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The oc cur rence of periimplantation subprogram for morphogenesis in eutherians, as a spe cific evo lu tion -
ary ac quire ment, typ i cal for mem bers of the infraclass in volved, has been sub stan ti ated.
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Eutheria, gen er ally re garded as the pla cen tal, be long 
to the most ad vanced mam ma lian infraclass [1].  Un -
like Monotremata and Marsupialia, Eutheria are
spe cific for a more ad vanced re pro duc tive sys tem,
which al lows them to oc cupy var i ous eco log i cal
niches and to spread to dif fer ent cli ma tic zones.  In
the ar eas where Monotremata and Marsupialia tried
com pet ing Eutheria, usu ally, the pref er ence was
given to the rep re sen ta tives of the lat ter.  Both the
data of palaeontological re searches and the data of
ecol o gists, who ob served the pro cess of mam ma lian
colo nis ation of Aus tra lian con ti nent, tes tify to the
men tioned fact [1].

Al though the pres ence of pla centa is con sid ered to
be a spe cific fea ture of higher mam mals, pla centa is
also pres ent in some Lacerta, Serpentes, and
Marsupialia [1, 3].  Yet in Eutheria only, the pro cess of
pla centa for ma tion is pre ceded by the pe riod of
periimplantation [3].  Periimplantation in mam ma lian
fe male spec i men is char ac ter ised by the se ries of mor -
pho log i cal and phys i o log i cal changes in uterus and em -
bryo [3–6].  Com plete in for ma tion on these events is
pre sented in the re search data on murine ro dents [3, 4].

A num ber of meth ods, aimed at the in ves ti ga tion of
events which con di tion the course of the
periimplantation and its fi nal stage – the im plan ta tion
on mo lec u lar-ge netic level were elab o rated [7].  The
ap pli ca tion of these meth ods al lowed ob tain ing the
gen eral rep re sen ta tion of he red i tary programmes and
mo lec u lar ways of reali sa tion of these programmes, as -
so ci ated with the afore men tioned pro cess.

As a re sult it has been re vealed that, the events, con -
nected with prep a ra tion and suc cess ful con clu sion of
periimplantation, are de pend ent sig nif i cantly on the “di -
a logue” be tween the em bryo and the uterus on the
cell-mo lec u lar level [8–10].  This kind of “di a logue” is to 
ini ti ate uterus sus cep ti bil ity and the de gree of em bryo
readi ness to be im planted [3, 10, 11]. The pe riod of sus -
cep ti bil ity is lim ited in time [3, 4, 10] and uterus en vi ron -
ment is ca pa ble of main tain ing blastocyst growth, at tach -
ment, and sub se quent im plan ta tion [3, 12].

Ovar ian ste roids – progesterones and/or estrogens – 
are con sid ered to be the main fac tors de ter min ing
uterus sus cep ti bil ity.  How ever, if the im plan ta tion in
mice and rats de pends on both hor mones, then in
mustelids, pigs, Guinea pigs, rab bits, and cricetids the
men tioned pro cess is en sured by pro ges ter one only [3,
4, 13, 14].

332

ISSN 0233-7657. Biopolymers and cell. 2007. vol. 23. ISS 4. Translated from Ukrainian.

 Ó    YU. V. VAGYN, 2007 



The most es sen tial step for ward in un der stand ing
the na ture of fac tors, which con trol the pe riod of
periimplantation in mam mals, was made in the in ves ti -
ga tions on ro dents.  The pro cesses of ac ti va tion and im -
plan ta tion of their blastocysts were shown to be ini ti -
ated rap idly by a sin gle in jec tion of es tro gen into the
pro ges ter one-charged uterus [3, 4].

Three phases of uterus sus cep ti bil ity to wards im -
plan ta tion can be dis tin guished: i) pre-re cep tive (uterus
has not ac quired sus cep ti bil ity to wards the im plan ta -
tion) ii) re cep tive (uterus is sus cep ti ble to im plan ta tion) 
iii) non-re cep tive (re frac tive) (uterus lost sus cep ti bil ity
to im plan ta tion) [4].  The tem po rary pe riod, when the
uterus is in the re cep tive phase, was called the im plan -
ta tion win dow [3].

