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Abstract

Introduction: Ochratoxin-A (OTA) is one of the most abundant 
food-contaminating mycotoxins, known for its nephrotoxicity, 
neurotoxicity, gonadotoxicity, teratogenicity, immunosuppression 
and carcinogenesis. OTA has been linked to several genitourin-
ary pathologies, including Balkan nephropathy and genitourin-
ary malignancies. We examine OTA levels in serum samples and 
tumour specimens collected from patients with renal and testicular 
tumours.
Methods: Frozen samples were obtained from the Ontario Tumour 
Bank. Serum specimens, along with renal and testicular tumour 
biopsies, were included in this study. Normal tissue from the nega-
tive surgical margins of each tumour served as a control. OTA lev-
els in serum was measured using the enzyme-linked immunosorb-
ent assay (ELISA), while OTA detection in tissue specimens was 
determined using immunohistochemistry (IHC). 
Results: We included specimens collected from 56 patients (36 
men and 20 women). Histopathology of the 52 renal tumours 
included 31 (60%) conventional type renal cell carcinomas (RCC), 
5 (10%) chromophobe RCC, 5 (10%) papillary RCC, 1 (2%) onco-
cytoma and 10 (19%) upper tract urothelial carcinoma (UC). The 
4 testicular tumours included 1 seminomatous (25%) germ cell 
tumour and 3 (75%) non-seminomatous germ cell tumours. OTA 
was detected in the serum of renal tumour patients, with a range 
from 0.004 to 0.25 ng/mL (mean: 0.07 and median 0.06 ng/mL). 
There was no OTA signal detected by IHC staining in all tested 
renal and testicular tumours. 
Conclusions: The OTA levels detected in the serum of patients 
were highly variable and relatively low. No OTA was detected in 
the tissue samples.

Introduction 

Ochratoxins (A, B, and C) are a group of mycotoxins pro-
duced by several species of Aspergillus and Penicillium. 

Out of more than 300 currently described mycotoxins, 
ochratoxin A (OTA) is one of the most toxic and abundant. 
It contaminates a variety of animal feeds and human food 
and beverages when stored in hot and moist environments.1

In most countries, the main sources for OTA human food 
contamination are cereal grains followed by grape products 
and wine2 and to a lesser extent coffee, beans, cocoa, beer, 
nuts, coriander, black pepper, chili powder and ginger.3

Animal studies have shown that OTA is mostly absorbed 
by the small intestine. In the blood, it mainly binds to albu-
min. Because of its small molecular weight, OTA is readily 
filtered by the glomerular membrane and accumulates in 
kidneys.3 OTA was detected in human milk3 and can freely 
cross the blood placental barrier and was thus associated 
with DNA adducts in fetal kidneys and testicular tissues.4

OTA is nephrotoxic,5 teratogenic,6 immunosuppres-
sive7 and carcinogenic8 in many animal species, including 
rodents, poultry, canine, fish and swine. Oral administration 
of OTA caused renal tumours in mice9 and rats.8 Human 
studies have linked endemic Balkan nephropathy (EBN) to 
areas with high OTA food contamination.3 Furthermore, 
the consumption of OTA-contaminated pork and coffee 
has been correlated to testicular cancer incidence in 20 
countries.10 Therefore, we propose a theoretical causal role 
for OTA in inducing urothelial, renal and testicular cancers. 

The mechanism by which OTA could induce cancer 
remains unclear. However, to date, there have been no 
satisfactory records of a direct association between OTA 
exposure and human cancer; therefore, the International 
Agency for Research on Cancer (IARC) has classified OTA 
as a possible human carcinogen (Group 2B).11 Ever since this 
classification, growing worldwide attention has focused on 
estimating OTA content in diet and limiting human expos-
ure. We examine human OTA levels in serum from patients 
with documented renal and urothelial tumours and deter-
mine its concentration in renal, urothelial and testicular 
tumours and adjacent normal tissues.
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Methods 

Material 

This research was approved by our institutional Research 
Ethics Board. Frozen samples were obtained from the Ontario 
Tumour Bank, a program established by the Ontario Institute 
for Cancer Research (OICR). It is a province-wide bioreposi-
tory and data bank focused on collecting tumour-related 
human biospecimens. Specimens included frozen serum and 
fresh-frozen tissue biopsies collected from patients with renal 
or testicular tumours. Each case in the OICR tumour bank has 
well-characterized clinical and pathological information. All 
frozen tissue biopsies included tumour specimens and match-
ing controls collected from their corresponding non-neoplastic 
negative surgical margins. All samples were stored at -80°C. 

