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Abstract
Glycation and oxidation are two mechanisms that have been widely attributed with the generation of advanced glycation end products upon 

proteins in various pathological conditions. Histones being lysine and arginine rich are prone to these reactions and hence they are susceptible to 
glycoxidation reactions. Post translational modifications in the highly conserved basic core histone proteins are known to induce changes in their 
structural integrity. Various researchers have documented the structural alterations in histone proteins upon glyoxidation reactions and correlated 
the same with various disorders. This review aims at presenting the background research in the field of histone glycation and its role in diabetic 
complications. It tracks the histone modifications under hyperglycaemic conditions and proposes the future avenues of research in the field. This 
review clearly indicates the lack of research on histone glycation in diabetes. It may be instrumental for future researches on opening new vistas 
in the field. 
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Histone Glycation in Diabetes
Miescher, in 1869 developed methods for the isolation of “nuclein” 

[1] and today nuclein is known as deoxyribonucleic acid (DNA), the 
building block of life. It was Albrecht Kossel, who studied the structure 
and chemical composition of nuclein and coined the term “histon” [2]. 
Now, it is well known that eukaryotic cells contain roughly equal mass 
of histones and DNA [3]. Each nucleosome core particle (NCP) is 
known to contain 146 base pairs of DNA wrapped around a core histone 
octamer, comprised of two each of histones H2A, H2B, H3 and H4 [4]. 
Histones have extended N-terminal tails making up around 28% of the 
mass of the core histones. They are highly enriched in positively charged 
residues, lysine and arginine [4,5]. Histones are enzymatically modified 
by methylation, ADP-ribosylation, phosphorylation, glycosylation, or 
acetylation [6]. Histone modifications have been attributed with role in 
various pathological disorders [7]. 

Besides enzymatic modifications, histone proteins have been reported 
to suffer various structural changes upon non enzymatic modifications 
like glycation and oxidation. In vitro studies on histone glycation has been 
reported in 1991 by Jobst et al. who coined the term glycohistone while 
studying hepatic nuclei of patients dying of decompensated diabetes [8]. 
Since then, various studies have attempted to understand the pattern of 
modifications caused by glyoxidation reactions in histones. The role of 
histone glyoxidation has also been reported in various disease conditions. 
Our group has earlier reviewed the role of glycoxidation of histone 
proteins in autoimmune disorders [7]. 

A latest study has shown various structural changes in histone H1 and 
the formation of AGEs upon in-vitro glyoxidation that could possibly lead 
to a compromise in chromatin structure in cases of secondary diabetic 
complications [9]. Besides H1, glycation induced structural changes 
have been reported in histone H2A, H2B and H3. Histone H2A has been 
shown to suffer glycation induced aggregation and lead to the generation 
of carboxyethylene residues leading to its enhanced melting temperature 
and heat capacities [10]. Histone H2B has been reported with specific-sites 

for glycation and oxidation that makes it prone to variety of modifications. 
It has been shown that increased oxidative damage in the vicinity of the 
glycated residues is most probable to occur in histone proteins [11]. 
Histone H3 has been reported to yield Nε-carboxymethyl-lysine and 
pentosidine like AGEs upon side chain modifications during glycation 
[12]. Non enzymatic glycation has been shown to induce cross linking 
of histones in endothelial cells under the effect of reactive oxygen species 
(ROS) that are increased after hyperglycaemia [13]. ADP-ribose has been 
shown to glycate almost all the types of histones viz, H1, H2A, H2B, and 
H4 leading to the formation of protein carboxymethyllysine residues and 
protein-protein cross-links [14]. These studies clearly indicated the role of 
hyperglycaemic conditions in histone modification. 

Histone glycation has also been attributed with disease conditions. 
It has been observed that structurally altered glycated histone proteins 
loose 50% of the alpha helix conformation and lead to the generation 
of a specific immune response in systemic lupus erythematosus. It has 
been revealed that SLE patient sera have high specificity for the glycated 
histones and the same have DNA cross reacting properties as well [15]. 
Another study has shown 4-Hydroxy-2-nonenal modified histone-H2A as a 
possible antigenic stimulus for systemic lupus erythematosus autoantibodies 
wherein HNE-mediated-lipid peroxidation in histone-H2A has been reported 
to alter histidine, lysine and cystein residues and the modified histone has 
been associated with role in the initiation/progression of SLE [16].

