V. DBET OV IBRROIEEICE V2, 10715
V5. 5mA/cm’ DELA 30 wHEIBET D Z
ETCTuay T 4T ETol, TRy T A
VIO TH®, AT LAk 1 X Tris
Buffered Saline with Tween20 (LA#% TBST
& BEED ; pH7. 6. 25mM Tris, 150 mM NaCl,
0. 1% Tween20) 1T 5%&E A % & I /L7 (Wako,
Osaka, Japan) Z¥#II L7z 5% A ¥ LI V7
TBST HIRICIR L 30 spfil7 v 7 Lz,

Tu v xS LTWERIREIRE BRER.
AFAINVT TBST WK% 10ml MZ AT
Ly EBEIE, —REE Anti-trx

5%

(FL-105) (Santa Cruz Biotechnology,
California, USA) % 10 ul B £ T
Monoclonal Anti—p-Actin Antibody

(Sigma—Aldrich, St. Louis, MO, USA) %
3.0 ul Nz 30 HIZEIRTA »Fa—h
Liz, £D%. KREB—KRAEEHRETD
728 TBST Z &M Z .5 /R E 5 STz,
Z DOV ER 5 EUT o7z, IRIT S%AF L
IV TBSTIAKZ 1I0ml X AV T Lk
BFiEI Y., ZRPUE Anti-Rabbit IgG
(Jackson ImmunoRsearch, Philadelphia,
USA) 8 & ' Anti-Mouse IgG (Jackson
USA) & %
1.0 ul fnx 30 M=ERTA U F 2= |
LTz, £D%. ROBRIRGEEZRET S
72 TBST W EM A .6 RS 5 =¥z,

ImmunoRsearch, Philadelphia,
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{t.% % Yt % LumiCube (Liponics,
Tokyo, Japan) ZRHWT/NV NOBERREAT

Osaka, Japan)

A 27 L 22 Luminescence

Inc.,
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C. HFatiER
HepG2 HHPANEL{VEEICI KIE3 DON & NIV

/G,
DEE

b MFA MR HepG2 MME 2 IV
T, AE#EMATS DON & NIV FiBE BT
HHRESEE MIT 7y B XV ER LT,
FORER, SEFEALEZERE (1.25 -
uM) TiX HepG2 HEfRITMREBHEEZ RI 2N
ZENHBMNL o (Fig 1), FBE
{28\ T, DCFH % VT HepG2 #EARNERL
BEZBIE L7z, DON IZB W CIXRBEKRTE
A7 HEFRNER L DB DSFERR S Tz, B
(2 10 uM FFE T CIEBEERBD BT D b
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72o —F NIVIZEBWTiE 1. 25 uM THEE

Wb L 72BZ ERALNE o7 (Fig. 2),

HepG2 HHAAA GSH & &12.8 L I1EX 4 DON & NIV

DER
wIZ, FELRMRNETHED—OTH
% MR GSH Z &I238 KI1E9 DON & NIV
B ZRE L7z, DON 4LE X 317- HepG2 #
R RBW TS EREE L2 R E (1.25 - 10
uM) TR < & AP GSH & & DN
EMIIHER SN2 o 7=, 10 uM 727 T DON
FET TIIABRBY P HER S iz, NIV
IZBWTHFAERPFR D &, HfaP GSH
EIX2. 5 WML BB R BHER SIS
fER Lo (Fig. 3),
HepG2 #BABA Trxl FEEREIZ IS JiF 3 DON &

B3R
B

GSH & & bIZHIREMIC EE 2R T /) % Mt
35 Trx] EELEIZI LIF T DON DFEZ >
WTHER L7z, T ORGSR, GSH LITERY |
BERFR 2 EIMER 2358 b d Z L3
b2 &7 o7 (Fig. 4),
HepG2 HEARIZ 31 % DON 553EM: Trxl FEE b
FIZB JIF TR ERER LA DO

HepG2 ARARIZ VN TEE® HAL7 DON #5E
D Trxl BREO LFICHT 55 ET
ROEEL B Lz, TORKER, RERIX
MRETL7Z GSHIRE (0.25 - 1.0 mM) ZBW
T, BEERFOCHHI SIS Z L BHERS
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iz (Fig. 5A), & HIZ GSH LIS DETLA
T&HSDIT (1.0 mM) FBETENAC (1.0 mM)
IZ & o TH R DONFFEM: Trxl OFH
FITHEEND Z AL E o7z (Fig.
5B),

