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Abstract

Background: In this article we described the influence of transplantation of pregnant rat BMC to pregnant rats
of the same date of pregnancy to study the influence on fetus’s development.

Methods: To study we made a single intravenous transplantation of BMC of pregnant rats of 4-5, 7-8 or 11, 12
days to pregnant rats of the same date of pregnancy. The analyses were made at 18th day of pregnancy.

Results: The transplantation of rat BMC at 4, 5 pregnant days increases pre- and post-implantation death of
fetuses without change of their weight and weight of placentas. The transplantation of BMC after implantation at 7,
8, 9 days of pregnancy during gastrulation increased the weight of 18th day fetuses and of placentas in comparison
with the same parameters of usual normal fetuses. The survival of fetuses was not disturbed. In case of BMC
transplantation during placentation at 11, 12 days of pregnancy the weight of fetuses and survival of fetuses was
significantly decreased and the weight of placentas was increased.

Conclusions: Results of BMC transplantation depends on the stage of rat pregnancy. The increase of the weight
of fetuses after BMC transplantation within gastrulation may be explained by positive paracrine effects of allogenic
transplanted cells on the size of decidua and in turn on the growth of fetuses and placentas or by transplanted cells
itself. The transplantation of BMC at 11, 12 day of pregnancy during placentation decrease the weight of fetuses
at 18th day of pregnancy and increase the weight of placentas. The possibility to regulate a weight of fetuses by

allogenic BMC transplantation at gastrulation is important results for stem cell therapy of fetuses.
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Introduction

Decidualization of the endometrium is an obligatory condition for
fetus development for some mammalians. Decidual cells (DC) controls
the growth of fetuses and pregnancy progress. Bone marrow origin of
rat large decidual cells of antimesometrial part of decidua (LDC) and
of endometrial granulated cells were shown [1-4]. Rat LDC and human
parietalis DC are characterized by high level of turnover. In accordance
with flow cytometry data the proliferative activity of human decidua
parietalis at first pregnant trimester is near 3.5 + 0.3%. Before birth
the proliferative activity decreases up to 1.6 £ 0.2%. In case of severe
preeclampsia the level of proliferating cells decreases up to 0.45 + 0.2%.
Severe preeclampsia is also characterized by abnormality of DC DNA
content and by decrease of decidua thickness. It means that human DC
loss is not compensated by precursors or by stem cells proliferation [5].
We suggested that in case of severe preeclampsia or in case of recurrent
abortion it is possible to compensate loss of DC by stem cells therapy.
Previously we used the decidua development of the pseudopregnant
rats as a model to control the capacity of human endometrial stem cells
and of rat bone marrow cells to influence on decidua formation after
transplantation to uterus of pseudopregnant [6]. To maintain the point
of view for bone marrow stem cells as source of precursors for DC we
studied an influence of rat bone marrow cells (BMC) transplantation on
rat fetus development.

Materials and Methods

We used for the experiments outbred white rats produced at
specialized animal farm “Rappolovo” (St. Petersburg, Russua) with
weight 150-200g. The day of observation of spermatozoid in the
morning vaginal smear was marked as first day of pregnancy [7]. Bone
marrow cells (BMC) were prepared from long bones of pregnant rat.
After 63% Percoll fractionation mononuclear cells were collected and
injected intravenously (v. jugularis) in volume 1 ml PBS to rat of the

same date of pregnancy. The quantity of mononuclear cells for every
transplantation were (135 + 12) 10°. The animals were opened at 18th of
pregnancy with help of diethyl ether narcosis. The fetusis and placentas
were fixed at Bouin solution and weighted at next day. The level of
preimplantation death was counted as discrepancy of quantity of yellow
bodies in ovary and quantity of implantation sites at uterus; the level of
post implantation death was counted as discrepancy between quantity
of implantation sites and quantity of alive fetuses.

