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Specific Features of Regulation of Hormonal Sensitivity in Stem Cells
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Lomonosov Moscow State ~niversity, Moscow, ==HHH= Russia
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\he normal functioning of an adult organism is based on the processes of maintaining homeostasis and the
processes of reparation and regeneration. “ any of these processes are regulated by the multipotent mesen-
chymal stromal cells ( < SW), the specific group of postnatal stem cells. \he functional activity of < SWisun-
der tight neuro-endocrine regulatory control. Since most endocrine hormones and neuromediators act
through x-protein associated receptors (seven-transmembrane domain receptors) in < SW, here e focused
primarily on the regulation of this type of receptors. XIl the mechanisms discussed have been lined up in order
from fairly simple and ell-studied processes, such as receptor phosphorylation, to ne and poorly studied
mechanisms, such as regulation of the sensitivity of hole tissue, here hormonal sensor cells and effector
cells can be described.

Keywords) mesenchymal stem cells, multipotent mesenchymal stromal cells, hormonal regulation, desensiti-
zation, internalization, heterodimerization, heterologous sensitization
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2014{ Tasak et al., 2010{ rbfn et al., 2019). F - E ™4 ( rb/En et al., 2016). ? < &< -
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B # . "% ! B E et al., 2019). E ! ,< <+ -
B A &+ & R +& AB R # !
< R # NSW. B , & & & C #  H#H < # &+
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ZKS\ < < ; # - »
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+  (Jlorens-Tobadilla et al., 2015{ rb#n et al.,
2019{ < ar u@s-\orre netal., 2021).8 E < &
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(Xrtegiani et al., 2017). > E #
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<

L? -
& &
T,
T<]-4

YXY,
KxY

B E -
B #+
&
& Z\_
JZIx1 WM. $ & E< < &t
p- NSWE < I B B ex-
Y]Q E " <% < -
& Al -
% AB A & # !
(< ar u@s-\orre netal., 2021).
AB Lrig= < SV invivo
< B A & < R +
NSW Q # % . E ! ,JZIx1& & -
& ; #% & p- NSwW I -
& &< &, < : LI
B " " KxYzZ
1 C < R AC &

*aQ/*/ $7

i 201 /7 i A IV
& ! & &< & NSW -
< " B , < E -
# "&< -

D NSW

R+ AC )

RR + B
etal., 2010). > "# NSW <

# + <
< I /B Sx 'EB # ! < -
C EA & B ,
& V-SV < B-
(Tasak etal., 2010{ gbernieretal., 2019).

RR +

) Qilz
C"A

GH~

@ Q , E "% B <
RR + B B
%" E "% &B " NSW V-SV (20 30 )
< A & < A, < -
&& < (gbernier et al., 2019).
B <! &
< + -
NSW, ; RR -

# %, B 8 > B #
+ # AB B
B 1EB # !
+ gammaz2 E~ + XXTXX + < -
< : & <
! & &< & B -
B & ( rbknetal., 2019).

* 2G> G?
8/ /7 7/

< R AC ), AC R
# (xYX] ,Nestin ) < ! -
(So 2 , Wn133 ), " B -
E< < &+ #< ; B < -
(E! B ! B
I]W)1 < + &< -
&A "< "< -
" & & # " < ,
# E # ,
n < + ( r_
bkn et al., 2019{ gbernier et al., 2019) ( E .2).
& EC < + < I +
% V-V  Sx A
< +< " I B& V-8V # E
# < A %, -
& E & " A +, &
A& <

\X]
<

F B <! & < < "1 B #

< # " " R .

= < +< " B VSV &-

& & < # NSW Q< -

# B ! WSY,B E <B
V-SV ! & #
# <

etal., 2019{ gbernier et al., 2019).

& ( rbn

V-SV

? < : & < & E-
Q< " E : B !
V-8V : B "% B
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2} B E<< & # + E " %
|
< i M+
V-SV Sx
@ &C &NSW NSW NSW Nestin, xXYX], WN133, Vimentin, | * < NSW < &; -
Itgbl, Jten, “fgeO, X p4, 1d3, ;!
Xldoc, XpoK3, Yo g3, [es],
Spotl4, Ik
@ R AC 1 Zx1 Nestin, xXYX], WN133, Vimentin, |* < ; < NSW
NSW ( <1) [So 2,]a 6, Xscll, TjT], ! < < ; B #-
XJXS\, WN133, je isw " " < % -
(je )PW/I5PSSKX-1, Kgfr, Ygfr, # E
JZIX1, VWX <1, i67, <W=2
NSWP " < - 2 X2 Nestin, xXYX], Vimentin, Xscl1, ! A -
( <2a)|So 2, TJT], Shh, IxY1,\lI + & + -
+
@ ;. B o< - % Zx2 Nestin, So 2,Ja 6, TjT], @ : < #
\X]s |[( <2b) [KXYZ, ¢ , ™, xjXS\,N\-3,|< % R
\br2, Xscl1, Neuro™1, Jro 1, < # E
nt, Shh, Igfl, Ygf2
# E <3 Neuro™l, Jro 1, ¢ , NWX <, |V-SV + &<
I11-tubulin, Jro -1, NeuN, + < ,< -
WZ < ]-4, X3, T™NY, WZKT, |B ! R
N LN 2, ©X]2, nt, Notch, |< ! # E & -
X]-1 # + .
# NWX <, Ill-tubulin, NeuN, |5% 1@  C &
x3, TANY, WZKT, =X]2, - P+& & # =3
X]-1, WalZ, WalT, XXTX, WXz R I < B
~2pA3, 5.\ ! &
> Q< 71 72 S100 , Wn133, -tubulin @ ; AC&R + &R -
(W3T9), W24, X j XS\, mW 24, %
So 2, Nestin, Yo Ul
+ xYX], Vimentin, TjT], s100 @ ; AC&R + &R -
%
< A ! " + - A E & " +
( 1, . 2). B + , " # < A &< B
1 ;A E!T " - ! A(“ichetal., 2014{ gbernieretal., 2019{
< & , < C'Ac< " - Uurko skietal., 2020). $ & # E V-svV -
A # # (“ich Q < &< # "
etal., 2014{ gbernier et al., 2019{ Uurko ski et al., Dcx, collapsin- response mediator proteln 4
2020). P B & - (Wz=1]1-4), 1 9-g- + X3, NWX =<
T1 < 1 & E&, E T A 2, E B # ! ,
; AC " #R <, - E <B AC O0RR A + A
% < v ., 3< ;- E& "A +(m), & < -
B < < *( \X]s) " &E KW=, _
B A < R " + -2 < + -2 (Uurko ski et al.,
< &Q < A< # " 2020).
Ascl= DIx.@ 3 4 # < *< - "< + # E -
E A B #< # "O#< - & % )
+ B E P AC & E- 1 ! ,R 1B # , -
! " # E ( < )@ & .R .G % #H< -
ETA "# + #< " < - + & 10000 AC # E

