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Pedepar:

1. TpucretpanpouiH (tristetraprolin, TTP, ZFP36, mo koxyeTbcst reHoM ZFP36) siiisie co6oro PHK-3B’13yBasibHMi

nporein (P3I1), mo 6epe yyacTs Y HOCTTPAHCKPUIILiHIN peryssuii ekcripecii nuisxom perpagaunii ninsosux MPHK ta

BBa)KAETHCS OJHUM 3 KJIIOUOBUX PeryJsiTopiB 6araTboxX KJITUHHUX IIPOLIECiB, acoLilioBaHuX i3 MaslirHisanieto.
[Tpu6ausHo 15% MPHK matots AU-36arayeni enementu (AU-rich repeats, ARE) B ix 3'-HeTpaHC/IbOBaHUX JiISTHKAX
(3-HT) i moxxyTb mipyaratu peryssuii 3 6oxy PHK-3B'a3yBanbHUX PoTeiHiB, onHuM 3 sikux € TTP. [TokasaHo, mo
excnpeciss TTP 3HaYHO IuCperyiboBaHa y 6araThbOX TUIAX PaKy, II0Ka3aHo Horo y4yacTs y gerpansaunii MPHK,
IIPOAYKTHU SIKUX ACOLiM0BaHi i3 Mirpaliiero Ta iHBasi€lo, IpOTe Ha CbOTOIHI AaHux mono BruBy TTP Ta ekcrpecio
LJUTOCKEJIET-aCOLIiI0BAaHUX €HiB HEJOCTaTHLO. MeTOo0 po60TH 6YyJI0 BUBUEHHS OCOOIUBOCTEN BILIUBY
Hagekcrpecii TTP Ha ekcripeciio nutockener-acouinosanux reHis SH3PXD2A, SH3PXD2B, CTTN, WIPF1 ta WASL B

KOHTEKCTI KJIITUHHOI PyXJIMBOCTI Ta iHBa3ii Ha MOZEJIi TpPUdi-HeraTUBHOro PM3, nocCiIpKeHHS BILJIUBY