EE

AOBEHETIT, & NIFY B3R
HepG2 ZHAWIZHIREAN L Ny 7 2ITB XIE
TR aT v RPOEOEEICONTHR
Fl7e, SEIFAWEZ N arkErR20E
T&H 2 DON & NIV (THfREEZ 2 LAV
B (1.25 - 10 pM) T HEpG2 #RAZAN OER1L
B SEDZ EBHLME 257 (Fig.
1, 2), BT, DONIZ & B HEAaNERLED
BTN GSH & EIZER T, Trxl ©
Ty T LXab— g KB AREMIR
iz (Fig. 3, 4). BHMEKKHARIZBW
TRV aFE RO UFITELA N LA
EHRFELT AR N—V REHEST DL TH
JaEME 2T 2L TREND D, ERIZ,
SEER L7z DON BE Tkt b B MmERCRME
JaTITBEE RMREEITB DO b, —F.
b MY B HepG2 128V TiE, A
BRESICBONCHIRZEIRD NS, T
LAMRENOBILE XA ERICSH D Z &
MBALLIaolz, RBIZED D, HepG2 #
JUZBWTIE MY 272 20 U0EIZE D
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FRANERLE D LR 2T o FE A AT
5 b, E-FEBFSMAEN GSH & & T
72 Trxl EOT v 7 Fal—Ta il
K D FIREME A 58 < TRIR STz, HepG2 (23
(7 % DON 353 1 Trx1 DKL FEE TTH
Rl sz &L (Fig. 5). Z Dt
BT 5, AFERERIT. P adk
VR BT D B MECRMAN D SR

P& FFEICK L CHMERRMAE & s L
TR ME & 722 D RFlgMRg D E N E D A
A= XL EGRAOCHAT MR LRI L
Tt EZX D,

E. &

b AR VB SMEAE HepG2 & VT, b
Vare 20N FMEARNLV Ry 7R
REICBLITTREZMIBANDOEERET
N A&RBET B GSH & Trxl & &% BIEEICRE
Liz, £DORER, MaEEZ2 L2201
ND Y TR RPUTEFRETIZBNT
HepG2 MERRIX, Trxl 27 v L Fa b —v
59D LI X HIIRNEBRILE 2R =
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Fig. 1 Effect of DON and NIV on cell viability in HepG2.
HepG2 cells were stimulated with DON and NIV for 24 h. A
control was performed in DMEM. The results are expressed
as mean value of absorbance that subtracted absorbance of
650 nm from absorbance of 550 nm. Results are shown as
means =SEM of three independent measurements.
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Fig. 2 Effect of DON and NIV on cellular oxidation in HepG2.
HepG2 cells were stimulated with DON and NIV for 24 h and
concentrations of ROS was then measured. A control was
performed in DMEM. Values are means *=SEM from three
independent experiments. A statistical analysis was
performed using an unpaired Student’s t-test. (*P<0.05, vs
the control of each group)
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Fig. 3 Effect of DON and NIV on concentrations of total GSH
in HepG2. HepG2 cells were stimulated with DON and NIV
for 24 h and concentrations of total GSH was then measured.
A control was performed in DMEM. Concentrations of total
GSH was fixed to 100% at control. Values are means £SEM
from three independent experiments. A statistical analysis
was performed using an unpaired Student’s t-test. (*P<0.05,
** P<(.01, *** P<0.001 vs the control of each group)
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Fig. 4 Effect of DON on Trx1 expression in HepG2. HepG2
cells were stimulated with DON for 16 h. A control was
performed in DMEM. Cell lysates were analyzed for Trx1 and
B-actin proteins by western blotting. Shown is representative
of three repeat experiments.
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Fig. 5 Effect of DON with antioxidants on Trx1 expression in
HepG2. A) HepG2 cells were stimulated with DON and GSH
for 16 h. Cell lysates were analyzed for Trxl and f-actin
proteins by western blotting. Shown is representative of five
repeat experiments. B) HepG2 cells were stimulated with
DON and each antioxidant for 16 h. Cell lysates were
analyzed for Trx1 and B-actin proteins by western blotting.
Shown is representative of seven repeat experiments.
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Abstract Trichothecene mycotoxins are toxic sccondary
metabolites produced by a number of fungi including
Fusarium species, which adverscly affect lymphocytes.
Deoxynivalenol (DON) and HT-2 toxin (HT-2) belong to
the trichothecene group of mycotoxins and the occurrence
of cereals and foodstuffs with these compounds are serious
health problems. The aim of this study was to cxamine the
cffect of (—)-epigallocatechin gallate (EGCG), onc of the
main components in green tea catechins, on DON- or HT-2-
induced cytotoxicity in mousc macrophages. EGCG had
protective effects against the trichothecene-induced cyto-
toxicities of both mycotoxins, Additionally, EGCG sup-
pressed the DON-induced activation of caspase-3/7, which
is an indicator of apoptosis. These results indicate that
EGCG might be useful in protection against DON- or
HT-2-induced cell death, suggesting that EGCG could
contribute to reducing the toxicitics of trichothecenes.