/ /8% ’= 53 3



102 > GH”~
( < ) {< B EC - NeuN, " , AC #E  1(X]-1)
B 1 V-8V & ( E . 2) (xon alves et al., 2016). 8 <
7000 (qgbernier et al., 2019), Q E "%, B ; &R -
B B NSW Sx , ..V-8V & & & & % < , ;0 & -
# < # #1  # 1 + <!+ & # -
! & T'EB # I (Xmpuero et al.,
2017).M R WZKT -
<+ A c-Xos, Uun-B, Bcl-8, GDZX, Q -
Sx < & : & &
"< NSW Sx 'EB # ! - " H#% ; & # ( hang et al.,
1A "# (Zx) 2016). c-Yos c-Uun 1&", E-
I <.F A " #R - I'A X]-1, AC # & " -
<(xYX] , ) Q < A nt A B AC #< -
So2 WNI33 ( E .2). B- R + A RR + + << 1 #
R E & + T1, I'EB # 1 << < (Salvietal.,
1 < < A - 2016).
, B B " - &+ # ' X"E "% ! B-
! + & + - # # &
E " Q + , B , VKXY, E 1 AC # . B & -
# B & ! # - "H 2 <, < AC E-
' Sx (_empermannetal.,2015).@ B& << &+ < # Sx -
A , I < & & Q < A + < 8 >B < -
< C B A B & + A 8 > B ,
< n <, A " # XN
B "< I GA & < 2, A- << < (_empermann
c " O#R < < 2b, et al., 2015). @ 8 >,< R + A
A B & # < B ! NSWII < -
(_empermann et al., 2015{ Xmpuero et al., A R < B I
2017). @ 2 < Q < - Q < R (N\2PN\3)
A So 2,Shh, nts, IXY1l, YXY2 & #E - G-[\) +< (Salvi et al.,
\I' (Xbbott et al., 2020). + & "~ 2016{ ohletal, 2016). Sx < B ;
< #5Shh, nt, IXYl YxY2 < E # N =} -
"o#% # RR + : & B I VAX (ventral tegmental area), -
+ + IXY1l < & < - B 1& % (raphe nuclei), :
+ (Nieto-Kstevez et al., 2016). + B 18 < ,
# "< < 2l!< A P ! # I Sx
Q < A < # " <- ! & " < # _
+ R Xscll ~c , Nt-3, \br2, Neuro™1 IE ; AC & # 1 E-
Jro 1 (Xbbott et al., 2020) " #% R- B # 1 , < BA I
R + A& 3 < ( # E ) 0 "# < A IE; AC
! A B #+ < " # WX3 WX2! << -
< A & < B ! A < (_empermann et al., 2015). & 1-
(_empermann et al., 2015). < + < - # , "TE 1 -
B ! & # E ( I <) & # E A ECA "
< E A< & AR , < & - %X\, B 1 B #< B-
& # o H#XT, #- , B B% 1 B &E !I-
WX3 ! << < &A A < (Xnacker et al., 2017) (< E
< A + A < & "E - ! M + NSW ! o).
" & 1'EB # I-
(Manzer et al., 2000). @ " #% -
! Q R A % - > " /7 I
< & I1EB # | , > ?2/87 = f =/* / /=8’
&A " < + ! WX2 (Xb- # I 1 I & & &
bott et al., 2020). "o # < #QE " # -
< + < B ! &,Q - LI E B -
< & < # " , - &. & , B < QE -
& 3 < (Dcx, Wnt, Zotch, ZeuroD= < ! &
Prox=) 1 & &Q < # E ! # ETA & ! # " -
# , “X]2, TANY, , WZKT, < % (Jonti et al., 2017), ' -
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# # I < + < " B &
; %
& ! &+
etal., 2012).

< &< ! B
< Q < #
< % QE " <

<
(1w \X]s),
Sx ' E 3
< RR + + -
(xouti et al., 2015).
& Q< V-SV &
Sx A ; A " R+
! % , < &&
< C A " (Jaez-xonza-
lezetal., 2011{ \avernaetal., 2014). F E "
! ; &< , B
B QE "
& < C # -
, ! NSW R-
& # <& A B
+ A & +
etal., 2014{ x tzetal., 2016).

@ B mn , B < mn
invitro, < <

NSW, R-

, ! NSW
RR + A & -
< (x tzetal., 2016{ Samoilova et al.,
2021). AB & < + &
NSW ''EB A ! , L # -
EA & # " & RR + < -
; (Jugert et al., 2012{ Yuentealba
+ & # " < -
! LI -
# # ! < -
; A # " # RR + -
, B < E &A
# #R <, E RR + A &
" < (<iraetal.,2010).@ Q
Q < &< # " ,
Pax>, Ascl=  Zgn8, & C &-
& NSW in vitro, < < + !
; & B E < A # -
" # RR + in vivo !
I (Tarnab@- [eider et al., 2010{ \orper et al.,
2013).

etal., 2012). <

@ % " <
I+ % !
I <1 & "1 AB , B -
NSW < E #-
! "B I< ; B R
< < # + #< # " -
/ 787 °= 53 3 2022
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<+ R E!Q # <-
+ #< - "< -
RR + ! (xrande et al.,
2013). <+ &< # "og< -
- < ! # ! C & -

& : R B Q0 E !

Ja 6, xs 2 N, Xscll, Ndnz Neuro™1 (jugertétal.,

2012{ Ninkovic et al., 2013). / , QE -
& " & "<
< E <& #< # " # RR -
+ : ! NSW E &< -
; B # & E E
&< # " <+ R -

([aubst et al., 2004{ Wosta et al., 2011{ xrande
etal., 2013{ j pez-Uukrez et al., 2013).