IOKCOPYOIlLIMHY Ha €KCIIPECil0 LIMX I'eHiB Ta KJITUHHY PYXJMUBICTb, @ TAKOX OLIIHKA MOKJIMBOCTI BUKOpUcTaHHs TTP
sk 6iomapkepa B PM3. B maniit po6oTi 6y10 in silico npoanasnizoBaHo 49 TpaHCKPUIILIMHNX BapiaHTIB reHiB,
IIPOJYKTHU SIKMX 3aJIy4Y€HUX N0 Mirpatii Ta iHBasii, Ta BUsIBJI€HO, o 24 3 HUX MicTTh y cBoix 3'-HT]] ARE. Takox in
silico 6ys10 npoaHanizoBaHo MOBipHicTh 3B'a3yBaHHs TTP 3 MPHK reniB nurockenery SH3PXD2A, SH3PXD2B,
CTTN, WIPF1 Ta WASL Ta BuSIBIIEHO, 1[0 BOHH i3 BUCOKOIO MMOBIpHiCTIO 3B’a3yBaTMyThCs 3 TTP. [I715 mocnimKeHHs
BBy TTP Ha ekcripeciio TapreTHUX reHiB 6yJI0 CTBOPEHO JIiHito KiaituH MDA-MB-231, mo Bignosinae Tpudi-
HEraTMBHOMY BUCOKOiHBa3uBHOMY cy6Tuny PM3 (THPM3), i3 KOHCTUTYTHMBHOIO Haziekcrpeciero ZFP36 Ta 3a
IIOIIOMOTOI0 KisibKicHOI I1JIP B peasibHOMY 4aci BUSBUIIEHO, 110 HazeKcrpecisa ZFP36 sHmkye piseHs MPHK
SH3PXD2A ta CTTN Ta nigsumye pisenb MPHK SH3PXD2B. [Togasnpiui [ocifskeHHs 3a LOMOMOro0 KOH(POKAJIbHO]
MikpocKkorii ¢pikcoBaHUX 3pa3KiB BUSBUIIY, 10 MoaudikoBaHi kiaiTuHu MDA-MB-231 3 Hagekcnpecieto TTP manu
3HAQYHO MEHUIY IIJIOILY, Oi/IbII KOPOTKI Ta IMPOKi aKTUHOBI (PiJlaMEHTHU Ta CKYITYEHHS aKTUHY B KOPTUKAJIbHIN
YaCTHHI KJIITHH, 1O B LIiJIOMy MO>KE CBiJUMTH IIPO MOPYLIEHHS B OpraHisauii iameHTiB. TakoX 3a JOMOMOTOI0
KOH(QOKaIbHOI MiKpOCKOIIii )KMBUX KJIITUH OYJI0 BUSIBJIEHO, 110 MOV (IKOBaHI KJIITUHN Majii HUKYY 3[aTHICTb 10
[epeMillleHHS Ta HallPaBJIEHUX PYXiB, a TAKOX JEMOHCTPYBaJIM HU3bKUY iHBa3UBHUI MTOoTeHLian. OTpuMaHi naHi
HiATPUMYIOTb HasIBHi JOCIII)KEHHS Ta PO3MMPIOIOTh CbOTOJHIIIHI YSIBJIEHHS PO MO>KJIMBI IIJISIXY IIPSIMOI 260
orniocepenkoBaHoi yyacti TTP B iHribyBaHHiI MeTacTazyBaHHS. 3a LOIIOMOIOIO AOCIiIKEeHb 3pa3KiB myxyinH PM3 5
MOJIEKYJISIPDHUX TUILB BUSIBJIEHO, 110 piBeHb exkcrpecii ZFP36 6yB 3HaYHO BULIMM Y NyXJIMHAX YCiX TUIIIB TOPiBHSIHO
i3 mpuseranMu TKaHMHaMU. TakoX BUSIBJIEHO, O piBeHb ZFP36 B nyxinuHax HER2-36araueHoro tuily 3Ha4HO
BUIINU 32 TaKUH, IO CIIOCTePiraBcs y iHmmx TumiB. TakoxX 3a JOTIOMOTOI0 JOCHTiIKEHHS Ty6IiYHO JOCTYIIHO]