Results and Discussion

Aspirated bone marrow was further processed in order to isolate
the mononuclear fraction, a heterogeneous population containing
differentially matured B-cells, T-cells and monocytes, as rare progenitor
cells such as hematopoietic stem cells, mesenchymal stromal cells,
endothelial progenitor cells and very small embryonic-like cells. In
accordance with multiple studies such cell mixture promotes distinct
angiogenic properties, mediates vascular repair, express several
cytoprotective growth factors and cytokines [8]. It was shown that
transplantation of BMC of pregnant rats into pregnant rats of the same
date of pregnancy is not provided by teratogenic effects after superficial
examination (Figure 1). At the same time there are significant difference
of fetuses weight in case of BMC transplantation during implantation
(7-8; 9 days of pregnancy) in compare with weight of control fetuses of
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Top: the family of fetuses of 18th pregnant day after transplantation of BMCs of
pregnant donor at 8 day of pregnancy . Middle: usual fetuses of 18th pregnant
day. Base: family of fetuses of 18th fay of pregnancy after transplantation of
BMCs at 11 day of pregnancy.

Figure 1: Fetuses of 18th day of pregnancy.

Experiments Weight of fetuses, mg Weight of
placentas, mg

Normal rats 18th days (11 families) 720 £ 20 303+ 14

4-5th days of transplantation of

BMC, (4 families) 760£20 -

7-8th days of transplantation of

BMC (8 families) 815+ 16 343+ 12

7-8th days (diestrus) of

transplantation of BMC (3 families) 1877 309+ 17

9th daylof BMC transplantation 838 + 60 334 + 18

(7 families)

11-12 fngs of BMC transplantation 587 +5 375+ 80

(3 families)

Table 1: Influence of bone marrow cells (BMC) transplantation at early stages of rat
development for growth of fetuses at 18" day of pregnancy.

% of fetuses

521-580
<520 581-640

641-700
701-760

761-820
821-880

Fetuses weight, mg

881-940 1001-
941-1000

Note: Curve 1 - usual weights of 18" day old fetuses, Curve 2 — weights of
fetuses after transplantation of pregnant BMC at 7-8 days of pregnancy; Curve
3- weight of fetuses after transplantation of nonpregnant BMC; Curve 4- weight
of fetuses after transplantation of pregnant BMC at 11-12 days of pregnancy.

Figure 2: Distribution of fetuses in accord with their weights on 18th day of
pregnancy after BMC transplantation at early stage of pregnancy.

18™ day of pregnancy (Table 1 and Figure 1). There was retardation in
the fetuses weight in case of BMC transplantation during placentation
(11-12 days of pregnancy). Growth of fetuses after BMC transplantation
at 7-8th and 9th was accompanied by placenta growth. The retardation
of weight of fetuses after transplantation of BMC at 11-12 pregnant days
was accompanied by an increase of placenta weight. Transplantation
of BMC from nonpregnant animals at diestrus stage of estrus cycle
increased the weight of fetuses in low level and did not change the
weight of placentas. The peaks of curves of BMC transplantation from
pregnant and nonpregnant rats coincides (Figure 2). It means about
common nature of BMC activities of pregnant and nonpregnant rats.

BMC transplantation before implantation at 4-5 days of pregnancy
was characterized by an increased level of pre- and post-implantation
death (Table 2). The weight of fetuses did not change. At this time
the blastocysts are in the lumen of uterus. The high level of pre- and
post-implantation death may be explained by the disturbance of
implantation because of excesses of transplanted BMC. Probably an
excess of BMC violates the coordination of numerous molecular and
cellular mechanisms that regulate the interaction of blastocysts and
uterine during implantation [9]. The normal weight of alive fetuses at
18" day of pregnancy points to the absence of the direct influence of
BMC on blastocysts.

