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Abstract
Hepatocellular carcinoma (HCC), the most frequent type of primary liver cancer, is a very important cause of cancer-related death worldwide.
Epigenetic mechanisms and, particularly, histone methylation, are known to play a role in HCC development and, therefore, are promising targets
for specific therapies. In this Mini Review I will briefly mention and discuss a panel of histone methyltransferases and demethylases that have
been associated to HCC and I will also draft some future perspectives on this field.
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Introduction
Hepatocellular carcinoma (HCC) is the most common type of
primary liver cancer and it is the second most common cancerrelated cause of death worldwide. There is a general trend
towards increasing incidence of HCC, especially in Asia and Africa,
although in other areas there is a plateau or even a declining
trend. Incidence and mortality rates are very similar, since HCC
has bad prognosis worldwide. HCC is more common in male than
in women and the most important risk factors are hepatitis B
virus, hepatitis C virus, excessive alcohol consumption, ingestion
of aflatoxin B1-contaminated food, cigarette smoking, high iron
intake, metabolic syndrome, diabetes, obesity and nonalcoholic
fatty liver disease, as well as genetic predisposition, while coffee
might have a protective effect against HCC [1]. Treatment options
include surgical therapies and drugs with anti-proliferative and
anti-angiogenic effects [2]. First-line pharmacological treatment
includes the multikinase inhibitors sorafenib [3,4] and lenvatinib
[5]. Although no epigenetic drugs have been approved for the
treatment of HCC to date, epigenetic mechanisms are nowadays
considered key for the development of the disease [6,7]. Epigenetics
can be defined as the study of chromatin modifications that do not
involve alterations in the DNA sequence. These modifications of
chromatin could be mitotically or meiotically heritable or nonheritable and may or may not affect gene expression. Epigenetic
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modifications, i.e. posttranslational modifications of histones and
non-histone proteins, DNA methylation and regulation by noncoding RNAs, among others, are associated with physiological and
pathological processes, including cancer [8,9]. Posttranslational
modifications of histones control the accessibility of DNA to
transcription factors and components of the DNA replication and
repair machinery, among other regulatory molecules, and form
what is known as the “histone code”, i.e. the combination of one or
multiple histone modifications that give rise to specific biological
outcomes [10,11].
Among all the different epigenetic mechanisms, we will
focus on histone methylation, i.e. the addition of a methyl group
to basic residues (mainly lysine and arginine) by enzymes with
methyltransferase activity, whose action can be reverted by
demethylases, and its role in hepatocellular carcinoma [12].

Discussion

Histone methylation has been associated with carcinogenesis,
since aberrant expression of lysine methyltransferases, lysine
demethylases and arginine methyltransferases alters histone
methylation or demethylation status and can contribute to tumour
promotion, most probably due to the addition of gene activation
marks to oncogenes and the incorporation of repressive to tumor
suppressor genes [13,14].
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Some examples of histone lysine methyltransferases whose
dysregulation has been related to HCC development are Suv39H2
(by targeting H3K9me2/3) [15], GLP1 and G9a (both generating
H3K9me1/2) [16,17], SETDB1 (which also acts on H3K9me2/3)
[18,19], PRDM2 (acting on H3K9me1/2/3) [20] and PR-SET7 (by
methylating H4K20me1) [21].
Regarding PR-SET7, a study demonstrated that knockout
(KO) mice devoid of PR-SET7 mRNA and protein in the liver from
postnatal stages spontaneously develop HCC. Due to the inability
of PR-SET7-KO hepatocytes to proliferate, ductal progenitor cells
become the source of newly-generated hepatocytes that would
dedifferentiate to cancer stem cells [22]. Drugs inhibiting PRSET7 are available, but have only been tested in basic studies [23].
Furthermore, the mRNA expression of lysine methyltransferase
SMYD3, a member of the SET and MYND domain-containing
proteins (SMYD), correlates with poor clinical prognosis of human
HCC [24]. SMYD3 function has been studied in a chemicallyinduced hepatocellular carcinoma in mice. Liver-specific SMYD3
KO mice were subjected to treatment with the liver carcinogen
diethylnitrosamine (DEN) and delayed carcinogenesis was
observed in the KO mice compared to wild-type (WT), leading to
the conclusion that SMYD3 is required for liver carcinogenesis.
SMYD3 activation of transcription in specific promoters was
related to H3K4me3 [24]. Remarkably, selective small-molecule
inhibitors of SMYD3 already exist, although they have only
been used in basic research [25]. Finally, it is worth mentioning
some examples of histone lysine demethylases dysregulated in
the context of HCC are JMJD1A (targeting H3K9me1/2 [26] are
JARID1B (by acting on H3K4me1/2/3) [27], among others.

