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1. �4>5G64G EFG?5=O 4>>F>D4 DV?>E>DVW

1.1. ��� 74>5G64G4 EFG?5=O 
4>>F>D4 DV?>E>DVW

�D4E=<FL>4 �4D'O �=4DVW6=4

1.2. �E6VF=L>-=4G>>64 
?D>7D4<4, O>G 7465DL<6 
74>5G64G

48026 �E6VF=L>-=4G>>64 ?D>7D4<4 ?V47>F>6>< 4>>F>DV6 DV?>E>DVW 6 
4E?VD4=FGDV �=EF<FGFG 5V>EV<VW V<.�.�.�4??44V=4 ��� '>D4W=< 74 
E?5FV4?L=VEFN 091 «�V>?>7VO» (091 �V>?>7VO)

1.3. �>D5<V 5?5<5=F< 
>E6VF=L>-=4G>>6>W ?D>7D4<< 
74557?5GGNFLEO V=L<< 
74>?44>< 6<M>W >E6VF</
=4G>>6>N GEF4=>6>N (G F><G 
G<E?V V=>75<=<<)

F4>

2. �<E5DF4FVO

2.1. &5<4 4<E5DF4FVW �>E?D5EVO 75=V6 D>4<=< Homeobox G >?VF<=4E 7?V><< 74 G<>6 7V?>>EVW 
F4 ?D<7=VG5==O IRE1

2.2. �=>F4FVO 4<E5DF4FVW �<E5DF4FVO ?D<E6OG5=4 4>E?V465==N D>?V EFD5EG 
5=4>??47<4F<G=>7> D5F<>G?G<4 6 D57G?OFVW 5>E?D5EVW 75=V6, M> 
>>4GNFL >?NG>6V FD4=E>D<?FV==V D4>F>D< D>4<=< Homeobox, O>V 
>>=FD>?NNFL ?D>F5E< ?D>?VD5D4FVW O> G =>D<V, F4> V 74 ?GE?<==>7> 
D>EFG. �>E?D5EVN F<E 75=V6 6<6G4?< G >?VF<=4E 7?V><< ?V=VW U87 74 
G<>6 ?D<7=VG5==O DG=>FV>=4?L=>W 4>F<6=>EFV IRE1/ERN1, >E=>6=>7> 
E5=E>D=>-E<7=4?L=>7> ?D>F5W=G EFD5EG 5=4>??47<4F<G=>7> 
D5F<>G?G<4, 4 F4>>6 74 G<>6 7V?>>EVW F4 45DVF<FG 7?GF4<V=G V 7?N>>7<. 
�>FG4?L=VEFL FVTW F5<< ?>6'O74=4 7 F<<, M> >=>>?>7VG=V ?4F>?>7VW 
?>EV44NFL 4DG75 <VEF5 G E6VFV 74 DV6=5< 74E6>DN64=>EFV V E<5DF=>EFV, 
?D<G><G FV ?>>47=<>< ?>EFV==> 7D>EF4NFL, 4 5D5>F<6=>7> ?V>G64==O 
?D4>F<G=> =5<4T. �?V>5?4EF><4 (4EFD>F<F><4 IV EFG?5=O) T 
=4=5V?LL 7?>O>VE=>N V 4>E<FL ?>L<D5=>N ?5D-6<==>N ?GE?<=>N 
7>?>6=>7> <>7>G 7 47D5E<6=>N ?>654V=>>N, O>4 FO6>> ?V444TFLEO 
F5D4?VW F4 E4D4>F5D<7GTFLEO >>D>F>>N FD<64?VEFN 6<FFO ?4FVT=FV6. 
%4<5 F><G, ?>LG> =>6<E ?V4E>4V6 4> D>7>D<FFO <>?5>G?OD=<E >E=>6 
?4F>75=57G F<E 7?>O>VE=<E ?GE?<= T 6>D4= =5>5EV4=<< 4?O 
?>>D4M5==O VE=GNG<E V EF6>D5==O =>6<E ?5DE?5>F<6=<E EFD4F57V= 
?D>F<?GE?<==>W F5D4?VW.
�E>V?L>< EFD5E 5=4>??47<4F<G=>7> D5F<>G?G<4 F4 7V?>>EVO T 
=4476<G4==> 646?<6<<< D4>F>D4<< V=F5=E<6=>7> D>EFG 7?>O>VE=<E 
?GE?<= L?OE>< ?5D5?D>7D4<G64==O 75=><G 4?O 4=7V>75=57G, 
?>E<?5=>7> 74557?5G5==O ?GE?<=< ?>6<6=<<< D5G>6<=4<<, 
D57<EF5=F=>EFV ?GE?<==<E >?VF<= 4> DV7=<E F>>E<G=<E D5G>6<=, G 
F><G G<E?V V 4> F>>E<G=<E 5D5>FV6 7V?>>EVW, F> 45F4?L=5 6<6G5==O 
D57G?OF>D=<E <5E4=V7<V6, M> ?564FL 6 >E=>6V F<E ?D>F5EV6 5G45 
E?D<OF< >D4M><G D>7G<V==N <>?5>G?OD=<E <5E4=V7<V6 D>EFG 
7?>O>VE=<E ?GE?<= F4 ?>LG>G =>6<E ?V4E>4V6 5>D>FL5< 7 =<<<. 
�4=<< 7 =4=5V?LL <>6?<6<E <5E4=V7<V6 ?5D5?D>7D4<G64==O 
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75=><G G ?GE?<==<E >?VF<=4E 74 G<>6 EFD5EG 5=4>??47<4F<G=>7> 