indopmauii 111010 BMKMBAHOCTI MaLli€HTIB y KOTOPTaX 3 HU3bKOIO i BUCOKOIO ekcrpecieto ZFP36, mo HagaeTbcs
6aso10 gaHux GEPIA, BusBieHO, 10 cepefHs TPUBAJICTb XKUTTS Y KOTOPTIi NaLli€HTIB i3 JIIOMiHalIbHUM B cy6TUnom
PM3 6ysa 3HaUHO BUIIOIO y TPYIIi BUCOKOIO eKcrpecieto ZFP36, Toxi sik y KoropTi nauieHTis i3 HER+ cy6Tunom
criocTepirazacs npoTusaekHa Kopessauis. OTpuMaHi B [IbOMY JOCIIIPKEHHI AaHi CcBig4aTs npo Te, mo TTP He Moxe
OyTy BUKOPUCTAHUH SIK CYTO [TO3UTUBHUI IPOTHOCTUYHUI MapKep 1715 nauieHTiB 3 PM3, OCKilbKY 10r0 BUCOKUI
PiBEHBb KOPEJIIOE SIK i3 CIPUSTIMBUAM, TaK i 3 HECTIPUSTIUBUM IIPOTHO30M. B IpecTaBsieHil poOOTi TaKOXK IOKA3aHO
MOYKJIMBICTB iHAYKLii ekcripecii ZFP36 KiIiHiYHO pesieBaHTHMMU KOHIeHTpalisMu nokcopyodinuny (DXR) (0,1, 0,51 1,0
uM). TTokazano, mo DXR iHnyKye ekcripecito ZFP36 3a 1030-3ay1e;KHUM MeXaHi3MOM, a TaKOX JUCPETyII0e
€KCIIPECilo TapreTHUX JUTOCKEJIET-aCOLii0BaHuX reHis. [Ipy upoMy, y iHii MCF7 MakcumasnbHUN piBEHDb €KCIIpecii
ZFP36 sk Ha piBHi MPHK, Tak i Ha piBHi IpoTeiny 6yB y 2 pa3y BUIIMM 32 TAKUM B iHTaKTHUX KJIITUHAX, a B JIiHil MDA-
MB-231 - B 15 pasiB. HeBizomo, uu Take piske i 3HayHe ninBumeHHs piBHsa TTP mae micue in vivo, Tomy HeoOXifHi
NoJiJIblli LOCHIIPKEHHS 11bOoTo edeKTy yKe y KIIiHiuHil nomuHi. Takoxx nokasaso, mo DXR 3HMXye PyXJIUBICTb
kiTuH Nidii MDA-MB-231 3a 1030-3aJ1€;KHUM MeXaHi3MOM Ta NPU3BOAUTh 10 3HAYHUX 3MiH B iX miioi, popmi Ta
opraHisaulii akTHHOBUX QinameHTiB. OTpUMaHi pe3ysbTaTH JO3BOJISIIOTh IOCTABUTH Mifl CyMHiB BUKopucTaHHs TTP
SIK BUKJIIOYHO [TO3UTUBHOTO IPOTHOCTUYHOTO MapKepa AJ1s nanieHTis i3 PM3 npunaiimMhi i3 THPM3 Ta po31upIo0Th
Cy4acHi ysIBJIEHHS 1I0JI0 BIUIUBY JOKCOPYOILIMHY Ha IUTOCKeJIeT. [IpefcTaBiieHi pe3ylbTaTy PO3IUPIOIOTh
yaByieHH4 1po BIvB TTP Ha inBasuBHMI noTeHUjasn KiitTiH THPM3, po3kpuBaloTh HOBI IOTEHLiMHI aCTIEKTU OTO
dYHKIIOHYBaHHS SK perysstopa mopdoJiorii Ta pyxJIMBOCTI X KIiTHH, XapaKTepPU3yIOTh 3MiHU eKcIIpecii
SH3PXD2A, SH3PXD2B ta CTTN nig BriimBoM KOHCTUTYTUBHOI Hagekcnpecii TTP B kiitnnax THPM3, a TakoX i
BIinBOM DXR. Kpim Toro, gane gociigKeHHs BUABIISE CIIPHICTb 3acTocyBaHHs TTP 4K CyTO NO3UTUBHOTO

