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Abstract
The Czech Republic occupies the first place in the world in the frequency of renal and other urinary tract tumours, but their
aetiology is unknown. To explore whether carcinogenic and nephrotoxic mycotoxins may contribute to kidney diseases in the
Czech population, biomarkers of ochratoxin A (OTA) and citrinin (CIT) exposure were determined in biological specimens from
a cohort of 50 patients with malignant renal tumours. Biomarker analyses in blood and urine samples used validated targeted
methods for measuring OTA and CIT plus dihydrocitrinone (DH-CIT) after enrichment of analytes by specific immunoaffinity
clean-up. OTA and CIT plus its metabolite DH-CITwere frequently detected in patient urine samples (OTA 62%; CIT 91%; DH-
CIT 100%). The concentration ranges in urine were 1–27.8 ng/L for OTA, 2–87 ng/L for CIT and 2–160 ng/L for DH-CIT. The
analyses of blood samples revealed also a frequent co-occurrence of OTA and CIT, in the ranges of 40–870 ng/L serum for OTA
and 21–182 ng/L plasma for CIT. This first analysis of biomarkers in blood and urine samples of Czech patients revealed no
major differences in comparison with published data for the general healthy Czech and European populations. Nonetheless, a
frequent co-occurrence of CIT and OTA biomarkers in patient samples may be of interest with regard to potential interactions
with other risk factors for renal disease.
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Introduction

Based on epidemiological information on malignant diseases,
the incidence in the Czech Republic of renal tumours and
other urinary tract tumours is very high in comparison with
other countries (e.g. Germany, see Robert Koch-Institut
2017). The incidence of malignant neoplasms of the kidney
and of renal pelvis and ureter (diagnosis C64–C66) is 29.5

renal tumours/100,000 inhabitants of the Czech Republic
(Dusek et al. 2017). The tumours diagnosed are mainly renal
carcinoma/adenocarcinoma arising from the proximal tubule
cells (clear cell renal cell carcinoma, ccRCC, formerly called
Grawitz tumour) and papillary renal carcinoma of the renal
pelvis (Tesar et al. 2015). Balkan endemic nephropathy
(BEN), a unique chronic renal disease, is often associated with
upper urinary tract tumours arising from the urothelium
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(Grollman and Jelakovic 2007). Factors suspected of inducing
this disease are nephrotoxins, primarily mycotoxins and
aristolochic acid, metals and metalloids as well as possibly
an individual genetic predisposition (Pfohl-Leszkowicz et al.
2002; Peraica et al. 2008; Pfohl-Leszkowicz 2009; Stiborova
et al. 2016; Chan et al. 2018).

Different factors can play a role in the incidence of ccRCCs
and other kidney tumours, e.g. hypertension and obesity
(Sanfilippo et al. 2014), lifestyle and health behaviours such
as physical activity, alcohol consumption and smoking (Chow
et al. 2010) but also genetic factors (Reaume et al. 2013;
Schmidt and Linehan 2016). Other, mainly occupational risk
factors for renal cancer include high exposure to cadmium,
lead and solder fumes as well as paints, mineral oils, cutting
fluids, benzene, polycyclic aromatic hydrocarbons, trichloro-
ethylene and tetrachloroethylene (Pesch et al. 2000; Radford
et al. 2013). In short, the aetiology of renal cancer is not well
understood, and the impact of various risk factors on disease
may vary in different cohorts. In a Czech cohort of patients
with kidney tumours (main diagnosis C64), we have studied
their exposure to carcinogenic and nephrotoxic mycotoxins,
namely ochratoxin A (OTA) and citrinin (CIT). The contam-
ination of food commodities with OTA is quite frequent in
Europe including the Czech Republic (EFSA 2006; Ostry
et al. 2013; Ostry et al. 2015), whereas available data on
CIT levels in food and feed is rather scarce (EFSA 2012).

Since CIT has similar toxic properties as OTA, their co-
occurrence has raised concerns regarding possible combined
effects on animals and humans, in particular porcine nephrop-
athy and BEN (Pfohl-Leszkowicz et al. 2002; Pfohl-
Leszkowicz et al. 2008; Peraica et al. 2008; Ostry et al.
2013). An experimental co-administration of CIT and OTA
in rodents or in vitro can increase OTA-DNA adducts in kid-
ney (Manderville and Pfohl-Leszkowicz 2008; Pfohl-
Leszkowicz et al. 2008) and also oxidative DNA damage
(Segvic-Klaric et al. 2013). Depending on doses and the rela-
tive proportion of CITand OTA, either antagonism or synergy
has been observed (Pfohl-Leszkowicz et al. 2008; Föllmann
et al. 2014). Thus, it is of interest to assess the exposure to both
mycotoxins in humans.