Keywords Decoxynivalenol - HT-2 toxin -
(~)-epigallocatechin gallate - Cylotoxicity - Macrophage
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Introduction

Trichothecne mycotoxins are sccondary mctabolites pro-
duced by several fungi, including Fusarium, Mycothecium,
Trichoderma, Trichothecium, Stachybotrys, Verticimonospo-
rium, and Cephalosporium specics (Rocha et al. 2005).
More than 150 trichothecenes and their derivatives have
been identified (Yazar and Omurtag 2008). Trichothecne
mycotoxins arc characterized by a double bond between
C-9 and C-10 and an epoxide at C-12 and C-13 which is
considered 1o be responsible for their high toxicity
(Desjardins et al. 1993). Trichothecenc mycotoxins are
relatively stable when subjecied to the usual cooking
processes (Rocha et al. 2005), indicating that the oceur-
rence of trichothccene mycotoxins in animal feed and
human food is a potentially serious problem related to food
safety.

Trichothecene mycotoxins can be classified into four
different types (types A-D) based on their chemical propertics
and the type of fungus that produces them (Rocha et al. 2005;
Yazar and Omurtag 2008). Types A and B arc the major
trichothecences which are detected in food and animal feed
(Krska and Josephs 2001). Deoxynivalenol (DON) belongs
10 the type B class, which has a carbonyl functionality at the
C8 position (Yazar and Omurtag 2008), and has frequently
been found in foods worldwide (Fig. 1) (Pestka and
Smolinski 2005). DON is frequently detected in cercals
including wheat, barley, com and rice (Yazar and Omunag
2008). Therefore, contamination of foodstuff with DON has
been considered to be a serious public health threat (Ueno
1985; Marzocco ct al, 2009). HT-2 toxin (HT-2), which is a
type A trichothecene, is more acutely toxic than type B
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Fig. 1 The molecular structures of DON and H-2

trichothecenes (Fig. 1) (Yazar and Omurtag 2008). The T-2
toxin (T-2) is also included in the type A trichothecenes, and
it has been reported that T-2 is predominantly converted into
HT-2 by hydrolysis of the acetatc in C4 during metabolism.
It could therefore be considered that the toxicity of HT-2 in
vivo is analogous to that of T-2. Given their prevalence in the
environment, a temporary tolerable daily intake for HT-2 and
T-2 (alone or in combination) was established by the
Europcan Commission Scientific Committce on Food
(Schlatter 2004).

The trichothecene mycotoxins induce the inhibition of
protein synthesis, alimentary hemorrhage, vomiting and
immunotoxicity (Ueno ct al. 1973; Parent-Massin and
Thouvenot 1995; Sugiyama et al. 2010). B and T cells, NK
cells and macrophages are afl sensitive to DON (Instanes and
Hetland 2004; Pestka 2008), and it is known that lcukocyte
apoptosis (programmed cell death) is promoted by tricho-
thecene mycotoxins, including DON and HT-2 (Holme et al.
2003; Pestka 2008).

The tea catechin (~)-cpigallocatechin gallate (EGCG),
which is a major polyphenol in green tea, was previously
shown to supress rubratoxin B-induced apoptosis in hepato-
cytes (Kagaya et al. 2002). Rubratoxin B is a mycotoxin
produced by some Penicillium fungi (Natori ¢t al. 1970),
which increases the frequency of apoptotic HepG2 hepatoma

Flg. 2 The effects of EGCG on 1.2
cell viability of RAW264 cells.
RAW264 cclls were cultured in 2 10
DMEM containing EGCG (0-20 §
umole) for 24 h. The results are )
expressed as the mean valuc of & 08
absorbance which measured at g
550 nm (reference at 650 nm). The O 06
results are the means + SEM of b
three independent measurcinents E 0.4

:

g 0.2

[} 5 10 20
EGCG (umolent)
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cells (Nagashima et al. 2005). In addition, increased cytokine
production by human hepatoma cells treated with rubratoxin
B has been observed (Nagashima et al, 2003). I is known
that DON also induces the relcase of inflammatory cytokines
such as interleukin-6 and tumor necrosis factor-a in macro-
phages (Sugita-Konishi and Pestka 2001). Based on these
reports, it has been proposed that there is a similarity
between the trichothecene mycotoxins and rubratoxin B.
Therefore, we hypothesized that EGCG would protect
against trichothceene mycotoxin<induced cell death, To
examinc this hypothesis, we determined the effects of EGCG
on the cell toxicity provoked by DON or HT-2.