Measurements of serum OTA concentration 

The level of OTA in the serum was tested following the 
manufacturer instructions using the commercially available 
Quantitative Assay for OTA in Human and Animal Serum and 
Milk Enzyme Linked Immunosorbent Assay (ELISA) 96-well 
kit (Helica Biosystems, Inc., Santa Ana, CA). Supplied vials 
with known serial OTA dilutions in 70% methanol served 
as a calibration standard. All samples were run in dupli-
cates. The optical densities (OD) of the assay solutions were 
then measured using a spectrophotometer with a 450-nm 
filtre. A dose-response curve of OD against OTA concen-
tration was constructed from the standards using GraphPad 
Prism version 4 (GraphPad Software, Inc., La Jolla, CA). A 
standard equation was established with curve estimation. 
Serum sample concentrations were then calculated (ng/mL) 
by interpolation from the equation using their measured 
optical densities. The mean of each duplicate sample was 
computed and reported.

Tissue preparation 

Collected frozen tissues were cut into 4-µm sections using 
the Leica CM3050 S Cryostat (Leica Biosystems GmbH, 
Nussloch, Germany). Pairs of contiguous tissue sections 
were mounted on VWR Superfrost glass microslides (VWR 
international LCC, Radnor, PA) and stored at -80°C.

Immunohistochemistry 

Testing OTA expression in frozen tissues

Immunohistochemistry (IHC) was performed on the frozen 
tumour and their matching non-neoplastic negative surgical 

margin to determine the presence and location of OTA. 
Following defrosting of the slides, the tissue was fixed for 
10 seconds in cold acetone. A 10-second treatment with 
3% hydrogen peroxide in methanol was then performed 
to block endogenous peroxidase activity. Blocking was 
accomplished using 20% heat-inactivated normal horse 
serum (Vector Laboratories, Inc., Burlingame, CA) in phos-
phate buffered saline (PBS) for 20 minutes. The samples were 
then incubated overnight at 4oC with a rabbit polyclonal 
antibody raised against OTA- keyhole limpet hemocyanin 
(KLH) conjugates (MyBioSource, Inc., San Diego, CA) at a 
1:50 dilution in 20% normal horse serum. A subsequent 
30-minute incubation was performed at room temperature 
with Peroxidase-AffiniPure Goat Anti-Rabbit HRP-polymer 
IgG antibody (Bethyl Laboratories Inc., Montgomery, TX ) 
at a dilution of 1:500 in a solution of 2.5% skimmed milk 
and 5% horse serum (for additional blocking) in PBS. A 3, 
3’-diaminobenzidine (DAB Peroxidase Substrate Kit, Vector 
Laboratories, Inc., Burlingame, CA) was used for visualiza-
tion. Sections were counterstained with hematoxilyn and 
dehydrated using the Leica Autostainer XL Staining System 
ST5010 (Leica Biosystems GmbH, Nussloch, Germany). 
Slides were mounted in Surgipath Micromount mount-
ing medium (Leica Biosystems Richmond Inc, Richmond, 
IL). Samples were examined by one pathologist using an 
Olympus BX51 optical microscope (Olympus America Inc, 
Center Valley, PA). Pictures were captured using a high qual-
ity microscope SPOT Insight 2 Mb colour camera and ana-
lyzed using SPOT Basic Software version 4.1 (SPOT Imaging 
Solutions, Sterling Heights, MI).

Positive and negative control testing 

An Amersham Hybond ECL Nitrocellulose Membrane (GE 
Healthcare UK Limited, Buckinghamshire, UK) was initially 
secured in a miniblot apparatus (Schleicher and Scheull, 
Inc., Keene, NH). After connecting the miniblot apparatus 
to low wall suction, duplicates of 400 µL of each of the fol-
lowing was added to separate wells: 
– Negative controls: PBS and Serial dilution of Fetal Bovine 

Serum (FBS) (Sigma-Aldrich Corporation, St. Louis, MI) 
in PBS to rule out potential cross reactivity. 

– Positive controls: Serial dilutions of standard OTA (Helica 
Biosystems, Inc., Santa Ana, CA). 

A 200-µL of serially diluted OTA was also tested in dif-
ferent wells (Fig. 1).