It has been noted ear lier that Eutheria are spe cific
for the state of re cep tiv ity at the con di tion of uterus
“com mu ni ca tion” with the em bryo [3, 8–11]. The du ra -
tion of this state is very lim ited [4].

It has been shown in [3, 4] that murine uterus is
com pletely re cep tive on the fourth day of preg nancy
and may be con sid ered pre-re cep tive in the course of
first three days of preg nancy or pseudo-preg nancy.  At
the same time murine uterus can be made re cep tive us -
ing small doses of oes tro gen in 24–48 hours af ter uterus 
was charged with pro ges ter one.  The re cep tiv ity and,
there fore, the ef fec tive ness of im plan ta tion de crease
grad u ally and on the sixth day the uterus be comes com -
pletely re frac tive.  It has been de ter mined that the state
of open ness-close ness of the “im plan ta tion win dow” in
mice is de ter mined by the lev els of oes tro gen con cen -
tra tion in a rather nar row range – at low oes tro gen con -
cen tra tions the “win dow” re mains open for a long time,
how ever, this “win dow” closes down dra mat i cally at
their in crease.  At the same time, high lev els of oes tro -
gen re sult in tran si tion of the uterus to the non-re cep tive 
phase, de ter mine non-spe cific ex pres sion of genes for
this phase which oc curs due to im plan ta tion [4].

Blastocyst, or to be more pre cise – its ac tiv ity, is
con sid ered to be one more im por tant fac tor, which con -
trols the for ma tion of “im plan ta tion win dow” [15].

Ob vi ously, ac tive and la tent blastocysts dif fer mo -
lec u larly and phys i o log i cally.  Thus, re cep tor of epi der -
mal growth fac tor – cyclooxygenase-2 (COX-2) – and
his ta mine re cep tor type II are the fac tors, con nected to
the re ac tion of at tach ment and are ex pressed in re-ac ti -

vated blastocysts, how ever, their ex pres sion de creases
in la tent ones [15–18].  On the con trary, cannabinoid re -
cep tor, bound with G pro tein, which is ac ti vated with
the in tro duc tion of cannabinoids, as well as
endocannabinoids, de creases its ex pres sion in ac tive
blastocysts and in creases in the la tent ones [19].  Gen er -
ally, these data un veil the spec i fic ity of mo lec u lar
mech a nisms which con trol the ac ti va tion of blastocyst
and its qui es cence.

The in ti mate di a logue be tween the blastocyst and
the uterus dur ing the im plan ta tion pos sesses some
specificities of re cip ro cal ep i the lial-mesenchymal in -
ter ac tions and in cludes a se ries of evo lu tion ary con ser -
va tive sig nal ling fac tors [3, 9, 20].  Many of these fac -
tors play the im por tant role in the pro cesses of im plan -
ta tion and spa tial lo cal isa tion of the em bryo in side the
uterus; in par tic u lar they in clude epi der mal growth fac -
tors (EGF), growth fac tors of fibroblast, lipids, in su -
lin-like growth fac tors, morphogenetic bone pro teins
(MBP), pro teins, en coded by In dian hedge hog (Ihh)
gene, as well as their re cep tors and an tag o nists [4,
21–23].  In the course of periimplantation pe riod these
fac tors are ex pressed in murine uterus in def i nite spa tial 
and tem po ral se quence.

It was clar i fied that the re ac tion of blastocyst at -
tach ment is re lated to lo cal (in uterus stroma) in duc tion
of genes, en cod ing MBP-2 and growth fac tor of
fibroblasts-2 [9, 21].  The same in ves ti ga tions re vealed
that beads, wet ted with EGF-sim i lar fac tor GSEGF or
in su lin growth fac tor, but not with any other pro teins,
in duce some lo cal re ac tions in the uterus, sim i lar to
those in duced by blastocyst, namely, in creased vas cu -
lar pen e tra tion, decidualisation, and ex pres sion of
MBK-2 and COG-2.