A valuable tool to investigate human exposure to myco-
toxins is biomonitoring, i.e. the analysis of parent compounds
and/or metabolites in biological fluids such as blood, urine or
breast milk samples. It has served to study exposure to myco-
toxins in different countries and cohorts, and to study the
success of intervention measures aimed to reduce dietary in-
take (Duarte et al. 2011; Turner et al. 2012). Analysis by
means of suitable biomarkers of exposure is considered to
be the preferable tool for human exposure assessment as it
covers mycotoxin intake from all sources and routes, and bet-
ter reflects the individual exposure situation, toxicokinetics
and bioavailability (Duarte et al. 2011; Malir et al. 2012;
Fromme et al. 2016).

In this study, biomarkers of OTA and CIT exposure have
been determined in 50 patients with renal tumours from the
Czech Republic. We applied validated specific methods for
analyses of OTA, CIT and its metabolite dihydrocitrinone
(DH-CIT) in blood and urine samples collected prior to sur-
gery. The structures of the analytes are depicted in Fig. 1.
Their levels in the patient cohort are compared with those of
healthy populations to explore if exposure to nephrotoxic my-
cotoxins may be a contributing factor to the high frequency of
renal tumours observed in the Czech Republic. This first bio-
marker analyses in Czech tumour patients revealed current
mycotoxin exposures well below the tolerable daily intake
values for OTA and CIT. The results will be also discussed
in relation to remaining uncertainties such as potential risks
from past exposure, not reflected in our present study, or com-
bined exposures.

Materials and methods

Chemicals and materials

Glacial acetic acid, hydrochloric acid, ortho-phosphoric acid
85%, magnesium sulphate hexahydrate, sodium chloride, an-
hydrous sodium acetate (all in p.a. purity), methanol and ace-
tonitrile (both gradient grade for HPLC) were obtained from
Merck KGaA (Prague, Czech Republic), and acetic acid
(96%) from Merck KGaA (Darmstadt, Germany).
Acetonitrile and methanol (LC-MS grade) were from
Promochem (Wesel, Germany). Chloroform and sodium hy-
drogen carbonate (both p.a.) were purchased from Riedel-de
Haen (Prague, Czech Republic). OTA standard material
(1 mg, purity > 98%) and phosphate-buffered saline of
pH 7.4 were obtained from Sigma-Aldrich (Prague,
Czech Republic). Ultrapure water was prepared by Milli-Q
Plus (Millipore, Billerica, MA, USA).

OTAwas dissolved in methanol and spectrophotometrical-
ly calibrated at 333 nm using the molar extinction coefficient
(ε) of 6400 (Reinhard and Zimmerli 1999). A basic OTA
solution was prepared by dissolving 1 mg of OTA in 5 mL
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Fig. 1 Structural formulas of the analytes



of methanol, and an OTA stock standard solution (40 ng/mL)
was prepared by further dilution in methanol. The working
standard solutions of OTA in a range of 0.1–20.0 ng/mL were
prepared weekly from the OTA stock solution as dilutions in
the mobile phase (methanol/acetonitrile/0.005 mol/L sodium
acetate/acetic acid, 300/300/400/14, v/v/v/v).

CIT standard material (5 mg, purity > 98%) was from
Sigma-Aldrich (Taufkirchen, Germany); CIT stock solution
in methanol was calibrated at 321 nm using the absorptivity
ε = 5490 (Reinhard and Zimmerli 1999). The CIT metabolite
DH-CIT (purity 98.9%) was obtained from AnalytiCon
Discovery GmbH (Potsdam, Germany). CIT and DH-CIT
working standard solutions were prepared weekly from their
stock solutions (CIT, 200 μg/mL acetonitrile; DH-CIT,
500 μg/mL acetonitrile) by dilution in methanol in a range
of 1–20 ng/mL (1000–20,000 ng/L).

Cohort and collection of samples

Biological samples (blood and urine) were collected
from November 2015 to April 2017 from 50 randomly
selected patients (a group of 39 men and 11 women)
with diagnosis of kidney cancer and aged between 40
and 81 years (see Table 1). For the purposes of this
study, on the basis of the previous standard laboratory
and medical examinations, only those patients without
overall metabolic disruption and cardiovascular compli-
cations were randomly selected. Blood and urine sam-
ples for this study were collected just before surgical
operation as part of standard clinical sampling so that
patients were not excessively burdened (one of the con-
ditions of approval by the Ethics Commission). Samples
of urine were collected from the patients in all standard
preoperative examinations, starting from their arrival at
the Department of Urology until the morning of the
next day when the operation was performed. Blood
samples were divided in three containers from
Sarstedt: (i) two S-Monovettes (2.7 mL, K2EDTA—for
obtaining optimally about 4 mL of plasma overall) were
centrifuged (at 3000 rpm, approximately about 1620×g)
for 15 min for separation of plasma using a B4i Jouan
(France) centrifuge, and then the separated plasma was
placed into a vial; (ii) another container marked S-
Monovette (5.5 mL Z, Clotting Activator/serum) was
used for obtaining the serum, and then the sample of
separated serum was placed into a vial. Urine samples
were collected into a non-sterile container (1.5 L) stored
in the refrigerator. Each urine sample was mixed, and
from it approximately 100 mL of urine after centrifuga-
tion (at 3000 rpm) was placed into a polypropylene
container, and these samples were immediately stored
at − 80 °C until analysis. All samples were sent anony-
mously (using a numerical code) to the laboratories.

