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ABSTRACT 
 
Aims:  To study development of placenta in wild type and domesticated silver fox with special 
reference to  cell cycle progression of the invasive trophoblast cells. 
Study Design:  Immunohistochemistry with cytokeratin and CD34 primary antibodies to evaluate 
trophoblast, epithelium and blood vessel arrangement. Semiquantitative evaluation of Ki-67 
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immunolocalization to characterize involvement of the cells in cell cycle during placenta 
development. 
Place and Duration of the Study: Institute of Cytology RAS, St.-Petersburg, Institute of Cytology 
and Genetics, Novosibirsk, Institute of Radiology and Surgical technologies,  Saint-Petersburg, 
between March 2014 and July 2015. 
Methodology:  Paraffin-embedded placentae of wild type and domesticated silver fox at the 19-22 
day of gestation were sectioned and stained with hematoxylin/eosin and immunostained with 
standard procedure. Percentage of nuclei of different patterns of Ki-67-immunolocalization was 
calculated.  
Results:  Endotheliochorial placenta development in the silver fox Vulpes fulvus Desm. includes 
invasion of endometrial glands by the trophoblast cells. Immunohistochemical Ki-67 reaction 
demonstrated high incidence of cell cycle progression in the invasive trophoblast cells of spongy 
zone of placenta at early developmental stages (19 day of gestation) followed by  decrease of Ki-67 
immunopositivity at the later stages (21-22 days) in both genotypes. Attenuation of Ki-67 expression 
starts from the loss of labeling of chromatin while labeling of nucleoli persists for a longer time. 
Conclusion: Invasive trophoblast cells show high capability of cell cycle progression that attenuate 
by the time of definitive endotheliochorial placenta development both in wild type and domesticated 
silver fox placenta. 
 

 
Keywords: Placenta; trophoblast; carnivores; fox; cell cycle; Ki-67; cytokeratin; CD34. 
 
ABBREVIATIONS 
 
GZ   –  Glandular Zone  
JZ    –  Junctional Zone  
SZ   –  Spongy Zone  
LZ   –  Lamellar Zone  
gd   –  Gestation Day  
wt   –  Wild Type 
 
1. INTRODUCTION 
 
The endotheliochorial placenta of Carnivores 
develops by means of penetration of trophoblast 
cells into the lumen of endometrial glands [1]. 
Upon the lysis of a part of epithelial lining of 
endometrium, the trophoblast cells replace the 
epithelial cells and come in contact to the 
maternal blood vessels. As a result, the placenta 
includes several zones: 1) glandular zone 
including the intact part of glandular epithelium; 
2) junctional zone in which invasive trophoblast 
cells progressively replace the epithelium; 3) 
labyrinth or a lamellar part in which 
syncytiotrophoblast contacts maternal blood 
vessels thereby providing embryo nutrition and 
gas exchange [1,2,3,4,5,6,7,8]. Spongy zone 
(SZ) composed by trophoblast cells that replaced 
epithelium, connects the intermediate zone with 
labyrinth. In some cases it is quite bulky structure 
[6,7], meantime, its function is not well 
understood. 
 
It should be mentioned that dynamics of placenta 
structure formation in carnivores and role of 
different cell populations are not completely 

understood; a range of the species characterized 
in this respect is not wide. Nevertheless, recent 
investigations [9,10,11,12,13,14] prove that 
placenta of carnivores is of great  interest as a 
model of studying pathological processes, 
placental immunity etc. That is why we aimed to 
study development of placenta structures in a 
another carnivore, a farmed animal – silver fox – 
that possess now both a wild type and a 
domesticated form [15,16].  It was also of interest 
to compare the two genotypes that differ by their 
fertility and endocrine status [16,17] that may 
influence development of reproductive system. 
 
We have previously demonstrated that 
trophoblast cells of the silver fox, like other 
animals, undergo genome multiplication [18]. 
The peculiarities of polyploidization include 
transition from ordinary mitoses to polyploidizing 
ones that, in turn, switch to endoreduplication. 
That is why one of our aims was to study a 
capability of cell (genome) reproduction in the 
invasive trophoblast cells in correlation with 
development of the basic structural units in silver 
fox placenta. 
 