Previously described IHC technique was applied to the 
membrane. Following the addition of the DBA substrate, the 
membrane was rinsed in distilled water and allowed to air 
dry for 1 hour. The membrane was then scanned using a 
personal high resolution Lexmark 5200 Series photo scanner 
(Lexmark International, Inc., Lexington, KY).
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Statistical analysis 

Data were assessed for normality distribution. A non-para-
metric Kruskal-Wallis test was used to evaluate serum OTA 
concentration among different histopathological tumours. 
Differences between mean gender serum OTA levels were 
compared using a Student t-test for unpaired data. Results 
were considered significant for p values <0.05. Statistical 
analyses were performed using an IBM SPSS software version 
21 (IBM, New York, NY).

Results 

A total of 56 tumour tissue specimens (52 renal, 4 testicu-
lar), along with their corresponding non-neoplastic nega-
tive surgical tissue margins, were provided by the Ontario 
tumour bank. These frozen specimens were collected from 
56 patients (36 men and 20 women). We also included 37 
serum samples preoperatively collected from renal tumour 
patients. Patient age ranged from 37 to 82 years, with a 
mean of 62.8 years (median: 68 years). 
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Fig. 1. Immunohistochemistry staining of an Ochratoxin-A coated nitrocellulose membrane.
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Tumour characteristics

Of the 52 renal tumours, frozen renal tissue samples were 
collected from patients who had undergone 5 laparoscop-
ic radical nephrectomies, 37 open radical nephrectomies 
and 10 nephroureterectomies. The mean tumour size was 
6.52 cm (median 5.5 cm) and ranged from 2.8 to 14 cm. 
Three patients died of their disease. The histopathology of 
the included tumours included 31 (60%) conventional type 
renal cell carcinoma (RCC), 5 (10%) chromophobe, 5 (10%) 
papillary, 1 (1%) oncocytoma and 10 (19%) upper tract 
urothelial carcinoma (UC) (Table 1).

Of the 4 frozen tissue samples from 4 inguinal orchiec-
tomies, 1 patient had seminomatous germ cell tumour and 
3 had non-seminomatous germ cell pathology. No accom-
panying frozen plasma samples were provided. Tumour 
size ranged from 2.5 to 4 cm. The mean tumour size was 
3.15 cm (Table 1).

Levels of OTA in frozen plasma samples  

Frozen plasma samples were taken from 21 conventional 
RCC, 5 chromophobe RCC, 2 papillary RCC, 8 renal pelvis 
UC and 1 oncocytoma. We performed a quantitative deter-
mination of OTA in 37 frozen plasma samples collected 
from renal tumour patients. The detected serum OTA con-
centration ranged from 0.004 to 0.25 ng/mL (mean: 0.07, 
median 0.06 ng/mL) (Fig. 2). There was a tendency towards 
increased OTA levels in frozen plasma samples taken from 
patients who were treated for a conventional RCC or upper 
tract UC (p < 0.08).  

OTA localization in frozen tissue samples 

The OTA coated positive control portions of the nitrocellu-
lose membrane were successfully stained by IHC. DAB 
substrate reacted with different OTA concentrations and 

Table 1. Histopathological characteristics of included tumours

Tumour type pT pN pM Fuhrman grade n Total

Renal 
tumours

Upper tract urothelial carcinoma

T1

N0 M0 I 3

10

N0 M0 II 1

N0 M0 IV 1

T2 N0 M0 IV 1

T3
N0 M0 II 1

N2 M1 III 1

Tx
Nx Mx III 1

Nx Mx IV 1

Chromophobe

T1
N0 M0 I 1

5

N0 M0 IV 1

T2
N0 M0 II 1

N0 M0 III 1

T3

N0 M0   IV sarcomatoid 1

N0 M0 II 10

31

N0 M0 III 8

Clear

T1
N0 M0 IV 1

N0 M0 II 1

T2

N0 M0 III 3

N0 M0 II 3

N0 M0 III 2

N1 M1 III 1

T3 N0 M0 IV 1

Tx Nx Mx III 1

Papillary type I

N0 M0 M0 II 2

5
N0 M0 M0 II 1

N2 M1 M1 IV 1

Papillary type II N0 M0 M0 III 1

Oncocytoma T1 N0 M0 1 1

Testicular 
tumours

Seminoma T1 N0 M0 1

4
Non seminoma mixed germ cell

T1 N0 M0 2

T2 N0 M0 1
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a spectrum of lighter colour gradients that proportionately 
correlated with serial OTA dilutions was obtained. The 
PBS negative control coated portions of the membrane did 
not show any staining and similarly there was no evidence 
of cross-reactivity with FBS. There was no OTA staining 
detected within all tested renal and testicular tissue samples. 

