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˅ ˁ˄ ˔ˏ˄
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ɼʦ 90% ʛʝʥʦʤʘ ʯʝʣʦʚʝʢʘ ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ïʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʰʫʤ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ?

10.3390/ncrna8040059

https://doi.org/10.3390/ncrna8040059
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10.3390/ncrna8040059

https://doi.org/10.3390/ncrna8040059
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Discovered in 1998 



ˆˑ ˈ ˅ ˁ˄ ˔ˏ˄ 9PMC9231384
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ɼʣʠʥʥʳʝ ʥʝʢʦʜʠʨʫʶʱʠʝ ʈʅʂ (ʜʥʢʈʅʂ, lncRNAs) ðʥʝʢʦʜʠʨʫʶʱʠʝ ʈʅʂ, ʢʦʪʦʨʳʝ ʢʘʢ ʧʨʘʚʠʣʦ 

ʠʤʝʶʪ ʜʣʠʥʫ ʙʦʣʝʝ 200 ʥʫʢʣʝʦʪʠʜʦʚ, ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʷʜʨʝ ʠʣʠ ʚ ʮʠʪʦʧʣʘʟʤʝ.
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https://doi.org/10.1038/s41580-022-00566-8
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HOTAIR (chromosome 12) is required for gene-

silencing of the HOXD (chromosome 2) locus by PRC2

HOTAIR is also known as an oncogene, with its 
expression strongly correlated with the grade and 
prognosis of a variety of cancers



Å Targeted disruption ofHotair leads to 
homeotic transformation and gene de-
repression

18

10.1016/j.celrep.2013.09.003

targeted deletion of mouse Hotair lncRNA leads to de-
repression of hundreds of genes, resulting in homeotic 
transformation of the spine and malformation of 
metacarpal-carpal bones

https://doi.org/10.1016%2Fj.celrep.2013.09.003


Xist (X-inactive specific transcript)
19

https://www.youtube.com/watch?v=4SN2Sh6W_L0 ïʩʤ. ʧʦʜʨʦʙʥʝʝ ʦ ʤʝʭʘʥʠʟʤʘʭ ʠ ʩʪʘʜʠʷʭ ʠʥʘʢʪʠʚʘʮʠʠ

https://www.youtube.com/watch?v=4SN2Sh6W_L0


Dosage compensation

Å X-chromosome inactivation (XCI) is the form of dosage compensation in 
mammalian female cells to balance X-linked gene expression levels of the two 
sexes

20

If there is but one X chromosome in a diploid 

cell (1X:2A), the fly is male. If there are two X 

chromosomes in a diploid cell (2X:2A), the fly 

is female
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https://www.youtube.com/watch?app=desktop&v=wr0lcBIMGAs
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Enhancer RNA
23

10.3389/fcell.2023.1205540

eRNAsare short, bidirectional ones, which are generally non-polyadenylated and unstable, 
whereas elncRNAsare usually polyadenylated and have higher stability

https://doi.org/10.3389/fcell.2023.1205540
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Circular RNA
25

The biological 

function of 

most circular 

RNA is 

unclear



Circular lncRNA
26

10.7150/ijbs.22531
Exonic circular RNA

Exon-intron CircRNA

Intronic CircRNA(ciRNA)

https://doi.org/10.7150%2Fijbs.22531
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benzo[a]pyrene diol epoxide - DNA adducts
33
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Nucleosomes and DNA mutations

Espiritu,D., Gribkova,A.K., Gupta,S., Shaytan,A.K. and Panchenko,A.R. (2021) 

Molecular Mechanisms of Oncogenesis through the Lens of Nucleosomes and 

Histones. J. Phys. Chem. B, 10.1021/acs.jpcb.1c00694.

https://doi.org/10.1021/acs.jpcb.1c00694


APOBEC3 deaminases drive the acquisition of clustered 
mutations in human cancer cells

36

Petljak, M., Dananberg, A., Chu, K. et al. Mechanisms of APOBEC3 mutagenesis in human cancer cells. Nature 607, 799ҭ807 (2022). 
https://doi.org/10.1038/s41586 -022-04972-y, https://pcr.news/novosti/belki-apobec3-generiruyut-mutatsii-v-rakovykh-kletkakh/

APOBEC ð ʙʝʣʢʠ-ʜʝʟʘʤʠʥʘʟʳ (C>T). 

ʀʟʚʝʩʪʥʳ ʢʘʢ ʨʝʜʘʢʪʦʨʳ ʈʅʂ, ʥʦ ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʮʝʣʝʥʳ ʠ ʥʘ ɼʅʂ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʠʨʫʩʦʚ ʩ 

ɼʅʂ-ʛʝʥʦʤʘʤʠ.

ʄʫʪʘʮʠʦʥʥʳʝ ʩʠʛʥʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

APOBEC3 ð ʟʘʤʝʥʳ C>T ʠ C>G ʠ/ʠʣʠ 

C>A ʚ ʪʨʠʥʫʢʣʝʦʪʠʜʘʭ TCN, ʛʜʝ N ð

ʣʶʙʦʡ ʥʫʢʣʝʦʪʠʜ. 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʫʪʘʮʠʦʥʥʳʭ ʩʠʛʥʘʪʫʨ 

ʦʥʠ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ SBS2 ʠ SBS13.

ʉʠʛʥʘʪʫʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

APOBEC3, ʦʙʥʘʨʫʞʝʥʳ ʚ 70% ʪʠʧʦʚ 

ʨʘʢʘ ʠ ʚ 50% ʚʩʝʭ ʨʘʢʦʚʳʭ ʛʝʥʦʤʦʚ.

https://doi.org/10.1038/s41586-022-04972-y
https://pcr.news/novosti/belki-apobec3-generiruyut-mutatsii-v-rakovykh-kletkakh/


Kataegis 

- Kataegis (after the Greek for 
thunderstorm) - hypermutation 
localized to small genomic regions

- Kataegis is characterized by clusters 
of C>T and/or C>G mutations which 
are substantially enriched at TpCpN 
trinucleotides and on the same DNA 
strand. Foci of kataegis include from 
a few to several thousand mutations 
and are often found in the vicinity of 
genomic rearrangements.