Ki-67, a protein involved in cell cycle progression 
is mostly used as a marker of proliferation (see, 
for example, [19,20]. However, the peculiarities 
of Ki-67 intranuclear immunolocalization may 
prove not only involvement in a cell cycle but 
also supply with the additional information about 
stages of cell cycle [21,22,23] including possible 
transition to endoreduplication [24,25]. That is 
why it seems of interest to estimate the 



 
 
 
 

Zybina et al.; ARRB, 8(6): 1-12, 2015; Article no.ARRB.20235 
 
 

 
3 
 

peculiarities of Ki-67 immunolocalization in the 
silver fox placenta (wild type and domesticated), 
in particular, in the invasive trophoblast cells, at 
the early stages of placenta development. 
 
2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Material of placentae of wild type (wt) and 
domesticated silver fox at the 19-22 day of 
gestation was collected at the Experimental Fur 
Farm of the Institute of Cytology and Genetics 
SB RAS (Novosibirsk, Russia) where breeding 
and selection has been carried out for behavioral 
features of domesticated animals in a period 
from 1970 to  present time [16,17]. Implantation 
sites of wt foxes with established behavioral 
phenotypes of domesticated animals were taken 
for analysis. Placentae of five embryos at each 
stage of pregnancy, of each genotype were fixed 
with a mixture of ethanol and glacial acetic acid 
(3:1). The material was embedded in paraffin 
using standard procedure.  
 
2.2 Slide Processing and Immuno-

histochemistry 
 
A part of paraffin sections were stained with 
Boemer hematoxylin/eosin, another part 
undergone immunohistochemical reactions using 
primary antibodies the Cytokeratin pan (DAKO, 
cat. N MO82101), Ki-67 (DAKO, cat. N IS626) 
and CD34 (DAKO, cat. N M716529). The 
deparaffinized sections were incubated with 
bromelin for 15 min at 37°C. Endogenous 
peroxidase activity was quenched by the 15 min 
incubation with 3% hydrogen peroxide. Non-
specific antibody binding was blocked by 
incubation for 30 min in rabbit serum, then these 
sections were incubated with the primary 
antibodies diluted 1:300 in 0.6% Tris buffer, 1.5% 
BSA (pH 7.6), then for 30 min with biotynilated 
rabbit antimouse antibodies (1:400), and with 
Streptavidin-peroxidase (1:400), 3’-3-
diaminobenzidine was used as a substrate for 
peroxidase. Then the slides were rinsed in the 
bidistilled water, counterstained with hematoxylin 
and embedded into Canada balm. 
 
2.3 Microscopy 
 
The slides were examined at the inverted 
microscope Axiovert 200M with objective lenses 
10x/0.30, 20x/0.50, 40x/0.75. The photos were 
taken with color CCD camera Leica DFC 420, 
format 2592x1944. 

2.4 Statistics 
 
Percentage with standard error of each type of 
Ki-67 intranuclear immunolocalization was 
calculated using the formaula SEp = √[p * (1 - p) 
/ n]. The margins of error were determined using 
the confidence level 95%. 
 
3. RESULTS 
 
3.1 Placenta Development 
 
The endotheliochorial placenta of silver fox at the 
19-22 gestation day (gd) is developed via 
cytotrophoblast invasion into the lumen of the 
superficial part of endometrial glands lined by 
one-layer columnar epithelium. In the process of 
trophoblast invasion a part of the epithelium is 
lysed and replaced progressively by the 
trophoblast. As a result, the trophoblast forms a 
system of folded trabeculae penetrating into the 
depth of the glands (Fig. 1). Trabeculae are 
separated from each other by layers of the 
endometrial stroma with the maternal blood 
vessels (detected by CD34 immunostaining) 
growing into the embryonic part of placenta 
toward to invading trophoblast (Figs. 1A-D). In 
some sites rows of trabecular folds are 
interspersed by hemophagic areolae lined both 
by glandular epithelium (from the side of 
endometrium) and trophoblast cells from the side 
of  fetal part of placenta (data not shown). 
Beginning from the 21st gd lamellar part of 
placenta is formed by lamellae of 
syncytiotrophoblast that surround thin layers of 
the endometrial stroma with the maternal 
capillaries whereas from outside it faces pieces 
of mesenchyme with the fetal capillaries. 
Beginning from this stage, the basic zones of 
Carnivore placenta are formed in the silver fox 
placenta (Figs. 1B, 2E): 1) glandular zone (GZ) 
representing a part of the superficial zones of 
endometrial glands that did not undergo the 
trophoblast invasion; 2) spongy zone (SZ) that 
consists of large, probably polyploid trophoblast 
cells forming trabeculae; 3) the above mentioned 
lamellar zone (LZ) or labyrinth that represents 
interhemal barrier that ensures embryonic 
nutrition and gas exchange. Both wt and 
domesticated fox characterized by the same 
characteristics of placenta development.  
 

