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The increasing impact of hepatocellular 
carcinoma (HCC)

A review published by Jabir (1) et al. in Seminars in Cancer 
Biology highlights the need to explore novel areas, in 
particular glycation pathways, to combat the burgeoning 
problem of HCC (2) This need is urgent, since HCC is the 
most rapidly growing indication for liver transplantation 
not only within the United States (3) but also globally (4). 
Indeed, liver cancer is the second most common cause 
of cancer mortality worldwide and HCC accounts for 
around 90% of liver cancer cases (5). Current management 

evolves around surgery, percutaneous local therapies and 
liver transplantation. Molecular therapy includes anti-
angiogenic drugs such as bevacizumab [anti-vascular 
endothelial growth factor (anti-VEGF) antibody] and 
sorafenib (which blocks VEGF tyrosine kinase receptor). 
Erlotinib is another molecular therapy targeting epidermal 
growth factor receptor (EGFR) tyrosine kinase to control 
angiogenesis. Local regional therapies in current use include 
radiofrequency ablation (RFA), percutaneous ethanol 
ablation (PEI), transarterial chemoembolization (TACE) 
and radioembolization (2). These therapies improve short-
term survival of HCC but recurrent disease remains a 
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fundamental problem (2).

Advanced glycation end-products (AGEs)

AGEs are a complex and diverse group of biologically 
active compounds that are formed via a process known as 
the Maillard reaction in which reducing sugar moieties, 
such as glucose, react non-enzymatically with amino groups 
in proteins, and nucleic acids (6). Although AGEs are a 
heterogeneous group of compounds, they have a common 
structure which can be identified immunologically. The 
predominant AGE detectable in vivo is Nε-carboxy(methyl)
lysine (CML) (7). 

The endogenous production of AGEs is a normal 
phenomenon in aging (8) and occurs at an increased rate in 
diabetes (9). The rate is also influenced by the concentration 
of reducing sugars in serum, the turnover of the proteins 
and the extent of the oxidative stress in the environment (9). 
Exogenous sources of AGEs are abundant in Western diets, 
especially foods containing meat and animal products, and 
their intake is correlated with tissue levels of AGEs (10). 
Tobacco is also a major environmental source of AGEs (11). 

Advanced glycation and disease

There is now very strong evidence that accumulation of 
AGEs results in changes in extracellular matrix structure 
and function and there are numerous studies to implicate 
these compounds in the pathogenesis of diabetic renal, 
neurological, retinal and vascular complications (12). 
In fact, AGE levels may be a better predictor for the 
development of diabetic complications than HbA1c 
concentrations (13). In support of the primary pathogenic 
role of AGEs, in nondiabetic rats exogenously administered 
AGEs have been shown to induce glomerular sclerosis 
and albuminuria (14) and treatment of diabetic rats with 
aminoguanidine (an inhibitor of AGE formation) prevents 
the development of nephropathy (15). These effects are not 
confined to endogenously produced AGEs, since animal 
studies have shown that a high-AGE diet is associated 
with the development of chronic tissue damage, including 
nephropathy and atherosclerosis (16).

Although most research in AGEs has focused on their 
role in diabetes complications, accumulation of AGEs has 
also been implicated in the pathogenesis of a number of 
other conditions, including atherosclerosis, Alzheimer’s 
disease, arthritis, and amyloidosis (17). Specifically, advanced 
glycation has been implicated in cardiovascular stiffness, 

impaired endothelial cell repair, endothelial dysfunction, 
glomerular hyperfiltration and sclerosis, tubulointerstitial 
injury, insulin resistance and obesity (10). 

Advanced glycation and liver disease

A number of studies have shown that the receptor for AGEs 
(RAGE) plays a role in acute liver injury and that blockade 
of RAGE can ameliorate toxic, ischaemic and cholestatic 
liver damage (18-20). In chronic liver injury, hepatic 
expression of RAGE is significantly increased (21) and in 
non-alcoholic fatty liver disease (NAFLD), AGE levels 
correlate with the severity of fibrosis, leading to speculation 
that they play a primary role in disease pathogenesis (22). 
Furthermore, diabetes, which increases AGE formation and 
RAGE expression, worsens the progression of fibrosis in 
a number of human liver diseases, including NAFLD and 
hepatitis C (23). 