What needs to be focused is the rationale behind the glyoxidation of 
histones and this corresponds to the effect of higher concentration of 
sugars and sugar by-products upon histones. Among disease conditions, 
diabetes is a major disorder associated with prolonged exposure to 
hyperglycaemia leading to the gradual build-up of advanced glycation end 
products (AGEs) in body tissues [17]. It is also well known that protein 
glycation and AGEs are accompanied by increased free radical activity that 
contributes towards the biomolecular damage in diabetes [18]. The role of 
receptors for AGEs (RAGE) in the pathology of diabetic complications is 
also well established [19]. However, histone glycation has not earned the 
amount of focus in terms of their studies in diabetes. Besides histones 
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being lysine and arginine rich and are very prone to glyoxidation reactions 
under diabetic conditions the field is largely un-explored [20]. 

Though various researchers have attempted to unfold the role of histone 
glycation in diabetes but the literature review shows that the work done 
in this filed is too less and needs detailed efforts. In 1995, it was revealed 
that histones from diabetic rats contain increased levels of advanced 
glycation end products. It was found that histones from the liver of 
diabetic rats contain AGEs levels three-fold higher than those of their age-
matched controls [21]. This led to studies on glycated histones in diabetic 
conditions. The formation of AGEs was then confirmed during studies 
on liver histones in rats with streptozotocin-induced diabetes, in ethanol 
(EtOH)-treated rats, and in EtOH-treated diabetic rats [22]. The same idea 
was re-enforced by the findings showing the liver cell histones of diabetic 
patients containing glycation end products (AGEs) that possess lipofuscin 
components [23]. With the various types of details emerging about the 
histones modified with advanced glycation end products, it was proposed 
by a group of researchers that glycation of nuclear protein targets may 
alter chromatin structure and ultimately contribute to chronic changes 
associated with aging and diseases such as diabetes [24]. It was suggested 
that teratogenic effects in diabetes may be enhanced by histone glycation 
with significant implications in the maintenance of nucleosomes and 
hence DNA integrity [25]. This led to the studies on understanding the 
pathological importance of histone glycation in diabetes. It was observed 
that glycated histone H1 derived from rat showed decreased fluorescence 
emission intensity and reduce alpha-helical content when compared to 
non-glycated histone samples; this inferred the changes in the folding 
patterns of histones upon glycation in diabetes. The glycated histone in 
diabetes patients has been observed with reduced efficiency for binding 
with DNA and this has been proposed possible mechanisms involved 
in diabetic complications [26]. Glycated histones have altered structural 
characteristics than the native histone counterparts and that they are 
specifically recognized by serum antibodies of type 1 diabetes patients. 
Methylglyoxal modified histones have been described as potential targets 
for circulating autoantibodies in patients with type 1 diabetes mellitus [27].

It is clear that the role of glycoxidation of histone proteins in the 
diabetic complications is yet in the preliminary stages. It needs to be 
explored as of how the glycaemia introduces glycation in histones in 
vivo and what are its implications in diabetes.  It needs to be elucidated 
whether the glycoxidation modified histones in diabetes generate auto 
immune response, and in case yes, what about specificity. Whether they 
can be used for the development of a biomarker for the early detection of 
diabetes is also a subject worth analysis?  Another aspect is the emerging 
correlation of diabetes and cancer. It has been shown that increased 
oxidative stress under hyperglycaemic conditions, through the interaction 
of AGEs with RAGE receptors and via activation of interleukin mediated 
transcription signalling acts as the molecular link between diabetes and 
cancer [28]. The oxidative stress in a variety of cells via various metabolic 
pathways leading to oxidative damage of DNA and proteins are seen as 
an initial step of carcinogenesis [29]. These modifications probably going 
to lead to glyoxidation reactions of histone proteins that are known to lie 
in the vicinity of rapid metabolic processes and eventually contribute to 
epigenetic modifications. What could be outcome of the research in these 
directions may possibly throw light on the nexus of AGE-RAGE axis in 
diabetes and carcinogenesis [30]. It may also lead to the understanding 
of the correlation between epigenetics and diabetes. It appears a 
very interesting field of study that could possibly open new vistas of 
understanding the role of diabetes.