IIPOTHOCTUYHOrO 6iomapkepy PM3.

2. Tristetraprolin (tristetraprolin, TTP, ZFP36, encoded by the ZFP36 gene) is an RNA-binding protein (RBP)
involved in post-transcriptional regulation of gene expression via degradation of target mRNAs. It is considered
one of the key regulators of many cellular processes associated with malignancy. Approximately 15% of mRNAs
contain AU-rich elements (AREs) in their 3'-untranslated regions (3'-UTRs) and may be regulated by RNA-binding
proteins, one of which is TTP. It has been shown that TTP expression is significantly dysregulated in various types
of cancer, including breast cancer (BC), and its involvement in the degradation of mRNAs associated with
migration and invasion has been demonstrated. However, there is insufficient data on the impact of TTP on the
expression of cytoskeleton-associated genes. The study aimed to investigate the effects of TTP overexpression on



the expression of cytoskeleton-associated genes SH3PXD2A, SH3PXD2B, CTTN, WIPF1, and WASL in the context of
cell motility and invasion in a triple-negative breast cancer (TNBC) model, investigate the effects of doxorubicin on
the expression of these genes and cell mobility, and evaluate the potential use of TTP as a biomarker in BC. In this
study, 49 transcript variants of genes involved in migration and invasion were analyzed in silico, and it was found
that 24 of them contain AREs in their 3'-UTRs. Additionally, in silico analysis of the probability of TTP binding to
mRNAs of SH3PXD2A, SH3PXD2B, CTTN, WIPF1, and WASL revealed a high probability of binding. To investigate
the effect of TTP on the expression of target genes, a cell line MDA-MB-231, representing a highly invasive triple-
negative breast cancer subtype (TNBC), with constitutive overexpression of ZFP36 was generated. Real-time
quantitative PCR revealed that ZFP36 overexpression reduced SH3PXD2A and CTTN mRNA levels, while SH3PXD2B
mRNA levels increased. Further investigation via confocal microscopy revealed that MDA-MB-231 cells with TTP
overexpression had significantly reduced cell areas compared to wild-type cells, but their shape remained
unchanged. Additionally, the cells exhibited shorter and wider actin filaments as well as increased cortical actin
intensity, suggesting a dysregulation in filament organization. Moreover, time-lapse live-cell imaging revealed that
modified cells had decreased motility and directed movement capacity and demonstrated reduced invasive
potential. Therefore, the data presented support existing research and expand current knowledge about potential
direct or indirect roles of TTP in inhibiting metastasis. Analysis of breast cancer tissue samples of different types
revealed that ZFP36 expression was significantly higher in tumors of all types compared to adjacent tissues.
Notably, ZFP36 levels were significantly higher in HER2-enriched tumors compared to other types. Additionally,
the median survival in a cohort of patients with luminal B subtype breast cancer was significantly higher in the
group with high ZFP36 expression, while an opposite correlation was observed in the cohort of HER+ patients. The
data obtained in this study indicate that TTP cannot be used as a purely positive prognostic marker for breast
cancer patients, at least for those with TNBC, as its high levels correlate with both favorable and unfavorable
prognoses. The study also demonstrated the possibility of inducing ZFP36 expression with clinically relevant
concentrations of doxorubicin (DXR) (0.1, 0.5, and 1.0 pM). It was shown that DXR induces ZFP36 expression in a
dose-dependent manner and dysregulates the expression of target cytoskeleton-associated genes. In the MCF7
cell line, the maximum level of TTP was found to be twice as high as in intact cells, while in the MDA-MB-231 cell
line, it was 15 times higher. Whether such a sharp and significant increase in TTP levels occurs in vivo remains
unclear, and further research is needed to investigate this effect in clinical settings. Additionally, it was shown that
DXR decreases the motility of MDA-MB-231 cells in a dose-dependent manner and causes significant changes in
their area, shape, and actin filament organization. The data obtained may limit the use of TTP as a purely positive
prognostic marker for BC patients, particularly those with the TNBC, and expand current understanding of the
effects of doxorubicin on the cytoskeleton. The presented results expand the understanding of the impact of TTP
on the invasive potential of triple-negative breast cancer cells, uncover new potential aspects of its role as a
regulator of morphology and motility in these cells, describe changes in the expression of cytoskeleton-associated
genes SH3PXD2A, SH3PXD2B, and CTTN under the influence of constitutive TTP overexpression in TNBC cells and
DXR treatment, and highlight the controversial application of TTP as a purely positive prognostic biomarker in
breast cancer.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGILIbII
BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
CyCIIiIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTEeTHUH HaNPSIM iIHHOBALLiMHOI Ais1JIbHOCTI: BrpoBa/KEeHHs HOBUX TEXHOJIOTIi

Ta 06JIaIHAHHS 1J1s IKICHOTO MEIUYHOI0 OOCIyrOByBaHHs, JIiKyBaHHS, (papMalleBTUKU

ITizcyMKHu AOCIIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPilleHHS BAKIMBOI HAYKOBOI IPO6GIeMn



Iy6sikaii:

e Hubiernatorova, A.; Novak, J.; Vaskovicova, M.; Sekac, D.; Kropyvko, S.; Hodny, Z. Tristetraprolin affects
invasion-associated genes expression and cell motility in triple-negative breast cancer model. Cytoskeleton
(Hoboken, N.J.) 2024. d0i:10.1002 /cm.21934.

¢ Kropyvko, S.; Hubiernatorova, A.; Mankovska, O.; Lavrynenko, K.; Syvak, L.; Verovkina, N.; et al. Tristetraprolin
expression levels and methylation status in breast cancer. Gene Reports 2023, 30(November 2022), 101718.
doi:10.1016 /j.genrep.2022.101718.

¢ Hubiernatorova, A. O.; Kropyvko, S. V. Doxorubicin affects expression of the ZFP36 and CTTN genes in MCF7
cell line. Biopolymers and Cell 2024, 40(2), 127-135. d0i:10.7124 /bc.000AB3.