Independent of cirrhosis, type 2 diabetes has also been 
shown to be an independent risk factor for HCC (24). 
Recent studies have shown that serums levels of AGEs 
are elevated in patient with HCC not due to hepatitis B 
or C (25). In NAFLD specifically, insulin resistance likely  
plays a role in disease progression (26) and our group has 
found that a diet low in AGEs increased insulin sensitivity 
in just 2 weeks in a double-blind, randomised, crossover 
trial (27). 

The underlying aetiology of liver disease is 
important when elucidating mechanisms in HCC 
pathogenesis

There can be major differences in the mechanisms driving 
HCC development and progression in different diseases. 
Jabir et al. (1) rightly point out that different aetiologies 
underlying HCC will affect the degree to which glycation 
may affect pathogenesis. Similarly, as discussed below, 
the activation of specific arms of glycation chemistry and 
subsequent receptor interactions for each liver disease is 
likely to be variable (28). The leading indications for adult 
liver transplantation and causes of HCC in Australia and 
New Zealand are viral hepatitis, alcoholic liver disease and 
NAFLD, and much of this disease is preventable (29). 

Hepatitis B

Of the viral causes, hepatitis B, a small enveloped DNA 
virus that causes chronic hepatitis in 350 million people 



S1493Translational Cancer Research, Vol 6, Suppl 9 December 2017

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 9):S1491-S1497 tcr.amegroups.com

worldwide, is felt to be one of the most oncogenic viruses 
driving HCC morbidity and mortality through direct and 
indirect mechanisms (30). HBV DNA integration into the 
host genome induces both genomic instability and direct 
insertional mutagenesis of diverse cancer-related genes, 
especially gene S and X (30,31). Given the availability of 
highly efficacious and well-tolerated oral treatments for 
hepatitis B, a major component of managing the problem 
of HCC in hepatitis B is via increased awareness through 
programs like the Jade Ribbon Campaign and improving 
access to early screening and management (32).

Hepatitis C

Hepatitis C, a RNA virus, is also a major driver of HCC 
progression via progression to cirrhosis. Directly, the core 
protein of hepatitis C induces overproduction of oxidative 
stress by impairing the mitochondrial electron transfer 
system, through modulating the function of the molecular 
chaperon, prohibitin (33). Indirectly, it also disrupts DNA 
damage-induced p53 responses by activating protein 
kinase R (34). Interestingly, especially in genotype 3 
hepatitis C patients, the core protein of hepatitis C interacts 
with cellular proteins to change lipid synthesis, proliferation 
and apoptosis (35). With the remarkable advent of highly 
effective, curative, direct-acting antivirals, there is a real 
hope that hepatitis C can be eliminated by 2030 if there 
is a co-ordinated community approach to screening and 
accessing hepatitis C treatment worldwide (36).

Alcoholic liver disease

Excess alcohol consumption is a primary cause of liver-
related mortality and HCC in many countries (37). 
Important public health and cultural measures are required 
to manage this increasing problem as recovery is highly 
dependent on remaining abstinent (37). For those already 
with the disease and who continue to drink alcohol, targeted 
therapies are being explored in animal models. However, 
current therapies are of limited efficacy. Hence, prevention 
and abstinence remain the most important components of 
management (37).

NAFLD

Currently and into the foreseeable future, an increasingly 
important driver of HCC carcinogenesis is NAFLD. 

NAFLD is the most common liver disease in the world, 
largely due to rapidly rising rates of diabetes and obesity. 
Although most patients with NAFLD are asymptomatic 
and do not develop significant liver injury, a significant 
proportion progress to non-alcoholic steatohepatitis 
(NASH), cirrhosis and liver cancer (38). The prevalence 
of fatty liver and NASH has increased to 46% and 12% 
respectively in some studies (38) and amongst diabetics, 
biopsy proven NAFLD occurs in 74% and NASH in  
22% (38). The main risk factors for developing NAFLD are 
central obesity, type 2 diabetes, dyslipidaemia and insulin 
resistance (39).