Materials and methods
Cell culture and reagents

The mouse macrophage cell line, RAW264, was cultured in
Dulbecco’s Medified Eagle’s Medium (DMEM), supple-
mented with 10% (v/v) heat-inactivated fetal call’ serum,
penicillin (100 U/ml) and streptomycin (100 ug/ml)
(Sugiyama ct al. 2010), DON, HT-2 and EGCG were
purchased from Wako (Osaka, Japan). EGCG was dissolved
in ethanol and the stock solution of EGCG was kept at ~30°C
and diluted in culture medium before usc.

MTT assay for ccll viability

RAW264 cells were plated in 96-well plates at a density of
1x10* cells/well for 24 h. The cells were cultured in
DMEM containing trichothccene mycotoxins and EGCG
for 24 h, and control cclls were cultured in DMEM
containing 0.2% cthanol for 24 h. Cell viability measured
by the MTT assay (Rochc Diagnostics, Mannheim,
Germany), which was performed according to the manu-
facturer’s protocol. Briefly, the MTT labeling rcagent was
added to cach well, and the plate was incubated for 4 h at
37°C. Solubilization bufler was then added to cach well and
the plate was incubated for 24 h at 37°C. The absorbance
was measured at 550 nm and the reference wavelength was
measured at 650 nm.

Apoptosis detection assay

Ap pt was determined by iﬂg P 3/7
activity in RAW264 cells. RAW264 cells were plated in
96-well plates at a density of $x 10* cellswell for 24 h. The
cells were cultured in DMEM containing DON and EGCG
for 24 h, and control cclls were cultured in DMEM
containing 0.2% cthanol for 24 h. The ecliular caspasc-3/7
activity was measured with the Caspase-Glo 3/7 assay kit
(Promegza, Madison, W1, USA) according to the manuficturer’s
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of DON (a) or HT-2 (b} for 24 h. The results are cxp:cssed as the
mean percentages of viable cclls. These numbers were catculated

protocol. Briefly, Caspase-Glo 3/7 reagent was added to cach
well and the plate was incubated for 1.5 h at 37°C. After
1.5-h incubation, the supematant was nddcd 10 96-well white
plates, and lumi was d using a multipk
reader (TriStar LB 941; Berthold Technologics, Bad Wlldb.sd
Gennany).

Statistical analysis

Statistical comparisons between two groups were done
using an unpaired Student’s ¢ test. The values shown in the
figures are expressed as means  SEM.

Results and discussion

We first examined the EGCG cytotoxicity in RAW264 cells,
and differences between means were assessed using an

Fig. 4 The cffects of EGCG on 6000
caspase 3/7 activity. RAW264
cclls were treated with the indi- 3 so00
cated concentrations of EGCG for 2
24 h, and caspase 3/7 activity (in 2 w000
arbitrary units) was then measured %
using Caspase-Glo'™ 3/7 assay. q
The values are the means £ SEM § *®
from three independent H 2000
experiments 5.
© oo
[}

0 4 a0
EGCG yunoleM)

lysis was performed using an unpaired
Student’s 7 test (‘l’<0 05, vs the DON or HT-2 groups)

unpaired Student's 7 test and were regarded statistically
significant at £<0.05. The result indicated that EGCG had
no effect on cell viability (Fig. 2). anurc 3 shows lhc
protective effects of EGCG ag
cell death. EGCG (10 and 20 pmole/l) significantly
suppressed the cell death caused by the type B trichothe-
cene, DON (2,000 ng/ml). In addition, the ccll toxicity
induced by 200 ng/ml of the type A trichothecene, HT-2,
was also inhibited by EGCG. Likcwise, it is confinned that

hath
trichc

20

in

Relative Caspase 3/7 activity
& 5

4 EGCG,

0 conrol 0 (}um;cm

DON (500 ng/m!)

Fig. 5 The effects of EGCG on DON-induced caspase 3/7 activity.
The RAW264 cclls were treated with DON (S00 ng/ml) in the
p of the indicated ions of EGCG for 24 h, and
caspase-3/7 activity was then measured using the Caspase-Glo™ 3/7
assay. The value of the control (8,2% E1OH) in the absence of DON
was fixed at 1, and the values are compared relative to this control.
‘The values are the means £ SEM from three independent experiments.
A statistical analysis was performed using on unpaired Student's 7 1est
(*£<0.05, vs the DON group)
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the cytotoxicitics caused by lower concentrations of DON
or HT-2 were attenuated by EGCG (data not shown). These
results suggest that EGCG might be uscful for the
T ion of macrophag the toxicity induced by
the A- and B-type trichothecenes which have been found in
food (Krska and Joscphs 2001).

