
ðèíà, ïðèäàþùåãî ïîâûøåííóþ óñòîé÷èâîñòü ÿäåð ê äå-
ôîðìàöèè (Verstraeten et al., 2008), ïðèâîäèò ê ñíèæåíèþ
ýôôåêòèâíîñòè ìèãðàöèè ÷åðåç ìèêðîïîðû èëè ïëîòíûé
âíåêëåòî÷íûé ìàòðèêñ (Rowat et al., 2013), íî íå ïðè ìèã-
ðàöèè íà ïëîñêîì ñóáñòðàòå èëè ïðè ðàçìåðàõ ïîð áîëü-
øå 10 ìêì.

Ïîâûøåíèå æåñòêîñòè ÿäåðíîé îáîëî÷êè ìîæåò áûòü
äîñòèãíóòî ðàçíûìè ñïîñîáàìè — êàê çà ñ÷åò èçìåíåíèÿ
óðîâíÿ ýêñïðåññèè ëàìèíîâ, òàê è çà ñ÷åò ïðèâíåñåíèÿ â
ñîñòàâ ÿäåðíîé îáîëî÷êè ïðîãåðèíà. Âàæíî ïîä÷åðêíóòü,
÷òî ïðèñóòñòâèå äàæå íåáîëüøèõ êîëè÷åñòâ ïðîãåðèíà â
ñîñòàâå ÿäåðíîé ëàìèíû îêàçûâàåò ñòàáèëèçèðóþùåå
âëèÿíèå íà åå äèíàìèêó è ïîâûøàåò åå æåñòêîñòü. Ïî-
ñêîëüêó îáðàçîâàíèå ïðîãåðèíà âîçìîæíî íå òîëüêî
âñëåäñòâèå àáåððàíòíîãî ñïëàéñèíãà, íî è â ðåçóëüòàòå
èíãèáèðîâàíèÿ ïîñëåäíåé ñòàäèè ïðîöåññèíãà ïðåëàìèíà
À — ïðîòåîëèòè÷åñêîé äåãðàäàöèè ôàðíåçèëèðîâàííîãî
Ñ-êîíöà (ñì. ðèñóíîê), Zn-ìåòàëëîïðîòåàçà Zmpste24 ìî-
æåò ñëóæèòü ìèøåíüþ äëÿ ýêñïåðèìåíòàëüíîé èíäóêöèè
íàêîïëåíèÿ ïðîãåðèíà ïðè ïîìîùè ïðîíèêàþùèõ â êëåò-
êó ìàëûõ ìîëåêóë. Ïðîòîòèïàìè òàêèõ íèçêîìîëåêóëÿð-
íûõ èíãèáèòîðîâ ìîãóò ñëóæèòü èíãèáèòîðû ìåòàëëî-
ïðîòåàç, ó÷àñòâóþùèõ â ïðîòåîëèçå gag-pol-áåëêîâ âè-
ðóñà HIV ñ îáðàçîâàíèåì ïåïòèäîâ, íåîáõîäèìûõ äëÿ
ôîðìèðîâàíèÿ âèðèîíîâ. Äåéñòâèòåëüíî, ïîáî÷íûì äåé-
ñòâèåì ýòèõ èíãèáèòîðîâ ïðè òåðàïèè ÂÈ× ÿâëÿåòñÿ ðàç-
âèòèå ëèïîäèñòðîôèè êàê ñëåäñòâèå off-target-ýôôåêòà íà
Zmpste24 (Coffiner et al., 2007). Òàêèì îáðàçîì, ïîèñê íî-
âûõ ñîåäèíåíèé ñ ïîâûøåííîé ýôôåêòèâíîñòüþ äëÿ íà-
ïðàâëåííîãî ôàðìàêîëîãè÷åñêîãî âëèÿíèÿ íà ïðîöåññ ñî-
çðåâàíèÿ ëàìèíà òèïà À îòêðûâàåò íîâûå âîçìîæíîñòè
äëÿ èíãèáèðîâàíèÿ ïðîöåññîâ ìåòàñòàçèðîâàíèÿ ðàêîâûõ
îïóõîëåé.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ðîñ-
ñèéñêîãî íàó÷íîãî ôîíäà (ïðîåêò 17-15-01290).
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CARCINOGENESIS AND AGEING: A VIEW FROM NUCLEAR LAMINA

S. V. Lavrushkina,1 N. L. Ovsyannikova,2 A. S. Yudina,2 O. S. Strelkova,3

O. A. Zhironkina,3 I. I. Kireev1, 3, 4, *

1 Biology Faculty, M. V. Lomonosov Moscow State University, Moscow, 119234,
2 Faculty of Bioengineering and Bioinformatics M. V. Lomonosov Moscow State University, Moscow, 119234,

3 A. N. Belozersky Research Institute of Physico-Chemical Biology, M. V. Lomonosov Moscow State University,

Moscow, 119234, and
4 National Medical Research Center for Obstetrics, Gynecology and Perinatology named

after Academician V. I. Kulakov of Ministry of Healthcare of Russian Federation, Moscow, 117198;

* e-mail: iikireev@gmail.com

The mechanical stiffness of the nucleus is largely determined by the composition of the nuclear lamina, in
particular, the content of A- and B-type lamins. Rigidity of the nucleus as the largest cell organelle limits the
ability of cells to migrate in narrow intercellular spaces or in a dense intercellular matrix. In this case, malignant
transformation is often accompanied by a decrease in expression of lamina A, which can serve as an additional
factor facilitating metastasis due to increased plasticity of the nucleus. For the same reason, the reduced resis-
tance of cancer cell nuclei to mechanical stress can lead to increased genetic instability and further malignancy
of tumors. In contrast, in progeroid syndromes associated with lamina A maturation defects (Hutchison—Gil-
ford progheria, restrictive dermopathy, etc.), the expression of progerin increases the mechanical stiffness of
the nuclear envelope. It is suggested that reversible progerin expression by inhibitors of late stages of lamin A
processing can be used to suppress tumor metastasis.
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