D5F<>G?G<4 T 7<V=< 6 5>E?D5EVW >?NG>6<E FD4=E>D<?FV==<E D4>F>DV6, 
M> >>=FD>?NNFL V=F5=E<6=VEFL ?D>FV>4==O G<E?5==<E 
<5F45>?VG=<E ?D>F5EV6 G >?VF<=4E ?GE?<= V >D74=V7<G 6 FV?><G. � 
FL><G ??4=V 646?<6G D>?L 6V4V7D4NFL F4>>6 FD4=E>D<?FV==V 
D4>F>D< D>4<=< Homeobox, ?D<G><G 5V?LLVEFL 7 =<E 744VO=V G D>EFV 
?GE?<= V T <VL5=O<< 4?O 5>D>FL5< 7V 7?>O>VE=<< D>EF><.
�46?<6<< <><5=F>< FVTW D>5>F< 5G?> 6<OE=<F< D>?L IRE1/ERN1 
(inositol-requiring enzyme 1 / endoplasmic reticulum to nucleus 
signaling 1) E<7=4?L=>7> L?OEG EFD5EG 5=4>??47<4F<G=>7> 
D5F<>G?G<4 6 D57G?OFVW 5>E?D5EVW 75=V6 F<E FD4=E>D<?FV==<E 
D4>F>DV6, G F><G G<E?V V D>?L 5=4>D<5>=G>?547=>W F4 ?D>F5W=>V=47=>W 
4>F<6=>EF5= FL>7> E<7=4?L=>7> ?D>F5W=G 6 D54?V74FVW =>7> 6??<6G 
=4 5>E?D5EVN 75=V6. �>D5<<< 74644==O< D>5>F< 5G?> 4>E?V4<F< 4VN 
7V?>>EVW F4 45DVF<FG 7?GF4<V=G V 7?N>>7< =4 DV65=L 5>E?D5EVW 
>?NG>6<E FD4=E>D<?FV==<E D4>F>DV6 D>4<=< Homeobox G >?VF<=4E 
7?V><< 6 74?56=>EFV 6V4 ?D<7=VG5==O IRE1, M> <4T 4=F<-?GE?<==<= 
5D5>F V 7=<6GT ?D>?VD5D4FVN >?VF<= 7?V>5?4EF><<.
� E>4V 6<>>=4==O D>5>F< 5G?< 6<>>D<EF4==V F4>V EGG4E=V <5F>4< 
5V>EV<VW F4 <>?5>G?OD=>W 5V>?>7VW O> >G?LF<6G64==O EF45V?L=> 
FD4=EDV>>64=<E >?VF<= 7?V>5?4EF><< 7 ?D<7=VG5=>N ?<L5 
5=4>D<5>=G>?547=>N 4>F<6=VEFN ERN1 F4 >?VF<= 557 >5>E 
5=7<<4F<G=<E 4>F<6=>EF5= FL>7> E<7=4?L=>7> ?D>F5W=G 
(5=4>D<5>=G>?547=>W V ?D>F5W=>V=47=>W), 6<4V?5==O $��, 6<7=4G5==O 
>>=F5=FD4FVW F4 E?5>FD4?L=<E E4D4>F5D<EF<> >FD<<4=<E ?D5?4D4FV6 
$�� 74 4>?><>7>N =4=>-E?5>FD>D>F><5FD4, E<=F57 
>><??5<5=F4D=<E ��� L?OE>< 76>D>F=>W FD4=E>D<?FVW, 4 F4>>6 
<5F>4< >V?L>VE=>W ?>?V<5D47=>W ?4=FN7>6>W D54>FVW G D54?L=><G G4EV 
4?O 6<7=4G5==O DV6=O 5>E?D5EVW <$�� 4>E?V465=<E FD4=E>D<?FV==<E 
D4>F>DV6 V <V>D>$��, E4=?5=EV=7 <$��, 5?5>FD>D>D5F<G=<= 4=4?V7 
=G>?5W=>6<E ><E?>F, <5F>4< 5V>V=D>D<4F<>< F4 EF4F<EF<G=>W 
>5D>5>< D57G?LF4FV6.
�?O 7'OEG64==O D>?V E<7=4?L=>7> ?D>F5W=G ERN1 F4 =>7> 
5=7<<4F<G=<E 4>F<6=>EF5= (5=4>D<5>=G>?547=>W V ?D>F5W=>V=47=>W) 
=4<< 5G?> 4>E?V465=> 5>E?D5EVN 75=V6 F4><E FD4=E>D<?FV==<E 
D4>F>DV6 D>4<=< Homeobox O> ZEB2 (Zinc fnger E-box binding 
homeobox 2), SPAG4 (sperm associated antigen 4), NKX3-1 (NK3 
homeobox 1), MEIS1 (Meis homeobox 1), MEIS2, MEIS3; LHX1 (LIM 
homeobox 1), LHX2, LHX6, TGIF1 (TGFB induced factor homeobox 1), 
PAX6 (Paired box 6), PBX3 (PBX homeobox 3), PRRX1 (Paired related 
homeobox 1) V PBXIP1/HPIP (PBX homeobox interacting protein 1 / 
Hematopoietic PBX-interacting protein). �?O 6<OE=5==O <5E4=V7<V6 
74?56=>EFV DV6=O 5>E?D5EVW 75=V6 FD4=E>D<?FV==<E D4>F>DV6 D>4<=< 