Personal data on gender, the year of birth and the body
weight of the patient were recorded.

OTA extraction, detection and quantification

Prior to detection and quantification of OTA in serum and
OTA in urine, aliquoted samples of 3 mL of acidified blood
serum (Zimmerli and Dick 1995; Dohnal et al. 2013) and
20 mL of filtered urine sample (Ostry et al. 2010) were ex-
tracted and cleaned on Ochraprep® R immunoaffinity col-
umns (Biopharm Rhone Ltd., Great Britain).

As in previous studies of other cohorts (Malir et al.
2006; Ostry et al. 2010; Dohnal et al. 2013), the validated
and accredited method (CSN EN ISO/IEC 17025) of
reversed-phase high-performance liquid chromatography
with fluorescence detection was employed for purposes
of OTA detection and quantification. OTA was analysed
on a liquid chromatograph consisting of a vacuum degasser
SCM400, gradient pump P2000, autosampler AS 3000 (all
from Spectra System, USA), fluorescence detector 920 FP
(Jasco, Japan) and Solvent Saver 2907 (Jour Research,
Sweden) coupled with the analytical column Inertsil
ODS-3V (5 μm × 150 mm × 4.6 mm; Hichrom Ltd., UK)
with a guard column (3.0 × 4.0 mm filled with C18 material
of particle size 5 μm, Phenomenex, USA) and—for calcu-
lations and evaluations—equipped with a computer and
CSW 32 (DataApex, Prague, Czech Republic) software.
OTA fluorescence was measured at an excitation wave-
length of 333 nm, and an emission wavelength of 465 nm
for serum analysis or 443 nm for urine analysis. The injec-
tion volumes were 50 μL for serum samples and 100 μL
for urine samples. The mobile phase for OTA analysis
consisted of methanol/acetonitrile/0.005 mol/L sodium
acetate/acetic acid (300/300/400/14, v/v/v/v). The flow rate
was 1.5 mL/min (Dohnal et al. 2013). Under these chro-
matographic conditions, the retention time of OTA for se-
rum samples was about 7.1 min and for urine samples
about 7.9 min. For OTA in serum, the LOD was 40 ng/L
and LOQ was 100 ng/L. For OTA in the urine, the LOD
was 1.0 ng/L and LOQ was 2 ng/L. The linear calibration
curve was constructed by measurement of OTA peak areas
of standard solutions in mobile phase with concentrations
of 0.125 to 4.000 ng OTA/mL for serum analysis, and of
0.1 to 20 ng OTA/L for urine analysis. Blank samples were
mobile phases. Each point of the calibration curve was
measured in triplicate. The recoveries for OTA were 82–
86% in the range of 0.5–1.0 μg/L (500–1000 ng/L) in
spiked blood serum samples and 92.6–85.1% in the range
of 20–50 ng/L in spiked urine samples. The average rela-
tive standard deviations of repeatability (RSDr) for OTA
were 4.5% at 0.5 ng/mL (500 ng/L) and 1.5% at 1 ng/mL
(1000 ng/L) for serum and 4.2% at 20 ng/L and 2% at
50 ng/L for urine.
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CIT and DH-CIT extraction, detection
and quantification

CIT and DH-CIT in urine were analysed by the validated
method of Blaszkewicz et al. (2013) after extraction and
cleanup with CitriTest® columns (Vicam provided by
Ruttmann, Hamburg, Germany), with minor modifications.
A mixture of 5 mL urine diluted with 5 mL of 1 mM acetic
acid was loaded on a CitriTest® column; see Ali et al. (2015a,
2015b). CIT and DH-CIT in plasma were analysed by the
method of Blaskewicz et al. (2013) and Ali et al. (2018). In
short, for protein precipitation, 1 mL plasma was mixed with
1 mL acetonitrile (1/1, v/v) and then centrifuged at 9800×g for
3 min; 1 mL of the upper layer was transferred into a vial and
evaporated to dryness under a gentle stream of nitrogen at a
temperature of 40 °C. Then, the sample was reconstituted in
350 μL methanol, vortexed, and centrifuged at 9800×g for

3 min; the extract was filtered through a 0.45-μm pore size
Teflon syringe filter (WICOM, Germany) before LC-MS/MS
analysis.

Detection of CITand DH-CITwas performed with a Varian
1200L Quadrupole MS/MS equipped with an electrospray
ionization (ESI) source and a Prostar® Varian HPLC system
and Varian MS Workstation version 6.9.1 data system
(Agilent Technologies, Germany) after separation on a
Nucleosil® 100-5 C18 HD column (125 × 3 mm, Macherey-
Nagel, Düren, Germany). The mobile phase consisted of wa-
ter containing 1 mmol/L ammonium formate and methanol
containing 1 mmol/L ammonium formate. Instrumental set-
tings and chromatographic conditions were identical with
those used before for urine and plasma extract analyses (Ali
et al. 2015a, 2015b; Ali et al. 2018). A gradient elution was
performed, and the retention times of CIT and DH-CIT were
9.3 and 8.7 min, respectively.

