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SUMMARY

Introduction Hepatocellular carcinoma (HCC) is the most frequent type of liver malignancy. As a car-
cinogen, aflatoxin B1 (AFB1) causes HCC by inducing deoxyribonucleic acid adducts that lead to genetic
changes in liver cells and may be the cause of HCC in up to 30% of cases. The incidence of HCC has been
on the rise and is an issue in the countries of the Western Balkans.

Case Outline This paper presents a case of a 37-year-old woman who was diagnosed with HCC, without
hepatitis B, hepatitis C, or liver cirrhosis. The patient consumed milk and dairy products in quantities of
over two liters per day over the course of 20 years, which indicates the impact of aflatoxin in milk on
HCC. A positive signal for the presence of AFB1 was detected by ELISA (enzyme-linked immunosorbent
assay) in-house using immunoperoxidase screening test.

Conclusion As carcinogenic difuranocoumarin derivative, aflatoxin B1 is the most likely cause of malig-
nant transformation of hepatocytes, which resulted in hepatocellular carcinoma in this patient.
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INTRODUCTION

Hepatocellular cancer (HCC) is the most fre-
quent liver cancer, causing the mortality in men
and women with =500,000 new cases per year
and >600,000 deaths annually [1]. Hepatitis B
virus and hepatitis C virus infection, aflatoxin
B1 exposure, iron, and arsenic are the most
frequent of all registered chemical stressors.
Regions of developing countries that have in-
creased exposure to aflatoxin correspond with
regions where HCC incidence is most evident.
There are four major aflatoxins, namely B1,
B2, G1, and G2, and two additional monohy-
droxilated metabolic products, M1 and M2,
which are found in milk and dairy products.
AFBI is the emerging mycotoxin produced by
Aspergillus flavus and Aspergillus parasiticus.
The fungal mycotoxin, AFB1, can be found in
agricultural products such as maize, cereals,
rice, and dried fruits that are stored in hot and
humid conditions [2, 3, 4]. Reports from epi-
demiological studies have demonstrated that
AFBI is the most hepatocarcinogenic myco-
toxin especially for HCC [5].

The aim of this paper is to present a pa-
tient with HCC and positive anamnesis of a
milk lover, absence of viral etiological factors
for HCC, and evidence of AFB1 as the most
significant factor in etiopathogenesis of hepa-
tocellular carcinoma in Vojvodina, an agricul-
tural region where the presence of AFB1 has
been proven in both animal feed and human
bodily fluids.

CASE REPORT

A Caucasian woman, age 37, graphic designer,
married, with two children, with no previous
surgery, had a traffic trauma, which is why she
was referred for upper abdomen ultrasound.
The ultrasound registered a tumour mass in
the right liver lobe, which had over 10 cm in di-
ameter. After that, computed tomography scan
and magnetic resonance (MR) imaging gave
the diagnosis of primary liver tumour (Figure
1), which was compressing the right and mid-
dle hepatic veins. Other laboratory parameters
showed slightly elevated hepatic enzymes with
normal bilirubin levels. There were no hepatitis
antibodies or elevated alpha-fetoprotein (AFP).
The patient was in good physical condition, bi-
cycle driver and hiker. The only suggestion she
gave in medical interview before the operation
was that she consumed over two liters of milk
and other dairy products (yoghurt and white
cheese) per day over the course of 20 years.
Simplified methods of ELISA in-house testing
using immunoperoxidase screening test detect-
ed a positive signal for the presence of AFB1 in
the patient’s serum in 12 repetitions. In addi-
tion, the same simplified screening methodol-
ogy of ELISA did not show a positive signal
for the viral hepatitis B and C. The patient was
operated on in January 2012, when right hepa-
tectomy was performed on non-cirrhotic liver.
Pathology revealed a hepatocellular carcinoma
and immunohistochemistry confirmed with
CD34 that liver sinusoids in the tumour mass
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Figure 1. Initial MR imaging, performed on a 3T machine: coronal
post-contrast TTW image shows a hypovascular mass that is domi-
nantly hypointense with low signal intensity in the central portion of
the tumour, which correlates to necrosis

Figure 2. Liver MR imaging performed 13 months after the surgery (on
the same 3T scanner): coronal post-contrast T1W image demonstrates
multifocal tumour recurrence, two hypointense nodes with rim
enhancement

were positive, whereas in the non-tumorous liver tissue
(on the resection margin) they were negative. Nine months
after the operation there were no new HCC in the rest of
the liver. Thirteen months later, there were two new liver
nodules on MR imaging (Figure 2), and the second opera-
tion was done with resection of the HCC metastases, as
well as one diaphragm metastasis. In the second year after
this operation, a new tumour mass developed in the rest of
the liver, and radiofrequency ablation was performed. The
patient died two years after the second operation.