Homeobox 6V4 7?GF4<V=G 5G?> 4>E?V465=> 5>E?D5EVN 75=4 SLC1A5 
(solute carrier family 1 member 5), O><= >>4GT E<=F57 ?5D5=>E=<>4 
7?GF4<V=G F4 45O><E V=L<E 4<V=>><E?>F.
� <5F>N 6<6G5==O <>?5>G?OD=<E <5E4=V7<V6 74?56=>EFV 5>E?D5EVW 
75=V6 D>4<=< Homeobox 6V4 EFD5EG 5=4>??47<4F<G=>7> D5F<>G?G<4 V 
7>>D5<4 =>7> E<7=4?L=>7> L?OEG IRE1/ERN1 G >?VF<=4E 7?V>5?4EF><< 
5G?< ?D>6545=V 4>E?V465==O =4 >?VF<=4E 7 ?D<7=VG5=<<< 
5=7<<4F<G=<<< 4>F<6=>EFO<< (?D>F5W=>V=474 F4 5=4>D<5>=G>?5474) 
IRE1 F4 74 G<>6 V=7V5G64==O ?<L5 5=4>D<5>=G>?547< FL>7> 
E<7=4?L=>7> ?D>F5W=G. 
�D>6545=<<< 4>E?V465==O<< 5G?4 6<O6?5=4 74?56=VEFL 5>E?D5EVW 
75=V6 D>4<=< Homeobox G >?VF<=4E 7?V><< 6V4 DG=>FV>=G64==O IRE1 V 
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<>6?<6<= 6>?44 F<E 75=V6 G 4=F<-?D>?VD5D4F<6=<= 5D5>F 
?D<7=VG5==O IRE1, 4 F4>>6 D>?L ?D>F5W=>V=47< V 5=4>D<5>=G>?547< 
FL>7> E<7=4?L=>7> ?D>F5W=G 6 >?>E5D54>>64=V= EFD5E>< 
5=4>??47<4F<G=>7> D5F<>G?G<4 D57G?OFVW 5>E?D5EVW 75=V6 D>4<=< 
Homeobox. �G?4 4>E?V465=4 GGF?<6VEFL 5>E?D5EVW 75=V6 D>4<=< 
Homeobox 4> G<>6 7V?>>EVW F4 45DVF<FG 7?GF4<V=G 6 74?56=>EFV 6V4 
DG=>FV>=4?L=>W 4>F<6=>EFV IRE1.  �FD<<4=V D57G?LF4F< 
?D>45<>=EFDG64?< D>?L IRE1 E<7=4?L=>7> L?OEG EFD5EG 
5=4>??47<4F<G=>7> D5F<>G?G<4 6 D57G?OFVW 5>E?D5EVW 75=V6 D>4<=< 
Homeobox, O>V >>=FD>?NNFL ?D>?VD5D4FVN ?GE?<==<E >?VF<=, 4 
F4>>6 74 G<>6 7V?>>EVW F4 45DVF<FG 7?GF4<V=G 45> 7?N>>7<, M> T 
646?<6<<< >><?>=5=F4<< ?V4FD<<4==O ?GE?<==>7> D>EFG. �G?> 
?>>474=>, M> ?D<7=VG5==O >5>E 5=7<<4F<G=<E 4>F<6=>EF5= IRE1 
E<7=4?L=>7> ?D>F5W=G EFD5EG 5=4>??47<4F<G=>7> D5F<>G?G<4 G 
>?VF<=4E 7?V>5?4EF><< ?V=VW U87MG 7<V=N64?> DV65=L 5>E?D5EVW GEVE 
4>E?V465=<E 75=V6 D>4<=< Homeobox, 4?5 ?>-DV7=><G, O> ?> 
65?<G<=V 7<V=, F4> V ?> =4?DO<>G, M> <>65 5GF< >5G<>6?5=> 
>E>5?<6>EFO<< D57G?OFVW WE 5>E?D5EVW E<7=4?L=<< ?D>F5W=>< IRE1, 4 
F4>>6 V WE DG=>FV>=4?L=<< 7=4G5==O<, >E>5?<6> 74 G<>6 
D5?D>7D4<G64==O 75=><G E<7=4?L=<<< L?OE4<< EFD5EG 
5=4>??47<4F<G=>7> D5F<>G?G<4. &4>, DV65=L 5>E?D5EVW 75=V6 PBX3, 
PRRX1, PAX6, PBXIP1, SPAG4, LHX1, LHX2 V MEIS1 75V?LLG646EO, 4 75=V6 
ZEB2, TGIF1, LHX6, MEIS2 F4 MEIS3 3 VEF>F=> 7=<6G646EO G >?VF<=4E 
7?V>5?4EF><< 74 G<>6 ?D<7=VG5==O >5>E 5=7<<4F<G=<E 4>F<6=>EF5= 
E<7=4?L=>7> ?D>F5W=G IRE1.
' F>= 65 G4E, 74 G<>6 ?D<7=VG5==O ?<L5 5=4>D<5>=G>?547=>W 
4>F<6=>EFV E<7=4?L=>7> ?D>F5W=G ERN1 4?O 5V?LL>EFV 4>E?V465=<E 
75=V6 D>4<=< Homeobox 7<V=< 6 WE 5>E?D5EVW 5G?< V=L<<< O> 74 
65?<G<=>N, F4> V =4?DO<>>< 7<V=. $47>< 7 F<<, DV65=L 5>E?D5EVW 
