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Patulin (PAT), a mycotoxin mainly produced by
Penicillium and Aspergillus, is

found in various foods and feed and also considered as
a nephrotoxic compound in cell and animal models. In
the present study, its effects on oxidative stress in
various mammalian cell lines were investigated. When



cell-permeating fluorescent dyes were used as
indicators of the generation of reactive oxygen
species (ROS), we found that PAT treatment directly
increased intracellular oxidative stress in human
embryonic kidney (HEK293) and human promyelocytic
leukemia (HL-60) cells.

Suppression of CuZn-SOD expression in mammalian cells
by small interfering RNA (siRNA) resulted in an
increase in PAT-mediated membrane damage, while
overexpression of human CuZn-SOD or catalase led to a
reduction in damage, indicating the involvement of ROS
in PAT toxicity.

When zebrafish was used as a model species, various
concentrations of PAT were introduced to zebrafish
embryos at 24 hour postfertilization (hpf) and the
endpoints were examined at 72 hpf. After exposed to
PAT at a concentration up to 200 o7 M, the larval
zebrafish, wild type or transgenic line, did not
exhibit an altered morphology in their pronephrons,
including glomerulus and pronephric tubule/duct.
However, histological sections after H &amp; E
staining revealed that PAT treatment may disturb the
development of pronephric glomerulus, but not the
pronephric duct. PAT at the concentrations of 50 and
100 ©7 M decreased the dextran clearance rate to 22 and
16.7 % , respectively, suggesting the disturbance of
renal function. Co-treatment of PAT with mannitol, an
osmotic diuretic, reversed the clearance rate
triggered by PAT.
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Patulin (PAT), a mycotoxin mainly produced by Penicillium and Aspergillus, is
found in various foods and feed and also considered as a nephrotoxic compound in
cell and animal models. In the present study, its effects on oxidative stress in
various mammalian cell lines were investigated. When cell-permeating fluorescent
dyes were used as indicators of the generation of reactive oxygen species (ROS), we
found that PAT treatment directly increased intracellular oxidative stress in human
embryonic kidney (HEK293) and human promyelocytic leukemia (HL-60) cells.
Suppression of CuZn-SOD expression in mammalian cells by small interfering RNA
(SIRNA) resulted in an increase in PAT-mediated membrane damage, while
overexpression of human CuzZn-SOD or catalase led to a reduction in damage,
indicating the involvement of ROS in PAT toxicity.

When zebrafish was used as a model species, various concentrations of PAT were
introduced to zebrafish embryos at 24 hour postfertilization (hpf) and the endpoints
were examined at 72 hpf. After exposed to PAT at a concentration up to 200 uM, the
larval zebrafish, wild type or transgenic line, did not exhibit an altered morphology in
their pronephrons, including glomerulus and pronephric tubule/duct. However,
histological sections after H & E staining revealed that PAT treatment may disturb the
development of pronephric glomerulus, but not the pronephric duct. PAT at the
concentrations of 50 and 100 uM decreased the dextran clearance rate to 22 and 16.7
% , respectively, suggesting the disturbance of renal function. Co-treatment of PAT
with mannitol, an osmotic diuretic, reversed the clearance rate triggered by PAT.

Key word: patulin, zebrafish, pronephric function, human embryonic cell, reactive

oxygen species (ROS)
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Intracellular ROS generation increases after PAT treatment

Fluorescence spectrophotometry and cytometry using H,DCF-DA as the probe
were used, respectively, to measure intracellular ROS production in HEK293 and
HL-60 cells. Intracellular H,DCF is oxidized to fluorescent DCF by several oxidants,
including H,0,, superoxide, hydroxyl radicals, and cellular peroxidases. After
treatment of HEK293 cells for 45 min with various concentrations of PAT,
intracellular DCF fluorescence increased in a dose-dependent manner (Fig. 1A). PAT
at 50 and 100 uM caused a marked increase of fluorescence to 1.9 and 2.6 folds of
control levels, respectively. Hydrogen peroxide at 100 uM worked as a positive
control. To evaluate whether the ROS-inducing ability of PAT is cell type specific,
HL-60 cells were also exposed to PAT and then examined by fluorocytometry.
Incubation of HL-60 cells with 100 uM PAT led to a 7.4-fold increase in fluorescence
compared to solvent-treated cells (Fig. 1B). To further understand the type of ROS
induced by PAT, dihydroethidium, a dye generally used as probe for superoxide
anions, were applied in HL-60 cells and a dose-dependent increase in ethidium
fluorescence was seen in PAT-treated cultures (Fig. 1C). Exposure of HL-60 cells to
100 uM PAT resulted in a significant 2.3-fold increase in superoxide anion production
compared to controls. These data indicate that PAT treatment is able to generate ROS,
including superoxide anion, in different human cell lines.