Table 1 Characteristics of male
and female Czech patients with
diagnosis of kidney cancer

Characteristics of patients Subgroup of
men

Subgroup of
women

Whole
cohort

Subject-gender (n) 39 11 50

Age (years)

Mean ± SD 65 ± 10 58 ± 12 63 ± 11

Range 40–81 40–74 40–81

Weight of patients (kg)

Mean ± SD 93 ± 11 80 ± 31 90 ± 18

Range 68–118 57–155 57–155

Area of residence

Rural 6 1 7

Urban 33 10 43

Diagnosis

Malignant neoplasm of kidney, outside renal pelvis
(C64)

38 10 48

Malignant neoplasm on urine bladder neck (C675) 1 – 1

No-malignant neoplasm of kidney (D410) – 1 1

Urinary parameters

Creatinine (mg/L)*

Mean ± SD 794 ± 592 701 ± 353 773 ± 547

Range** 100–3290 260–1236 100–3290

pH of urine

Mean ± SD 6.04 ± 0.54 5.89 ± 0.50 6.01 ± 0.53

Range 5.03–7.08 5.38–7.13 5.03–7.13

Volume of urine (mL)

Mean ±SD 444 ± 64 459 ± 131 447 ± 82

Range 252–560 110–586 110–586

Biomarker values determined in patient urines (see Tables below) are expressed both as concentration (ng/L), and
also adjusted for urine creatinine content
* Range of creatinine reference value in healthy adults: 500–2500 mg/L (Kommission Humanbiomonitoring des
Umweltbundesamtes 2005)
** In one case i.e. 2% from the whole cohort, urinary creatinine was ˃ 2500 mg/L and in 15 cases i.e. 30% of the
cohort it was < 500 mg/L, i.e. higher or lower than the range of creatinine reference values in healthy adults
(Kommission Humanbiomonitoring des Umweltbundesamtes 2005)
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The method was validated using spiked blank urine and
plasma samples. Recoveries were 79% and 82% in the urine,
and 82% and 84% in plasma, for CIT and DH-CIT, respec-
tively. The LOD and LOQ were determined by an external
calibration curve in the urine and plasma matrix. The LOD
and LOQ were 0.02 ng/mL (20 ng/L) and 0.05 ng/mL (50 ng/
L) for CIT, and those for DH-CITwere 0.05 ng/mL (50 ng/L)
and 0.1 ng/mL (100 ng/L) in the urine matrix. In plasma sam-
ples, the LODs of CIT and DH-CITwere 0.07 ng/mL (70 ng/
L) and 0.15 ng/mL (150 ng/L), respectively, and their LOQs
were 0.15 ng/mL (150 ng/L) and 0.30 ng/mL (300 ng/L),
respectively. Reproducibility was determined by inter-day as-
says on three different days at a level of 0.25 ng/mL (250 ng/
L) in urine and 0.5 ng/mL (500 ng/L) in plasma for the
analytes; the RSDr range was 4.2 to 7.4% for the analytes.
Calibration curves for quantification were done by spiking
urine and plasma matrix that showed no detectable analyte
background.

Creatinine analysis in urines

Urinary creatinine was determined by the Jaffe reaction meth-
od with alkaline picrate at a wavelength of 520 nm using the
spectrometer Cintra 101 (GBC Scientific Equipment Ltd.,
Australia). Creatinine levels were controlled by Lyphochek®
Quantitative Urine Control, levels 1 and 2 (Bio-Rad, Prague,
Czech Republic). Levels of OTA, CIT and DH-CIT in urines
(ng/L) were then adjusted for creatinine content and expressed
as nanograms per gram of creatinine.

OTA exposure calculation

The average OTA daily intake in patients with malignant neo-
plasms was calculated on the basis of OTA serum concentra-
tions as done in previous assessments (e.g. Märtlbauer et al.
2009; Coronel et al. 2009; Duarte et al. 2011) by means of the
Klaassen equation:

K0 = Clp × Cp/A and in the version K0 = 0.99 × Cp/0.5 =
1.97where K0 is the continuous dietary intake (ng/kg b.w./
day), Clp is the plasma clearance (0.99 mL/kg b.w./day), Cp

is the plasma OTA concentration (ng/mL) and A is the toxin
bioavailability, estimated at 50%. We opted also to use the
more conservative conversion factor of 1.97 (Miraglia et al.
1996), since this version of the Klaassen equation has resulted
in a better match of biomarker-based intake assessments for
OTA with estimates based on food analysis data (Märtlbauer
et al. 2009).

OTA intake ng=kg b:w:ð Þ≅1:97� COTA;

where COTA is the OTA concentration measured in serum
(ng/mL).