Discussion 

Evidence suggesting an OTA kidney cancer risk first arose 
when a significantly increased incidence of benign and 
malignant renal tumours was observed in OTA fed male 
rodents.3,4,9,12 This increase proportionately correlated with 
study duration12 and dose of OTA intake.4,9 Human stud-
ies have also indicated a higher incidence of EBN in areas 
where high human OTA food contamination exists.3 Renal 
functional and structural changes detected in EBN were simi-
lar to porcine induced OTA toxicity.13 In addition, when 
compared to controls with no urinary disorders, increased 
OTA serum levels were detected in UC and renal cancer 
patients living in Bulgaria14 and Egypt.15 Based on the previ-
ously described association of Balkan nephropathy to upper 
tract UC,16 OTA exposure may be associated with increased 
UC and renal cancer risks. A growing attention to OTA 
exposure led to further investigation of other potential asso-
ciated tumour risks, including testicular cancers. An experi-
mental study suggested that exposing fetal mice in utero to 
OTA was associated with an increased potential incidence 

of testicular and kidney DNA adducts.4 Furthermore, human 
consumption of OTA-contaminated pork and coffee was 
correlated to testicular cancer incidence in 20 countries.10

Based on all previous findings, a human renal and/or 
testicular cancer risk was linked to OTA exposure and a 
causal relationship has been suggested. To date, OTA cancer 
risk to exposed human populations is still unclear and there 
have been no properly conducted epidemiologic case con-
trolled studies examining this risk. However, human OTA 
cancer risk has been indirectly investigated. OTA was either 
externally tested by measuring airborne OTA in inhaled air17

or contaminated human diet,18 and/or internally tested by 
investigating OTA levels in biological fluids and tissues. 
Epidemiological studies subsequently linked OTA existence 
to disease incidence.17 The aim of this work was to inves-
tigate OTA in human serum and tumour tissues taken from 
patients with renal, urothelial or testicular tumours. 

Given its strong binding capacity to albumin, serum OTA 
levels are generally considered an adequate indicator for 
assessing OTA exposure. In this study, mean OTA concentra-
tion in frozen serum samples collected from 37 renal tumour 
patients was 0.07 ng/mL and ranged from 0.004 to 0.25 ng/mL. 
Mean OTA levels tended to be higher in conventional RCC 
and upper tract UC. Despite the absence of normal control 
samples in this study, our patients with renal tumours had 
a considerably lower serum OTA concentrations than those 
previously reported in healthy Canadian individuals. Two 
previous Canadian studies reported mean serum OTA con-

Fig. 2. Ochratoxin-A concentration in frozen serum tested by enzyme-linked immunosorbent assay (ELISA).
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centrations of 0.88 ng/mL (range 0.29-2.37 ng/mL) in 100% 
of the tested healthy individuals19 and 1.13 ng/mL (range 
<0.50->20.0 ng/mL) in 40% of both individuals with and 
without renal impairment.20 The former study was restricted 
by a methodology that could only detect OTA concentra-
tions higher than 0.15 ng/mL and there was no detection 
limit specified by the latter study. 

Other studies have also investigated serum OTA levels in 
a variety of urinary disorders with considerable variability. 
Most of these studies included European or North African 
populations. Many of these studies have collectively reported 
OTA serum levels in individuals living in areas with endemic 
renal disorders, although most have not reported OTA serum 
concentrations in renal tumour patients. Mean serum OTA 
in individuals with no history of urinary disorders ranged 
from 0.1 to 2 ng/mL.3,21 A sample of patients from Turkey,22

Tunisia,23 Egypt,15 Bulgaria14 and Poland21 suffering from renal 
diseases and UC had significantly higher mean serum OTA 
levels than healthy controls. The highest reported OTA serum 
levels ranged from 35 to 100 ng/mL.3 In contrast, 2 studies 
from Pakistan24 and Germany25 did not detect any differences 
in OTA serum concentration among patients with or without 
urinary disorders. The mean reported blood OTA for both 
groups was 0.3 ng/mL in the former study and 0.4 ng/mL 
in the latter. 