’C # ; # E "A ] NSW
& & &< . "# B #+ .F -
E " NSW <1 " < -
< & & < & B-
#+ &10 108, & !
NSW, < B < & < & & -
& "< ; " " B-
+ n n
E (Xrai et al., 2011{ Tonaguidi et al., 2011{ Sohn
et al., 2015).
E ! , 1 NSW <+ "
#, E E AC #& C < " < -
! &< , AC # -
E R + ! &+ < &< -
R + RR + : %
;< B # ! NSW(< -
E & < & < E " -
< : A, < E " "< T -
B < R 1 [
A& # &), E "C
AB A Q < E "
<& # # " # RR + (Jugert
etal., 2012{ x tzetal., 2016), &, -
E & & -
; & F A " -
; & ! ! E B "
< 1 E # -
#, AB AC # " A RR + -
MG >L NSW =?/* /8/ /=8
% V-SV B
;! < AC E TA &
"R # ,
! A E & " A
+, R & "# + -
# < " (Uurko ski et al., 2020). $ & &B
# , ETAC & Sx ,! -
A & 1'EB # I-
. B < < ; "B V-SV
Sx # ' CAR + <
< B AC # ,
Q . < + "
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, ! B # < - " ! # & & &
& " & & ; EC # X (Xnacker et al.,
R + # E ! # , 2017). > + A E ! #
< , < B % - X~ R+ << <, & A EC #
; < 1 E " A < + A # "H#< B "A < + -
< R AC NSW. , - # & " , AC # ; 1 B
% # Gfap-tk ! < < E ! < < 4+
< < < < - EB &R + < & , > <
xYX], B < R AC < # &+ Q + " # R (Jle-
! NSW & &B " < - doetal., 2006{ Snyder et al., 2011{ Sailor et al., 2016{
< < Valganciclovir (VxXWW). > -  jietal., 2010{ Xnacker et al., 2017{ Zuddy et al., 2010{
! & % Yares et al., 2019{ \oda et al., 2019{ Uurko ski et al.,
Gfap-tk Q < < , < R A-  2020).
C NSW«< A & << - E < AB 1 H-
! # '+ E " % 1 % # E - B
< "A & (Snyder et al., E 1 # A - A "
2011). " % I B, -
V-SV 95 # RR - + < # + < - <RI -
+ A & & (xWs). @ - - <BB # : AC # &
&8AC E "% ! % & 5 , %H# < -
& &< & -+ # # 1 E ; E < ;-
(jledoetal., 2006). , & &A & " < % & -
8 > B E # A !
@ - + < # .F % < 1 < -
&l # xWs E A " , - % <C IE ;-
# E & " # + (ji et al., , < % C < -
2010). F < AB # ! " < & Q < -
! & % #< - < & F <1 "
! ,B 3 , % E - ,B E ! # XN -
! "R # , + A ; A " # < + -
BA & ! % #, < A I (Snyderetal., 2011). ; "B
' B "< ; 1 < E & ; E < I , B + -
< < & " E & & , -
qT, E , & "% - # < % &
< 1 # & E % # < + # # ! % #
& < & 8 > - BA &B C 1 " ,
B # , < < &+ & E & - B ! # # & & &3 1
&! B # (jietal., 2010). E , & ! -
JE 1 P ! # - # # # Q #
I Sx # RR + A - ; AC # . < + & -
& IE ; AC # I A # 1 < B &< B -
& 1EB # ! Q + " % & , ! A-
Q E I A , . C < % & (Xnacker etal., 2017).
C * 3 WxX2! << <, - > ; B % , #
B A & < B E &% < 1 B # I Sx x»
! , E # B - << < 1 B (Spalding et al.,
" "< E ! &Q # 2013), , B -
; E ; "< < ! & < B "- B! -
# " O#< B , ! , < # ! # % 13 B-
< 0 & & B < ! B E ! <
! # & & X (Sailor  (Sorrells et al., 2010). # E -
etal., 2016). / &R + & # - B < < !
& & < B < " < - B < I B # E -
* 31! << <.F # > A& << < " #
< A <" " - : " #% Sx < R "
"o+ < &E "% - &(Mennisetal.,2016). Q # &! , -
B # << < (_emper- " R+ # I < B -
mann et al., 2015). ? ! " AC & - < , < H# # < "
E ! # , + ! .0 ! -
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# # &l A ! -

R +# < E # EB & < &

. : , < "1 E ; &

"< " # ! ! #-
< B % #

! , AB & < A, ; B¢
"+ # (Xnacker et al., 2017{ Terger et al., 2020).
? 1A & # E -

: , - ' AB "B R + & -
# , ETAC & < + !

# ! B < + # -
R + ,< <AC# B ;! ,E <-
B AC A < B " A

< + A & ; AC # .
; < < ;"B < -
< + ! R + #

& < # ! &!

QRR & + & ! NSW -
& <
2 ?7= @ 3 NSW
@? @ / /8
? 0" NSW< < L * < -
&8AC E "% <E E
" & <

! E ! E

1B Q % B
B + E " R: 1) " -

"# < : < 1 g&C# < -

% B AQ+R < A ;

2) !' B B <
; & I ( B & , -
B & < +¢& B < 3 ) I-
B % ! &
(R E I, Al & # 1 # -
D, < I &C % B # -
" ! (Zuddy et al., 2010).
@ !'E & L *< &
E " ! &+ E " -
1,1 AC B %
1= < " -
< < L * A V-8V  Sx
B ! , &A &

% # # R " A-
C .28 < < -

" + , B # -6

<& A ! # NSw B ! -

AC + < (Storer et al., 2010). G -

"# + # # % A-
E < B ! && & & -
+& # LI & + & !

! % #H< ! A -
E " # < " ,B < -1

, # 1E & ,0< -

< < . (jledo et al., 2006{ Snyder et al., 2011{

Sailor et al., 2016{ Zuddy et al., 2010{ Yares et al., 2019{
\oda et al., 2019{ Uurko ski et al., 2020). /ZE B
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! I - E -
! + : IE ;
< & + + % NSW, -

A< R + NSW, -
: < B <

; ( rbn
etal., 2019).

8 < -% B

&Q +R < &(@B F)
; % # LI -
% E ; B , % & -

#R + < &, -
<< | # E < #

% (Zuddy et al., 2010). , > B 1

A< Q < "

&! B "
~e < : " < R

E V-SV
V-8V "H#
2005). + < R +

8 F < A " Q -
< & Zotch=, Delta-like =, Uagged= (Yelling et al.,
2016). @ B " B + A -

Notchl ; ! < "R , E A-
C# # A (§Y, leukemia-inhibitory factor),
# +

AC #-
8 F

(qﬁg et al.,
# E

CE < "Q

NSW
" &A E I, A -
lE + A Q < A <+ -
R (Jlorens-Tobadilla et al., 2015).
@ B " ,B < Q < NSW -
% AB "< : < Q <
% B # ,
B " , B NSW, &
AB & "&< B -
#Q < : & & ! B -
# & # < (Jlorens-Toba-
dillaetal., 2015). /B , B &<
< % < -
# B # + , B -
,B QRR " I+ < < -
! < AC !
# <
B% A < -
# + 1 B NSWc< < -
"# + ; &, < R +
+ < C'A ! B E B
R , , ; < & #
a, ( R , &),
B # < < .("™ad aletal., 2015{ Yelling
et al., 2016{ Zuddy et al., 2010). G !
< E < < B < E A QRR -
A B R + #,
<% # &+