DISCUSSION

The International Agency for Research on Cancer (IARC)
classifies AFBI as a carcinogenic substance within the first
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group of carcinogens for HCC. In April 2004, Lewis et
al. [6] studied contamination of maize on the market and
found that 55% of the maize was contaminated by AFB1.
The association between aflatoxin levels in the maize
found on the market and an aflatoxicosis outbreak was
confirmed. The study focused on detecting AFM1 in cow,
goat, and donkey milk, different dairy products, complete
feed mixtures for dairy cattle, as well as meat and eggs [7].

Depending on the induction of cancer, mutagens are
classified as genotoxic and non-genotoxic molecules.
Genotoxic molecules are microcomponents of nutrition,
such as aflatoxins, which cause genetic alterations. AFB1
may induce cancer, and the target organ that metabolizes
food contaminated with aflatoxins is the liver. Aflatoxins,
especially AFB1, may be metabolized by cytochrome-P450
enzymes to a highly nucleophilic-reactive genotoxic inter-
mediate (AFBO) or hydroxylated to two isomers (AFM1
and AFQI) and a demethylated (AFP1) metabolite. Un-
stable reactive intermediate AFBO forms adduct to DNA
with strong covalent bonds, resulting in AFB1-guanine
molecular system or in forming of AFB1-albumin and
other protein adducts. AFB1-guanine adducts induce the
P53 gene mutation, which is responsible for carcinogenic
effects. Another way for causing the aflatoxicosis is bind-
ing the AFBO to amino acids [8].

Approximately more than four billion of the world’s
population is exposed to environment contaminated by
aflatoxins through the food chain, particularly in devel-
oping countries [1]. Kew [9] has published data on the
daily intake of maize (g/person/day) in Eastern Europe.
In Vojvodina, there is no systematic or regular monitor-
ing of aflatoxin in agricultural products, milk, and dairy
products. There is also no biomonitoring of human milk,
serum, and liver tissue. This region has no data on the
impact of AFB1 and AFM1 on HCC. This paper presents
a case report of a possible carcinogenic effect of AFB1
on the development of HCC in the agricultural region of
Vojvodina. The patient was a woman, age 37, who suf-
fered from HCC, without hepatitis B, hepatitis C, or liver
cirrhosis, but who consumed milk and dairy products in
quantities of over two liters per day over the course of
20 years.

The results obtained by Spiri¢ et al. [3] show a weak
contamination of 54 analyzed cheese samples from the
market. In 13% of all analyzed samples, the level of AFM1
contamination was above the adopted limit of 0.25 mg/kg
[4]. Tomasevi¢ et al. [8] detected AFM1 in milk and dairy
products from the same market and found that in more
than 30% of analyzed samples, the levels exceeded the EU’s
maximum residue limit. In order to assess carcinogenic
effects of AFB1, the authors suggest routine analyses of
aflatoxin metabolites, DNA and protein adducts in the
blood, tissues, and urine in patients with HCC [9]. There
are two methods for detecting only AFB1 with sophisti-
cated equipment (ultra-high pressure liquid chromatog-
raphy tandem mass spectrometry - UHPLC-MS/MS) or
common detection by an in-house ELISA and in-house
immunoperoxidase test. AFB1 detection in serum speci-
mens was performed using an in-house ELISA, developed
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as per standard procedures with slight modifications, in
which the peroxidase-conjugated anti-AFB1 was used at
a concentration of 1:1,000 [10].

The impact of aflatoxin alone on HCC needs to be ex-
amined in patients who have neither hepatitis B, hepatitis
C, nor liver cirrhosis, with the aim of finding new antago-
nists for preventing and minimizing the genotoxic effect
of aflatoxin in liver tissue.

REFERENCES

1. Hamid AS, Tesfamariam IG, Zhang Y, Zhang ZG. Aflatoxin B1-
induced hepatocellular carcinoma in developing countries:
Geographical distribution, mechanism of action and prevention.
Oncol Lett. 2013; 5(4):1087-92. [DOI: 10.3892/01.2013.1169]

[PMID: 23599745]

2. KosJ, Levi¢ J, Buragi¢ O, Koki¢ B, Miladinovi¢ I. Occurrence and
estimation of aflatoxin M1 exposure in milk in Serbia. Food Control.
2014; 38:41-6. [DOI: 10.1016/j.foodcont.2013.09.060]

3. Spiri¢ MD, Stefanovi¢ MS, Radicevi¢ MT, Dinovi¢ Stojanovi¢ MJ,
Jankovi¢ VV, Velebit MB, et al. Study of aflatoxins incidence in cow
feed and milk in Serbia during 2013. Hem Ind. 2015; 69(6):651-6.
[DOI: 10.2298/HEMIND140619087S]