The increase of fetuses weight after BMC transplantation during
gastrulation may be explained by positive paracrine effects of
transplanted allogenic BMC for growth of fetuses as the consequence
of increased decidua growth. Early we had observed that human
endometrial stem cells and rat BMC local transplantation to
pseudopregnant rats increased the sizes of rat decidual tissue [6]. It
is very important that gastrulation in rat and mice takes place in the
environment of large decidual cells (LDC). Specific morphology of LDC
determines the specificity of decidual tissue [10]. Such morphogenetic
events as formation of mesoderma and endoderma, determination
of body axes, beginning of heart and of brain formation, high level
of embryonal cells proliferation are content of gastrulation [11-13].
Development of blastocysts in vitro or in ectopic sites without decidual
tissue in vivo have been stopped at stage of gastrulation [14]. The
gastrulation claim special cover against oxidize radicals. Our results
for stimulation of decidual growth by transplantation of BMC was
without disturbance of structure of decidua [6] and growth of fetuses
with placentas (Table 1) show for general positive influence of BMC
transplantation for embryonal growth. We suggest that main target of
BMC action during gastrulation is decidual influence for embryo cell
proliferation. Absence of teratogenic effects of BMC transplantation
confirms the influence of BMC transplantation for growth of embryos
and of ectoplacental cone as general action to increase proliferation of
embryo cells. The LDC of antimesometrial part of decidua as of rat as
of mouse disappear during 11-12 pregnant days [5].

Pregnant days of BM cells
transplantation

Preimplantaion Postimplantation
embryo survival, % embryo survival, %

without transplantation of BMC 942+24 94.8+2.7
transplantation of BMC at 4-5 day of
pregnancy 72.3+8.5 450+ 15.4
transplantation of BMC at 7-8 day of
pregnancy 96.6 + 2.1 97.8+24
transplantation of BMC at 11-12 day 89.3 + 6.7 717+118

of pregnancy

Table 2: Pre- and post implantation survival of rat's fetusis of 18" day of pregnancy
after transplantation of mononuclear bone marrow cells (BMC) during early stages
of pregnancy (%).
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At 11" day of pregnancy ectoplacental cone begin to form placenta.
Transplantation of BMC during placentation (11-12 days of pregnancy)
induces the retardation of fetuses’ growth and the increase of placenta
weight. Retardation of growth may be explained by appearance in BM
during this stage of pregnancy of the precursor of granulated metrial
gland cells with NK activity (uNK cells) [2,13,15,16]. In accord with
results of Podporina metrial gland granulated cells are characterized
by uNK activity at beginning of differentiation and by immuno-
suppressor activity at the end of differentiation. These capacities of
granulated cells explain the function of rat granulated cells as regulator
of immunological situation in placenta [17].

The results show that early stages of rat development have own
characteristics of relationships between bone marrow and embryo
development. The dates confirm the reality of participation of bone
marrow cells in the regulation of embryo development. Attract attention
the possibility to increase growth of fetuses by transplantation of
allogenic bone marrow mononuclear cells. From another side the dates
caution against direct interference with stem therapy in the regulation
of pregnancy without tentative study in another experimental models
of regulation of pregnancy.

Acknowledgement

The work was supported by Grant RFBR # 14-04-00259-a and by Grant RNF
# 14-50-00068.

References

1. Kearns M, Lala PK (1982) Bone marrow origin of decidual cell precursors in the
pseudopregnant mouse uterus. J Exp Med 155: 1537-1554.

2. Peel S, Stewart 1J, Bulmer D (1983) Experimental evidence for the bone
marrow origin of granulated metrial gland cells of the mouse uterus. Cell Tissue
Res 233: 647-656.

3. Gargett CE, Schwab KE, Zillwood RM, Nguyen HP, Wu D (2009) Isolation
and culture of epithelial progenitors and mesenchymal stem cells from human

endometrium. Biol Reprod 80: 1136-1145.

Morelli SS, Yi P, Goldsmith LT (2012) Endometrial stem cells and reproduction.
Obstet Gynecol Int 851367.

Mikhailov VM (2003) Life cycle of decidual cells. Int Rev Cytol 227: 1-63.

Domnina AP, Zemelko VI, Mikhailov VM, Nikolsky NN (2013) Stimulation
of decudua development by transplantation of endometrial stem cells. J
Biomedical Science and Engineering 6: 59-65.

Mikhailov VM (1967) [The pathogenic effect of nephrocytotoxic serum on the
embryonic development of white rats]. Biull Eksp Biol Med 63: 97-100.

