
 
 

-

IN VITRO
1,2 1,2 1 . 1,3, 4, 

1,5

1 –

2

3 –

4

5

e-mail: zamulaeva@mail.ru
12 6+

BCL2, PRKDC, CHOP, CDH2, BECLIN1, SLUG.

MOLECULAR AND CELLULAR REGULARITIES OF COMBINED ACTION OF 
PROTONS AND CARBON IONS ON BREAST CANCER STEM CELLS 

IN CELL CULTURES IN VITRO
Zamulaeva I.A.1,2, Matchuk O.N.1,2, Yakimova A.O.1, Koryakin S.N.1,3, Pikalov V.A.4,

S.A. Ivanov 1,5

1 A. Tsyb Medical Radiological Research Center - Branch of the National Medical Research 
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia

2 Joint Institute for Nuclear Research, Dubna, Russia
3 Obninsk Institute for Nuclear Power Engineering - Brunch of the National Research Nuclear 

University MEPHI, Obninsk, Russia
4 Institute of High Energy Physics Named by A.A. Logunov of National Research Centre 

“Kurchatov Institute”, Protvino, Russia
5 RUDN University, Moscow, Russia

Summary. The effects of combined action of protons and 12C6+ ions on pool of cancer 
stem cells (CSCs) depend on molecular subtype of breast cancer. The best result in terms of 
reducing the CSC absolute number was obtained in case of successive irradiation with carbon 
ions, then with protons with their equal contribution to the total equieffective dose. For
luminal subtype, the dependence of postradiation number of CSCs on the expression of genes 
BCL2, PRKDC, CHOP, CDH2, BECLIN1, SLUG was shown.
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