3.2 Formation of the Spongy Zone 
 
Silver fox placenta shows intensive cytokeratin 
immunostaining both in invasive trophoblast and 
in the glandular epithelium. The latter differs from 
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the trophoblast by the clear-cut columnar 
monolayer in which the cells have approximately 
the same size and shape; cytokeratin is 
distributed throughout cytoplasm with especially 
intensive staining of cytoplasm periphery 
repeating cell contours (Fig. 1A). High mitotic 
activity is a characteristic of epithelium. The 
trophoblast cells of the spongy zone invading 
endometrial glands, are also cytokeratin-positive 
with the most intensive staining of cytoplasm 
periphery. However, in distinct from epithelium, a 
variety of size and shape of cells is a 
characteristic of this cell population (Fig. 1A).  
The oval cells attached to the basal membrane 
prevail, meantime area of their contact with the 
basal membrane is more narrow than in epithelial 
cells, making trabeculae similar to bunches of 
grapes. From the zone of contact of epithelium 
and trophoblast toward the chorioallantois the 
size of trophoblast cell nuclei enlarges gradually 
that, is, probably accounted for by the 
polyploidization of trophoblast cells [18]. 
Simultaneously, at the border with endometrium 
a great number of mitoses is observed that 
attenuate at the deeper part of SZ. At the border 
of trophoblast and epithelium the latter forms 
overgrowths that disturbs a clear-cut monolayer 
cell arrangement. In these regions large, goblet-
like, most probably, trophoblast cells appear over 
the epithelium and penetrate between them. 
Probably, this is a way of trophoblast invasion of 
endometrium.  
 
The trophoblast cells, as distancing from the 
epithelium, undergo degradation of the 
cytokeratin cytoskeleton (Fig. 1A) that suggests 
that the trophoblast of the spongy zone undergo 
apoptosis at the final step of their lifespan. All of 
the above characteristics applies to both the wild 
type and domesticated animals. 
 
3.3 Immunolocalization of Ki-67 
 
An intensive Ki-67 immunostaining is observed in 
the trophoblast of the spongy zone as well as in 
the proliferative areas of the lamellar zone at the 
19thgd (Fig. 2A). In the superficial part of 
glandular epithelium lower incidence of Ki-67-
positivity is evident (Fig. 2A), meantime their 
deep part shows Ki-67-negative epithelium 
during the whole period studied (Fig. 2A). The 
growth of the spongy zone at the 19-22 gd is 
achieved by high mitotic activity as well as 
polyploidization [18]. The intensive growth of 
spongy zone trophoblast cell population is 
connected with high expression of Ki-67 both in 

the mitotically active zone and in the deep part of 
SZ in which large, probably polyploid cells do not 
show mitoses suggesting switch to 
endoreduplication. 
 
In the lamellar zone that acquire its definitive 
structure by the 22nd gd, intensive 
immunolabeling of Ki-67 is observed mostly in 
the cytotrophoblast (Fig. 2E) that is, most 
probably, a source of revenue of 
syncytiotrophoblast, the latter is always Ki-67-
negative.  
 
Intranuclear distribution of Ki-67 in silver fox is 
characterized by some peculiarities as 
comparaed to the other mammalian species. The 
most intensive is observed in nucleoli (Figs. 2A-
D), besides, rather heavy staining is seen in the 
condensed chromatin; a weaker staining is 
observed in the rest of chromatin and 
caryoplasm. A significant heterogeneity was 
observed in the patterns of Ki-67 
immunolocalization among the SZ trophoblast 
cell nuclei. By the Ki-67 immunolocalization, 
there observed several types of nuclei:  1) high 
immunostaining of nucleoli and chromatin; 2) 
deep staining of nucleoli and weakly stained or 
immunonegative chromatin; 3) weak staining of 
nucleoli and chromatin; 4) completely 
immunonegative nuclei.   
 