75=V6 ZEB2, TGIF1, LHX6 F4 MEIS3 G >?VF<=4E 7?V><< 7 ?D<7=VG5=>N 
5=4>D<5>=G>?547=>N 4>F<6=VEFN E<7=4?L=>7> ?D>F5W=G ERN1 V 
>?VF<=4E 557 >5>E 5=7<<4F<G=<E 4>F<6=>EF5= ERN1 VEF>F=> =5 
6V4DV7=O6EO 74 65?<G<=>N, M> E6V4G<?> ?D> >?>E5D54>>64=VEFL 
6<O6?5=<E 7<V= 6 5>E?D5EVW F<E 75=V6 E4<5 5=4>D<5>=G>?547=>N, 4 
=5 ?D>F5W=>V=47=>N 4>F<6=VEFN ERN1. %5D54 4>E?V465=<E =4<< 75=V6 
D>4<=< Homeobox 5G?< 6<O6?5=V V F4>V, DV65=L 5>E?D5EVW O><E 
7<V=N646EO ?<L5 74 G<>6 ?D<7=VG5==O >5>E 5=7<<4F<G=<E 
4>F<6=>EF5= ERN1 V =5 7<V=N646EO G >?VF<=4E 7?V>5?4EF><< 7 
?D<7=VG5=>N 5=4>D<5>=G>?547=>N 4>F<6=VEFN E<7=4?L=>7> 
?D>F5W=G ERN1. &5 75=< PBX3 V PRRX1, M> 6>47GT =4 
>?>E5D54>>64=VEFL 6<O6?5=<E 7<V= 6 WE 5>E?D5EVW E4<5 
?D>F5W=>V=47=>N 4>F<6=VEFN E<7=4?L=>7> ?D>F5W=G ERN1. $V65=L 
5>E?D5EVW V=L<E 75=V6 FVTW D>4<=< FD4=E>D<?FV==<E D4>F>DV6 
7<V=N646EO ?>-DV7=><G G >?VF<=4E 7?V><< 7 DV7=<< F<?>< 
?D<7=VG5==O 5=7<<4F<G=<E 4>F<6=>EF5= E<7=4?L=>7> ?D>F5W=G 
ERN1, 4 F5 E6V4G<FL ?D> GG4EFL >5>E 5=7<<4F<G=<E 4>F<6=>EF5= 
ERN1 G FV= D57G?OFVW, WE 674T<>4VN G5D57 >?>E5D54>>64=V =<<< 
E<7=4?L=V L?OE<.
�5F>44<< 5V>V=D>D<4F<>< 5G?> 6EF4=>6?5=>, M> 39-?>E?V4>6=>EFV 
<$�� ZEB2 V PAX6 <VEFOFL E4=F< 769O7G64==O <V>D>$��: miR-145-5p V 
miR-182-5p 6 <$�� ZEB2, 4 miR-19a-3p V miR-96-5p 6 <$�� PAX6, 
?D<G><G 6<O6?5=V 7<V=< 6 5>E?D5EVW F<E <V>D>$�� T ?D>F<?56=> 
=4?D46?5=<<< 4> 7<V= 6 5>E?D5EVW 6V4?>6V4=<E <$�� V <>6GFL 5GF< 
?D<G5F=<<< 4> D57G?OFVW 5>E?D5EVW <$�� ZEB2 V PAX6 =4 ?>EF-
FD4=E?OFV==><G DV6=V. 
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�>>474=> F4>>6, M> 5>E?D5EVO 5V?LL>EFV 75=V6 FD4=E>D<?FV==<E 
D4>F>DV6 D>4<=< Homeobox T GGF?<6>N 4> 7V?>>EVW, ?D<G><G DV65=L 
5>E?D5EVW G4EF<=< V7 =<E 75V?LLGTFLEO, >E>5?<6> SPAG4 V ZEB2 75=V6, 
4 V=L<E 75=V6 3 7<5=LGTFLEO G >>=FD>?L=<E, FD4=EDV>>64=<E 
?>D>6=V< 65>F>D><, >?VF<=4E 7?V>5?4EF><<. $47>< 7 F<<, G >?VF<=4E 
7 ?D<7=VG5=>N 5=4>D<5>=G>?547=>N F4 ?D>F5W=>V=47=>N 
4>F<6=>EFO<< E<7=4?L=>7> ?D>F5W=G ERN1 GGF?<6VEFL 4> 6??<6G 
7V?>>EVW ?5D5646=> 7<V=NTFLEO, M> ?5D5>>=?<6> E6V4G<FL ?D> 
74?56=<= 6V4 ERN1 >>=FD>?L 7V?>>E<G=>W D57G?OFVW DV6=O 5>E?D5EVW 
5V?LL>EFV 4>E?V465=<E =4<< 75=V6 F<E FD4=E>D<?FV==<E D4>F>DV6. &V 
D57G?LF4F< T ?V4�DG=FO< 4?O D>7>D<FFO <5E4=V7<V6 D57<EF5=F=>EFV 
?GE?<==<E >?VF<= 4> F>>E<G=<E 5D5>FV6 7V?>>EVW 74 G<>6 EFD5EG 
5=4>??47<4F<G=>7> D5F<>G?G<4. 
�G?> F4>>6 ?>>474=>, M> 5>E?D5EVO 5V?LL>EFV 4>E?V465=<E 75=V6 
D>4<=< 7><5>5>>E 7<V=NTFLEO O> 74 G<>6 45DVF<FG 7?GF4<V=G, F4> V 
7?N>>7<, 4?5 ?>-DV7=><G, V M> ?D<7=VG5==O 5=4>D<5>=G>?547=>W F4 
?D>F5W=>V=47=>W 4>F<6=>EF5= E<7=4?L=>7> ?D>F5W=G ERN1 ?5D5646=> 