Conclusion

Specific targeting of epigenetic mechanisms that control
liver cancer progression, such as histone methyltransferases or
demethylases, by inhibiting those which add activation marks
to oncogenes and hyperactivating those which are involved in
the addition of repressive marks to tumour suppressor genes, is
a promising therapy for HCC, a disease with poor survival rates.
Despite the absence of epidrugs (drugs targeting epigenetic
modifiers) in the clinics, many efforts are currently made to
translate all the knowledge acquired in basic epigenetic studies to
the bench side [8,14].

References

1. McGlynn KA, Petrick, JL, El-Serag HB (2021) Epidemiology of
Hepatocellular Carcinoma. Hepatology, p. 4-13.
2. Villanueva A (2019) Hepatocellular Carcinoma. The New England
journal of medicine 380(15): 1450-1462.

3. Josep M Llovet, Sergio Ricci, Vincenzo Mazzaferro, Philip Hilgard,
Edward Gane, Jean-Frédéric Blanc, et al. (2008) Sorafenib in advanced
hepatocellular carcinoma. N Engl J Med 359(4): 378-390.
4. Ann-Lii Cheng, Yoon-Koo Kang, Zhendong Chen, Chao-Jung Tsao,
Shukui Qin, et al. (2009) Efficacy and safety of sorafenib in patients
in the Asia-Pacific region with advanced hepatocellular carcinoma:

002

a phase III randomised, double-blind, placebo-controlled trial. The
Lancet 10(1): 25-34.

5. Masatoshi Kudo, Richard S Finn, Shukui Qin, Kwang-Hyub Han, Kenji
Ikeda, et al. (2018) Lenvatinib versus sorafenib in first-line treatment
of patients with unresectable hepatocellular carcinoma: a randomised
phase 3 non-inferiority trial. Lancet 391(10126): 1163-1173.

6. Arai E, Yotani T, Kanai Y (2017) DNA and Histone Methylation in Liver
Cancer. In Cancer Drug Discovery and Development. Humana Press
Inc., pp. 437-460.
7. Masato Nakamura, Tetsuhiro Chiba, Kengo Kanayama, Hiroaki Kanzaki,
Tomoko Saito (2019) Epigenetic dysregulation in hepatocellular
carcinoma: an up-to-date review. Blackwell Publishing Ltd, 49(1):
3-13.
8. Berdasco M, Esteller M (2019) Clinical epigenetics: seizing
opportunities for translation. Nature Reviews Genetics 20(2): 109-127.
9. Mancarella D, Plass C (2021) Epigenetic signatures in cancer: proper
controls, current challenges and the potential for clinical translation.
Genome Med 13(1): 23.

10. Bannister AJ, Kouzarides T (2011) Regulation of chromatin by histone
modifications. Cell Res 21(3): 381-395.

11. Zhen Chen, Shuai Li, Shankar Subramaniam, John Y-J Shyy, Shu Chien
(2017) Epigenetic regulation: a new frontier for biomedical engineers.
Annu Rev Biomed Eng 19(1): 195-219.
12. Toh TB, Lim JJ, Chow EKH (2019) Epigenetics of hepatocellular
carcinoma. Clin Transl Med 8(1): 13.

13. Sarris M, Nikolaou K, Talianidis I (2014) Context-specific regulation of
cancer epigenomes by histone and transcription factor methylation.
Oncogene 33(10): 1207-1217.