References 

1.	 Miescher F (1871) Ueber die chemische Zusammensetzung der 
Eiterzellen. Medicinisch-chemische Untersuchungen 4: 441–460.

2.	 Kossel A (1911) Ueber die chemische Beschaffenheit des Zelkerns. 
Munchen. Med Wochenschrift 58: 65–69.

3.	 Kornberg RD, Lorch Y (1999) Twenty-five years of the nucleosome, 
fundamental particle of the eukaryote chromosome. Cell 98: 285-294.

4.	 Luger K, Mäder AW, Richmond RK, Sargent DF, Richmond TJ (1997) 
Crystal structure of the nucleosome core particle at 2.8 A resolution. 
Nature 18: 251-60.

5.	 Arents G, Burlingame RW, Wang BC, Love WE, Moudrianakis EN 
(1991) The nucleosomal core histone octamer at 3.1 A resolution: 
a tripartite protein assembly and a left-handed superhelix. Proc Natl 
Acad Sci USA 88: 10148-52.

6.	 Makałowski W  (2001) The human genome structure and organization. 
Acta Biochim Pol  48: 587-98.

7.	 Mir AR, Moinuddin. (2015) Glycoxidation of histone proteins in 
autoimmune disorders. Clin Chim Acta 450: 25-30. 

8.	 Jobst K, Lakatos A, Horvàth A (1991) Glycohistones in diabetic human 
liver. Clin Chim Acta 200: 231–232.

9.	 Ashraf JM, Rabbani G, Ahmad S, Hasan Q, Khan RH, et al. (2015) 
Glycation of H1 Histone by 3-Deoxyglucosone: Effects on Protein 
Structure and Generation of Different Advanced Glycation End 
Products. PLoS One 10: e0130630. 

10.	 Mir AR, uddin M, Alam K, Ali A (2014) Methylglyoxal mediated 
conformational changes in histone H2A-generation of carboxyethylated 
advanced glycation end products. Int J Biol Macromol 69: 260–266. 

11.	 Guedes S, Vitorino R, Domingues MR, Amado F, Domingues P (2011) 
Glycation and oxidation of histones H2B and H1: in vitro study and 
characterization by mass spectrometry. Anal Bioanal Chem. 399: 
3529-39.

12.	 Ashraf JM, Rabbani G, Ahmad S, Hasan Q, Khan RH, et al. (2015) 
Glycation of H1 Histone by 3-Deoxyglucosone: Effects on Protein 
Structure and Generation of Different Advanced Glycation End 
Products. PLoS One. 10: e0130630. 

13.	 Talasz H, Wasserer S, Puschendorf B (2002) Non enzymatic glycation 
of histones in vitro and in vivo. J Cell Biochem 85: 24-34. 

14.	 Jacobson EL, Cervantes-Laurean D, Jacobson MK (1997) ADP-ribose 
in glycation and glycoxidation reactions. Adv Exp Med Biol 419: 371-9. 

15.	 Alam S, Arif Z, Alam K (2015) Glycated-H2A histone is better bound 
by serum anti-DNA autoantibodies in SLE patients: glycated-histones 
as likely trigger for SLE? Autoimmunity 48: 19-28. 

16.	 Alzolibani AA, Al Robaee AA, Al-Shobaili HA, Rasheed Z (2013) 
4-Hydroxy-2-nonenal modified histone-H2A: a possible antigenic 
stimulus for systemic lupus erythematosus autoantibodies. Cell 
Immunol 284: 154-62.  