<>4<DV>GT WE 5D5>F. &4>, G >>=FD>?L=<E, FD4=EDV>>64=<E ?>D>6=V< 
65>F>D><, >?VF<=4E 7?V>5?4EF><< 74 G<>6 45DVF<FG 7?GF4<V=G 
7=<6GTFLEO DV65=L 5>E?D5EVW F4><E 75=V6 FVTW D>4<=< 
FD4=E>D<?FV==<E D4>F>DV6: LHX2, LHX6, MEIS2, PRRX1, PBX3 V SPAG4. 
$47>< 7 F<<, DV65=L 5>E?D5EVW 75=V6 LHX1, MEIS3, ZEB2, TGIF1, PBXIP1, 
PAX6 F4 NKX3-1 ?V46<MGTFLEO G >>=FD>?L=<E >?VF<=4E 7?V>5?4EF><< 
74 G<>6 45DVF<FG 7?GF4<V=G. �EF4=>6?5=> F4>>6, M> GGF?<6VEFL 
45O><E 75=V6 FD4=E>D<?FV==<E D4>F>DV6 D>4<=< Homeobox 4> 
45DVF<FG 7?GF4<V=G 7<V=NTFLEO G >?VF<=4E 7?V>5?4EF><< 7 
?D<7=VG5=>N 5=4>D<5>=G>?547=>N V ?D>F5W=>V=47=>N 4>F<6=>EFO<< 
E<7=4?L=>7> ?D>F5W=G ERN1. &4>, GGF?<6VEFL F4><E 75=V6 
FD4=E>D<?FV==<E D4>F>DV6 O> PBXIP1, NKX3-1 F4 PAX6  4> 45DVF<FG 
7?GF4<V=G ?>6=VEFN 6FD4G4TFLEO 74 G<>6 ?D<7=VG5==O ERN1, 4 75=V6 
ZEB2, LHX1 V PBX3 3 7=<6GTFLEO. ' F>= 65 G4E, GGF?<6VEFL 75=4 PBXIP1 
4> 45DVF<FG 7?GF4<V=G DV7>> 75V?LLGTFLEO G >?VF<=4E 7?V>5?4EF><< 7 
?D<7=VG5=>N 5=4>D<5>=G>?547=>N V ?D>F5W=>V=47=>N 4>F<6=>EFO<< 
E<7=4?L=>7> ?D>F5W=G ERN1. �G?> F4>>6 ?>>474=>, M> 74 G<>6 
45DVF<FG 7?N>>7< 7=<6GTFLEO DV65=L 5>E?D5EVW 75=V6 F4><E 
FD4=E>D<?FV==<E D4>F>DV6 O> PAX6, MEIS1 F4 MEIS2 G >>=FD>?L=<E 
>?VF<=4E 7?V>5?4EF><<. $47>< 7 F<<, 5>E?D5EVO 75=V6 PBX3 V PBXIP1 G 
F<E >?VF<=4E 5G?4 D57<EF5=F=>N 4> 45DVF<FG 7?N>>7<. �EF4=>6?5=> 
F4>>6, M> ?D<7=VG5==O ERN1 7<V=NT GGF?<6VEFL 75=V6 
FD4=E>D<?FV==<E D4>F>DV6 PAX6, MEIS1, MEIS2, PBX3 F4 PBXIP1 4> 
45DVF<FG 7?N>>7<. &V D57G?LF4F< 6>47GNFL =4 ERN1-74?56=<= 
E4D4>F5D GGF?<6>EFV >?VF<= 7?V>5?4EF><< 4> 74557?5G5==O WE 
7?N>>7>N F4 7?GF4<V=><.
�4G>>64 =>6<7=4 FVTW D>5>F< 6 F><G, M> 6?5DL5 5G?< 6<O6?5=V 
6<D465=V 7<V=< DV6=O 5>E?D5EVW 75=V6 FD4=E>D<?FV==<E D4>F>DV6 
D>4<=< 7><5>5>>E G >G?LFGDV >?VF<= 7?V>5?4EF><< ?V=VW U87MG 74 
G<>6 ?D<7=VG5==O IRE1/ERN1, >E=>6=>7> E<7=4?L=>7> L?OEG EFD5EG 
5=4>??47<4F<G=>7> D5F<>G?G<4, V M> 6<O6?5=V 7<V=< 6 5>E?D5EVW 
4>E?V465=<E 75=V6 5G?< 75=>-E?5F<DVG=<<< V 74?564?< 6V4 F<?G 
=>>44G=G ERN1. �FD<<4=V D57G?LF4F< ?D>45<>=EFDG64?< 646?<6G 
D>?L 5=4>D<5>=G>?547< ERN1 6 D57G?OFVW 5>E?D5EVW 75=V6 ZEB2, TGIF1, 
LHX6 F4 MEIS3, >E>V?L>< O> G >?VF<=4E 7?V><< 7 ?D<7=VG5=>N 
5=4>D<5>=G>?547=>N 4>F<6=VEFN E<7=4?L=>7> ?D>F5W=G ERN1, F4> V G 
>?VF<=4E 557 >5>E 5=7<<4F<G=<E 4>F<6=>EF5= ERN1 DV65=L 5>E?D5EVW 
F<E 75=V6 VEF>F=> =5 6V4DV7=O6EO 74 65?<G<=>N. &5 ?5D5>>=?<6> 
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E6V4G<FL ?D> >?>E5D54>>64=VEFL 6<O6?5=<E 7<V= 6 5>E?D5EVW F<E 
75=V6 E4<5 5=4>D<5>=G>?547=>N, 4 =5 ?D>F5W=>V=47=>N 4>F<6=VEFN 