CIT exposure calculation

For CIT exposure assessment, the urine concentrations for
both CIT and its main metabolite DH-CIT were summed up
(“total CIT”) for each individual and then converted to CIT
intake. It was calculated as follows (Degen et al. 2018):

PDI μg=kg b:w:=dayð Þ
¼ C=W*V*100=fraction excreted in urine in%;

where PDI is the provisional daily intake, C is the concentra-
tion measured in the urine sample, W is the standard body
weight of 70 kg (EFSA 2012) and V is the average daily urine
volume of 1.6 L excreted by adults. As for the assumption for
V, one favours a higher i.e. conservative intake estimate, al-
though the urine volume excreted by patients who are kept
from drinking or eating 12 h before surgery was lower. The
fraction excreted in the urine is the percentage of an oral CIT
dose found in the urine within 24 h and set here to 40%, the
median value in the study of Degen et al. (2018).

Statistical analysis

Obtained data were processed using the universal statistical
software Statistica version 11 (StatSoft). The results as mean ±
standard deviation, median and ranges are presented on the
basis of descriptive analysis. The samples with OTA concen-
trations below the limit of detection (LOD) were calculated as
one-half the detection limit for calculation of mean and medi-
an values (Hornung and Reed 1990).

Results

Biomarkers in blood and urine samples: OTA, CIT
and DH-CIT

OTA was frequently detected in body fluids (serum 48%;
urine 62%) from the patient cohort. OTA amounts measured
in blood serum and urine are summarized in Table 2. The OTA
serum concentrations ranged from 40 ng/L (LOD) to 830 ng/
L, with a mean value 145 ± 213.8 ng/L, median 20 ng/L. OTA
concentrations in the corresponding urines ranged from 1 ng/L
(LOD) to 27.8 ng/L, with a mean value for all urines of 5.9 ±
5.97 ng/L, median 5.4 ng/L. OTA concentrations in both ma-
trices are higher in the male than the smaller subgroup of
female patients (Table 2), yet the differences did not reach
statistical significance. This is also the case for creatinine-
adjusted OTA levels in urine.

Determining OTA in blood and urine is very useful for a
comparison with published data from other cohorts. Yet, bio-
marker analyses data in the two matrices of an individual are
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not necessarily strictly correlated with each other due to the
rather complex kinetics of OTA in the human organisms.
Figure 2 and Fig. 3 depict the OTA concentrations determined
in serum and urine samples of all individuals. Patients with
higher OTA serum amounts generally excreted more OTA
aglycone, the unconjugated OTA form (which was analysed)
in urine than those with lower circulating amounts of OTA.

In blood and urine of the same cohort, CIT is detected in
almost all patients. Table 3 summarizes the data. The CIT
plasma concentrations of all 50 Czech patients ranged from
20 (LOD) to 182 ng/L, median of 51 ng/L, a mean value 61 ±
35 ng/L and similar concentrations in both subgroups of men
and women. Due to a high LOD for DH-CIT in plasma
(200 ng/L), the metabolite was not detected in any of the
patient blood samples. CIT concentrations in urine ranged
from 2 (LOD) to 87 ng/L, with a mean value for all patients
of 16 ± 20 ng/L, median 8 ng/L and higher mean

concentrations for the metabolite DH-CIT of 48 ± 35 ng/L,
median 38.5 ng/L (for 100% of samples in a range of 6 to
160 ng/L), with similar amounts in males and females (see
Table 3).

Figures 4 and 5 illustrate the variability in biomarker con-
centrations among this cohort for biomarkers measured in
plasma and in urine samples of individuals. The biomarker
pattern in both matrices, with higher CIT concentrations in
blood than in urine of patients, and higher urinary levels of
DH-CIT than CIT, resembles that observed in reference
cohorts.

Exposure assessments for OTA and CIT

These data have been used to estimate the exposure to OTA
and CIT of the patients before surgery, and have been com-
pared to the tolerable intake (TDI) for OTA and CIT. Using the

Table 2 Serum and urinary concentrations of OTA in the Czech patient cohort

Serum Urine

n Positive n
(%)

Mean ± SD (ng/
L)

Median (range)
(ng/L)

Positive n
(%)

Mean ± SD
(ng/L)

Median (range)
(ng/L)

Mean ± SD (ng/g
creatinine)

OTA Men 39 21 (54) 175.8 ± 232.8 47.3 (nd–830) 24 (62) 6.53 ± 6.41 6.41 (nd–27.8) 8.0 ± 6.0

Women 11 3 (27) 35.7 ± 35.1 20.0 (nd–112.8) 7 (64) 3.66 ± 3.44 2.74 (nd–10.0) 5.0 ± 4.0

All 50 24 (48) 145 ± 213.8 20.0 (nd–830) 31(62) 5.9 ± 5.97 5.41 (nd–27.8) 7.0 ± 6.0

Note: positive sample refers to urines containing the analyte ≥ the limit of detection (LOD). LOD of OTA in blood was 40 ng/L of serum and in urine
1.0 ng/L. Samples that contained analyte levels below LODwere assigned a value of one half of the LOD for calculation of mean andmedian values. See
also individual data in Fig. 2 and Fig. 3

nd level below LOD
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OTA serum concentrations of Czech patients, we calculate a
probable daily intake, using a conversion factor of 1.97 for the
Klaassen equation as applied in previous exposure assess-
ments for this mycotoxin. The mean blood OTA concentra-
tions of 145 ± 214 pg/mL (or ng/L) correspond to a mean daily
dietary OTA intake for the entire cohort of 286 ± 421 pg/kg
b.w/day (i.e. 0.29 ± 0.42 ng/kg b.w./day). This daily intake is

lower than the TDI value which was set by several regulatory
bodies for OTA.