Roles of CuzZn-SOD and catalase in PAT-induced cytotoxicity

It has been suggested that SODs and catalase work in concert to detoxify
superoxide anion and H,O,. To determine the role of superoxide anion in PAT-induced
cytoxicity, we decreased CuzZn-SOD levels in HEK293 cells using siRNA. Three
weeks after transfection, three stable clones containing the CuzZn-SOD siRNA
plasmid were selected and subjected to Western blotting for CuZn-SOD levels, and all
showed a dramatic reduction compared to vector-transfected cells (Fig. 2A). Since in
Table 1 PAT was able to activate lipid peroxidation, cellular membrane damage was
used as a parameter to evaluate the cytotoxicity of PAT treatment. As shown in
Figure 2B, significant LDH leakage was detected when clone 1 was treated for 4 h
with PAT concentrations of 50 and 100 uM. After incubation with 50 uM PAT, LDH
leakage from clone 1 (14.89 + 1.74) was 16-fold higher than that from vector-
transfected cells (0.92 + 0.04).

On the other hand, to confirm the effect of CuzZn-SOD on PAT-induced
cytotoxicity, stable CuzZn-SOD-overexpressing clones were established from CHO-K1
cells (Figure 3A). Compared to HEK293 cells, CHO-K1 showed a much lower level
of endogenous CuzZn-SOD, so it was chosen for easily observing the effect of
overexpressed CuZn-SOD. As shown in Fig. 3B, overexpression of CuZn-SOD
significantly reduced LDH leakage from cells treated with 50 or 100 uM PAT by ~
50% compared to PAT-treated vector-transfected cells.
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Fig. 1. PAT increases intracellular ROS levels in HEK293 and HL-60 cells.

(A)

DCF fluorescence
(4]

0 25 50 100 100
PAT M)  H,0,

(B)
@ 0.0
3] *
o
8 75
o
= 500
-
= a5
(1.
8 0.0
0 100
PAT (uM)

PAT increases intracellular ROS levels in HEK293 and HL-60 cells. HEK293
cells (A) or HL-60 cells (B) were incubated with 10 uM H,DCF-DA for 30 min, and
then the medium was replaced with various concentrations of PAT or 100 uM H,O; in
PBS for another 45 min. For the HEK293 cultures, DCF fluorescence was analyzed
by spectrofluorometry and the fluorescence in HL-60 cells was measured by
fluorocytometry. In the chromatograph in (B), the open and solid areas represent the
cultures treated with 100 uM PAT and vehicle, respectively.



Fig. 2. Downrequlation of CuZn-SOD in HEK?293 cells and its effect on cell damage.
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HEK?293 cells were transfected with vector or CuZn-SOD siRNA plasmid, then
stable clones were selected as described in the Materials and Methods. (A) Western
blot analysis of stable clones for CuzZn-SOD and tubulin. (B) Vector-treated and
SiIRNA clone 1 cultures were exposed to various concentrations of PAT for 4 h, and
then plasma membrane damage was estimated by measuring LDH activity released
into the culture medium. The data are the mean + SEM for four independent
experiments and expressed as a fold value of that seen with vehicle-treated cells (0
uM PAT). * Significant difference (p <0.05) compared to the vector-treated group.



Fig. 3._Overexpression of CuZn-SOD in CHO-K1 cells and the protection against

cell damage.
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CHO-K1 cells were transfected with the pcDNA 3.1 vector or the human
Cuzn-SOD-expressing plasmid and stable clones selected. (A) Cell lysates of clones
subjected to Western blot analysis for CuZn-SOD and tubulin. (B) Vector-treated and
CuZn-SOD-overexpressing clone 1 cultures were exposed to PAT for 4 h, and then
extracellular LDH activity was measured. The data, expressed as a fold value of that
in cells exposed to vehicle (O uM PAT), are the mean + SEM of four independent
experiments. * Significant difference (p <0.05) compared to the paired group.
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