NAFLD is associated with an increased annual 
incidence of HCC of 76-201 per 100,000 (40) compared 
to a background incidence of sporadic HCC of 4.9-16 per 
100,000 (41). Indeed, our group and others have found that 
that HCC can develop in NAFLD without cirrhosis. At 
diagnosis, such tumours were larger than those in cirrhotics, 
conferring a poorer prognosis (42).

Glycation should be explored as a driver of HCC 
development in particular in this population. Indeed, 
NAFLD is often thought of as the hepatic manifestation 
of the metabolic syndrome (43). However, this association 
is so strong that NAFLD can be regarded as a pathogenic 
component of this syndrome with the relationship between 
the two complex and bidirectional (43). The liver is the 
site of synthesis of glucose and triglycerides, two key 
components of the metabolic/insulin resistance syndrome (44). 
It appears that amelioration of insulin resistance is not 
necessary for the treatment of NASH, but is important 
for the prevention of cardiovascular disease and type 2 
diabetes (44). 

There has been considerable interest in factors which 
act as a “second hit” driving progression from simple 
steatosis to NASH and progressive liver fibrosis (45). Our 
group and others have discovered that the AGE-RAGE 
axis is implicated in NAFLD progression in murine models 
of NAFLD (46-48). Others have found a similar role in 
NAFLD related HCC (49).

The importance of appropriate animal models to 
study glycation effects on HCC progression

The importance of studying glycation and its effects 
on HCC progression is highlighted by the strong 
clinical associations between diabetes and impaired 
glycaemic control with HCC, as well as increasing 
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associations found with AGEs, oxidative stress, RAGE  
and HCC. 

Crucial to the success of this initiative is the need to 
utilise appropriate models of HCC that ideally reflect the 
physiological disease course in humans (50). Given the 
underlying aetiology is important in HCC progression, the 
appropriate use of spontaneous, xenograft and syngeneic 
models needs to be considered (50). As there is likely to be 
a central role of glycation in the metabolic syndrome, it will 
be important to include work which includes dietary models 
of obesity and insulin resistance (51). 

Considering cellular aspects and mechanism

Jabir et al. (1) conclude that to establish a direct linkage 
between glycation and HCC, there needs to be further 
exploration of inflammatory signalling cascades, such as 
mitogen-activated protein kinase (MAPK) and nuclear 
factor kappa-light-chain-enhancer of activated B cells 
(NF-κB) activation. We would also argue that one should 
look at the various AGE receptors as potential novel 
targets. There are multiple AGE receptors, including 
macrophage scavenger receptor type I and II, oligosaccharyl 
transferase-48 (AGE-R1),  80k-H phosphoprotein 
(AGE-R2), galectin-3 (AGE-R3) and the RAGE (52). 
Indeed, AGE-R3 expression has been associated with a poor 
prognosis in HCC (53). Of the receptors, RAGE is best 
characterized (54). It is expressed in a number of cell types, 
including endothelial cells, vascular smooth muscle cells, 
peripheral blood mononuclear cells, macrophages (including 
Kupffer cells), and hepatic stellate cells (55). Hence  
in vitro study in these cell types with a view to elucidating 
mechanism will be important (56).

Not forgetting the microbiota

A rapidly emerging field of pathogenesis that should 
not be ignored when elucidating the effects of glycation 
pathways in the progression of HCC is the role of gut 
microbiota (57,58). There has been considerable interest in 
this for multiple aetiologies of HCC (57,59,60). Studying 
this component is important but logistically complex 
and difficult (57,61). A number of studies have looked at 
practical implications such as improving intestinal barrier 
function and decreasing bacterial translocation as adjunctive 
therapy in HCC (62). The potential importance of AGEs 
in this area is that they can induce changes in the gut 
microbiota that may drive liver inflammation (63).