14. Yuan Chen, Bo Ren, Jinshou Yang, Huanyu Wang, Gang Yang, et al.
(2020) The role of histone methylation in the development of digestive
cancers: a potential direction for cancer management. Signal Transduct
Target Ther 5(1): 143.
15. Li, B., Zheng, Y. and Yang, L. (2019) The oncogenic potential of SuV39H2:
A comprehensive and perspective view. J Cancer 10(3): 721-729.
16. Shinkai Y, Tachibana M (2011) H3K9 methyltransferase G9a and the
related molecule GLP. Genes and Development 25(8): 781-788.
17. Bárcena-Varela M, Stefano Caruso, Susana Llerena, Gloria Álvarez-Sola,
Iker Uriarte, et al. (2019) Dual Targeting of Histone Methyltransferase
G9a and DNA-Methyltransferase 1 for the Treatment of Experimental
Hepatocellular Carcinoma. Hepatology 69(2): 587-603.
18. Archana Venkataramana Karanth, Radhika Radha Maniswami, Seema
Prashanth, Hemalatha Govindaraj, Ramya Padmavathy, et al. (2017)
Emerging role of SETDB1 as a therapeutic target. Expert Opin Ther
Targets 21(3): 319-331.

19. Nan Cao, Yali Yu, Hua Zhu, Meng Chen, Ping Chen, et al. (2020) SETDB1
promotes the progression of colorectal cancer via epigenetically
silencing p21 expression. Springer Nature 11(5).

20. A Sorrentino, M Rienzo, A Ciccodicola, A Casamassimi, C Abbondanza
(2018) Human PRDM2: Structure, function and pathophysiology.
Biochim Biophys Acta Gene Regul Mech 1861(7): 657-671.
21. Milite C (2016) The emerging role of lysine methyltransferase SETD8
in human diseases. Springer Verlag, p. 1-15.
22. Kostas C Nikolaou, Panagiotis Moulos, George Chalepakis, Pantelis
Hatzis, Hisanobu Oda, et al. (2015) Spontaneous development of
hepatocellular carcinoma with cancer stem cell properties in PR ‐ SET
7‐deficient livers. The EMBO Journal 34(4): 430-447.

How to cite this article: Teresa Rubio-Tomás. The Increasing Relevance of Histone Lysine Methylation for Hepatocellular Carcinoma Pathogenesis and
Treatment. Adv Res Gastroentero Hepatol, 2021; 17(3): 555961. DOI: 10.19080/ARGH.2021.17.555961

Advanced Research in Gastroenterology & Hepatology
23. Gil Blum, Glorymar Ibáñez, Xiangjun Rao, David Shum, Constantin Radu,
et al. (2014) Small-molecule inhibitors of setd8 with cellular activity.
ACS Chemical Biology. American Chemical Society 9(11): 2471-2478.

24. Michalis E Sarris, Panagiotis Moulos, Anna Haroniti, Antonis Giakountis,
Iannis Talianidis (2016) Smyd3 is a transcriptional potentiator of
multiple cancer-promoting genes and required for liver and colon
cancer development. Cancer Cell 29(3): 354-366.
25. Edoardo Fabini, Elisabetta Manoni, Claudia Ferroni, Alberto Del Rio,
Manuela Bartolini, et al. (2019) Small-molecule inhibitors of lysine
This work is licensed under Creative
Commons Attribution 4.0 License
DOI:10.19080/ARGH.2021.17.555961

methyltransferases SMYD2 and SMYD3: Current trends. Future
Medicinal Chemistry 11(8): 901-921.

26. Yoo J (2020) Advances in histone demethylase KDM3A as a cancer
therapeutic target. Cancers 12(5).
27. Kayla M Harmeyerm, Nicole D Facompre, Meenhard Herlyn, Devraj
Basu (2017) JARID1 Histone Demethylases: Emerging Targets in
Cancer. Trends Cancer 3(10): 713-725.

Your next submission with JuniperPublishers
will reach you the below assets
• Quality Editorial service
• Swift Peer Review

• Reprints availability
• E-prints Service

• Manuscript Podcast for convenient understanding
• Global attainment for your research

• Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, audio)

• Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

003

How to cite this article: Teresa Rubio-Tomás. The Increasing Relevance of Histone Lysine Methylation for Hepatocellular Carcinoma Pathogenesis and
Treatment. Adv Res Gastroentero Hepatol, 2021; 17(3): 555961. DOI: 10.19080/ARGH.2021.17.555961