17.	 Aronson D (2008) Hyperglycemia and the pathobiology of diabetic 
complications. Adv Cardiol 45: 1-16.  

18.	 Ahmed N (2005) Advanced glycation endproducts--role in pathology 
of diabetic complications. Diabetes Res Clin Pract 67: 3-21. 

19.	 Ramasamy R, Yan SF, Schmidt AM (2011) Receptor for AGE (RAGE): 
signaling mechanisms in the pathogenesis of diabetes and its 
complications. Ann N Y Acad Sci 1243: 88-102.  

20.	 Tagai C, Morita S, Shiraishi T, Miyaji K, Iwamuro S (2011) Antimicrobial 
properties of arginine- and lysine-rich histones and involvement of 
bacterial outer membrane protease T in their differential mode of 
actions. Peptides 32: 2003-9.

21.	 Gugliucci A, Bendayan M (1995) Histones from diabetic rats contain 
increased levels of advanced glycation end products. Biochem 
Biophys Res Commun 212: 56-62. 

22.	 Lakatos A, Jobst K, Juricskay Z, Kalász V (2000) The effect of ethanol 
on histone glycation in diabetic rats. Alcohol Alcohol 35: 145-7. 

http://dx.doi.org/10.16966/2380-5544.109
http://www.jnorman.com/cgi-bin/hss/42605
http://www.jnorman.com/cgi-bin/hss/42605
https://books.google.co.in/books/about/Ueber_die_chemische_Beschaffenheit_des_Z.html?id=bunImAEACAAJ&redir_esc=y
https://books.google.co.in/books/about/Ueber_die_chemische_Beschaffenheit_des_Z.html?id=bunImAEACAAJ&redir_esc=y
http://www.ncbi.nlm.nih.gov/pubmed/10458604
http://www.ncbi.nlm.nih.gov/pubmed/10458604
http://www.ncbi.nlm.nih.gov/pubmed/9305837
http://www.ncbi.nlm.nih.gov/pubmed/9305837
http://www.ncbi.nlm.nih.gov/pubmed/9305837
http://www.ncbi.nlm.nih.gov/pubmed/1946434
http://www.ncbi.nlm.nih.gov/pubmed/1946434
http://www.ncbi.nlm.nih.gov/pubmed/1946434
http://www.ncbi.nlm.nih.gov/pubmed/1946434
http://www.ncbi.nlm.nih.gov/pubmed/11833767
http://www.ncbi.nlm.nih.gov/pubmed/11833767
http://www.sciencedirect.com/science/article/pii/S0009898115003587
http://www.sciencedirect.com/science/article/pii/S0009898115003587
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pubmed/24879922
http://www.ncbi.nlm.nih.gov/pubmed/24879922
http://www.ncbi.nlm.nih.gov/pubmed/24879922
http://www.ncbi.nlm.nih.gov/pubmed/21274518
http://www.ncbi.nlm.nih.gov/pubmed/21274518
http://www.ncbi.nlm.nih.gov/pubmed/21274518
http://www.ncbi.nlm.nih.gov/pubmed/21274518
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4487796/
http://www.ncbi.nlm.nih.gov/pubmed/9193679
http://www.ncbi.nlm.nih.gov/pubmed/9193679
http://www.ncbi.nlm.nih.gov/pubmed/25065453
http://www.ncbi.nlm.nih.gov/pubmed/25065453
http://www.ncbi.nlm.nih.gov/pubmed/25065453
http://www.ncbi.nlm.nih.gov/pubmed/23973878
http://www.ncbi.nlm.nih.gov/pubmed/23973878
http://www.ncbi.nlm.nih.gov/pubmed/23973878
http://www.ncbi.nlm.nih.gov/pubmed/23973878
http://www.ncbi.nlm.nih.gov/pubmed/18230953
http://www.ncbi.nlm.nih.gov/pubmed/18230953
http://www.ncbi.nlm.nih.gov/pubmed/15620429
http://www.ncbi.nlm.nih.gov/pubmed/15620429
http://www.ncbi.nlm.nih.gov/pubmed/22211895
http://www.ncbi.nlm.nih.gov/pubmed/22211895
http://www.ncbi.nlm.nih.gov/pubmed/22211895
http://www.ncbi.nlm.nih.gov/pubmed/21930170
http://www.ncbi.nlm.nih.gov/pubmed/21930170
http://www.ncbi.nlm.nih.gov/pubmed/21930170
http://www.ncbi.nlm.nih.gov/pubmed/21930170
http://www.ncbi.nlm.nih.gov/pubmed/7612018
http://www.ncbi.nlm.nih.gov/pubmed/7612018
http://www.ncbi.nlm.nih.gov/pubmed/7612018