For CIT exposure, the urine concentrations for CIT and its
main metabolite DH-CIT were summed up (“Total CIT”) for
each individual (see Fig. 4) and then converted to CIT intake
as explained in “Materials and methods”. The probable daily
CIT intake for the cohort is 3.5 ± 2.3 ng/kg b.w./day, with no

Table 3 Plasma and urinary concentrations of CIT and its metabolite DH-CIT Positive

Plasma Urine

Positive n
(%)

Mean ± SD
(ng/L)

Median (range)
(ng/L)

Positive n
(%)

Mean ± SD
(ng/L)

Median (range)
(ng/L)

Mean ± SD (ng/g
creatinine)

CIT Men 39 39 (100) 63 ± 32 58 (21–170) 35 (90) 17 ± 21 9 (6–87) 24.0 ± 23.0

Women 11 10 (91) 53 ± 46 45 (nd–182) 10 (91) 10 ± 11 6 (nd–31) 14.0 ± 12.0

All 50 49 (98) 61 ± 35 51 (nd–182) 45 (90) 16 ± 20 8 (nd–87) 22.0 ± 21.0

DH–CIT Men 39 nd 39 (100) 48 ± 35 70 (6–160) 87.0 ± 85.0

Women 11 nd – – 11 (100) 49 ± 30 39 (6–114) 74.0 ± 37.0

All 50 nd 50 (100) 48 ± 34 38 (6–160) 84.0 ± 77.0

Total
CIT

Men 39 NC – – 35 (90) 66 ± 42 62 (nd–206) 111.0 ± 91.0

Women 11 NC – – 10 (91) 59 ± 40 41 (nd–145) 88.0 ± 45.0

All 50 NC – – 45 (90) 64 ± 42 57 (nd–206) 106.0 ± 83.0

Positive sample refer to urines containing the analyte ≥ limit of detection (LOD). Samples with analyte levels below LOD were assigned a value of one
half the LOD for calculation of mean and median values. The LOD in urine were 0.002 ng/mL (2.0 ng/L) for both CIT and its metabolite; in plasma the
LOD for CITwas 0.02 ng/mL (20 ng/L), but for DH-CIT the LOD was 0.2 ng/mL (200 ng/L). Thus, the total CIT (sum of CIT plus DH-CIT) was not
calculated (NC) for plasma, but for urines; see also individual data in Fig. 4 and Fig. 5

nd level below LOD
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significant difference between males and females. The esti-
mated exposure is far lower than the “level of no concern for
nephrotoxicity” (a provisional TDI) derived by EFSA (2012)
for this mycotoxin.

Comparisons with healthy populations

Results of this first biomarker analysis for nephrotoxic myco-
toxins in Czech patients with renal tumours are compared with
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data for OTA and CIT biomonitoring in reference cohorts;
more details on the latter studies are provided in “Discussion”.

OTA concentrations both in urine and in serum of Czech
patients in this study and the group representing the Czech
healthy population—reference cohort (236 examined individ-
uals; male/female, 45–60 years old, blood donors) (Ostry et al.
2010)—were compared by the independent sample t test. No
statistically significant difference was observed (p > 0.05).

Comparisons of CIT and DH-CIT urinary concentrations
were made by independent sample t test between Czech pa-
tients and those reported in a cohort of German healthy adults
(23 males, 27 females) (Ali et al. 2015a), because similar data
were not available in a healthy cohort in the Czech Republic.
CIT and DH-CIT concentrations in urine of Czech patients
were statistically significantly lower (p < 0.05) compared with
the German control group, but no significant difference was
observed in their blood levels.

Discussion

The aim of this collaborative study was to estimate the expo-
sure of kidney cancer patients (clinical diagnoses: C64–C66)
to two nephrotoxic mycotoxins (OTA and CIT) by sensitive
targeted biomarker analyses in both blood and urine samples.
As sample collection was made in hospital before surgery, the
measured OTA and CIT biomarkers reflect only recent expo-
sure but not the past exposure. Yet, analysis of paired blood
and urine samples from patients allows to consider biomarker
levels in both matrices and compare the outcome to studies in
non-diseased cohorts (e.g. MacDonald et al. 2001; Ostry et al.
2010; Ali et al. 2015a). Table 4 summarizes data from some
studies that used the same or very similar methodology as
applied in the present investigation.