"% B
I B < <

& n
< AB
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/E ; & + A E R E #, , + #< nt
< < RR - sYZ]5 (_alamakis et al., 2019), ! -
+ # < E . % & IXY-1IPT<]5 . B < -
< A & ! B B A < & &NSW( r-
< , B KW=  bkn et al., 2019{ _alamakis et al., 2019{ Ibrayeva et al.,
! " & & & 2021).
L * denovo ( “aden et al., 2013{ xoldman
etal., 2014). @ B " ,B - B !
"# % # ; EA R - R+ NSWs E "E -
RR + + E 1 - ! & & <
Xscll-< 1 # " < - &+ invitro. + & -
, < E + # < & -
(Nato et al., 2015{ < agnusson et al., 2020). /E&! - % # < R +A NSW -
" # R + & & & E < &
< & " <  Notch, B - % # < R + AA
, B "Q < " NSW, ! & % &T=<]5
E <B & < & NSW, < <& - IXY1 (Smith et al., 2015). F < -
RR + (= agnusson < E ! (E~ -
etal., 2020). % #)< I -
,B < R1 & ! % # "A -
< A #1xY-1,
* 27 >NSW /7*/ °  /* X[, nt3,\xY- XNY11 % #
>?//>7?G 7 D & B C
* # ! R + (gkamoto
< ) AJ:C ' % ! @C #&< ~etal., 2011{ Jineda et al., 2013{ _ atsimpardi et al.,
0 2014{ Villeda et al., 2014). ,B & -
LI AC % !
' + 1 R -
: B ! B gl -
&Sgwoﬂova et al., 2021). . - e - < @ \XY- | o
& B # ! & & | & # & & &
< &- # -1 " - , B & "o2- E
< + ’ & 1 - & % NSW ! % -
" < < R AC . R+ # (Smith et al., 3915). -
NSWs (Tasak et al., 2010). #% & ! E E ; ulken
< 1 B < + & !, V-8V < 14605
Sx < & < " < + % -
"0 EC B Nestin  <cm?2 % # (Nulken et al., 2019). F < + I -
NSW B NSW (Nestin = <cm2 ) < < <G ,
(Ibrayeva et al., 2021). " # - B ! % & B -
! ! ; E"E < - NSW. ; E ; -
E "% # NSW < &C & & ! & < Q :
;& ! AC ' >+ B
( rbén et al., 2019). E T, B \- B # R + -
B NSW V-sSVv % # & & AC % ./E -
B " + < I\ < < - B -
P ! % " NSW + < B " - < B -
BA & A < A< R + # : % #,B <1
RR + (_alamakis et al., 2019){ !I- < < ;B oG, -
! & < - - + E "
NSW ; E E ; . B (Nulken et al., 2019). - 1 Q -
<! & < < ; "B % - < - R , < 0 E< < -
"H#H < | < - &t NSV, B AC R , -
&C & < &; ;I NSw< A ! " ; < R +
; > - & 9% invivo. F < invitro - < 1 B
< & & & > - - E "< R + ANSW
B & ; " , < " , B.< -
IxY, ; # -+ R E ! , -
< &, " | 1 " A E A "
" < #, B - + E " % ! -
/ /8% = 53 3 2022
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: R + #(Mulkenetal., B &
2019). < + "A 1 & -
& , B < - # ;0! < -
& E : E ! I- @ !B +
# B #0Q < NSW, & E ;R < -
! < NSW, B & RR-+ . o<~
< & & &E B % & , . & E < -
B ., R + # 1 < & GAC #& @ & * #
% + E B- & &A & > < & A -
# &+ #E (__alamakis ’ < < B < -
etal.,2019).? ! B E< < &+ NSW V-SV A& # < -
A n 1 B& E _ A E ! # B (XOId-
1 NSW 1A - man et al., 2014) G < AC & A )
& B < , 2 & < E " < in vivo,
NSW A E < , Q& < in vitro : ! E -
" " , < " -
! gc 1 ! & NWe, 7 A e T < ! #o-
; c ! ,B < &+
E < < E i (xoldman et al., 2014).
+ . * &+ & R+ ! < - F< B < & B -
C 0 &l : - " 2006 , amanaka  \akahashi
(jeeman et al., 2010). (\akahashi et al., 2006) < < -
A &< A < -
Ibrayevaetal., < % ,B < - IRE E % < _
< &+ & < < " NSW -
%#1 B " 0 & ! # * B <t -
E . < g < . R :qct4, So 2, _If4 c-“yc. F
» I-
! & B E B- B <+ R <
’ R D R
Q < Xbl1 (Ibrayeva et al., 2021). - -
E  Xbl E - . < A . as_~©. S -
BB "R +A AC oGS AS e % <
NSW ! "< o+ &. ? I # E -
! & % NSW< B - ) & < & < -
! '8 , < - & & # " -
SAC E "% # B A, P< % Q -
B ! # O# ! B ;- ( & E! . Samoylova et al., 2020{
& ! , B & < < - Samoilovaetal.,2021). W< C"A< & < -
" #; 1 (Spalding et al., 2013{ ~ennis et al., & # 0" < , < -
2016{ Sorrells et al., 2010). E ! , E! - E " B < + 1 # -
I # #< 4+ , E "< B ! <
< 1 B ! , - B B (<all et al.,
#< & EA < SAC E "% 2017{ \anabe et al., 2010{ Xhlfors et al., 2019). @ &-
# I'E #, & C < , < 1 &AC -
"w.F E & " <E;: B - "< + " El < A A -
v B #0" -+ H< A < , & Q< -
& # o< . B # < “ (Victor
etal., 2010). * ! < -
. . E < <B "
? /71 > < < & < & & -
$ D78 *?  / I E #, E ! "o#
?@e @/? L = 8 (Victor et al., 2010).
* " < < B A @ & < # "
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Resident Neural Stem Cell Niches and Regeneration:
The Shine and Poverty of Adult Neurogenesis
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\he discovery of postnatal neurogenesis, the isolation and cultivation of neural stem cells (NSWs) of the adult
brain and the subse uent production of autologous neurons from them in vitro have filled scientists ith the
hope that ne regenerative technologies ill soon be created in order to restore the central nervous system
(WNS) functions lost due to diseases and in uries. [0 ever, over the ne t thirty years, the e citement and
charm of the ne discovery gave ay to understanding the functions of NSW and their critical assessment.

hy did nature make it so that cellular regeneration in mammals as preserved only in the olfactory bulb,
and not in the retina and organ of Worti, despite the fact that sight and hearing are no less important for the
survival of mammalian species than smell  hy is cellular regeneration present in the ancient corte , but ab-
sent in the neocorte hy are there niches of resident stem cells in the brain, but absent in the spinal cord
Yinding ans ers to these uestions is forcing scientists to rethink the biological role of adult NSWs. Wlonal
studies of derivatives of adult NSWs allo  us to conclude that their functions in the adult brain are most likely
not associated ith reparative regeneration and are definitely not associated ith epimorphic regeneration of
WNS structures. oung neurons formed in the subventricular and subgranular zones of the adult brain, inte-
grating into neural net orks, perform very specific functions modulation of smell recognition and the func-
tioning of learning and memory, respectively. In an adult, the level of neurogenesis in the subventricular zone
is vanishingly small, and the level of neurogenesis in the dentate gyrus is comparable to the level in mice at
least in the postnatal period. It allo s us to conclude that the function of neurogenesis in higher primates is
reduced to participation in cognitive plasticity, memory modulation and other functions of the hippocampus.

nder pathological conditions, global changes in homeostasis occur in the stem niches of the adult brain, ac-
companied by activation of dormant NSWs, increased proliferation of surviving NSWs and all subse uent
clones of progenitors. [ o ever, in the case of severe cell death, an epiform regeneration ith the participation
of ne ly formed neuroblasts does not even occur inlo er mammals. In humans, taking into account the pro-
nounced age-related involution of neurogenesis in the dentate gyrus, the restoration of cerebral functions is
carried out only through neuronal plasticity. nderstanding the biological role of adult NSWs allo s us to
dra adisappointing conclusion that the creation of regenerative technologies for diseases and in uries of the
WNS in humans, if possible, is possible only by adult cells reprogramming and giving them and their micro-
environment the properties of uvenile nervous tissue.

