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Цель. Выявление реакции репликативного потенциала почек при различных формах описторхоза у лабораторных 
животных . 

Материалы и методы. Эксперимент проведен на 60 сирийских хомяках-самцах . I группа (n = 10) — 
контрольная, II группа (n = 25) — заражение животных метацеркариями Opisthorchis felineus, III группа (n = 25) — 
моделирование суперинвазионной формы описторхоза: заражение 50 личинками O. felineus, повторное заражение 
50 метацеркариями через 14 и 25 сут . Из эксперимента хомяки выводились посредством передозировки наркоза 
с декапитацией на 7, 15, 30 сут опыта . Выделение почек с последующим гистологическим исследованием, 
в т .ч . с использованием гистохимических и иммуногистохимических методов окрашивания . Далее проводилась 
микроскопия с последующим статистическим анализом результатов . 

Результаты. Выявлены количественные характеристики регионарных стволовых клеток, их пролиферативные 
тенденции и дифференцировка . В корковом и мозговом веществе почек обнаружена экспрессия маркеров CD117, 
Oct4, CD34 и CD31-позитивных стволовых клеток, которые в дальнейшем дифференцируются в прогениторные 
клетки с формированием эпителиальных структур в виде канальцев . В клубочках наблюдали картину васкулогенеза 
с увеличением сосудистых петель . 

Заключение. O. felineus секретом инициирует активацию стволовых клеток в почечных канальцах и перицитах 
микроциркуляторного русла . Наблюдается выраженная пролиферация переходного эпителия лоханок и начальных 
отделов мочеточника . Кроме этого, под действием секретома паразита наблюдается выраженная пролиферация 
стволовых клеток непосредственно в петлях клубочков .
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AIM: This study aimed to identify the replication potential of the kidneys in different forms of opisthorchiasis in laboratory 
animals .

MATERIALS AND METHODS: An experiment was conducted on 60 Syrian male hamsters . The first group was set as 
the control (n = 10), the second group (n = 25) was infected with metacercariae (Opisthorchis felineus), and the third group  
(n = 25) was a model of a superinvasive form of opisthorchiasis infection with 50 O. felineus larvae and repeated infection 
with 50 metacercariae in 14 and 25 days . The hamsters were withdrawn from the experiment on days 7, 15, and 30 via an 
overdose of narcosis and decapitation . The kidneys were isolated and histologically examined through histochemical and 
immunohistochemical staining methods . Microscopy was conducted, and results were statistically analyzed .

RESULTS: The quantitative characteristics, proliferation tendencies, and differentiation of regional stem cells were iden-
tified . In the cortical and medullary substance of the kidneys, CD117, Oct4, and CD34 markers were expressed, and CD31-
positive stem cells further differentiated to progenitor cells . Epithelial structures developed in the form of tubules . In the 
glomeruli, vasculogenesis occurred, and the number of vascular loops increased .

CONCLUSION: O. felineus secretome initiated the activation of stem cells in the renal tubules and pericytes of a microcir-
culatory network . The transitional epithelium of the renal pelvis and the initial parts of the ureter proliferated . Under the action 
of the secretome of parasites, stem cells proliferated directly in glomerular loops .
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Cat liver fluke or Opisthorchis felineus is responsible for 
the occurrence of a parasitic disease known as opisthorchiasis 
(a type of trematode infection) . The disease has a systemic 
characteristic: presence of lesions in econiches (liver, 
pancreas, gallbladder), which is where parasites vegetate [1,2] . 
Evidenced by clinical and pathoanatomical practice, helminths 
induce significant alterations in the organs and systems where 
they do not parasitize, that is, alterations also occur outside 
the econiches of Opisthorchis spp., for example, in lungs, 
kidneys, and so on . Manifestations are mostly expressed in 
hypereosinophilic syndrome resulting from numerous early and 
late super invasions [3,4] . Opisthorchis spp. contain granulin 
proteins in their secretome that exerts an evident proliferating 
effect, which causes mutations in numerous proliferative genes 
[5,6] . As shown earlier in laboratory animals, Opisthorchis 
invasion expresses numerous genes, namely c-Kit, AРC, 
K-ras, B-raf, WE6F, VEGFR, and others, which is explained 
by the reaction of parasites to provide their individuals with 
a trophic substrate – cholangiocytes . According to the rule of 
H . Leduc (1964), regional stem cells of the liver (replicative 
potential) are induced to proliferate and differentiate to 
cholangiocellular and hepatocellular differons . Simultaneously 
(15th day of the experiment), the following active processes 
of neoangiogenesis were observed: vasculogenesis (formation 
of vessels from progenitor cells) and angiogenesis (formation  
of vessels from the vascular network) due to the 
kinetic processes of the endothelium and pericytes of  
pre-existing capillaries [7] . 

