative area of expression of 
S100 protein in the UB tissues (Fig. 3, p>0.05) and 
significantly higher actin expression by 78.8% (Fig. 3, 
p=0.001) were found compared to the untreated group.
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Fig. 3. Changes in the relative area (%) of positive labelling with antibodies to S100 protein and actin in the UB tissue of animals 
of groups 2, 3 and 4. Blue columns - positive labelling to actin, red columns - positive labelling to S100 protein.

Discussion. The analysis of the works of previ-
ous authors, which studied the effect of BACs obtained 
from SG on the morphological and functional param-
eters of the UB of experimental animals and humans 
with IVO, showed the existence of a small number of 
studies on this subject [24, 25]. Most of the scientific 
works used stem cells for tissue engineering [26, 27], 
studied the effect of increased contractility of the UB 
and endogenous NFs, as well as growth factors on the 
morphology and function of the urinary tract [28, 29], 
the effect of high hydrostatic pressure on various cell 
cultures [30], and the role of NFs at neurodegenerative 
diseases [31].

We have suggested that it is possible to improve the 
contractile function of the UB by restoring the innerva-
tion of the wall using secretions from cultures of neural 
cells. However, up to now, no attempts have been made 
to use glial cell culture, secretions, and other biological 
products to restore the UB receptor pool and improve 
its contractility in the case of IVO.

Infravesical obstruction causes denervation, which 
leads to an increase in the mass of the UB, and charac-
teristic changes in contractile activity and morphology. 
There is an increase in the number and volume of blad-
der smooth muscle along with a decrease in the density 
of nerve endings and contractile proteins in the organ 
tissue [32]. These changes demonstrate the occurrence 
of the process of remodelling of the UB with the partici-
pation of several cellular compartments, namely transi-
tional cell epithelium, mucosal lamina propria, detru-
sor smooth muscle, connective tissue, and neurons [8].

S100 protein actively affects the functions of the 
nervous system, tissue repair and regeneration, inflam-
mation, infections, and cell growth and differentiation 
[33]. S100-positive neural structures and nerves are 
present in the UB tissues [34].

UB smooth muscle cells contain contractile pro-
teins (myosin and actin) and proteins that regulate their 
interaction in response to neuroendocrine stimulation. 
These cells also synthesise most of the extracellular ma-
trix surrounding them in the UB tissue. In addition, 
smooth muscle cells are involved in remodelling of the 
UB in many conditions that affect organ function [35].

Hypertrophy of UB smooth muscle, which occurs 
as a result of IVO, may be associated with fluctuations 
in the number of different actin isoforms, both in the 
direction of increase/decrease and in the absence of any 
changes at all. The contraction of the smooth muscle of 
the UB is initiated by an increase in the concentration 
of free Ca2+ in the cytoplasm of smooth muscle cells 
[36].

Actin is a component of the contractile apparatus 
and cytoskeleton of smooth muscle cells. Functionally, 
it is involved in muscle contraction and other types of 
cell motility. Actin in the smooth muscle of the UB 
accumulates in conditions when there is a stressful 
increase in mechanical work, as a result of which the 
muscle mass of the organ increases. Thus, hypertrophy 
of the smooth muscle of the UB may be associated with 
changes in the composition of contractile proteins [37].

Actin is used as a marker for myoblasts and smooth 
muscle cells. Hypertrophic UB muscles with IVO ex-
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press increased levels of actin compared to normal tis-
sues. A sufficient level of actin appears to be a prerequi-
site for the generation of normal SM contraction force 
[38, 39].

Neurotrophic factors or similar biologically active 
substances prevent nerve cell death at an early stage of 
IVO and increase nerve density in the UB tissue, as well 
as limit the severity of detrusor hypertrophy. This slows 
down the development of functional decompensation 
of the organ in the case of long-term obstruction [40].

Low values of the median relative area of S100 pro-
tein and actin expression were found in group 4 (without 
treatment) - 0.4 (0.07; 1.04) and 4.9 (2.3; 9.3) compared 
to intact animals - 3.3 (1.7; 6.7) and 46.3 (39.7; 53.1), 
respectively (Fig. 3, p < 0.05). In contrast, an increase 
in the median relative area of S 100 protein expression 
was detected in groups 2 and 3 compared to the control. 
The aforementioned index in group 2 (CM of the na-
tive culture of SG cells) - 4.2 (3.2; 5.5) was significantly 
higher than in rats with IVO without treatment (Fig. 3, 
p < 0.05). Higher values of the median relative area of 
actin protein expression were found in groups 2 (CM of 
native SG cell culture) - 23.2 (17.1; 26.9) and 3 (CM of 
cryopreserved SG cell culture) - 23.1 (18.9; 27.1) com-
pared to rats with IVO without treatment (Fig. 3, p < 
0.05). However, this indicator in the above groups was 
lower than in intact animals. Thus, it was found that 
BACs obtained from SG affect the expression of S100 
proteins and actin in the tissue of the UB of rats with 
IVO, which results in changes in the morphological and 
functional parameters of the bladder.

NFs-like activity was previously established in CM 
obtained from cultures of native and cryopreserved cells 
from the SG of newborn piglets [41].

NFs functions include regulation of axonal and 
dendritic growth, formation and functioning of syn-
apses, cell migration, cell proliferation, and survival of 
adult neurons. It has been established that NFs affect 
the restoration of organ innervation of taking into ac-
count these facts [42]. 

Cryopreservation is an integral part of the technol-
ogy for the production of CM, as cells are stored in a 
cryobank before cultivation. In this regard, a natural 
question arises about the effect of freezing on cells. 
In previous studies, it has been established that cryo-

preservation of MG in a cryoprotective medium with 
7.5-10% DMSO allows maintaining cell viability at the 
level of 83-87% [19]. At the same time, the expression 
of neurotrophic factors remains at a level close to con-
trol values [41].

In our research, we did not investigate which types 
of NFs affect the reinnervation and remodeling of the 
UB. The data obtained indicate the prospect of discov-
ering new drugs based on NFs contained in the secre-
tions of native/cryopreserved SG cell cultures. 

Conclusions. Thus, the use of biologically active 
compositions obtained from spinal ganglia contributed 
to an increase in the relative area of S100 protein and 
actin expression in the bladder tissue of animals with 
infravesical obstruction, which indicated their stimulat-
ing effect on the processes of reinnervation and remod-
elling of the organ. 

However, the precision mechanisms by which 
NFs-containing BACs affect the expression of the 
above proteins in the bladder tissue of mammals with 
infravesical obstruction are not yet clear and require 
further study.
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