Conclusions

There is an urgent need to stem the burgeoning rise of 
HCC. Reducing the burden of disease due to viral hepatitis 
requires increased awareness, screening and management 
with highly effective therapies. Alcoholic liver disease also 
requires innovative social strategies. Perhaps NAFLD is the 
area where novel therapies targeting glycation are likely to 
have the greatest impact (64). Consideration of glycation 
pathways may help in a number of ways. They may offer 
novel biomarkers to detect disease progression and/or early 
HCC, allowing more curative options to be implemented (65). 
In particular, studies looking at plasma levels of soluble 
RAGE and RAGE gene polymorphisms may be promising 
in this regard (66). By studying mechanisms, such as the 
AGE-RAGE axis, novel targets can be considered for 
effective pharmacotherapy. Already, treatments targeting 
the AGE-RAGE axis, including cross-link breakers, direct 
RAGE inhibitors and dicarbonyl compound scavengers (e.g., 
aminoguanidine) are in clinical trials for other indications (67). 
Teasing out what will likely be complex mechanisms by 
which glycation pathways contribute to HCC progression 
may therefore have considerable translational impact for 
these and other novel therapies

Acknowledgments

Funding: This work was supported by a NHMRC Scholarship 
(No. 629025) and NHMRC Grants (No. 1029990 and 
1102935).

Footnote 

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2017.11.06). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 

http://dx.doi.org/10.21037/tcr.2017.11.06
http://dx.doi.org/10.21037/tcr.2017.11.06


S1495Translational Cancer Research, Vol 6, Suppl 9 December 2017

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 9):S1491-S1497 tcr.amegroups.com

the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Jabir NR, Ahmad S, Tabrez S, et al. An insight on the 
association of glycation with hepatocellular carcinoma. 
Semin Cancer Biol 2017. [Epub ahead of print]. 

2.	 Zhang S, Yue M, Shu R, et al. Recent advances in the 
management of hepatocellular carcinoma. J BUON 
2016;21:307-11.

3.	 Wong RJ, Cheung R, Ahmed A. Nonalcoholic 
steatohepatitis is the most rapidly growing indication 
for liver transplantation in patients with hepatocellular 
carcinoma in the US. Hepatology 2014;59:2188-95.

4.	 Siow W, van der Poorten D, George J. Epidemiological 
Trends in NASH as a Cause for Liver Transplant. Curr 
Hepatol Rep 2016;15:67-74.

5.	 Sukowati CH, El-Khobar KE, Ie SI, et al. Significance 
of hepatitis virus infection in the oncogenic initiation 
of hepatocellular carcinoma. World J Gastroenterol 
2016;22:1497-512.

6.	 Singh R, Barden A, Mori T, et al. Advanced glycation end-
products: a review. Diabetologia 2001;44:129-46.

7.	 Reddy S, Bichler J, Wells-Knecht KJ, et al. N epsilon-
(carboxymethyl)lysine is a dominant advanced 
glycation end product (AGE) antigen in tissue proteins. 
Biochemistry 1995;34:10872-8.

8.	 Schleicher ED, Wagner E, Nerlich AG. Increased 
accumulation of the glycoxidation product N(epsilon)-
(carboxymethyl)lysine in human tissues in diabetes and 
aging. J Clin Invest 1997;99:457-68.

9.	 Schmidt AM, Yan SD, Wautier JL, et al. Activation of 
receptor for advanced glycation end products: a mechanism 
for chronic vascular dysfunction in diabetic vasculopathy 
and atherosclerosis. Circ Res 1999;84:489-97.

10.	 Yamagishi S, Matsui T. Pathologic role of dietary advanced 
glycation end products in cardiometabolic disorders, and 
therapeutic intervention. Nutrition 2016;32:157-65.

11.	 Liu Y, Dai M, Bi Y, et al. Active smoking, passive 
smoking, and risk of nonalcoholic fatty liver disease 
(NAFLD): a population-based study in China. J Epidemiol 
2013;23:115-21.

12.	 Aso Y, Inukai T, Tayama K, et al. Serum concentrations 
of advanced glycation endproducts are associated with 
the development of atherosclerosis as well as diabetic 

microangiopathy in patients with type 2 diabetes. Acta 
Diabetol 2000;37:87-92.

13.	 Monnier VM, Bautista O, Kenny D, et al. Skin collagen 
glycation, glycoxidation, and crosslinking are lower in 
subjects with long-term intensive versus conventional 
therapy of type 1 diabetes: relevance of glycated 
collagen products versus HbA1c as markers of diabetic 
complications. DCCT Skin Collagen Ancillary Study 
Group. Diabetes Control and Complications Trial. 
Diabetes 1999;48:870-80.