Beginning from 19th day gd progressive decrease 
of staining was observed in the trophoblast of SZ 
and areolae in a direction from epithelium to 
chorioallantois (Figs. 2A-E). It was accompanied 
by increase of nuclear size accounted for by, 
most probably, polyploidization. Nevertheless, 
just in the near-epithelial regions of GZ, there 
were some amount of small (low-ploid) weakly 
stained nuclei. And vice versa, in the depth of 
SZ, there were a number of large, probably 
highly polyploid trophoblast cell nuclei with 
deeply stained nucleoli and chromatin. It cannot 
be ruled out that it reflects differentiation of GZ 
trophoblast cells into a range of functionally 
different cell populations with various capability 
of cell reproduction. Between 19th to 22nd gd 
progressive attenuation of Ki-67 immunopositivity 
is observed (Figs. 2A-E) which is the most 
prominent in the deep area of SZ (Figs. 2B-E). 
As a result, by the 22nd gd the nuclei of third and 
fourth type are mostly observed. The nuclei of 
the second type are also encountered but the 
nucleolus also shows much weaker 
immunostaining than at the previous stages of 
pregnancy.  
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Fig. 1. Silver fox placenta at the 22 nd  gd. A, B — trophoblast trabeculae of the growing s pongy 
zone (SZ) of placenta penetrate into the lumen of e ndometrial glands (EG); maternal vessels 

(arrows) with surrounding endometrial stroma (ES) p enetrate into the fetal part of placenta; in 
the depth of the fetal part of placenta lamellar zo ne (LZ) is formed in which 

syncytiotrophoblast (*) surrounds maternal blood ve ssels (arrows). A — immunolabeling with 
Cytokeratin Pan; B — hematoxylin/eosin. C, D — CD34  immunolabeling of blood vessels in 

endometrium in junctional zone (C) and labyrinth (D ) 



 
 
 
 

Zybina et al.; ARRB, 8(6): 1-12, 2015; Article no.ARRB.20235 
 
 

 
6 
 

 
 

Fig. 2. Ki-67 immunolabeling in the silver fox plac enta at the 19 th (A, B) and 22 nd (C-E) gd in the 
glandular epithelium (GE), cytotrophoblast of spong e zone (SZ) and lamellar zone (LZ); 
endometrial stroma (ES) is immunonegative. A' — lac k of Ki-67 immunolabeling in the 

glandular epithelium (GE) in the depth of endometri um. B — in transition to the depth (from 
top to bottom) of spongy zone (SZ) Ki-67 expression  decreases while it persists in many 

nucleoli. At the 22 nd gd Ki-67 immunostaining of SZ trophoblast cells is weak, or absent (C-E),     
it is restricted mainly by nucleoli - both near end ometrium (C) and in the depth of SZ (D) 
whereas cytotrophoblast (ct) of LZ (E) is strongly Ki-67-immunopositive. YS — yolk sac.  

Brown — Ki-67 labeling, light blue — hematoxylin co unterstaining 
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Fig. 3. Diagram showing change in proportions (P<0. 05) of nuclei with different types of Ki-67 

immunolocalization in SZ trophoblast at the 19-22 g d in placentae of wt and domesticated 
silver foxes 
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Fig. 3 above shows the percentage of nuclei of 
different patterns of Ki-67 immunostaining in the 
placentae of both genotypes in the near-
epithelial and deep areas of SZ at the different 
developmental stages. According to these data, 
at the 19th gd a high level of cell cycle 
progression is observed (both in wt and 
domesticated foxes).  In wt, in the near-epithelial 
area, 65.6% nuclei are characterized by active 
immunolabeling of nucleoli and chromatin, 8.3% 
were with  predominantly stained nucleoli, 19.9% 
were weakly stained and 5% - unstained.  
 
In the depth of SZ, percentage of nuclei with 
deeply stained nucleoli and chromatin decreased 
to 36.1%, the other passing to classes of 
predominantly labeled nucleoli (28.2%), weakly 
stained (18.7%) and unstained (16.9%) nuclei. It 
should be mentioned that at this stage placenta 
of domesticated foxes show higher percentage of 
deeply stained nucleoli and chromatin, and in 
this genotype there were not a noticeable 
difference between near-epithelial and deep 
areas of SZ in Ki-67 expression. By 21st gd 
placentae of both genotypes show decrease of 
the rate of deeply stained nucleoli and chromatin, 
especially in the deep area of SZ. Decrease of 
intensiveness of labeling is, most probably, due 
to the loss of labeling in the chromatin, while 
maintaining it in the nucleolus (33.5% in wt). In 
the deep part of SZ, no significant changes of Ki-
67 immunostaining was observed as compared 
to the previous stage excepting some increase of 
percentage of unlabeled nuclei. Placentae of 
domesticated foxes did not show a significant 
difference in Ki-67 expression as compared to wt 
foxes. 
 