 
ForschenSci
O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Rouf Mir A, Bashir Y (2015) Histone Protein Glycation and Diabetes. J Dia Res Ther 1(3): doi http://dx.doi.org/10.16966/2380-5544.109

Open Access

3

23.	 Jobst K, Lakatos A (1996) The liver cell histones of diabetic patients 
contain glycation endproducts (AGEs) which may be lipofuscin 
components. Clin Chim Acta 256: 203-4. 

24.	 Pashikanti S, Boissonneault GA, Cervantes-Laurean D (2011) Ex 
vivo detection of histone H1 modified with advanced glycation end 
products. Free Radic Biol Med 50: 1410-6. 

25.	 Vlassara H, Palace MR (2002) Diabetes and advanced glycation 
endproducts. J Intern Med. 251(2):87-101.

26.	 Rahmanpour R, Bathaie SZ (2011) Histone H1 structural changes and 
its interaction with DNA in the presence of high glucose concentration 
in vivo and in vitro. J Biomol Struct Dyn 28(4):575-86. 

27.	 Ansari NA, Dash D (2013) Biochemical Studies on Methylglyoxal-
Mediated Glycated Histones: Implications for Presence of Serum 
Antibodies against the Glycated Histones in Patients with Type 1 
Diabetes Mellitus. ISRN Biochem 198065. 

28.	 Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM, 
et al. (2010) Diabetes and cancer: a consensus report.  Diabetes Care 
33: 1674-85.  

29.	 Klaunig JE, Kamendulis LM, Hocevar BA (2010) Oxidative stress and 
oxidative damage in carcinogenesis. Toxicol Pathol 38: 96-109.  

30.	 Abe R, Yamagishi S (2008) AGE-RAGE system and carcinogenesis. 
Curr Pharm Des 14: 940-5.

http://dx.doi.org/10.16966/2380-5544.109
http://www.ncbi.nlm.nih.gov/pubmed/9027431
http://www.ncbi.nlm.nih.gov/pubmed/9027431
http://www.ncbi.nlm.nih.gov/pubmed/9027431
http://www.ncbi.nlm.nih.gov/pubmed/21315148
http://www.ncbi.nlm.nih.gov/pubmed/21315148
http://www.ncbi.nlm.nih.gov/pubmed/21315148
http://www.ncbi.nlm.nih.gov/pubmed/21142225
http://www.ncbi.nlm.nih.gov/pubmed/21142225
http://www.ncbi.nlm.nih.gov/pubmed/21142225
http://www.hindawi.com/journals/isrn/2013/198065/
http://www.hindawi.com/journals/isrn/2013/198065/
http://www.hindawi.com/journals/isrn/2013/198065/
http://www.hindawi.com/journals/isrn/2013/198065/
http://www.ncbi.nlm.nih.gov/pubmed/20554718
http://www.ncbi.nlm.nih.gov/pubmed/20554718
http://www.ncbi.nlm.nih.gov/pubmed/20554718
http://www.ncbi.nlm.nih.gov/pubmed/20019356
http://www.ncbi.nlm.nih.gov/pubmed/20019356
http://www.ncbi.nlm.nih.gov/pubmed/18473843
http://www.ncbi.nlm.nih.gov/pubmed/18473843

	Title
	Corresponding author
	Abstract
	Keywords
	Histone Glycation in Diabetes
	References 

