
ЦИТОЛОГИЯ  том 62  № 12  2020

ХРОМОТРИПСИС – ФОРМА РЕОРГАНИЗАЦИИ КЛЕТОЧНОГО ГЕНОМА 849

cer. V. 51. P. 975. 
https://doi.org/10.1002/gcc.21981

Rode A., Maass K.K., Willmund K.V., Lichter P., Ernst A. 2016.
Chromothripsis in cancer cells: An update. Int. J. Cancer.
V. 138. P. 2322. 
https://doi.org/10.1002/ijc.29888

Rucker F.G., Dolnik A., Blatte T.J., Teleanu V., Ernst A., Thol F.,
Heuser M., Ganser A., Dohner H., Dohner K., Bullinger L.
2018. Chromothripsis is linked to TP53 alteration, cell cy-
cle impairment, and dismal outcome in acute myeloid leu-
kemia with complex karyotype. Haematologica. V. 3. e17. 
https://doi.org/10.3324/haematol.2017.180497

Shaffer L.G., McGowan-Jordan J., Schmid M. (Eds.). 2013. In-
ternational system for human cytogenetic nomenclature.
Basel: S. Karger. 139 pp.

Shen M.M. 2013. Chromoplexy: A new category of complex rear-
rangements in the cancer genome. Cancer Cell. V. 23. P. 567. 
https://doi.org/10.1016/j.ccr.2013.04.025

Sorzano C.O., Pascual-Montano A., Sanchez de Diego A., Mar-
tinez A.C., van Wely K.H. 2013. Chromothripsis: breakage-
fusion-bridge over and over again. Cell Cycle. V.12, 2016. 
https://doi.org/10.4161/cc.25266

Stephens P.J., Greenman C.D., Fu B., Yang F., Bignell G.R.,
Mudie L.J., Pleasance E.D., Lau K.W., Beare D., Steb-
bings L.A., McLaren S., Lin M.L., McBride D.J., Varela I.,
Nik-Zainal S. et al. 2011. Massive genomic rearrangement
acquired in a single catastrophic event during cancer devel-
opment. Cell. V. 144. P. 27.

Stevens J.B., Abdallah B.Y., Liu G., Ye C.J., Horne S.D., Wang G.,
Savasan S., Shekhar M., Krawetz S.A., Hüttemann M.,
Tainsky M.A., Wu G.S., Xie Y., Zhang K., Heng H.H. 2011.
Diverse system stresses: common mechanisms of chromo-
some fragmentation. Cell Death Dis. V. 2, e178.
https://doi.org/10.10.1038/cddis.2011.60

Tan E.H., Henry I.M., Ravi M., Bradnam K.R., Mandakova T.,
Marimuthu M.P., Korf I., Lysak M.A., Comai L., Chan S.W.
2015. Catastrophic chromosomal restructuring during ge-
nome elimination in plants. Elife. V. 4, e06516. 
https://doi.org/10.7554/eLife.06516

Tang H.L., Tang H.M., Mak K.H., Hu S., Wang S.S., Wong K.M.,
Wong C.S., Wu H.Y., Law H.T., Liu K., Talbot C.C. Jr.,
Lau W.K., Montell D.J., Fung M.C. 2012. Cell survival,
DNA damage, and oncogenic transformation after a tran-
sient and reversible apoptotic response. Mol. Biol. Cell.

V.12. P. 2240. 
https://doi.org/10.1091/mbc.E11-11-0926

Terradas M., Martín M., Genesca A. 2016. Impaired nuclear
functions in micronuclei results in genome instability and
chromothripsis. Arch. Toxicol. V. 90. P. 2657. 
https://doi.org/10.1007/s00204-016-1818-4

Terzoudi G.I., Karakosta M., Pantelias A., Hatz V.I., Karachris-
tou I., Pantelias G. 2015. Stress induced by premature chro-
matin condensation triggers chromosome shattering repli-
cating in micronuclei or multinucleate cells when primary
nuclei enter mitosis. Mutat. Res. Genet. Toxicol. Environ.
Mutagen. V. 793. P. 185.

Thompson S.L., Compton D.A. 2011. Chromosome missegrega-
tion in human cells arises through specific types of kineto-
chore-microtubule attachment errors. Proc. Natl. Acad.
Sci. USA. V. 108. P. 17974. 
https://doi.org/10.1073/pnas.1109720108

Tubio J.M., Estivill X. 2011. Cancer: When catastrophe strikes a
cell. Nature. V. 470. P. 476.

Vig B.K., Willcourt M. 1998. Decondensation of pericentric het-
erochromatin alters the sequence of centromere separation
in mouse cells. Chromosoma. V. 107. P. 417. 
https://doi.org/10.1007/s004120050325

Vogelstein B., Papadopoulos N., Velculescu V.E., Zhou S., Diaz L.A.,
Kinzler K.W.Jr. 2013. Cancer genome landscapes. Science.
V. 339. P. 1546. 
https://doi.org/10.1126/science.1235122

Wang K., Wang Y., Collins C.C. 2013. Chromoplexy: a new par-
adigm in genome remodeling and evolution. Asian J. An-
drol. V. 15. 711. 
https://doi.org/10.1038/aja.2013.109

Ye C.J., Sharpe Z., Alemara S., Mackenzie S., Liu G., Abdallah B.,
Horne S., Regan S., Heng H.H. 2019. Micronuclei and ge-
nome chaos: Changing the system inheritance. Genes (Ba-
sel). V. 10. P. 366. 
https://doi.org/10.3390/genes10050366

Zack T.I., Schumacher S.E., Carter S.L., Cherniack A.D.,
Saksena G., Tabak B., Lawrence M.S., Zhsng C.Z., Wala J.,
Mermel C.H., Sougnez C., Gabriel S.B., Hernandez B.,
Shen H., Laird P.W. et al. 2013. Pan-cancer patterns of so-
matic copy number alteration. Nat. Genet. V. 45. P. 1134. 
https://doi.org/10.1038/ng.2760

Zhang C.Z., Spektor A., Cornils H., Francis J.M., Jackson E.K.,
Liu S., Meyerson M., Pellman D. 2015. Chromothripsis
from DNA damage in micronuclei. Nature. V. 522. P. 179.

CHROMOTHRIPSIS AS A FORM OF CELL GENOME REORGANIZATION

M. A. Shilinaa, * and T. M. Grinchuka

aInstitute of Cytology RAS, St. Petersburg, 194064 Russia
*e-mail: shili-mariya@yandex.ru

The phenomenon of chromothripsis was discovered in 2011. The chromothripsis changed the concept of genome
variability, the process of oncogenic transformation, and the mechanisms of hereditary diseases. This phenomenon
is a massive chromosomal rearrangement that occurs simultaneously. In the International System of Human Cyto-
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genetic Nomenclature, since 2013, chromothripsis has been defined as complex patterns of alternating changes in
the gene copies number (normal, gain, or loss) along a chromosome or chromosomal segment. The mechanisms of
this phenomenon are not yet fully understood. In this review, we tried to collect all the currently available informa-
tion about chromothripsis and provide insight into this phenomenon. In the review, we describe the history of chro-
mothripsis discovery, its prevalence in genomes, the causes and mechanisms underlying this phenomenon, as well
as methods for its detection.
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