Internal measures for computing human exposure cannot 
recognize sources of contamination. In this study, data on 
OTA dietary exposure were not available. Nevertheless, esti-
mating human exposure is extremely challenging and may 
be inaccurate due to the presence of various confounding 
factors. OTA concentrations in tested food may not project 
actual human consumption due to the variable effects of 
cooking and food processing on OTA.26 In addition, food 
OTA content varies greatly, not only within different geo-
graphical locations,26 but also within batches of crops taken 
from a same location.3

The current manuscript is the first to test OTA localization 
in actual human tumours. The absence of a readily available 
human tissue with documented OTA contamination to serve 
as a positive control for IHC staining presented a significant 
challenge. We failed to detect any OTA signal by IHC despite 
spiking tumour tissues with different concentrations of OTA 
standards. Based on previously published western blot and 
bacterial challenge techniques,27 we attempted IHC staining 
of an OTA-coated nitrocellulose membrane. Levels as low 
as 0.01 ng/mL of OTA were successfully detected, indicating 
that our IHC technique was suitable. There was, however, no 
evidence of OTA expression in all frozen human renal and 
testicular tissues tested in this study. To our knowledge, only 
one previous study attempted direct localization of OTA 
in human organs.21 OTA was examined in sections taken 
from the renal cortex of 19 patients with renal tumours who 
have undergone a nephrectomy in Poland. Using a reversed 

phase liquid chromatography with fluorescence detection, 
mean OTA level was 0.23 ng/g (median 0.25 ng/g) and 
ranged from 0.15 to 0.45 ng.21 In the previous study, OTA 
concentration was measured in the renal cortex and not in 
the actual tumours. In addition, no OTA localization using 
tissue staining techniques was attempted. There was no cor-
relation to the histological types of the tumours, and dietary 
OTA contamination was not reported.  

In spite of the reported higher incidence of testicular 
cancer in patients consuming OTA-contaminated pork and 
coffee from 20 different countries,10 many other studies have 
contested OTA as a testicular carcinogen. These studies have 
failed to find any difference between the incidence of tes-
ticular cancer in OTA-exposed rodents and controls.9,28

Based on the findings of this study, we cannot support or 
refute any potential oncogenic risk for OTA. The absence 
of a detectable OTA signal in tissues and the lower OTA 
levels in blood in comparison to previous studies may have 
several interpretations. This may be a reflection of a different 
era with less OTA-food contamination due to greater aware-
ness and stricter governmental controls or simply different 
food storing, processing and cooking techniques. A different 
detection methodology (IHC and ELISA rather than liquid 
chromatography) is another potential explanation. Since 
most animal studies were relatively short (<2 years), the 
minimum required dose, frequency and duration of OTA 
exposure for tumour induction is unknown. The mechanism 
by which OTA may induce tumours and how long it takes for 
those tumours to be clinically detected is also still unclear. 
Not all OTA-fed animals developed renal tumours. It is still 
undetermined why most female and many male rodents 
appear to be immune to OTA tumour risks than others. OTA 
localization in the kidneys of mice given a single dose of 
25 mg/kg and sacrificed within 48 hours was previously con-
firmed by IHC. OTA was detected in mice fed 15 minutes 
to 6 hours previous to sample collection and was highest 
at 3 hours.28 OTA half-life was only examined in 1 human 
volunteer and was reported to be 840 hours or 35.55 days.29

OTA may have induced some DNA adducts in exposed 
patients; this may have induced malignant tumours years 
later after the initial OTA has been cleared. The absence 
of OTA in tissues may also be explained by the fact that 
animal carcinogens might not necessarily have the same 
effects and pathogenesis on humans. A recent study has 
demonstrated that phosphorylared-S6 ribosomal protein, 
which is regulated by the mammalian target of rapamycin 
(mTOR), was consistently expressed in rat renal tumours in 
response to long-term exposure to dietary OTA ranging from 
26 to 105 weeks. In contrast to the animal model, human 
RCC, upper urinary tract UC from cases of Balkan endemic 
nephropathy, and a human angiosarcoma were negative for 
p-S6.30 Lastly, this study may just be underpowered to detect 
any OTA in human tissues by IHC.  
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Conclusion 

To our knowledge, this is the first study to test actual OTA in 
human renal and testicular tumours. It included a substantial 
number of patients and has validated a novel technique for 
OTA-positive control staining. Information from this study 
may serve as a foundation for designing bigger experimental 
and epidemiologic studies. 
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