At the 22nd gd, the overwhelming majority of 
unstained and weakly stained nuclei indicates a 
tendency of total attenuation of replicative 
processes in the SZ trophoblast cells. Meantime, 
high enough percentage of nuclei in which 
nucleolar Ki-67 labeling persists (30.1%) 
suggests maintaining of the replicative potential 
in this cell population.  
 
Attention is drawn to the fact that in the 
domesticated foxes at this stage the 
overwhelming majority are the unstained nuclei, 
the share of nuclei with labeled nucleoli and 
weak staining is noticeably lower as compare to 
wt.  
 

4. DISCUSSION 
 
In the silver fox, like in other carnivores, the 
trophoblast shows more shallow invasion of 

endometrium as compared to well-studied 
recently hemochorial placenta of human and 
rodent [26,27,28,29,30,31,32,33]. In the fox 
placenta, like in cat, dog, mink and other 
carnivores, trophoblast cells invade the lumen of 
endometrium and replaces only a part of 
epithelium; its distal part is retained during the 
whole period of pregnancy [1,34]. Besides, 
according to our study, in the fox placenta an 
area of epithelium that borders trophoblast retain 
its proliferative activity thereby, probably, 
ensuring partial  regeneration of the epithelium. 
In the case of hemochorial placenta, in distinct 
from carnivore placenta, the sites of placentation 
are characterized by a local complete lysis of the 
epithelial lining and its replacement by cyto- or 
syncytiotrophoblast [26,29,35], moreover, 
numerous trophoblast cells massively migrate 
into endometrial stroma and uteroplacental 
vessels; all this, probably ensures more close 
contact of trophoblast cells with semiallogenic 
maternal tissues and blood. 
 
As we demonstrated recently, the trophoblast 
cells in the fox placenta undergo polyploidization 
up to 64c-128c [18]. According to the data of the 
present paper, this period of embryo 
development is accompanied by high expression 
of Ki-67 cells that confirms cell cycle progression 
in the trophoblast cells. In direction from 
trophoblast-epithelial border to the depth of SZ, 
increase of size of trophoblast cell nuclei takes 
place, most probably, via genome multiplication 
characteristic of fox trophoblast. The largest cells 
are found in the depth of SZ and hemophagic 
areolae; the nuclei with signs of non-classic 
polyteny are encountered here [18]. By contrast, 
mitotic activity is absent here, that suggests that 
genome multiplication is achieved via 
endoreduplication. Ki-67- immunopositivity of the 
large, probably highly endopolyploid nuclei 
suggests that replication cycles persists in these 
cells.  
 
Characteristic of Ki-67 immunostaining indicates 
some peculiarities of cell cycles progression in 
the SZ trophoblast cells in silver fox. It has been 
known that peculiar intranuclear Ki-67 
localization is characteristic of different phases of 
cell cycle. At the early G1-phase Ki-67 is 
detected mainly in numerous foci of centromere 
and telomere DNA localization scattered 
throughout nucleoplasm [22]. At the later G1, S 
and G2-phase Ki-67 is found mainly inside the 
well-formed nucleolus as well as in the foci of 
condensed chromatin [21,36]; and at the 
transition to mitosis the protein associates mitotic 
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chromosome arms [22,37,38,23]. In a shortened 
cell cycle of culture of embryonic stem cells, in 
late S-phase Ki-67 is restricted by nucleolar 
localization [39]. In the regenerating liver, at the 
early G1-phase Ki-67 is scattered throughout 
nucleoplasm in a form of numerous small 
granules; at the late G1 and early S-phase Ki-67 
is detected as a few large nucleolus-like 
structures whereas later at the S phase Ki-67 
immunolocalization is restricted by nucleoli only 
[40]. In this case, at the G2-phase Ki-67-positive 
nucleoli form a united bright discontinuous 
structure in which prophase chromosome-like 
entities may be seen [40]. Therefore, Ki-67 cyclic 
relocalization may coincide with change in the 
cycle of chromosome condensation that take 
place during the cell cycle phases. According to 
the data presented here, a peculiar of fox 
placenta is more clear-cut intensive 
immunolabeling of nucleoli found in the 
overwhelming majority of the trophoblast and 
epithelial cells as compared to the cells of other 
mammalian species.  This feature seems to be 
due to species characteristics of the genome the 
fox. Because of this, cell cycle-specific changes 
of Ki-67 may be less pronounced in the placental 
tissues, in particular, in SZ trophoblast cells. At 
the same time, changes in Ki-67 
immunolocalization is connected, most probably, 
with attenuation of cell cycle progression that 
may correlate with cell differentiation that takes 
place in parallel with their polyploidization during 
placenta development [18]. In this connection 
attention is drawn to the fact that attenuation of 
Ki-67 expression starts with the loss of labeling 
of the condensed chromatin while maintaining it 
in nucleoli. As preferential nucleolar Ki-67 
localization is connected with S-phase, it is 
another confirmation of endoreduplication, i.e. 
specific cell cycle in which cell lose mitotic 
transformations [41]. Besides, it indicates 
prolongation of the cell cycle as it was found in 
the giant trophoblast cell of mouse and rat 
[42,43]. In this connection it may be suggested 
that endoreduplication have an advantage in cell 
cycle progression that allows cells to undergo 
additive rounds of DNA replication at the stage 
when cell cycles attenuate in a great majority of 
the cells. 
 