37

Alexandrov, L., Nik-Zainal, S., Wedge, D. et al. Signatures of 
mutational processes in human cancer. Nature 500, 415ҭ421 
(2013). https://doi.org/10.1038/nature12477



ˈ˅ ˀ˄ ˊ ˈˑ
38

Nacev, B.A., Feng, L., Bagert, J.D. et al.Vjg"gzrcpfkpi"ncpfuecrg"qh"ұqpeqjkuvqpgҲ"owvcvkqpu"kp"jwocp"ecpegtu0"Nature 567, 
473ҭ478 (2019). https://doi.org/10.1038/s41586 -019-1038-1



39

Espiritu, D.; Gribkova, A. K.; Gupta, S.; Shaytan, A. K.; Panchenko, A. R. Molecular Mechanisms of Oncogenesis through the Lens of 

Nucleosomes and Histones. J. Phys. Chem. B 2021. https://doi.org/10.1021/acs.jpcb.1c00694.

https://doi.org/10.1021/acs.jpcb.1c00694
https://doi.org/10.1021/acs.jpcb.1c00694
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Espiritu, D.; Gribkova, A. K.; Gupta, S.; Shaytan, A. K.; Panchenko, A. R. Molecular Mechanisms of Oncogenesis through the Lens of 

Nucleosomes and Histones. J. Phys. Chem. B 2021. https://doi.org/10.1021/acs.jpcb.1c00694.

https://doi.org/10.1021/acs.jpcb.1c00694
https://doi.org/10.1021/acs.jpcb.1c00694
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a | An activeenhanceris markedby H3K4me1 andH3K27ac, whicharegeneratedby mixedlineageleukaemia3 (MLL3) and

MLL4, andhistoneacetyltransferasessuchasCREB-bindingprotein(CREBBP) andEP300. Enhancersareboundby transcription

factors(TFs), mediatorsandtranscriptioncoactivatorssuchasBRD4, whichactivateRNA polymeraseII (RNA pol II) for

mediatingproductivetranscriptionfrom promotersandgeneratingenhancerRNA (eRNA) to facilitategeneactivation. Enhancerï

promoterloopingunderliesactivationof genetranscription. Lossor inactivation mutation of CREBBPor EP300and/or MLL3

or MLL4 is characteristic of cancerssuchasB cell lymphoma, resulting in decreasedH3K27ac and/or H3K4me1 at

enhancersand reducedexpressionof genesrelated to tumour suppression, cell differentiation and/or antitumour immunity .
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b | Wild-type MLL1 uses an N-terminal region for interacting with chromatin-binding cofactors, menin and PC4 and SFRS1-

interacting protein (PSIP1). MLL1 or its partial tandem duplication (PTD) results in elevated H3K4me3 at oncogenes such 

as HOX, promoting acute leukaemogenesis.An MLL1 fusion oncoprotein gains a C-terminal segment from its fusion partner, 

such as AF9, ENL or AF4, which recruits DOT1L complex (DotCom) for catalysing H3K79 methylation and/or the super 

elongation complex (SEC) for catalysing serine 2 phosphorylation (Ser2ph) of the C-terminal domain (CTD) of RNA pol II. 

H3K79me and RNA pol II CTD Ser2ph, possibly with other activators such as PAF1, promote expression of oncogenes such as 

those of the HOX family.
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c | A collective action of wild-type EZH2 and its gain-of-function mutation, Y646X (X = F, C, H, S or N), causes abnormal 

elevation of H3K27me3 in lymphoma, leading to downregulation of transcripts related to cell cycle control and B cell 

differentiation.

Zhao, S., Allis, C.D. & Wang, G.G. The language of chromatin modification in human cancers. Nat Rev Cancer21, 413ҭ430 (2021). 
https://doi.org/10.1038/s41568 -021-00357-x



44

e | In breast cancer, overexpressed DOT1L interacts with MYC and EP300 to antagonize histone deacetylases (HDACs) and 

DNMT1, leading to the elevated H3K79me and H3Kac levels at epithelialïmesenchymal transition (EMT)-promoting oncogenes 

such as SNAIL and ZEB1.

Zhao, S., Allis, C.D. & Wang, G.G. The language of chromatin modification in human cancers. Nat RevCancer21, 413ҭ430 (2021). 
https :// doi.org/10.1038/s41568 -021-00357-x

DOT1-like histone H3K79 methyltransferase



Cell free nucleosomes
45

Fedyuk, V., Erez, N., Furth, N. et al. Multiplexed, single-molecule, epigenetic analysis of plasma-
isolated nucleosomes for cancer diagnostics. Nat Biotechnol 41, 212ҭ221 (2023). 
https://doi.org/10.1038/s41587 -022-01447-3

We developed a single-molecule multiparametric assay to 

comprehensively profile the epigenetics of plasma-isolated nucleosomes 

(EPINUC), DNA methylation and cancer-specific protein biomarkers. Our 

system allows for high-resolution detection of six active and repressive 

histone modifications and their ratios and combinatorial patterns on 

millions of individual nucleosomes by single-molecule imaging.

EPINUC analysis of a cohort of 63 colorectal cancer, 10 pancreatic cancer 

and 33 healthy plasma samples detected cancer with high accuracy and 

sensitivity, even at early stages.
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Epigenetic genome wide reprogramming
47