OTA biomarker concentrations in Czech kidney
tumour patients and in other cohorts

For the Czech patients, the mean OTA serum concentration
and the range are similar to those found in a large survey of
serum samples obtained between 1994 and 2002 from healthy
Czech blood donors (Malir et al. 2006), and from another
more recent survey on healthy Czech persons (Ostry et al.
2010). The data for Czech adults are also similar to OTA
values found in a large German study (Rosner et al. 2000)
and a retrospective study of 102 serum samples from 36
healthy persons (Märtlbauer et al. 2009). Higher OTA mean
blood plasma levels and ranges than in the Czech and German
adults have been reported in a 1-month diet duplicate study
carried out in the UK some years ago (MacDonald et al.
2001). This study analysed also unconjugated OTA in 24-h
urines collected by the volunteers. OTA concentrations in
urine were far lower than those measured in the blood plasma,

yet showed a good correlation with dietary OTA intake of UK
adults (Gilbert et al. 2001; MacDonald et al. 2001).

OTA levels now determined in urines from 50 Czech pa-
tients are close to the mean concentration and range were
found previously for the healthy Czech population (Ostry
et al. 2010). In the patient cohort, OTA concentrations in urine
were also much lower than in blood. This is in line with data
from the UK (Table 4) and further biomonitoring data in
healthy persons (reviewed in Fromme et al. 2016; Malir
et al. 2016; Ali et al. 2017).

The fact that both blood and urinary OTA levels in patients
suffering from kidney cancer are not significantly different
from the healthy Czech population or lower than in healthy
persons from other countries is in line with the present knowl-
edge on OTA kinetics. Only a small fraction of the circulating
OTA is excreted in a given time, due to its pronounced binding
to serum proteins (about 99%) which hinders its glomerular
filtration (Gekle et al. 2005). The free (unbound) OTA fraction
is filtered, but reabsorption of the non-ionized form along all
nephron segments delays its elimination (Castegnaro et al.
2006; Ringot et al. 2006). The fraction of OTA bound to
serum proteins constitutes a mobile OTA reserve that can be
released as soon as the fraction of free OTA decreases, e.g.
when more polar metabolites are formed and excreted (Pfohl-
Leszkowicz and Manderville 2007; Ali et al. 2017). An in-
crease in OTA blood concentrations after high intake can be
compensated by increasing urinary OTA excretion, which
brings the OTA concentration back to the former steady-
state level in blood (Castegnaro et al. 2006; Pfohl-
Leszkowicz et al. 2006). In patients with impaired renal func-
tion and decreased filtration capacity, one would expect an
increase in OTA concentration in blood compared to healthy
persons with a similar OTA intake (Duarte et al. 2011). Yet,
this was not the case, except for 30% of patients having a low
creatinine excretion, probably because the steady state was not
reached.

Estimation of the OTA intake before surgery, based on
OTA blood concentrations, is low with about 0.3 ng/kg b.w./
day: This is about 10-fold lower than the most conservative
limit value of 4 ng/kg b.w./day proposed byHealth Canada for
a negligible cancer risk intake (Kuiper-Goodman et al. 2010)
and 50 times lower than the tolerable weekly intake (TWI) of
120 ng/kg b.w. proposed by EFSA (2006). OTA biomarker
analysis in urine seems to better reflect short-term variations in
OTA exposure of adults and children (Gilbert et al. 2001;
Castegnaro et al. 2006; Muñoz et al. 2014). Whilst urines
can be obtained by non-invasive sampling, one must keep in
mind that only a very small fraction of the ingested OTA is
excreted with urine, less than 3% within a day (Studer-Rohr
et al. 2000; Degen 2016). Based on this information, the esti-
mated daily intake is about 2.37 ng/kg b.w./day, which corre-
sponds to half of the most conservative limit value for cancer
risk.
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Due to limited financial sources, the diet of the patients was
not tested for OTA and CIT. But the dietary regimen (which
can influenceOTA and CIT levels) of all patients was assessed
on the basis of a special questionnaire. There were no apparent
differences in the consumption of OTA-containing foodstuffs
in comparison to the referent Czech population (Ostry et al.
2015). As the average calculated OTA intake in the
Czech Republic was about 3.9 ng/kg b.w./day (Ostry et al.
2015), the above urine OTA-based intake estimate is in accord
with this value.

CIT biomarker concentrations in Czech kidney tumour
patients and in other cohorts

In contrast with rather good databases on the dietary intake of
certain mycotoxins such as aflatoxins or OTA, data on the oc-
currence of CIT in food commodities are still too limited to
reliably estimate human exposure (EFSA 2012). Hence, there
is a need to assess human exposure to CIT to enable a better
characterization of related risks, e.g. by biomarker-based analysis
of its intake (Degen et al. 2018). Recent studies that applied
targeted methods for detection of CIT biomarkers revealed quite
frequent exposure to this food contaminant in cohorts from dif-
ferent countries and also concurrent exposure to OTA (Pfohl-
Leszkowicz 2009; Ali et al. 2015a; Ali et al. 2016a, 2016b; Ali
et al. 2018). Yet, with biomarker analysis for CIT being more

recently established, there are only few data compared to OTA
data in European cohorts (Table 4).