It should be mentioned that the period of 
endoreduplication cycles in the trophoblast in the 
course of embryonic development varies 
between mammalian species. In the secondary 
giant trophoblast cells in rat placenta the 
endoreduplication cycles continue during the 
most of pregnancy – till 18th gd, whole length of 

pregnancy being 22 days [44,45]. In the low-ploid 
(mostly 2c-32c) trophoblast cells of the juctional 
zone of rat and field vole placenta, replication 
cycles attenuate by the second third of 
pregnancy, when a part of these cells migrate 
extensively in the depth of endometrium.  This 
cell population first undergo transition from 
mitotic cycles to reduced polypoloidizing mitoses, 
then – to endoreduplication [45,46] in parallel 
with differentiation into glycogen cells, 
spongiotrophoblast as well as invasive  
endovascular and interstitial trophoblast cells 
[29,31,32,45,46,47]. With the beginning of 
invasion, their replication cycles stop which 
precedes the passage of 1-2 cycles 
endoreduplication. In human placenta, 
extravillous trophoblast show similar tendency, 
i.e. transition from mitotic cycles to 
endoreduplication (1-2 cycles) with subsequent 
cessation of DNA replication [24,25,46].  
According to the data of the present work, in fox 
placenta a similar sequence of events is 
observed: mitotic activity is changed by 
endoreduplication followed by cessation of DNA 
replication. 
  
Function of the trophoblast cells of SZ in the fox 
placenta is poorly understood as yet. It is known 
that these cells including trophoblast cells of 
hemophagic areolae in the placenta of the dog, 
hyena, mink, take part in histiotroph and 
hemotroph nutrition at the initial stages of 
placenta development [3,4] that indicates the 
functional similarity of the trophoblast cells of SZ 
in carnivores with the giant trophoblast cells in 
rodents (Zybina, Zybina, 2005). An expression of 
prostaglandins and their receptors was 
demonstrated both in the superficial area of 
uterine glandular epithelium and in the 
trophoblast of intermediate zone including, 
judging by the presented data, the spongy zone 
of canine placenta [13,14]. It suggests that 
trophoblast cells of the intermediate zone are 
components of physiological barrier [48] between 
semiallogenic maternal and embryonic tissues of 
placenta. All above mentioned data indicate that 
the highly polyploid trophoblast cells of SZ in the 
silver fox placenta may be analogous of invasive 
cells of other orders of mammals. 
 
A comparative study showed similar changes of 
patterns of cell cycle progression in the wild and 
domesticated foxes in the course of placenta 
development. Simultaneously, exit from the cell 
cycle of the majority of SZ trophoblast cells by 
22nd gd and the lack of nucleolar persistance of 
nucleolar immunostaining at this stage in the 
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domesticated foxes may involve disturbations of 
replication cycles and result in some functional 
changes of placenta and embryo development. 
 
5. CONCLUSION 
 
Invasive trophoblast cells show high capability of 
cell cycle that attenuates progressively by the 
time of definitive endotheliochorial placenta 
development both in wild type and domesticated 
silver fox placenta. Attenuation of Ki-67 
expression begins from the loss of binding 
chromatin while persisting in nucleoli that 
correlates with the way of trophoblast cell 
genome multiplication.  
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