Clinically, there is a paucity of studies regarding the 
kidney’s condition in opisthorchiasis . Patients with chronic 
opisthorchiasis present with proteinuria, hematuria, and 
cylindruria; many researchers assign these manifestations 
to the allergic reaction to Opisthorchis spp. [8,9] . Cases 
of immune glomerulonephritis with nephrotic syndrome 
have also been described in acute opisthorchiasis; these 
conditions were manifested by pronounced nephropathy 
[10,11] . Morphogenetic studies on the initiation and kinetics 
of native kidney stem cells in opisthorchiasis have not been 
conducted, and the reaction of the replicative potential of 
kidneys to the initiating substrate of Opisthorchis spp. – 
secretome (granulin) – remains unknown . Moreover, this 
reactions is important for identifying repair processes in the 
partial resections of this organ .

This study aimed to identify the reactions of 
replicative potential of kidneys in different forms of 
opisthorchiasis in laboratory animals .

MATERIALS AND METHODS
The experiment was conducted on 60 Syrian male 

hamsters (Syrian golden hamster) weighing 95 .0  ± 10 .0 
g . The animals were divided into three groups: 

I – control group – 10 animals;
II – experimental group – 25 hamsters infected with 

50 O. felineus metacercariae;

III – modeling of super invasive form of 
opisthorchiasis (SF) – infection with 50 O . felineus larvae 
followed by repeated infections with 50 metacercariae 
on the 14th and 25th days .

Metacercariae were isolated from nerflings 
(Leuciscus idus) of one biotope by G .A . Glazkov’s method 
[12] . All manipulations with the animals were conducted 
in compliance with the Declaration of Helsinki’s 
guidelines on the humane treatment of animals and 
Order of HM RF No 267 of June 19, 2003 «On approval of 
rules of laboratory practice» . Hamsters were withdrawn 
from the experiment by the overdose of narcosis with 
subsequent decapitation on the 7th, 15th, and 30th days . 

After standard histological manipulations, the 
sections of renal tissue were stained with hematoxylin 
and eosin by Van Gieson method . De-embedding, 
antigen retrieval, and immunohistochemical reactions 
were performed with the use of Bond–Max autostainer 
(Leica Biosystems, USA) in accordance with the standard 
protocols . Immunohistochemical examinations were 
conducted using following markers: CD34 (Lab Vision 
Corporation, USA; clone – QBEnd/10, Cell Marque), 
CD31 (Novokastra, USA; clone – JC70, Cell Marque), 
Oct-4 (Lab Vision Corporation, USA; clone – MRQ-10, 
Cell Marque), CD117 (Lab Vision Corporation, USA; clone 
– YR145, Cell Marque), and Ki-67 (RTU, США; clones – 
MIB-1, Agilent/Dako) . Results of immunohistochemical 
reactions were evaluated by semi-quantitative and 
quantitative characteristics: intensity of reactions were 
assessed on a scale from 0 to 3 points (0 – no reaction, 
2 – moderate reaction, 3 – evident reaction) and by 
the number of positively stained cells in 1 microscopic 
field (microscopic field; 400× magnification) . Positively 
stained cells were counted in 10 microscopic fields at 
400× magnification by calculating the arithmetic mean . 
Coverglass preparations were studied on Axio Lab .
A1 (Carl Zeiss Microscopy, Germany) with a further 
morphometric evaluation of quantitative parameters .

Statistical processing of the results was performed 
using the variation statistics method with the use 
of application software package Office Excel 2007 
(Microsoft, USA) on IBMPC/AT Pentium IV in the Windows 
7 .0 environment . The results are presented in shares 
(%), median (Me), and lower (Q25) and upper (Q75) 
quartiles . Non-parametric Mann–Whitney method was 
used for comparison . р < 0 .05 was assigned as the level 
of statistical significance for this study parameters .