¢ Gerasymchuk, D.; Hubiernatorova, A.; Domanskyi, A. MicroRNAs Regulating Cytoskeleton Dynamics,
Endocytosis, and Cell Motility-A Link Between Neurodegeneration and Cancer? Frontiers in neurology 2020,
11, 549006. doi:10.3389 /fneur.2020.549006.

¢ Hubiernatorova, A.O., Syvak, L.A., Verovkina, N.O., Kropyvko, S.V. ZFP36 expression profiles in breast tumors
of different stages and hormonal receptor status. Biopolymers and Cell 2024 - in press.

HaykoBa (HayKOBO-TEeXHiYHa) MPOAYKILisl: meTonu, Teopii, rinoresu
Couiaano—eKOHOMqua CIIpSlMOBaHiCTb: TOJIINIIEHHS SIKOCTi )KUTTS Ta 340POB'SI HACEJIEHHS,

eeKTUBHOCTI AiarHOCTUKY Ta JIiKyBaHHS XBOPUX

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBaz>KeHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbCs 10 BIPOBAIKEHHS

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U110628, HOY N2 2020.01/0021

VI. BizoMmocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Kponiusko Cepriit BikropoBuy

2. Sergii V. Kropyvko

KBasnigikanis: . 6. 1., c.u.c., 03.00.03
ImentTudikarop ORCID ID: 0000-0002-2685-080X
JoparkoBa indpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: [HCTUTYT MOJIEKYIAPHOI 6ioJI0Tii i reHeTrKM HalioHasbHOi

akazemii HayK YKpainu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osioTHOro, 6yz. 150, Kuis, 03143, Ykpaina
dopma B1acHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odinifiHHX ONOHEHTIB Ta PELeH3€HTIB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. F'apmanuyk Jlronmuia BacuniBaa

2. Liudmila Garmanchuk

KBasigikanis: 1.6.1., c.u.c., 03.00.11
InenTudgikarop ORCID ID: 0000-0002-1527-2346
JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: KuiBchKuil HaLioHaIbHMI yHIBEpCHUTET iMeHi Tapaca

[IleByeHka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 3apBopHui Tapac Bonogumuposuy

2. Taras Zadvornyi

KBasigikanis: x.6.1., n.c., 14.01.07
InenTudgikarop ORCID ID: 0000-0003-3033-3976
JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI OCOOH: [HCTUTYT EKCTIEPUMEHTANIbHOI IATOJIOTiH, OHKOJIOTI i

paziobioorii im. P. €. KaBenpkoro HanionanpHoi akapiemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05416946

Micue3HaxoaKeHHS: ByJI. BacunbkiBcbKa, 6y1. 45, Kuis, 03022, Vkpaina
dopma BracHOCTI: JlepxaBHa

Coepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. T'epamwenko 'anna BosogumupiBHa

2. Ganna Gerashchenko
KBasigikanis: 1. 6. 1., c.1., 03.00.03
InenTudikarop ORCID ID: 0000-0002-4700-5736

JoparkoBa iHdpopmamnist:



IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT MOJIEKYJIAPHOI Gioorii i renetrkn HaujonanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKaziemika 3a6osioTHoro, 6yz. 150, Kuis, 03143, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. Tenerees 'enanin IMutpoBud

2. Gennady Telegeev

KBasigikamis: 1. 6. 1., npodecop, 03.00.03
Inentudikarop ORCID ID: 0000-0003-0270-4397
JoparkoBa indopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT MOJIEKYJIAPHOI Gioorii i renetrkn HanionanbHoi

axkazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417101

Micue3HaxoaKeHHS: ByJI. AKazilemika 3a6osioTHOro, 6yz. 150, Kuis, 03143, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

BnacHe IlpizBuime Im's [10-6aTbKOBI dinonenko Banepii Bikroposuy
rOJIOBH paau

Biacue IpizBuie Im's I1o-6aThKOBI dinonenko Banepii Bikroposuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Kpynceka L.B.

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