Keywords) neurogenesis, neural stem cells, stem cell niches, subventricular zone, subgranular zone, WNS re-
generation

/ /8% ’= 53 3 2022



+0 O , 8988, 3, <<;, .=H> 898

& (C %) $ *% %) %*  7-
x

4 T-%/ * 4 7T

@2% :77.8:):72.8={

$ S $*% %)/ % /(3 $O% - &% * T%

;9= -7/ = insrr
= 2022 < < ¢ a X, U< <H 2 |$< </ R a
as= : LS. — %. . ,
V4 -/ ,=> =9,/ , ==?HH?
*e-mail) gantsovaNmail.ru
@ < + A16.11.2021 .
@ E 13.01.2022 .
@ & <E + 10.01.2022 .
@ : < -C B & ! AB A
&+ E ! , E <B &R+ p[- -
, &< ! ?+< & ! 1 1Z2Z
( +< ,< E # +¢< )& & & C B pPL, &< < -
% pL B # % 79.F < &1ZZ <+ RB , +< E ; -
, < < .G , B + < 1zz B
Q + AE E <B . ! # & R +& +< 1ZZ C -
B [ ! $& & & + < 1ZzZ Q E !
< Q < < + 1 &< < + Q E % # <
% #, < insrr, < " 7 - (mouse embryo assay). /+ 1 -
& C & < C"A E + < + E ! &E + E-
C B 1 B ! . E + ; 1 &1 B -
; ,B ; <,6.7 EC B I B
; 43.0 ; <./ B " B 1 B ! % #
< < insrr. , B 1 B ! ! # -
1091 & % # <, 110! & < insrr % #.@ B
P ! A < + " A "o+ < # ! 1 1Z2Z !
< < + Q E
$(C 6 ] +< ! 1, < < + QE , 1ZZ, <ouse Km-
bryo Xssay
DOI: 10.31057PS047514502203003w
’$’ £ #’ B ' " B + <
1 - 0 - - + < ! L A
g & &'< ?é/o <# f _ E # < < #<
C B & - B E ! + <
# , E & ;! & " 1Z IXY-1Z, Q < A &
& & & % % < # , Q <
R . ? &t & # E <- 1ZZ <+ RB , +< E ; &
B & ; & ! , , < <
! < !B . - E "% B 1ZZ E E ;
! C E "% B Q <B , 1ZZ Q < & - B
pL- , # "oo- , AC " "+ (Je-
&< ! pL (Se- trenkoetal., 2013), A E E
rova et al., 2020). /7 ! C B . "% + +& 7?7 >I1ZZE
& & & +< < E # +< E ; '3 < ; B #;
(1zz2),B # + < , - 1 (Jetrenkoetal., 2013{ ~eyevetal., 2017). * < "
; AB + < (12) - 1 ? >- & "
+ < < E R (IxY- E < |1 Q < & 1ZzZ #
1Z) (Meyevetal., 2011). 1ZZ  ; <& A - < ! % # ( soskin et al.,
" & EC B # B # - 2015).



=7 = D@?” @
G ,B 12z B + AE
E <B .G % #, <
insrr, AC + < Izz,C B & -
! ! < : " E B-
! < ; # + #E
E B (Meyev et al., 2011). ! #-
& R +& +< 1Zzz
Cc B pL .@
, *+< & !
1Zzz &! < # #
QE " ! . G EA &
+&0Q < 1zZ "
R < &+ #< &+ -
< . @ &+ Q < & 122
E : & (Missen et. al., 2006). ! ,
B 1ZZQ < & E "% B
QE " & ! & % &
# B , &1 B < ! -
< 3 B #; I, ) -
B < BB "+ (Niez-Zou et al.,
2011). "+ < 1ZzZ Q E ! -
! Q < &1zZ, ; B -
# 1Z IxY-1Z, B Q -
E % E + (Krickson, Strnatka,
2011{ Trusentsev et al., 2021). < 1 , B
R + + < H-
1Z(1Z, IxY-1Z,1Z22) E &R -
& & Q E !
% # G % # # -
# + < EA &
< Q E + , I A-
C & é&< ; #Q < # sry, soxH,
< &A ! : <
(Nef etal., 2003).

L "A E & & & I'B & & -
insrr, AC + < A -
E

! ' 1zZZ, ! < < + -
Q E % invitro. #
< Q < < + | &< -
< + QE % # -
< < insrr < "l
7 - (mouse embryo assay). @ &
+ ! && & & E +

< + E I &E + EC B
! .

& " /%

.o 0 0
<SP &< : & B R -
I + QRR < & +H#HE
< " ! & <
% #. % insrr PE < -
B % # W57TIP6U
(_itamuraetal., 2001). = , < E -
: R ¥y @C  <-
C & % # insrr P
% # W57TIPBUE < B -
& ! % # insrr P

/ /8% ’= 53 3 2022

L 7/ YF ? 7/ 7/ H 197

El <+RB < (S1Y). @ -
C ! < % # <

< & ! # # o<, -

! ! # # <. 8-
<< B < C <

< & < < C @L? #$ >,

# 1 % # % #$5 A -

" < "l&g< # m tl

(5 - XWXXXWAXWXWX X XWAWX XX X X-3) m 2
(5 NoOOANNWNDONWWAWNWXX X XXX-3). $ &
& & # < "
< # kol (5 -WXXXXWWXXXNNXXx < W-
WXXWAW-3) ko2 (5 -X>XWWAXXXXKXWWWAW-
XAWXXWN\-3). < < 94 -
% # + "A & & E & E
; ! E 26 % # !
<,21 %# ! -
< 4 %" ! <.*
! % # < M & -
" 1

E ; ;" -
y? E <
< "A, %
1:1(12B). Q < < "
% # < < & <

Q E < " ’ -
.G % # <

< insrr ! 2 3 .

< &+ A (Juo et al., 2011). $ & &-
+ < &+ % # -
< B " < < -
~ +85 * <

; E E

3l (< <

, M8G@ -
I > &).* 1 < -
# o~ + < B"
#< E-

8 >)
2 -

|<&

G % # !
< &#+

@@ @ F ,7? &) #
+ - A < . P < -



190 8 L/

24 48

)

24 48

()

<I< 1 &< < + Q
B 124,40,72,96B< I B &! .
< insrr. * E! B R
+ Q E < I &

E E R # # F>/1
' (/// @@ @ F ,? & < -
: + F>/1 7/ .

C A + < C
< A F>7@?/ $ E /77 @@
F ,? &), < A ; < R -
.F E " -
< & 5 Wq, <

1

96 B < [ B

ey <

A E E P -
&< < C"A< E

< B & ]Jrism O (xraph]ad Soft are, SX). $ -
< B . <

A " ¥ E
( #H < G ).@ Q & B
B # ! B E -

< " t- # *"A :

72 , 96
#
*/ \&+
50|_,
72 u 96
50|_,
% :< " 1E #< < + QE -
% # <,(E) QE % #, -
> B & { & < < -
! & E
&+ A. @ < + -
S#+ , && ! ! $
Q E ! . B -
96 B < 1 B & < "
< ( .. & ! Q -
E <, EA < B -
E , < &24B E ! "
B Q E , < &40B B -
B .. + :
< <B , ; # -
R E B A , <
< ( .1).%¢&! , 1 B !
% #, < insrr, E A B
: ! , : E -
E ( .1E,40 72B).F E ,
% E + "
, B & R E E -
& . , < ! E B
< B&./+ ! &
Q E C & < C"A -
E + < + E ! & E -
+ I EC B ' B !
21 " Q Q < < | , B
E + < insrr ; -
1 B " ;. B ; -
<,6.7 EC B 1 B
; 43.0 : -
< (t- ,p 005( .2)./ -
B " B 1 B ! % #
< < insrr 231 [
12 , 119 110 ,
( E.D. B ! B [
! # 109! & -
% # <, 10! & < insrr
H#H( .26).@ + ! &Q E
( B E&C &! ) 3 -
/ /8% °= 53 3 2022