ERN1. �?5DL5 F4>>6 ?>>474=>, M> E4<5 ?D>F5W=>V=474 ERN1 T 
>?NG>6<< D57G?OF>D>< 5>E?D5EVW 75=V6 PBX3, PRRX1, PAX6 V PBXIP1, 
>E>V?L>< ?D<7=VG5==O ?<L5 5=4>D<5>=G>?547=>W 4>F<6=>EFV 
E<7=4?L=>7> ?D>F5W=G ERN1 =5 6??<64?> =4 DV65=L WE 5>E?D5EVW.
�?5DL5 F4>>6 ?>>474=>, M> 5>E?D5EVO 5V?LL>EFV 75=V6 
FD4=E>D<?FV==<E D4>F>DV6 D>4<=< Homeobox T GGF?<6>N 4> 7V?>>EVW, 
?D<G><G DV65=L 5>E?D5EVW F<E 75=V6 7<V=NTFLEO ?>-DV7=><G O> 74 
65?<G<=>N 5D5>FG, F4> V 74 =4?DO<>>< 7<V= G >>=FD>?L=<E, 
FD4=EDV>>64=<E ?>D>6=V< 65>F>D><, >?VF<=4E 7?V>5?4EF><<. 
�EF4=>6?5=> F4>>6, M> ?D<7=VG5==O 5=4>D<5>=G>?547=>W F4 
?D>F5W=>V=47=>W 4>F<6=>EF5= E<7=4?L=>7> ?D>F5W=G ERN1 7<V=NT 
GGF?<6VEFL ?5D5646=>W 5V?LL>EFV 75=V6 D>4<=< Homeobox 4> 7V?>>EVW, 
4 F5 E6V4G<FL ?D> 74?56=<= 6V4 ERN1 >>=FD>?L 7V?>>E<G=>W D57G?OFVW 
DV6=O 5>E?D5EVW 5V?LL>EFV 4>E?V465=<E =4<< 75=V6 F<E 
FD4=E>D<?FV==<E D4>F>DV6. &V D57G?LF4F< T ?V4�DG=FO< 4?O 
D>7>D<FFO <5E4=V7<V6 D57<EF5=F=>EFV ?GE?<==<E >?VF<= 4> 
F>>E<G=<E 5D5>FV6 7V?>>EVW 74 G<>6 EFD5EG 5=4>??47<4F<G=>7> 
D5F<>G?G<4.
�D<=F<?>6> =>6V D57G?LF4F< 5G?< >FD<<4=V ?D< 6<6G5==V 
7V?>>E<G=>W D57G?OFVW ?D>->=>>75==>7> 7><5>5>>E 75=4 SPAG4 G 
>?VF<=4E 7?V>5?4EF><<, O>V ?D>45<>=EFDG64?< DV7>5 7=<65==O =>7> 
GGF?<6>EFV 4> 7V?>>EVW 74 G<>6 ?D<7=VG5==O ERN1 V O>V 6>47GNFL =4 
<>6?<6G GG4EFL FD4=E>D<?FV==>7> D4>F>D4 SPAG4 G 7=<65==V 
V=F5=E<6=>EFV ?D>?VD5D4FVW F<E >?VF<= 74 G<>6 =>>44G=G ERN1.
�>>474=>, M> 5>E?D5EVO 5V?LL>EFV 4>E?V465=<E 75=V6 D>4<=< 
7><5>5>>E T GGF?<6>N 4> 45DVF<FG O> 7?GF4<V=G, F4> V 7?N>>7<, V M> 
?D<7=VG5==O  E<7=4?L=>7> L?OEG EFD5EG 5=4>??47<4F<G=>7> 
D5F<>G?G<4 ERN1 ?5D5646=> <>4<DV>GT WE 5D5>F<. &V D57G?LF4F< 
6>47GNFL =4 ERN1-74?56=<= E4D4>F5D GGF?<6>EFV >?VF<= 
7?V>5?4EF><< 4> 74557?5G5==O WE 7?N>>7>N F4 7?GF4<V=><. 
�D4>F<G=5 7=4G5==O >FD<<4=<E D57G?LF4FV6 ?>?O74T G 6<O6?5==V  
D>?V ?D>F5W=>V=47< ERN1 G D57G?OFVW  5>E?D5EVW 75=V6, ?D<7=VG5==O 
O>>W <>65 5GF< ?D<G5F=<<  4> ?>E<?5=>W V=647<6=>EFV >?VF<= 7?V><< 
L?OE>< V=4G>FVW 5>E?D5EVW 75=V6 PBX3, PRRX1, PAX6 V PBXIP1, 4 F4>>6 6 
V45=F<DV>4FVW <V>D>$��, O>V >>=FD>?NNFL 5>E?D5EVN <$�� ZEB2 V 
PAX6 =4 ?>EF-FD4=E?OFV==><G DV6=V V <>6GFL 5GF< ?>F5=FV==<<< 
<VL5=O<< 4?O ?D<7=VG5==O ?D>?VD5D4FVW >?VF<= 7?V>5?4EF><<. 
�<O6?5=<= =4<< ERN1-74?56=<= E4D4>F5D GGF?<6>EFV >?VF<= 
7?V>5?4EF><< 4> 7V?>>EVW T ?V4�DG=FO< 4?O D>7>D<FFO <5E4=V7<V6 
D57<EF5=F=>EFV ?GE?<==<E >?VF<= 4> F>>E<G=<E 5D5>FV6 7V?>>EVW 74 
G<>6 EFD5EG 5=4>??47<4F<G=>7> D5F<>G?G<4, M> 646?<6> 4?O 
D>7D>5>< =>6<E ?V4E>4V6 4> F5D4?VW 7?>O>VE=<E ?GE?<=.