Also it has been shown that the prep a ra tion of the
uterus for the im plan ta tion is spe cific for spa tial and
tem po ral ex pres sion of genes, en cod ing the com po -
nents of Hedge hog(Hh)-sig nal ling path way [24–26]. 
The ex pres sion of these genes had been in creas ing in
lu men ep i the lium and uterus glands from the 3rd day of
preg nancy and reached its peak on the 4th day [27]. 
Tran scrip tion of Hh-sig nal ling path way genes in
sprayed mice was in duced ex cep tion ally by pro ges ter -
one [26].  At the same time the in duc tion of the ex pres -
sion of the afore men tioned genes in re sponse to pro ges -
ter one treat ment in the uteri of mice, mu tant to the pro -
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ges ter one re cep tor gene, was ob served to be at a
sig nif i cantly lower level.  Ihh gene ex pres sion was de -
tected in uteri of cricetids un der the in flu ence of the
men tioned hor mone [28].

It is most likely that pro ges ter one reg u lates the ex -
pres sion of genes, en cod ing the com po nents of Hh-sig -
nal ling path way, yet not only via its own nu clear re cep -
tor but also via the by-pass, avoid ing the re cep tor [29].

Now a days it is ab so lutely ob vi ous that the sig nal ling 
path ways, form ing the net work of di a logues be tween the 
em bryo and the uterus, are the in te gral at trib ute of the
im plan ta tion in all stud ied spe cies of eutherians [3, 9, 21, 
23, 30].  Spe cif i cally the integrins and their re cep tors –
trophinin-testin-bistin com plex as well as the num ber of
other cell sur face mol e cules, par tic i pate in ad he sive cas -
cade, se cur ing the con nec tion of the blastocysts in the
places of im plan ta tion [3, 20, 31, 32].  GSEGF fac tor, in -
hib it ing leu kae mia (LIF) and homeobox-con tain ing
transcriptional fac tors are known to play the im por tant
role in the pro cess of im plan ta tion in many mam ma lian
spe cies [4, 9, 10, 17, 20].  They are sup posed to form a
sin gle sig nal ling path way and merge with
phospholipase-A2-COG-2 sig nal ling path way at the last
stage, thereby pro vid ing the suc cess ful im plan ta tion [9].

In the re cent years the idea of endocannabinoids as
the key sig nal ling link, pro vid ing synchronisation of
em bry onic de vel op ment and per cep tive ness of uterus
has been formed [9, 19, 20, 30, 33, 34].

How ever, all par tic i pants of im plan ta tion sig nal ling 
path ways as well as the specificities of their func tion ing 
have not been listed yet, i.e. whether they in ter act in de -
pend ently, si mul ta neously or whether they con verge to
com mon de nom i na tor, re mains to be a mys tery [4, 9].

Re gard less of the fact that the me chan ics and the ar -
chi tec ture of the im plan ta tion in ma jor ity of eutherians
vary [3], a se ries of is sues iden ti cal for the afore men -
tioned pro cess may be sin gled out.  Hence, the im plan -
ta tion takes place at the stage of blastocyst, which is
spe cific for the “win dow” of uterus re cep tiv ity, re cip ro -
cal in ter ac tion be tween the blastocyst and the uterus, as
well as the in crease in vas cu lar pen et ra bility of the
uterus in the place of blastocyst ad join ing [3, 4].  There -
fore, rec og ni tion and anal y sis of the sig nal ling path -
ways at the men tioned stages may bring to ini ti a tion of
the uni fied im plan ta tion scheme [3], which is also tes ti -
fied by the re search data of mustelids.

It has been re vealed that mink LIF pro tein dur ing
the im plan ta tion is local ised on the uter ine bot tom and
neck [35].  Skunk uterus was spe cific for the in creased
con cen tra tion of mRNA of LIF b-re cep tor in the places
of blastocyst im plan ta tion [36, 37].