RESULTS AND DISCUSSION
On the seventh day after infection, macroscopic and 

histological examinations revealed minimal alterations in 
the kidneys . Morphological alterations were similar and 
corresponded to the morphological picture observed in 
the control group . In the group with SF, a focal interstitial 
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edema and minor lymphoid infiltration in the cortical 
substance were noted; moreover, no significant changes 
were found in the glomeruli . 

On the 15th day of the experiment, the microscopic 
picture of kidneys of animals of groups II and III significantly 
differed from that of group I (control): morphological 
changes of different extents of evidence were recorded in 
the different parts of nephron . An increase in the size of 
the glomeruli with a moderate compression of the capillary 
loops and the focal sclerosis of capsule and capillary loops 
in some of them were observed . In the cortical substance, 
vacuolization of the cytoplasm in some epithelial cells of 
convoluted tubules was noted . In the proximal tubules, the 
signs of hyaline-drop dystrophy and signs of focal necrobiosis 

were present . A partial desquamation of epithelium with the 
formation of small denudation foci, as well as the foci of 
fibrosis and sclerosis was recorded . In SF, up to 28% of 
glomeruli were hypertrophied, whereas such alteration of 
glomeruli was observed in late stages in group II . Here, up 
to 10% of glomeruli were collapsed and had initial signs of 
glomerulosclerosis accompanied by stasis in capillaries on 
the renal corpuscle . 

An increase in the CD31 marker was observed in 
the glomerular apparatus in the stroma of kidneys and 
in the walls of tubules in group II (single infection with 
metacercariae O. felineus) . a moderate expression of the 
CD34 marker indicated the activation of stem cells in 
these structures (Figure 1А, B, C) .

Fig. 1. SF group on the 15th day of the experiment: A – evident proliferation of renal tubules . Hematoxylin and eosin stain . 
Magnification × 40; B – the membrane expression of CD34 marker in renal tubules . Immunohistochemical reaction with CD34 . 
Magnification × 20; C – cytoplasmic expression of CD31 marker in glomeruli . Immunohistochemical reaction with CD31 . 
Magnification × 10; D – close location of glomeruli with moderate sclerosis . Hematoxylin and eosin stain . Magnification х 20 .

Besides, an increase in the number of renal capillaries 
in the glomerulus itself was detected (group I: 31 .00 ± 12 .74) . 
In group III (superinvasive form of opisthorchiasis), an evident 
proliferation of stem and progenitor cells in the forming vessels and 
proliferation of the epithelial structures of tubules were observed  
(Table 1) .

On the 30th day of the experiment, granular cylinders were 
observed in the lumen of convoluted tubules . Inflammatory 
infiltrates were present in the form of lymphomononuclear 
cells near glomeruli . In the preparations, focal interstitial 
fibrosis was identified and it was more evident than in 
the experimental group . The segmentation of glomeruli 
accompanied by an increase in the number of capillaries 
of the renal corpuscle was observed . The glomeruli were 
hypertrophied, located close to each other, and a part of 

them showed evident sclerosis as compared with the second 
experimental group (Figure 1D) .

In the nephrons, an increase in the diameter of 
glomerulus and its surface area was recorded as compared 
to the group of primary infection with Opisthorchis spp . 
(Figure 2A) . Here, an evident expression of CD31 and Oct-4 
markers (Figure 2A) and evident proliferation of multilayered 
transitional epithelium in the pelvis (Figure 2D) were noted .

During the experiment, a higher regenerator potential 
was identified in the walls of renal tubules as compared with 
glomeruli  because  in  super  invasive  opisthorchiasis, the 
expression of CD34, Oct-4, CD117 markers was observed in 
the walls of renal tubules . In the examination of proliferative 
activity, the expression of Ki-67 marker in these structures 
was higher than that in the glomerular apparatus .