Posel C, Méller K, Fréhlich W, Schulz I, Boltze J, et al. (2012) Density gradient
centrifugation compromises bone marrow mononuclear cell yield. PLoS One
7:e50293.

Paria BC, Song H, Dey SK (2001) Implantation: molecular basis of embryo-
uterine dialogue. Int J Dev Biol 45: 597-605.

. Krehbiel RH (1937) Cytological study of the decidual reaction in the rat during

early pregnancy and in production of deciduomata. Physiol Zool 10: 212-234.

. Tam PP, Behringer RR (1997) Mouse gastrulation: the formation of a mammalian

body plan. Mech Dev 68: 3-25.

. Beddington RS, Robertson EJ (1999) Axis development and early asymmetry

in mammals. Cell 96: 195-209.

. Fonseca BM, Correia-da-Silva G, Teixeira NA (2012) The rat as an animal

model for fetoplacental development: a reappraisal of the post-implantation
period. Reprod Biol 12: 97-118.

. Hsu YC, Baskar J, Stevens LC, Rash JE (1974) Development in vitro of mouse

embryos from the two-cell egg stage to the early somite stage. J Embryol Exp
Morphol 31: 235-245.

. Peel S (1989) Granulated metrial gland cells. Adv Anat Embryol Cell Biol 115:

1-112.

.King A (2000) Uterine leukocytes and decidualization. Hum Reprod Update 6:

28-36.

. Podporina AT, Malygin AM, Mikhalov VM (1992) Immuregulatory properties of

endometrial gland granulated cells. Tsitologia, 34: 93-94.

J Cell Sci Ther
ISSN: 2157-7013 JCEST, an open access journal

Volume 6 - Issue 5 + 1000224


http://www.ncbi.nlm.nih.gov/pubmed/7069373
http://www.ncbi.nlm.nih.gov/pubmed/7069373
http://www.ncbi.nlm.nih.gov/pubmed/6627353
http://www.ncbi.nlm.nih.gov/pubmed/6627353
http://www.ncbi.nlm.nih.gov/pubmed/6627353
http://www.ncbi.nlm.nih.gov/pubmed/19228591
http://www.ncbi.nlm.nih.gov/pubmed/19228591
http://www.ncbi.nlm.nih.gov/pubmed/19228591
http://www.ncbi.nlm.nih.gov/pubmed/22287970
http://www.ncbi.nlm.nih.gov/pubmed/22287970
http://www.ncbi.nlm.nih.gov/pubmed/14518549
http://www.ncbi.nlm.nih.gov/pubmed/5622623
http://www.ncbi.nlm.nih.gov/pubmed/5622623
http://www.ncbi.nlm.nih.gov/pubmed/23236366
http://www.ncbi.nlm.nih.gov/pubmed/23236366
http://www.ncbi.nlm.nih.gov/pubmed/23236366
http://www.ncbi.nlm.nih.gov/pubmed/11417904
http://www.ncbi.nlm.nih.gov/pubmed/11417904
http://www.ncbi.nlm.nih.gov/pubmed/9431800
http://www.ncbi.nlm.nih.gov/pubmed/9431800
http://www.ncbi.nlm.nih.gov/pubmed/9988215
http://www.ncbi.nlm.nih.gov/pubmed/9988215
http://www.ncbi.nlm.nih.gov/pubmed/22850465
http://www.ncbi.nlm.nih.gov/pubmed/22850465
http://www.ncbi.nlm.nih.gov/pubmed/22850465
http://www.ncbi.nlm.nih.gov/pubmed/4856485
http://www.ncbi.nlm.nih.gov/pubmed/4856485
http://www.ncbi.nlm.nih.gov/pubmed/4856485
http://www.ncbi.nlm.nih.gov/pubmed/2658485
http://www.ncbi.nlm.nih.gov/pubmed/2658485
http://www.ncbi.nlm.nih.gov/pubmed/10711827
http://www.ncbi.nlm.nih.gov/pubmed/10711827

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results and Discussion
	Acknowledgement
	Figure 1
	Figure 2
	Table 1
	Table 2
	References