These re sults al low au thors to sup pose that mustelid 
LIF con trols the pro cess of blastocyst im plan ta tion
[35–37].

There are some data show ing that dur ing the im -
plan ta tion Cog-2 gene is ex pressed in the places of at -
tach ment and in va sion of trophoblast [38].  At the same
time, the re sults ob tained on skunks re vealed that
Cog-2 is ex pressed dur ing the im plan ta tion in both
uterus and blastocyst [39].

Thus, in creased Cog-2 ex pres sion in both minks
and skunks is cor re lated in time with the in flow of
plasma pro teins into the uterus and the re ac tion of
blastocyst at tach ment.  Ac cord ing to the au thors’ opin -
ion [38, 39] these facts con firm the fact that lo cal pro -
duc tion of pros ta glan din in mustelids may be con sid -
ered as the ini tial in duc tor of the pro cesses, re spon si ble
for the prep a ra tion of uterus to im plan ta tion.

The in ves ti ga tion of the periimplantation pro cess in 
skunks re vealed sig nif i cant en large ment of EGF re cep -
tors in blastocysts as well as in crease in the num ber of
its tran scripts in the uterus, which cor re late with the res -
to ra tion of the em bry onic de vel op ment and oc cur at the
mo ment of rapid in crease in the mi totic ac tiv ity rate of
em bryos [40].

Re cently, re ac ti vated blastocysts of minks were re -
vealed to have the ex pres sion of EGF of fibroblasts-4
(FGF-4) as well as the ex pres sion of re cep tor FGF-2
(FGFR-2), de tected in blastocysts only on the 5th day af -
ter their re ac ti va tion [41].  At the same time it was re -
vealed that in ter nal cell mass of mink blastocyst ex -
presses both FGF-4 and FGFR-2, and trophoblast ex -
presses FGFR-2 only, which plays the im por tant role in
the periimplantational pro lif er a tion of em bry onic com -
po nents.

The in ves ti ga tion on the role of vas cu lar en do the lial 
growth fac tor (VEGF) and its re cep tors dur ing the
periimplantation pro cess in minks was car ried out.  It
was de ter mined that in the course of the
periimplantation pe riod the fe males are spe cific for a
sig nif i cant in crease in uter ine ex pres sion of VEGF and
its re cep tors, VEGF-1 and VEGF-2 [42].  This ex pres -

VAGYN YU. V. 

334



sion is con trolled by prostaglandins, COG-2 de riv a -
tives, which was also con firmed by the re sults of in ves -
ti ga tion, car ried out on mice [43].  It was re vealed that
prostacyclin, COG-2 de riv a tive of pros ta glan din, is in -
volved in the im plan ta tion in mice, and its ef fect is me -
di ated by the proliferator of peroxisome-ac tive re cep tor 
d (PPARd) [44].

The ex pres sion of COG-2 in minks is a tran sient
event – it takes place dur ing the at tach ment of
trophoblast and in va sion of blastocyst [38] at the same
time it cor re lates with the in crease of VEGF in the uteri
[42].  The pro cess of im plan ta tion in minks is ac com pa -
nied by the ex pres sion in PPAR? endometrium [45].

Lit er a ture con tains the data on the is sue that not
only uterus [38] but also some re ac tive mink em bryos
pro duce prostaglandins, PGE

2
 in par tic u lar [45, 46]. 

The lat ter is the ef fec tive in ducer of VEGF ex pres sion
in var i ous tis sues [47], and its ex pres sion is ob served in
the uteri of mice in the course of im plan ta tion [44].