14.	 Vlassara H, Striker LJ, Teichberg S, et al. Advanced 
glycation end products induce glomerular sclerosis and 
albuminuria in normal rats. Proc Natl Acad Sci U S A 
1994;91:11704-8.

15.	 Soulis-Liparota T, Cooper M, Papazoglou D, et al. 
Retardation by aminoguanidine of development of 
albuminuria, mesangial expansion, and tissue fluorescence 
in streptozocin-induced diabetic rat. Diabetes 
1991;40:1328-34.

16.	 Lin RY, Reis ED, Dore AT, et al. Lowering of 
dietary advanced glycation endproducts (AGE) 
reduces neointimal formation after arterial injury in 
genetically hypercholesterolemic mice. Atherosclerosis 
2002;163:303-11.

17.	 Yan SF, Ramasamy R, Schmidt AM. Mechanisms of 
disease: advanced glycation end-products and their 
receptor in inflammation and diabetes complications. Nat 
Clin Pract Endocrinol Metab 2008;4:285-93.

18.	 Ekong U, Zeng S, Dun H, et al. Blockade of the 
receptor for advanced glycation end products attenuates 
acetaminophen-induced hepatotoxicity in mice. J 
Gastroenterol Hepatol 2006;21:682-8.

19.	 Zeng S, Feirt N, Goldstein M, et al. Blockade of receptor 
for advanced glycation end product (RAGE) attenuates 
ischemia and reperfusion injury to the liver in mice. 
Hepatology 2004;39:422-32.

20.	 Goodwin M, Herath C, Jia Z, et al. Advanced glycation 
end products augment experimental hepatic fibrosis. J 
Gastroenterol Hepatol 2013;28:369-76.

21.	 Lohwasser C, Neureiter D, Popov Y, et al. Role of the 
receptor for advanced glycation end products in hepatic 
fibrosis. World J Gastroenterol 2009;15:5789-98.

22.	 Hyogo H, Yamagishi SI, Iwamoto K, et al. Elevated levels 
of serum advanced glycation end products in patients with 
non-alcoholic steatohepatitis. J Gastroenterol Hepatol 
2007;22:1112-9 

23.	 Ratziu V, Munteanu M, Charlotte F, et al. Fibrogenic 
impact of high serum glucose in chronic hepatitis C. J 

https://creativecommons.org/licenses/by-nc-nd/4.0/


S1496 Leung et al. Glycation: a target in HCC?

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 9):S1491-S1497 tcr.amegroups.com

Hepatol 2003;39:1049-55.
24.	 Kasmari AJ, Welch A, Liu G, et al. Independent of 

Cirrhosis, Hepatocellular Carcinoma Risk Is Increased 
with Diabetes and Metabolic Syndrome. Am J Med 
2017;130:746.e1-746.e7. 

25.	 Kan H, Yamagishi Si, Ojima A, et al. Elevation of Serum 
Levels of Advanced Glycation End Products in Patients 
With Non-B or Non-C Hepatocellular Carcinoma. J Clin 
Lab Anal 2015;29:480-4.

26.	 Asrih M, Jornayvaz FR. Metabolic syndrome and 
nonalcoholic fatty liver disease: Is insulin resistance the 
link? Mol Cell Endocrinol 2015;418 Pt 1:55-65.

27.	 de Courten B, de Courten MP, Soldatos G, et al. Diet 
low in advanced glycation end products increases insulin 
sensitivity in healthy overweight individuals: a double-
blind, randomized, crossover trial. Am J Clin Nutr 
2016;103:1426-33. 

28.	 Ozturk M, Batur T, Ekin U, et al. Molecular pathogenesis of 
liver cancer. J Gastrointest Cancer 2017. [Epub ahead of print]. 

29.	 Howell J, Balderson G, Hellard M, et al. The increasing 
burden of potentially preventable liver disease among adult 
liver transplant recipients: A comparative analysis of liver 
transplant indication by era in Australia and New Zealand. 
J Gastroenterol Hepatol 2016;31:434-41. 