2.3. �?NG>6V E?>64 4<E5DF4FVW 5>E?D5EVO 75=V6, O4D>, ?D<7=VG5==O IRE1, EFD5E 5=4>??47<4F<G=>7> 
D5F<>G?G<4, $��, ACTB, ��$, 7?V><4, ?GE?<==V >?VF<=<, 75=< D>4<=< 
Homeobox, FD4=E>D<?FVO, 7V?>>EVO, 45DVF<F 7?GF4<V=G

2.4. �>E<?4==O, 74 O><< 
D>7<VM5=> F5>EF 4<E5DF4FVW

https://biochemistry.org.ua/images/autoref_pdf/krasnycka/
disser_Krasnytska_pdf_a.pdf

2.5. �G5?V>4FVW 74>5G64G4, 74D4E>64=V 4?O 74E<EFG

Krasnytska DA, Khita OO, Tsymbal DO, Luzina OY, Cherednychenko AA, Kozynkevich HE, Bezrodny BH, 
Minchenko DO. The impact of glutamine deprivation on the expression of MEIS3, SPAG4, LHX1, LHX2, and 
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LHX6 genes in ERN1 knockdown U87 glioma cells. Endocr Regul. 2022 Feb 18;56(1):38-47.

$V> 2022

�?NG>6V E?>64 ERN1 knockdown, U87 glioma cells, glutamine deprivation, homeobox 
genes, mRNA expression

DOI 10.2478/ENR-2022-0005

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
F4T<=<FN / E?G65>6G 
V=D>D<4FVN

=V

�>E<?4==O https://sciendo.com/article/10.2478/enr-2022-0005

Krasnytska DO, Viletska YM, Minchenko DO, Khita OO, Tsymbal DO, Cherednychenko AA, Kozynkevych HE, 
Oksiom NS, Minchenko OH. ERN1 dependent impact of glucose and glutamine deprivations on PBX3, 
PBXIP1, PAX6, MEIS1, and MEIS2 genes expression in U87 glioma cells. Endocr Regul. 2023 Feb 
8;57(1):37-47.

$V> 2023

�?NG>6V E?>64 ERN1 knockdown, U87 glioma cells, glucose and glutamine deprivations, 
homeobox genes, mRNA expression

DOI 10.2478/ENR-2023-0005

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
F4T<=<FN / E?G65>6G 
V=D>D<4FVN

=V

�>E<?4==O https://sciendo.com/article/10.2478/enr-2023-0005

Minchenko DO, Krasnytska DA, Khita OO, Viletska YM, Minchenko OH, et.al.  Knockdown of ERN1 Modifes 
the Impact of Glutamine Deprivation on TGIF1, ZEB2, NKX3-1, PRRX1, and SLC1A5 Gene Expressions in U87 
Glioblastoma Cells, Journal of Endocrinology and Diabetes Research, BioRes Scientia Publishers. 2023 
1(1):1-10.

