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Abbreviations: AFB1, aflatoxin b1; AF, aspergillus flavus; 
AP, aspergillus parasiticus; FDA, food and drug administration; HCC, 
hepatocellular carcinoma; HBV, hepatitis b virus; AFB1-N7-Gua, 
8,9 dihydri-8-(N7-guanyl)-9-hydroxy AFB1; AFB1-FABY, AFB1-
formamidopyrimidine; G, guanine; T, thymine

Introduction
Exposure to Aflatoxin is a major risk factor for the development of 

hepatocellular carcinoma (HCC), which is one of the most common 
malignancies worldwide.1,2 Aflatoxins are secondary metabolites 
of Aspergillus flavus (AF) and Aspergillus parasiticus (AP), fungus 
that develops under characteristic environmental conditions that 
are related to high moisture and temperature, and is associated to 
storage of maize, groundnuts, wheat, soy and rice;3 the Food and 
Drug Administration (FDA) has regulated aflatoxin levels for human 
consumption stablishing a level of 20ngg-1 (20µg/Kg) total aflatoxin 
(B1, B2, G1, G2).3,4 Williams et al,5 the risk of exposure to non-
infectious food-borne toxins is estimated in 4.5 to 5.5billion people 
worldwide, especially in countries located between 40° North and 
40° South of the equator. In recent years, research has demonstrated 
that aflatoxin exposure is also linked to the occurrence of a specific 
mutation in the p53 tumor suppressor gene as mechanism of disease 
pathogenesis in HCC.6 The development of HCC is a multistage 
process with liver cell destruction, regeneration ending in fibrosis and 
cirrhosis, establishing a premalignant condition.7

Discussion
According to the International Agency for Research on Cancer, 

Aflatoxin B1 (AFB1) is a Group 1 carcinogen for HCC,8 which is 
the fifth most common cause cancer in males and seventh in females, 
with a male to female ratio of 4:1, carrying a poor prognosis in high 
incidence population with death within 12months of diagnosis.3,9,10 
Exposure of AFB1 increase susceptibility in the development of 
HCC, different studies have shown that airborne AF had higher 
concentrations in bakeries than in flour mills concluding that chronic 
occupational exposure of high concentrations (487.2cfu/m3) cause 
significant elevation of AFB1.8 Bol, EK, and collaborators evaluated 
the effects of heat on AFB1 in bakery products, baked under 220°C in 

different periods of time (between 20-35min) and different products 
(bread, cake and biscuits) using quantitative analysis of mycotoxins 
for zearaleone, ochratoxin and AFB1, using high performance liquid 
chromatography-tandem with diode array detection (HPLC-DAD), 
identifying that the heating process does not contribute to reduce the 
levels of AFB1 (36-40%) in bread and biscuits, instead, cake was the 
only bakery product that reduced in 50% the levels of AFB1. The 
authors estimated that the theoretical total estimated exposure to 
AFB1 in pasta and bakery products was 6.9ng/kg per day.11

Carcinogenic effect of AFB1

The main site of metabolism of AFB1 is the liver, but absorbed in 
the enterocytes of the small intestinal epithelium thru the cytochrome 
p450 enzymes (CYP 3A4, 3A5, 3A7 and 1A2) activating AFB1 
into aflatoxin-8,9-exo-epoxide that is highly reactive with the p53 
tumor suppressor gene, generating mutation at codon 249 (R249S; 
249ser mutation) in more than 50% of cases of HCC that were 
exposed to AFB1.3,6,12 The binding with DNA forms 8,9 dihydri-8-
(N7-guanyl)-9-hydroxy AFB1 (AFB1-N7-Gua) a promutagenic 
adduct that can be converted in 2 secondary derivatives (an apurinic 
site and AFB1-formamidopyrimidine ⦋AFB1-FABY⦌), this adduct 
produces a transverse mutation between guanine (G) to thymine 
(T) with a frequency of 6times greater than AFB1-N7-Gua.3,13 After 
exposure and activation of AFB1, up-regulation of H19 gene (an 
imprinted oncofetal gene) is produced in HCC HepG2 cells with 
concentrations of AFB1 of 5-20µg/mL and an expression level peak 
with concentration of 40µg/mL AFB1. This can allowed the over-
expression of E2F1 protein promoting cell growth in HCC HepG2 
cells and cellular invasion.14

Evidently AFB1 interact with different factors such as Hepatitis 
B virus (HBV), with which has a synergistic interaction favoring 
hepatocarcinogenesis.3,6 Patient who had HCC and HBV with a 
“high” AFB1 consumption had a 10-times higher mortality than 
those with “low” consumption.3 As mentioned above, the p53 tumor 
suppressor gene requires mutation at codon 249 to favor the onset of 
HCC, therefore, it’s important to note that HBV is not a sole factor 
to allow 249ser mutations, but in the presence of HBV and AFB1 
this mutation becomes more evident.13 MacGlynn et al.15 stated, that 
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Abstract

Hepatocellular carcinoma is one of the most important liver disease, been the fifth 
most common cause of cancer, and the second most common cause of cancer-related 
death worldwide. The presence of aflatoxin B1has become an important factor in 
identifying the genesis of the HCC. Mutation of the p53 tumor suppressor gene, up-
regulation of H19 gene and over-expression of E2F1 protein, have been address at 
the time to determine which factors are essential in hepatocarcinogenesis, and the 
synergistic relation with HBV favoring gene mutation.
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AFB1 is metabolized via the phase I and II detoxification pathways. 
Variation in two AFB1 detoxification genes: Epoxide Hydrolase 
(EPHX) and glutathione S-transferase M1 (GSTM1) were contrasted 
with AFB1-albumin adducts, presence of HCC and p53 codon 249 
mutation, finding that mutant alleles of EPHX was overrepresented 
in HCC patients. However, the relationship changed in the presence 
of Hepatitis B virus surface antigen (HBsA), suggesting a synergistic 
effect allowing that individuals with mutant genotypes at EPHX and 
GSTM1 may be at greater risk in the development of HCC.15 It is 
important to note that most cases of HCC occurs in the chronic liver 
disease or cirrhosis setting, thus cirrhosis is consider an emerging 
major global health problem.16 One of the most recent community 
base case-control study in Taiwan determined that the exposure to 
AFB1 thru a period of 9years may predict the development of HCC in 
chronic HBV carriers.7

Conclusion
In conclusion, Mutation of p53 suppressor gene (R249S; 249ser 

mutation),3 up-regulation of H19 gene and over-expression of E2F1 
protein14 have an important role in HCC development. Although 
AFB1 has been casually associated with HCC,3 the long exposure 
periods to this toxin may induce the development of HCC,7 World 
Health Organization has stated that it’s a highly potent carcinogenic 
toxin for the liver,6 therefore it’s important to establish AFB1 as an 
epidemiological priority for health authorities in regions where HCC 
has a high incidence.
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