=7 = D @?” @
(@)
; / ;
80 =
1
60 | —
40 |
20 +
AL =
WT KO WT KO
< # < #
# / $/
> #
(#)
- s #
100
80 +
60 +
40 - T
20 +
0 T
WT KO
<x?21 " - () 8
E&C &Q E < o+ % (
! # % {() ! &, B
B 'O < o+
% ! N ¥ ! B
., R + 8+ < 1 * Q
E , ] & 1 B &
B # %E (SK=). \ % <,>/
: E : 349 ,
% # < 62.7 ( 2).”
" E + B
B Q E , 60.4 23.3
& % # < < insrr
( .2).
/ /8% = 53 3 2022

L / Y ? /7 7/ H
()
" # :
# / ?
30
20 +
H
10 +
o3
0
WT KO
()
? * / >
? # -
100 -
1
80 T
60
40 +
-
20
O T T
WT KO WT KO
@
?
#
E + B !
p 0.05)]{(E) B
E&C  &! , < + %
% & R QE
R , E A "
E % ! (
)(p 005).7 ! B ! B &
% , < insrr.
- " Q
& < ( E.J, ;
- <B B QE
" B 100 1124 E&C
- B 9% % . P &
1ZZ ; E ! "30B

E
&

199



<> ’ - ,< B P Q < L& %#H -
< (\) < insrr (_Q)
\ _q
> B % # 12 10
> B 1 B ! 231 119
> B B QE 124 30
> B B B Q E 100 30
> B 96 22
> B E + 03 10
E 1 30 B , B - ! B !
22% .G : - E 0 < !
EA "E "% B R !
# : # <
<t % EC B < & PR B 1 -
( 2)$R B - 3 & & < CE # AB&
’ ) , R &+ < L < < < ! < -
E , | < + AE + (Jiu
% . : " etal, 2012). | B B ; -
E y ! & ! B .'l ' _B- ! 1 E ll% ? E E _
&,BC EA " QE - o< @ 0 20
" TI2TbPTI2TcPTI2WC Q E , &E "% 0(C B ’& ) &
TI4XbPTI4Xa Q E < < 0 R S oL < - &
&E 1 # " ([e et al.,
# E E < < - E , B AC &+ E -
N P W e
0 -
< ST < " > SJW26X6 (Leetal., 2010).
(mouse embryo assay). & “KX- @ ; -C B E
EA ; E - < < + QE >
#< + ! & ( B E&C & 5 A , < ,E < -
, Fe B, b B ) B &8Q <  &W /[Wg, E
) ’ SJWAX2, SJWAX42 & < < + -
B B B_QE : 0 E 3 I & % # S
B ; < ( .2). E A B # o[
+ 60.4 B E&C & . e
F ; E& " B Q< < - 1. "Wl /[Wa; E ;-
& % # W57TIP6U, & ! &, " &
< - < < < "1 - E + 1 B " < A
WTX, E E < < - - B # & . E !
& W57TIP6U-WTX. "% B I - < < + Q E < A &
B ! % # < < A ; AC # < < CcC B # -
% , < insrr (10.9 11.0 &tt+ E ! 1 B -
! ! ; , - & pL (Magilgan etal., 2015).
) s E " &l + #Q - 5 I ~
< +<  1zz &8 % # - g Ees e ekaé" 2011),
< < # < ! >
< + " A " +<  1ZZ < + - wi /[wg, E SFW26X4. E -
&+ . EA #0RR - E " < (SJW26X) 1§ - B
&! "AlZZ C B - < BB "+ B A
p[ < < + & 1 & 0 + E E <B .

/ /8% ’= 53 3 2022



=? = D @?” @
< < ; II’ B p[_B " # + <
122, & " < % pL -
B # , ; ' < n n
: < & !
Q < p o
< B AC &+ + -
+ #, B
[Was. [Was, ! , A B -
; "< o+ , &l ! -
: < AC ,< Q %
- ! < #
B ! E < P ER -
" < AC (Jiuetal.,2012).
@ B ! " 1 ;
<E ! A < + -
A "o+ < # ! 1 122
1 < < + Q E < -
I # -
& 1
M * 2/ 7?7/
?E < < < ; ?MM
19-04-01042, 19-34-90177, 19-04-00015.
*/ $” F 17> 3¢ $ 72/
< &+ , < % & Q < -
" > ) EIE &, Q -
! 1 < Q < "
% " < < -
< < " A ;
(IXW W, Institutional Xnimal Ware and se Wommittee),
; > #< E Q E -
B # . .o H &
./ B ?2 (C 3}? )
> M > R/
1& &A,B #- E R -
M/Z/? L D/ = & 7?7/
/. . * , 8@ <
I E T# Q < . /. . *
< < % #. 7. .8 +
& < < + QE , <
" in vitro. /. . = ,
. .8 + < LI AC &Q -
E ,< B B E ! % &E -
+ . B E E E-
> P . O TN SRS ,
7. .8 + B < "
*@ */> ’?  G?

Brusentsev E.Yu., Kizilova E.A., Igonina T.Z. et al. Kffects of
Insulin-like xro th Yactor 1 on the in vitro develop-

/ /8% ’= 53 3 2022

L / ? /7 7/ H 201

}F
ment of mouse embryos after cryopreservation PP Zuss.
U.7ev. Tiol. 2021. V. 52.7]. 120 124.

Danglion S., Dundar-Yenilmez E., Tuli A. et al. Kvaluation of
intracellular p [ regulation and alkalosis defense mecha-
nisms in preimplantation embryos PP \heriogenology.
2015.V.03.7]. 1075 1004.

Deyev L.E., Sohet X., Vassilenko K.P. et al. Insulin receptor-
related receptor as an e tracellular alkali sensor PP Well
“etab. 2011. V. 13. ]. 679 609.

Deyev I.E., Popova Z.V., Serova O.V. et al. Xlkaline p[_ in-
duces 1ZZ-mediated phosphorylation of 1ZS-1 and actin
cytoskeleton remodeling in a pancreatic beta cell line PP
Tiochimie. 2017. V. 130.]. 62 69.

Diez-Roux G., Banfi S., Sultan M. et al. X high-resolution
anatomical atlas of the transcriptome in the mouse em-
bryo PP ]joS Tiol. 2011. V. 9. ]. e1000502.

Dissen G.A., Garcia-Rudaz C., Tapia V. et al. K pression of
the insulin receptor-related receptor (1Z2Z) is induced by
the preovulatory surge of j [ in thecal-interstitial cells
of the rat ovary PP Kndocrinology. 2006. V. 147.]. 155
165.

Erickson R.P., Strnatka D. Insulin receptor-related (Irr) is
e pressed in pre-implantation embryos: a possible rela-
tionship to gro thfactor  andse determination PP
“ol. Zeprod. ~ev. 2011. V. 70. ]. 552.

Qe \,, Chen Q., Wong C.Q. et al. Zegulatory mechanism
underlying cyclic changes in mouse uterine bicarbonate
secretion: role of estrogen PP Zeproduction. 2010.
V. 140.7.903 910.

Kitamura T., Kido Y., Zef S. et al. Jreserved pancreatic beta-
cell development and function in mice lacking the insu-
lin receptor-related receptor PP < ol. Well. Tiol. 2001.
V.21.7.5624 5630.