$V> 2023

�?NG>6V E?>64 ern1 knockdown, homeobox genes, slcla5, mRNA expression, glutamine 
deprivations, U87 glioblastoma cells

DOI 10.59657/2996-3095.BRS.23.004

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
F4T<=<FN / E?G65>6G 
V=D>D<4FVN

=V

�>E<?4==O https://bioresscientia.com/article/knockdown-of-ern1-modifes-the-
impact-of-glutamine-deprivation-on-tgif1-zeb2-nkx3-1-prrx1-and-slc1a5-
gene-expressions-in-u87-glioblastoma-cells

Krasnytska DA, Khita OO, Viletska YM, Minchenko DO, Halkin OV, Rudnytska OV, Hoian SL, Minchenko OH. 
ERN1 knockdown modifes the hypoxic regulation of homeobox gene expression in U87MG glioblastoma 
cells. Endocr Regul. 2024 Apr 2;58(1):47-56.

$V> 2024

�?NG>6V E?>64 ERN1 knockdown, U87MG glioblastoma cells, homeobox genes, 
hypoxia, mRNA expression
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DOI 10.2478/ENR-2024-0006

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
F4T<=<FN / E?G65>6G 
V=D>D<4FVN

=V

�>E<?4==O https://sciendo.com/article/10.2478/enr-2024-0006

3. �4E<EF

3.1. �>E<?4==O, 74 O><< 
74V=E=N64F<<5FLEO >=?4==-
FD4=E?OFVO 74E<EFG

https://biochemistry.org.ua/index.php?
option=com_content&view=article&id=5997:ekspresia-geniv-rodini-
homeobox-u-klitinah-gliomi-za-umov-gipoksii-ta-prignicenna-ire1-
krasnicka-d-a&catid=980&lang=uk&Itemid=1285

4. $47>64 D444

4.1. �4F4 DVL5==O �G5=>W 
D44< ?D> GF6>D5==O D47>6>W 
D44<

24.07.2024

�>?>64 D47>6>W D44<

��� &<E><<D>6 �DF5< �?5>E4=4D>6<G

�VEF5 D>5>F< �=EF<FGF 5V>EV<VW V<. �.�.�4??44V=4 �4FV>=4?L=>W 4>445<VW =4G> 
'>D4W=<

�>E444 %F4DL<= =4G>>6<= E?V6D>5VF=<> (�E=>6=5 <VEF5 D>5>F<)

$4>G?LF5F 45> V=L<= 
EFDG>FGD=<= ?V4D>74V?

�=EF<FGF 5V>EV<VW V<. �.�. �4??44V=4 ��� '>D4W=<

�4G>>6<= EFG?V=L �>>F>D =4G>, 03.00.04 �V>EV<VO

�4F4 >FD<<4==O 4<??><4 
4>>F>D4 DV?>E>DVW (>4=4<44F4 
=4G>)

3

ORCID 0000-0003-2063-4636

�G5?V>4FVW 74 F5<4F<>>N 4<E5DF4FVW

Tykhomyrov, A. A., Nedzvetsky, V. S., A�ca, C. A., Guzyk, M. M., Korsa, V. V., & Grinenko, T. V. Plasminogen/
plasmin afects expression of glycolysis regulator tigar and induces autophagy in lung adenocarcinoma 
a549 cells. Experimental Oncology, 2020, 42(4), pp. 2703276

$V> 2023

�?NG>6V E?>64 anoikis, autophagy, beclin-1, LC3, plasminogen/plasmin, TIGAR

DOI 10.32471/EXP-ONCOLOGY.2312-8852.VOL-42-NO-4.15253

�4=>>EV5=5 46F>DEF6> =V

�VEF<FL 45D646=G 
F4T<=<FN / E?G65>6G 
V=D>D<4FVN
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�>E<?4==O https://exp-oncology.com.ua/index.php/Exp/article/view/2020-4-4

Horak, I. R., Latyshko, N. V., Hudkova, O. O., Tokarchuk, K. O., Kishko, T. O., Yusova, O. I., Drobot, L. B., & 
Tykhomyrov, A. A. ADAPTOR PROTEIN Ruk/CIN85REGULATES REDOX BALANCE IN 4T1MOUSE BREAST 
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CANCER CELLS EXPOSED TO PLASMIN(OGEN). Experimental Oncology, 2022, 44(1), 31338.

$V> 2022

�?NG>6V E?>64 adenocarcinoma 4T1 cells, breast cancer, glutathione-related enzyme 
system, plasminogen/plasmin, reactive oxygen species (ROS), Ruk/
CIN85

DOI 10.32471/EXP-ONCOLOGY.2312-8852.VOL-44-NO-1.17241
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V=D>D<4FVN
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�>E<?4==O https://doi.org/10.32471/exp-oncology.2312-8852.vol-44-no-1.17241

Horak, I., Skaterna, T., Lugovskyi, S., Krysiuk, I., Tykhomyrov, A., Prylutska, S.V., Tverdokhleb, N., Senenko, 
A., Cherepanov, V., Drobot, L., Matyshevska, O.P., Ritter, U., & Prylutskyy, Y.I.  Antimetastatic lung cancer 
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