4, Skrbi¢ B, Anti¢ |, Zivancev J. Presence of aflatoxin M1 in white and
hard cheese samples from Serbia. Food Control. 2015; 50:111-7.
[DOI: 10.1016/j.foodcont.2014.08.031]

5. WangJS, HuangT, Su J, Liang F, Wei Z, Liang Y, et al. Hepatocellular
carcinoma and aflatoxin exposure in Zhuging Village, Fusui County,
People’s Republic of China. Cancer Epidemiol Biomarkers Prev.
2001; 10(2):143-6. [PMID: 11219772]

The described case of a patient with diagnosed and sur-
gically treated HCC, as well as the outcome characteristic
for this illness where, aside from the presence of AFBI in
the blood, no viral etiological factors had been proven,
indicates that in rural regions where the exposure to car-
cinogens is increased, all patients with HCC need to be
tested for AFB1 in bodily fluids. Legislation must follow
clinical observations.

6. LewisL, Onsongo M, Njapau H, Schurz-Rogers H, Luber G, Kieszak
S, et al. Aflatoxin contamination of commercial maize products
during an outbreak of acute aflatoxicosis in eastern and central
Kenya. Environ Health Perspect. 2005; 113(12):1763-7. [DOI:
10.1289/ehp.7998] [PMID: 16330360]

7. Tomasevic |, Petrovi¢ J, Joveti¢ M, Raicevic S, Milojevi¢ M,
Miocinovi¢ J. Two year survey on the occurrence and seasonal
variation of aflatoxin M1 in milk and milk products in Serbia. Food
Control. 2015; 56:64-70. [DOI: 10.1016/j.foodcont.2015.03.017]

8. Chen Wu H, Santella R. The Role of Aflatoxins in Hepatocellular
Carcinoma. Hepat Mon. 2012; 12(10 HCC):e7238.

[DOI: 10.5812/hepatmon.7238] [PMID: 23162603]

9. Kew M. Hepatocellular carcinoma in developing countries:
Prevention, diagnosis and treatment. World J Hepatol. 2012;
4(3):99-104. [DOI: 10.4254/wjh.v4.i3.99] [PMID: 22489262]

10. Murugavel KG, Naranatt PP, Shankar EM, Mathews S, Raghuram K,
Rajasambandam P, et al. Prevalence of aflatoxin B1 in liver biopsies
of proven hepatocellular carcinoma in India determined by an in-
house immunoperoxidase test. J Med Microbiol. 2007; 56:1455-9.
[DOI: 10.1099/jmm.0.47151-0] [PMID: 17965344]

XenatouenynapHu KapuuHOM U yTULaj AMdYPaHOKYMapUHCKOT cUcTeMa

adnaTokcMHa — npuKas cayyaja
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KPATAK CAZIPXKA)

YBopa XenatouenynapHu KapuuHom (XLK) Hajuewhu je Tun
manuriuteta jetpe. ApnatokcuH (ADB1), Kao KaHLeporeHo
jeanmerse, nsasmsa XLK nHaykoBarem 1e30KCPUOOHYK-
NeNHCKMX NPOAYyKaTa, Koju AOBOAE A0 reHETCKNX MPOMEHa Yy
henwnjama jetpe, n moxe n3aseatu fo 30% cnyyaja XLIK. Yuec-
TasoCT XenaToLenynapHor KapLrHoMa pacTte 1 NpeAcTaB/ba
npobnem y 3emsbama 3anagHor bankaHa.

Mpuka3 6onecHnKa Y oBoM pagy je npuKasaH ciyyvaj mna-
[le XeHe, cTapocTy 37 roanHa, Koja je obonena og XLK, 6e3
npucyctsa xenatutuca b, xenatutuca Lj n 6e3 yupose jetpe.
MaumjeHTKMHbA je KOH3YyMUpasa MIEeKO 1 MIEYHE NPOU3BOAE Y
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KONIMYMHaMa NpeKo ABa NnTpa AHEBHO TOKOM 20 rofunHa, WTo
yKa3syje Ha yTuuaj adpnatokcmHa y mneky Ha XLIK. Mo3nTtneaH
cvrHan Ha npucycteo AOB1 je geTektoBaH nomohy ELISA (nmy-
HOEH3MMCKM TeCT BUCOKE OCETIbMBOCTY) MPUMEHOM UMYHOTIE-
poKkmaasa,CKpUHUHT npoueaype.

3aK/byyak AQnaToKCuH, Kao KaHueporeHn andypaHokyma-
PVIHCKM AepuBaT, HajBepoBaTHMje je NPOY3POKOBAO0 MasIUrHy
TpaHchopMaLmjy XxenaToLuTa 1 [JOBEO A0 HaCTaHKa XenaToLie-
nynapHoOr KapuyHOMa jeTpe KOA OBe MaLyjeHTKUHbE.
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