DOI: https://doi.org/10.17816/PAVLOVJ57046

217
ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Российский медико-биологический вестник 
имени академика И. П. ПавловаТом 29, № 2, 2021

Table 1. Expression of Monoclonal Antibodies in Study Groups on 15th Day of Experiment, Ме (Q25–Q75)

Markers
Stroma Parenchyma

Group I Group II Group III Group I Group II Group III

CD34, кл/мм2 3 .60 ± 1 .24 
(1 .76 - 4 .84)

11 .70 ± 2 .78** 
(8 .92 - 14 .48)

17 .80 ± 5 .87** 
(11 .93 - 23 .67)

2 .70 ± 1 .25  
(1 .45 - 3 .95)

10 .70 ± 0 .43** 
(10 .27 - 11 .13)

11 .80 ± 0 .54* 
(11 .26 - 12 .34)

Oct4, кл/мм2 4 .60 ± 3,85
(0 .75 - 8,45)

12 .70 ± 5 .41* 
(7 .29 - 18 .11)

39 .50 ± 16 .19* 
(23 .31 - 55 .69)

0 .40 ± 0 .20  
(0 .20 - 0 .60)

1 .20 ± 0 .09**  
(1 .11 - 1 .29)

1 .90 ± 0 .95*  
(0 .95 - 2 .85)

CD117, кл/мм2 1 .06 ± 0 .78 
(0 .28 - 1 .84)

7 .08 ± 3 .48**  
(3 .60 - 10 .56)

19 .97 ± 7 .93** 
(12 .04 - 27 .90)

1 .45 ± 0 .68  
(0 .77 - 2 .13)

2 .70 ± 1 .10*  
(1 .60 - 3 .80)

3 .60 ± 3 .50**  
(0 .10 - 7 .10)

CD31, кл/мм2 2 .10 ± 0 .74 
(1 .36 - 2 .84)

8 .40 ± 0 .68**  
(7 .72 - 9 .08)

14 .55 ± 5 .65* 
(8 .90 - 20 .20)

4 .80 ± 0 .80  
(4 .0 - 5 .6)

8 .40 ± 1 .08**  
(7 .32 - 9 .48)

10 .80 ± 0 .45* 
(10 .35 - 11 .25)

Ki-67, % 1 .6 3 .0** 9 .0* 0 .8 2 .4* 7 .6**

Notes: * – statistically significant differences as compared to group I, р < 0 .05, ** – statistically significant differences as compared to group I, р < 0 .01 . 
Each marker was analyzed in 10 fields at × 400 magnification

Fig. 2. SF group on the 30th day of experiment: A – increase in the number of loops in glomeruli . Hematoxylin and eosin stain . 
Magnification ×40; B – membrane expression of CD31 marker in renal tubules . Immunohistochemical reaction with CD31 . Magnification 
10×; C – nuclear expression of Oct4 marker in renal glomeruli . III group . Immunohistochemical reaction with Oct4 . Magnification ×20; 
D – proliferation of transitional epithelium of pelvis . Hematoxylin and eosin stain . Magnification ×40 .

The practice of postmortem examinations of 
patients who died with super invasive opisthorchiasis in a 
hyperendemic focus showed a rare participation of kidneys 
as the main component of the direct cause of death . An 
exception is the evident systemic inflammation (sepsis) 
and the development of chronic kidney disease against the 
background diffuse immunocomplex glomerulonephritis . 
It can be suggested that active vasculogenesis, that is, 
CD-34–positive (endothelial) cells, generally permits the 
enrichment of glomeruli with additional functional structures 
and enhance the compensatory potentials of organs . It 
should be noted that in super invasive opisthorchiasis, 
neoangiogenesis occurs and is subdivided into angiogenesis 
– trichotomic branching of existing vascular formations – 
and vasculogenesis – development of vessels de novo from 

stem cells . The latter process is observed in various organs, 
regardless of the place of vegetation of the parasite [2,7] . 

Pericytes play an important role in organizing the 
microvasculature of the kidneys . As is it known, they actively 
express vascular endothelial growth factor; therefore, the 
identified activity of CD31 marker reaches three points, 
which confirms the fact that podocytes, forming an 
expensive network around capillaries, actively participate 
in the angiogenesis and in the maturation of vessels upon 
exposure to O. felineus secretome . In general, the number of 
loops in glomeruli increases by 24 .3% (67 .4 ± 3 .6) . Besides 
with the use of histochemical stains, it was confirmed that 
moderate sclerotic alterations around glomerular apparatus 
result from the activation of fibroblastic differon .
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CONCLUSION
It was found that O . felineus secretome initiates the 

activation of stem cells in renal tubules and of the pericytes 
of microvasculature . The active proliferation of transitional 
epithelium of pelvis and of initial parts of ureter was 
found . Besides, under the action of parasite’s secretome, a 
pronounced proliferation of stem cells occurred directly in the 
glomerular loops that may have exerted a protector effect in 

the critical conditions of an organism of parasite’s host .
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