LiuY., Wang D.K., Chen L.M. \he physiology of bicarbon-
ate transporters in mammalian reproduction PP Tiol.
Zeprod. 2012. V. 06. ]. 99.

Luo C., Juniga U., Edison E. et al. Superovulation strategies
for 6 commonly used mouse strains PP U. Xm. Xssoc.
Jab. Xnim. Sci. 2011. V. 50. ]. 471 470.

Zef S., Verma-Kurvari S., Merenmies U. et al. \estis determi-
nation re uires insulin receptor family function in mice PP
Nature. 2003. V. 426.]. 291 295.

Petrenko A.G., Jozulya S.A., Deyev I.E. et al. Insulin recep-
tor-related receptor as an e tracellular p[[ sensor in-
volved in the regulation of acid-base balance PP Tiochim
Tiophys. Xcta. 2013. V. 1034. ]. 2170 2175.

Serova O.V., Gantsova E.A., Deyev |.E. etal. \he value of p[
sensors in maintaining homeostasis of the nervous sys-
tem PP Zussian U. Tioorganic Whemistry. 2020. V. 46.
]1.506 519.

~soskin D., Xurlan A., Islam S. etal. nbiased classification
of sensory neuron types by large-scale single-cell ZNX
se uencing PP Nat. Neurosci. 2015. V. 10. ]. 145 153.



202 8 L/

Analysis of Development of insrr Znockout Mouse Primplantation Embryos

E< A< Gantsoval: X, I< E< Deyev?, A< G< Petrenko?, and O< V& Seroval

“Shemyakin Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences,
ul. Miklukho-Maklaya, => =9, Moscow, ==?HH? Russia

_e-mail) gantsovaNmail.ru

“ aintaining the optimal acid-base balance of the organism has a pivotal role in the regulation of metabolism.
It is provided by the functioning of endogenous p [ -sensors molecules ith abilities to change their activity
during the changes in the p [ of the medium. Zeceptor tyrosine kinase 1ZZ (insulin receptor-related recep-
tor) is an alkaline p [ sensor that activated hen the p [ of the e tracellular medium rises above 7.9. K pres-
sion of 1ZZ is specific{ the receptor is found in some organs in certain types of cells. It has been established
that 1ZZ is involved in renal e cretion of bicarbonate. \he mechanism of action and function of the 1ZZ re-
ceptor as a sensor for alkaline p [ in other organs is vague. \o elucidate the role of the 1ZZ receptor in the
embryogenesis, e carried oute periments to evaluate the development of preimplantation embryos of ild-
type and insrr knockout mice using the < KX test ( “ ouse Kmbryo Xssay). \he development as assessed us-
ing the blastocyst yield inde  the percentage of blastocyst formation from the total number of e tracted zy-
gotes. \he yield of blastocysts in knockout animals as lo er than in ild-type animals, 6.7 of the total
number of e tracted cells for knockout animals and 43.0 for ild-type animals. \he number of e tracted
zygotes from ild-type and insrr knockout mice also differed. \he average number of e tracted zygotes from
one female as 10.9 zygotes for ild-type mice, and 11.0 zygotes for insrr knockout mice. qur results reveal a
possible role for the receptor tyrosine kinase 1ZZ in the development of preimplantation embryos.

Keywords] receptor tyrosine kinases, preimplantation embryos, 1ZZ, “ ouse Kmbryo Xssay
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Features of Reproductive Biology of Invasive Species Gmelinoides fasciatus
.Crustacea: Amphipoda’ Inhabiting the Lake Onega

A< Ik SidorovaX

Zorthern Water Problems Institute of the Karelian Research Centre of the Russian Academy of Sciences,
Petrozavodsk, ={:9;9 Russia

_ -mail) bolt-nastyaNyandex.ru

\he paper considers features of the reproductive biology of invasive species Gmelinoides fasciatus (Stebbing
1099) (Wrustacea: Xmphipoda) that contribute to its naturalization in recipient reservoirs. \he population of
this species in the Jetrozavodsk Tay of jake qnega is characterized by the predominance of females over
males and the formation of harems. \his phenomenon contributes to the rapid gro th in the number of alien
species in the ne environment. \he fecundity of the species varied from 3 to 24 eggs per female. \he study
of the dynamics of embryonic development sho ed thatt o mass hatchings take place during the reproduc-
tion season in jake gnega. \he body size and age pattern of egg-bearing females have been characterized. X
decrease in individual fecundity and average body size of females occurred during the reproduction season

as associated

itht omass hatchings. Yrom the end of Uuly, the females of the ne  generation of the current

year begin to reach se ual maturity and gradually replace the females of the parent generation.

Keywords] invasive species, crustatians, Gmelinoides fasciatus, embryogenesis, reproductive strategy, life his-
tory, population indicators, population structure, fecundity, jake gnega
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Catecholaminergic Rat s Forebrain Structures
in Early Postnatal Development and Aging
V< A< Razenkoval X and D< E< Zorzhevskiit

“Institute of Experimental Medicine, ul. Akad. Pavlova, =8, Saint Petersburg, =H?;?> Russia
_e-mailJ valeriya.razNyandex.ru

\he aim of the study as to investigate morphological changes that occur in cortical catecholaminergic fore-

brain structures of

istar rats during postnatal development. Zat s forebrain sections at different stages of

postnatal development (postnatal day 7, postnatal day 30, 4 to 6 months and 23 months) ere studied using
immunohistochemistry methods. It has been sho n, that distinct cortical areas perform uni ue distribution
of catecholaminergic fibers due to their functional features. Xge-related changes in density of the distribution
of catecholaminergic fibers ere analyzed, and it has been stated that the density of catecholaminergic fibers

in the sensorimotor corte increases
croscopy offers a

ith aging. It has been demonstrated that confocal laser scanning mi-
ide variety of opportunities for ualitative and uantitative analysis of immunohistochem-

ical results and can be a useful tool for tyrosine hydro ylase distribution studies.

Keywords] tyrosine hydro ylase, forebrain, development, aging, immunohistochemistry
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Modeling the Regeneration of Human Skin and Hair Follicles
in a FullQThickness xenograft
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wenotransplantation of human skin to immunodeficient mice is one of the most representative models for
studying the mechanisms of regeneration and, thus, e pands perspectives for research in modern cell biology
and regenerative medicine. \he full-thickness skin strip enotransplantation model developed in our labora-
tory allo ed usto describe the dynamics of restoration of the human dermis and panniculus carnosus. Jattern
of the e pression and activation of the X7 1 protein during the regeneration of the epidermis, hair follicles
(LY), papillary dermis (]) enabled us to make the conclusions about the basis of some cellular and molec-
ular processes involved into the regeneration of human skin.
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A # *< E E ; < -
#ox < -
& ! % ! " A
< & " B -
& #E ! &< < -
& ! ! B -
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1 % < -
E# @
> " ! ' E B -
! 'E ,E "WAB "
;! C R + "# !
AC ! , & < -
) & I A < " -
: < < &+ C < -
1 &+ #R + % , %+ -
, ! ; & %
Q < 1 - < "1 -
" < , AR -
+ A Q A+ B .@ Q
&% , E! B& AE #
E&! "< AC # , -
! # R + "OHE< ] -
.30 < "Pg -
1 B .
% ; < " B ! ! -
" B , # ; -
< A,B ;
- E " E ! #R # B
1, < "< & E# I
E < AR < -
I - B R < (Jine eaver
etal., 2021). F " Q! B & &,
;& ! ; << & -
# B # N | &< E -
+ # Q A+ B ,
: # + < "< -