One more po ten tial reg u la tor of VEGF ex pres sion
is PGJ, which ac ti vates VEGF in hu man macrophages
via PPAGg [48].  PPAGg ex pres sion in minks is se cured 
in trophoblast dur ing the im plan ta tion of blastocyst
[45].  It has to be re mem bered that VEGF acts by means
of its ty ro sine kinase re cep tors VEGF-1 and VEGF-2
[49].  In case of minks the rise in the lev els of ex pres -
sion of VEGF re cep tors is also cor re lated with the im -
plan ta tion and is as so ci ated with the pres ence of re ac ti -
vated em bryos in the uterus [42].

One of the lat est works pres ents the ev i dence of the
fact that the im por tant role in the vascularisation in
minks, con nected with the im plan ta tion of blastocysts
is played by PGE

2
; at the same time PGE

2
 ef fects the

men tioned pro cess via its re cep tors EP2 and EP4 [46].
Stat ing on the men tioned above, cur rently known

de tails on sig nal ling path ways of im plan ta tion in
mustelids [10] re veal some sim i lar ity with those of
murine ro dents [23].

There fore, the re sults of the anal y sis per formed al -
low con clud ing that periimplantation pe riod is spe cific
for ac tive di a logue be tween the em bryo and the uterus,
which has to pre pare the “par tic i pants” to be im planted.  
The in for ma tion con stit u ent of this di a logue is com -
posed by the pos i tive se lec tion through out the evo lu -
tion of eutherians and is pre sented as spe cial “hy brid”

(em bry onic and ma ter nal) sub-programme, con trol ling
the pro cess of periimplantation.

The pres ence of such programme dif fer en ti ates
Eutheria from other mam ma lian spec i men, i.e.
Monotremata and Marsupialia.  This sub-programme
is to en able the in for ma tional sup port, di rected at the
co or di na tion of morphogenetic pro cesses, pro vid ing fi -
nally, the in-time im plan ta tion of blastocysts.  Re gard -
less of some spe cific dif fer ences in the con tent of this
sub-programme, in all stud ied eutherians it is real ised in 
the course of periimplantation by means of ac tive em -
bryo-uterus di a logue ex clu sively.  At the same time, ac -
cord ing to mod ern views, the num ber of ex pressed
genes var ies from sev eral hun dreds to more than a thou -
sand of genes, which are the part of both mother’s and
em bryo’s genomes [4, 11, 19, 23, 30].  The ex pres sion
of these genes is of clear-cut spa tial and tem po ral se -
quence, the fluc tu a tions from which may re sult in fa tal
con se quences for the de vel op ment of prog eny in the
mother’s womb [3, 4].  The de vel op ing prog eny may be 
in jured by the ge netic dis or ders, caus ing the in for ma -
tional changes in the men tioned sub-programme.

There fore, suc cess ful re pro duc tion of eutherians is
heavily de pend ent on the qual ity and time li ness of
reali sa tion of morphogenetic sub-programme, con trol -
ling the periimplantation.  Thus the con clu sion can be
made – the ef fect of the sta bi lis ing pos i tive se lec tion in
the pro cess of periimplantation, es tab lished in the ex -
am ple of minks [50], is di rected to wards the pro tec tion
and in some cases cor rec tion of the afore men tioned
sub-programme [51].

Þ. Â. Âàãèí

Ïåðèèìïëàíòàöèîííàÿ ïîäïðîãðàììà 

ìîðôîãåíåçà – ýâîëþöèîííîå know how ïëàöåíòàðíûõ

ìëåêîïèòàþùèõ

Ðåçþìå

Îáîñíîâàíî íàëè÷èå ó ïëàöåíòàðíûõ ìëåêîïèòàþùèõ
ïåðèèìïëàíòàöèîííîé ïîäïðîãðàììû ìîðôîãåíåçà êàê
ñïåöèôè÷÷åñêîãî ýâîëþöèîííîãî ïðèîáðåòåíèÿ, õàðàêòåðíîãî
äëÿ ïðåäñòàâèòåëåé óïîìÿíóòîãî èíôðàêëàññà.

Êëþ÷åâûå ñëîâà: ïëàöåíòàðíûå ìëåêîïèòàþùèå,
ìîðôîãåíåç, ýâîëþöèÿ.
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