30.	 Rivière L, Ducroux A, Buendia MA. The oncogenic 
role of hepatitis B virus. Recent Results Cancer Res 
2014;193:59-74. 

31.	 Guerrieri F, Belloni L, Pediconi N, et al. Pathobiology of 
Hepatitis B Virus-Induced Carcinogenesis. In: Liaw YF, 
Zoulim F. editors. Hepatitis B Virus in Human Diseases. 
Molecular and Translational Medicine. Humana Press, 
Cham, 2016:95-121. 

32.	 Bolutayo K, van Manh AL, Cohen N, et al. Reducing 
Liver Cancer Risk in African-Born Immigrants Through 
Culturally Targeted Hepatitis B Group Education 
Programs. J Cancer Educ 2017. [Epub ahead of print].

33.	 Koike K. The oncogenic role of hepatitis C virus. Recent 
Results Cancer Res 2014;193:97-111. 

34.	 Mitchell JK, Midkiff BR, Israelow B, et al. Hepatitis C 
Virus Indirectly Disrupts DNA Damage-Induced p53 
Responses by Activating Protein Kinase R. MBio 2017;8. 
pii: e00121-17. 

35.	 Kao CC, Yi G, Huang HC. The core of hepatitis C virus 
pathogenesis. Curr Opin Virol 2016;17:66-73.

36.	 Hellard M, Sacks-Davis R, Doyle J. Hepatitis C 
elimination by 2030 through treatment and prevention: 
think global, act in local networks. J Epidemiol 
Community Health 2016. [Epub ahead of print]. 

37.	 Louvet A, Mathurin P. Alcoholic liver disease: mechanisms 
of injury and targeted treatment. Nat Rev Gastroenterol 
Hepatol 2015;12:231-42. 

38.	 Williams CD, Stengel J, Asike MI, et al. Prevalence 
of nonalcoholic fatty liver disease and nonalcoholic 
steatohepatitis among a largely middle-aged population 
utilizing ultrasound and liver biopsy: a prospective study. 
Gastroenterology 2011;140:124-31.

39.	 Bellentani S. The epidemiology of nonalcoholic fatty liver 
disease. Liver Int 2017;37 Suppl 1:81-4.

40.	 Arase Y, Kobayashi M, Suzuki F, et al. Difference in 
malignancies of chronic liver disease due to non-alcoholic 
fatty liver disease or hepatitis C in Japanese elderly 
patients. Hepatol Res 2012;42:264-72.

41.	 Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular 
carcinoma incidence, mortality, and survival trends 
in the United States from 1975 to 2005. J Clin Oncol 
2009;27:1485-91.

42.	 Leung C, Yeoh SW, Patrick D, et al. Characteristics of 
hepatocellular carcinoma in cirrhotic and non-cirrhotic 
non-alcoholic fatty liver disease. World J Gastroenterol 
2015;21:1189-96. 

43.	 Anstee QM, Targher G, Day CP. Progression of NAFLD 
to diabetes mellitus, cardiovascular disease or cirrhosis. 
Nat Rev Gastroenterol Hepatol 2013;10:330-44. 

44.	 Yki-Järvinen H. Effects of treatment of NAFLD on the 
metabolic syndrome. In: Williams R, Taylor-Robinson 
SD. editors. Clinical Dilemmas in Non-Alcoholic Fatty 
Liver Disease. Chichester, UK: John Wiley & Sons, Ltd., 
2016:189. 

45.	 Day CP, James OF. Steatohepatitis: a tale of two "hits"? 
Gastroenterology 1998;114:842-5.

46.	 Leung C, Herath CB, Jia Z, et al. Dietary advanced 
glycation end-products aggravate non-alcoholic fatty liver 
disease. World J Gastroenterol 2016;22:8026-40.

47.	 Leung C, Herath CB, Jia Z, et al. Dietary glycotoxins 
exacerbate progression of experimental fatty liver disease. J 
Hepatol 2014;60:832-8.

48.	 Patel R, Baker SS, Liu W, et al. Effect of Dietary Advanced 
Glycation End Products on Mouse Liver. PLoS One 
2012;7:e35143.