The new results in plasma and urine samples from the
Czech patients confirm dietary exposure to CIT. CIT was de-
tected in 98% of blood plasma from 50 Czech patients in a
similar, yet somewhat lower range of concentrations than
those found in some healthy German volunteers
(Blaszkewicz et al. 2013). Also in urines of the Czech patients,
their CIT and DH-CIT levels indicate a lower exposure to this
mycotoxin than in a cohort of healthy German adults (Ali et al.
2015a). This pertains to unadjusted concentrations (ng/L) as
well as creatinine-adjusted biomarker levels in Czech and
German urine samples. Average CIT biomarker levels in
urines of Czech patients are significantly (p < 0.05) lower than
those of German adults, but no significant difference exists
between blood samples. The biomarker pattern in paired sam-
ples, with higher CIT concentrations in blood than in urine of
patients, and higher urinary levels of DH-CIT than CIT, is
similar to reference cohorts (Ali et al. 2015a, 2015b; Ali
et al. 2018). A recent kinetic study in volunteers found that a
high fraction (about 40%) of an ingested dose of CIT is ex-
creted in the urine as the sum of CIT and its metabolite DH-
CIT (‘total CIT’) within a day (Degen et al. 2018). This allows
to estimate human dietary CIT exposure based on urine bio-
marker data, and compare it with the provisional tolerable
daily intake (‘TDI’) proposed by the EFSA (2012). The CIT
daily intake derived from urine analyses of the Czech patients

Table 4 Comparison of biomarker levels in Czech patient cohort and some reference cohorts

OTA CIT DH-CIT

Serum Urine Plasma Urine Urine
Cohort (samples; year of collection)
(reference)

Mean ± SD
(range) (ng/L)

Czech kidney tumour patients
(n = 50; 2015–2017) this study

145 ± 214 (nd–830) 5.9 ± 6 (nd–27.7) 61 ± 35
(20–182)

16 ± 20
(nd–87)

48 ± 34 (6–160)

Czech blood donors
(n = 2206; 1994–2002) Malir et al. 2006

280 (nd–13,700) Not analysed Not analysed Not analysed Not analysed

Czech adults healthy volunteers
(n = 236; 2007–2008) Ostry et al. 2010

180 ± 146 (nd–660) 7.3 ± 6.5
(nd–27.8)

Not analysed Not analysed Not analysed

Czech non-pregnant women
(n = 115; 2012) Dohnal et al. 2013

165 (50–1130) Not analysed Not analysed Not analysed Not analysed

German adults (n = 102; 1990–1997)
Märtlbauer et al. 2009

368 ± 217 (50–1290) Not analysed Not analysed Not analysed Not analysed

German adults (n = 927; 1996–1998)
Rosner et al. 2000

270 (60–2030) Not analysed Not analysed Not analysed Not analysed

German adults (n = 8; 2010)
Blaszkewicz et al. 2013

– (210–1500) Not analysed – (110–260) – –

German adults (n = 50; 2013)
Ali et al. 2015a, 2015b

Not analysed Not analysed Not analysed 30 ± 20
(20–80)

100 ± 100
(50–510)

UK adults (n = 50; 1997)
MacDonald et al. 2001

1090 (plasma)
(400–3111)

21 (10–58) Not analysed Not analysed Not analysed

nd level below LOD or LOQ
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is 3.5 ± 2.3 ng/kg bw/day; this corresponds to 1.8 ± 1.1% of
the ‘TDI’ set for this mycotoxin whereas the German exposure
is slightly higher, but nevertheless represents only 3.7 ± 3.0%
of the ‘TDI’ (Degen et al. 2018).

Concluding remarks: Overall, the presented data indi-
cate a frequent, but low dietary exposure to CIT and OTA,
although we cannot exclude that higher exposures to
nephrotoxic mycotoxins may have occurred in previous
years in the Czech patient cohort. Biomarker-based intake
estimates for CIT and OTA are well below the respective
health-based guidance values. Thus, we consider combi-
natory effects, found in rodents or in vitro at rather high
mycotoxin doses (see “Introduction”), to be of low con-
cern for the present human exposure scenario. Due to the
short half-life of CIT in human blood (about 9 h), CIT is
unlikely to accumulate in the organism (Degen et al.
2018). In contrast, OTA has a rather long half-life in hu-
man blood (about 35 days) (Studer-Rohr et al. 2000), and
accumulates in the kidneys. As discussed elsewhere, there
is the possibility of OTA uptake in proximal tubules lead-
ing to accumulation in kidney target cells (Gekle et al.
2005; Mally 2012). An analysis of OTA in renal adeno-
carcinoma samples is thus of interest, also regarding the
OTA ratio between kidney and serum. Tissue samples of
the Czech tumour patient cohort could also provide a
chance for tracing changes related to past exposures and
for further research on other factors involved in this mul-
tifactorial disease.
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