< ; A B ! &, # ! " ,B F E <
< <A B < " < " & <1 ,
< & Q A+ (_ozlov, & R + < "
2010{ <atyunina et al., 2019). , QORR & $ > -
< <B " ! B I - " ; . &C &
&E ! & F < E "- E I < 1 % -
, AC < < < "l A &< ! ;
o7, < &AC ! . <!
! E B # " A A
(' anni, gpitz, 2013{ \ubbs et al., 2016). R + AF < + 1B A %
$ 1 &B [ $ >R +A -
I ’ & 8A & @ - & < ( + {> ;,2000{ orzh,

- - v < & <& _ 2007{_a akami, 2007{ Sivasubbu et al., 2007). G -
< " I E 1E ,BC < - <1 < 1 # }
& (Zallan et al., 2013{ Telmehdi et al., 2010). # <ttt (e + AC
/ < B < " <!'+A E " Q ) -
E < IE E . < Q B < < cC A

& & ! & & 8AC & & - E_1+) <! B ; -

< % # R "R +A , B A 1"

" ogc< - E "< 1 + (Jarinov et al., 2004{ rasaki et al., 2006{
< & B # 0 A+ _ondrychynetal.,2009). & E !+ & -
E B # . . E ) ; &

R ,B E B = BC L. ST
R 5 + &E #BE , Eé&! 1 B : < I % R+ < -

' ’ Q A+ ! &
I R Q # | -
E B #R + & I- c < B - -
&+ & Q < Q ) &l # 5 ! -
< ,Q < & - E "< . B <& &"&C , & -
"A B B AB -1 Q< - & &< .3 E <
B & & & AE " < - & o < : B -
&AC AQ < A , < , ! B ; -
Q < E " % 1B ,
B 0 , <1 B (x<askill, <arlin, 1909). - , -
& AB " ! # - B R+ < -
# 1 E " F (1047 1931) - AC B ; < -
; 'l E YE M " - A AC B ) !
% E - B /B 1B . ;.0 + &< < B -
< E ’ % E : ' & &"& ,< ; , < B B
,B E,< < % " E# : , -
E "% # B AC #$ >(90.5 ; E !
B ), &C # ! <1 - @ & <+ < 1+
, & < &AC &< - ! &G , < & ,B < -
" #, # ! -, E B R < ! -
< 1 B ! &Q A+ ,< . " P ! #Q < -
< , ! E " + #E B < , %
Q Alu-Q C E B ! ,B & + & Q < -
1 < #,B < + & 1 - "& + &R + "

B & Q E I <1 B , -
< < : , B ! : - A ! I (Pax>, Eya, Six;,
E " ;A " E- Qh), < & ; P

! (_azazian, 2004). < + Q A+ A I (xehring, 2011{ Shaham et al.,
<1 < E R + - 2012). E? , " Q <

A " & Q . B , - & Ja 6Peyeless, # -

< "'A & B Q (gliver, ! ! 0 <B 1< B-

Xreen, 2009). E <1 B ([older et al., 1995{ Who
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<1<? + & < + Q A+ < 1%

C ! B E ! EI"&
et al., 1999), % < & < < -
A ! &, #Q < -
& . < &" E &-
! # #,< &C E ! -
AR + " , B
1. B ,B + & < #R +
E < " +
( .1, R +
< , &E B -
B A
< + ! & ; P
- E " 1 B < E
< , < <C # E ; E "
! B Q < Shh -
&Q E 11 B Q< B # &-
+ , 1 #< %

& E #Q ( amamoto
etal., 2004{ xoreetal., 2010). ! ,B -
B Shh B ! E# B
Q < Pax8! B Q < Pax>, -
B ; - & ! & 1
(< acdonald, ilson, 1996). G < 1 -

< - "< - , -

& E + # " AC
+ #, &AC ,
Cryba] Crybb; (_imetal., 2011).
|l E < " #< & - H "_
1 < #< & ! #-
#, ' E I <+ RB-
# , E < : < &
&+ (*78).*?8 -
IR + " & # & -
) < + A R
<+ + + - &
& & -

R E #, < A-

, Q <c A <
. " < (Mavidson,
Kr in, 2006). Pax> & # 1
A+ *?8: Ja -Si -Kya-
Nach (JSK™N{ Tessarab et al., 2004{ xalli-\sino-
poulou etal., 2014). @ # & , < &
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AC B! & ( .1, -
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N
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E5 E6 E7 E8 —
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E5-E6 E7 E8
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E5 E6 E7 E§ —
|
ESE-NEES E5 ES8
< E " Q AluY ; 6 7Q! BRACQYZRY (TB[T) < B -
E ! = % < # < 3 & &+ TB[T,B AB "l<-
< + + < Q # << ; B B () < &
B
B - &' #  ; ! $; # | ! < -
! & Q < , B ). F E &l "A -
& & &< " H#% E ; & Krbb4 Nrg3, #, ! ,
< ! B [ # B B # RR-
+ &' B B #; I -
@/ > D(®r7as/ 7 TH/*> ) < AC ([o ard et al., 2005). Nrg3 < -
B E "% < AC , T R )
AC ( 25 21 < - ! 8 AC < A B ’
)1 < 1 B B L) E B Q C < I ||Q < L1
& " .@ Q < & - :
< " A # &
! E < #Q A+ # 8 @°? ? Y=(1?"= *? /~
R . 1= ", B >/ 1°* /7 7/ /%)
: A H#H< & &A & I |
; ( 0.2 5.6 ) (xalli-\sinopoulou, G &A # I ) <& ' e _
Stergidou, 2014). T E 1A &0Q < B
! Q < R & B- B &, < A
; ! E < " < B &AC y B ! E ; -
E G + 1940- # E 8 E
(Talinsky, 1949 1950, 1950), " - < " B < # + < <-
R Q < + E < - & # . S -
" (jittle, # 2004 . " #R " -E -
“c”onald, 1965).G % # XPU B B . < R I I-
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% AC Q A+ Q -
& ! ! &
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B
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% " & EIMe M -
(Yooden, 1997) < < : ,B
" AB # B
; , & AC I-
B ,
< AC B ! : "&
< &C Q , " " -
] "o & , 1 -
B " &C ( ; C <! -
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R B - @ # & # ! -
, < E " "Q A+ A , + E <% < ! -
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AB& A #( .2). 0 E < L R E I-
# & , < ; B +< Q A- & , & ! B " #
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< TB[T- exon> B B #< - -, E 0 <  8A
# \Tw\. @ Aluy < " & R + . 1 -
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Genetics of Atavism
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\he atavisms interested people since the beginning of time. Yirst, they e cited imagination and created fertile
grounds for myths and superstitions. Xs science started to develop, it became a sub ect of research, hich soon
enough yielded evidence to support evolutionary theory. Xnd yet, at the molecular level the manifestation of
atavisms has remained not fully understood. \he recent progress of comparative genomics and molecular de-
velopmental biology helped to understand this process and its basis in the case of one of the human atavisms  the
vestigial tail.

Keywords] polithelia (supernumerary nipples), hypertrichosis, vestigial tail (Brachyury)
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