49.	 Takino J, Nagamine K, Hori T, et al. Contribution of 
the toxic advanced glycation end-products-receptor axis 
in nonalcoholic steatohepatitis-related hepatocellular 
carcinoma. World J Hepatol 2015;7:2459-69.

50.	 Santos NP, Colaço AA, Oliveira PA. Animal models as 
a tool in hepatocellular carcinoma research: A Review. 
Tumour Biol 2017;39:1010428317695923. 



S1497Translational Cancer Research, Vol 6, Suppl 9 December 2017

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(Suppl 9):S1491-S1497 tcr.amegroups.com

51.	 Park EJ, Lee JH, Yu GY, et al. Dietary and genetic 
obesity promote liver inflammation and tumorigenesis 
by enhancing IL-6 and TNF expression. Cell 
2010;140:197-208.

52.	 Stitt AW, Bucala R, Vlassara H. Atherogenesis and 
advanced glycation: promotion, progression, and 
prevention. Ann N Y Acad Sci 1997;811:115-27; 
discussion 127-9.

53.	 Jiang SS, Weng DS, Wang QJ, et al. Galectin-3 is 
associated with a poor prognosis in primary hepatocellular 
carcinoma. J Transl Med 2014;12:273. 

54.	 Bierhaus A, Humpert PM, Morcos M, et al. Understanding 
RAGE, the receptor for advanced glycation end products. 
J Mol Med 2005;83:876-86.

55.	 Brett J, Schmidt AM, Yan SD, et al. Survey of the 
distribution of a newly characterized receptor for 
advanced glycation end products in tissues. Am J Pathol 
1993;143:1699-712.

56.	 Wang Y, Takeishi K, Li Z, et al. Microenvironment 
of a tumor-organoid system enhances hepatocellular 
carcinoma malignancy-related hallmarks. Organogenesis 
2017;13:83-94. 

57.	 Leung C, Rivera L, Furness JB, et al. The role of the gut 
microbiota in NAFLD. Nat Rev Gastroenterol Hepatol 
2016;13:412-25. 

58.	 Rivera LR, Leung C, Pustovit RV, et al. Damage to 
enteric neurons occurs in mice that develop fatty liver 
disease but not diabetes in response to a high-fat diet. 
Neurogastroenterol Motil 2014;26:1188-99. 

59.	 Rivera LR, Pustovit R, Fothergill L, et al. Mucosal 
permeability changes following diets high in fat and 
advanced glycation end products. Neurogastroenterol 
Motil 2016;28:24. 

60.	 Szabo G. Gut-liver axis in alcoholic liver disease. 
Gastroenterology 2015;148:30-6.

61.	 Smirnov KS, Maier TV, Walker A, et al. Challenges of 
metabolomics in human gut microbiota research. Int J 
Med Microbiol 2016;306:266-79. 

62.	 Tao X, Wang N, Qin W. Gut microbiota and 
hepatocellular carcinoma. Gastrointest Tumors 
2015;2:33-40. 

63.	 Snelson M, Clarke R, Tan SM, et al. Excess Consumption 
Of Dietary Advanced Glycation End-products Induces 
Changes In Gut Microbiota Which Is Associated With 
Inflammation. Nutr Diet 2016;73:26.

64.	 Blachier M, Leleu H, Peck-Radosavljevic M, et al. The 
burden of liver disease in Europe: a review of available 
epidemiological data. J Hepatol 2013;58:593-608. 

65.	 Roberts LR. Biomarkers for hepatocellular carcinoma. 
Gastroenterol Hepatol (N Y) 2016;12:252-5. 

66.	 Su SC, Hsieh MJ, Chou YE, et al. Effects of RAGE 
gene polymorphisms on the risk and progression 
of hepatocellular carcinoma. Medicine (Baltimore) 
2015;94:e1396. 

67.	 Borg DJ, Forbes JM. Targeting advanced glycation with 
pharmaceutical agents: where are we now? Glycoconj J 
2016;33:653-70.

Cite this article as: Leung C, Angus PW, Forbes JM. 
Glycation: a new hope in targeting hepatocellular carcinoma? 
Transl Cancer Res 2017;6(Suppl 9):S1491-S1497. doi: 10.21037/
tcr.2017.11.06