It has been reported that DON induces apoptosis via the
activation of caspase-3 in macrophages (Zhou ct al. 2005).
To better understand lhc mechanism by which EGCG

DON-induced cell death, we investigated the
cﬂ'ccts of EGCG on DON-induced caspasc-3 activation. In
the present study, EGCG had no cffect on caspase-3/7
activity becausc there were no statistically significant
differcnces between means (unpaired Student’s ¢ test,
P<0.05) (Fig. 4). On the other hand, the upregulation of
caspase-3/7 activity in macrophages stimulated by 500 ng/inl
of DON was significantly d ] in the p of
EGCG (40 pmole/l) (Fig. S). This result indicates that the
DON-induced apoptosis could be inhibited by EGCG.
However, it has been reporied that rubratoxin B, a
mycotoxin, incrcascd caaspase-3 activity more than 2-fold
compared to the control in hepatocytes (Kagaya et al. 2002),
Taken together, the present study implics that DON-induced
cell death in RAW264 cells is pantly due to apoptotic ccli
death.

EGCG is a well-known major green tea polyphenol
which has strong anti-oxidant activities (Kagaya ct al.
2002). It has been reported that DON leads to oxidative
stress by producing intracellular reactive oxygen species
(ROS). Indeed, the carotenoid lutein, which is a natural
antioxidant, represses DON-induced oxidative stress which
leads to cell injury (Krishnaswamy ct al. 2010). This report
seems to be consistent with our results of a protective effect
of EGCG on DON-induced apoptosis and cytotoxicity.
Taking into the possibility of T-2-induced ROS
gencration (Bouaziz et al. 2006, 2008), the protective effect
of EGCG against HT-2- and DON-induced cytotoxicity
might be attributed to its ROS-scavenging activity. There-
fore, the ROS-scavenging property of EGCG is assumed to
be important in the protection against trichothecene-
induced dumage. However, further studics will be necessary
to ascertain whether the ROS-scavenging ability of
antioxidants arc also effective in macrophages, or whether
another mechanism is responsible for the protective effects
in these immune cells.

=4

Conclusion

The cytotoxicity caused by DON or HT-2 was repressed by
EGCG in mousc macrophage-like RAW264 cells. In
addition, caspase-3/7 activation by DON was inhibited by
EGCG. These results indicate that EGCG can prevent
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trichothecene-induced damage in macrophages, suggesting
that EGCG may have applications as a tool to reduce the
risk of A- and B-type trichothecene toxicity of food.
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Abstract Leucocytes are susceptible to the toxic effects of
deoxynivalenol (DON), which is a trichothecene mycotoxin
produced by a number of fungi including Fusarium species.
One mechanism of action is mediated by reactive oxygen
species (ROS). The liver is an important target for toxicity
caused by foreign compounds including mycotoxins. On the
other hand, little is known about the influence of the redox
state on hepatocytes treated with DON. The present study
investigated the cffect of DON on the cytosolic redox state
and antioxidative system in the human hepatoma cell linc
HepG2. The cell viability of human monocyte cell line
THP-1 or leukemia cell line KU812 treated with 2.5 and
5 umol/l DON were significantly reduced. However,
HepG2 cells showed no toxic effects under the same con-
ditions and did not exhibit an incrcased oxidative statc.
Further experiments showed that thioredoxin-1 (Trx-1) pro-
tein levels but not glutathione increased in the cells treated
with 10 umol/l DON. In addition, the enhancement of Trx-1
content was repressed by antioxidants. These results suggest
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that DON-induced accumulation of Trx-1 in HepG2 cells
plays onc of the key roles in protection against cytoloxicity
caused by DON and that the mechanism may be mediated
by the antioxidant properties of Trx-1.

Keywords Deoxynivalenol - Thioredoxin-1 - Cytotoxicity -
Redox - HepG2 cells

Introduction

Deoxynivalenol (DON) belongs to the trichotheene group of
mycotoxins and is a sccondary metabolile produced by sev-
eral fungi, including Fusarium, Mycothecium, Trichoderma,
Trichothecium, Stachybotrys, Verticimonosporium, and
Cephalosporium species (Rocha et al. 2005). Although mill-
ing, boiling and alkaline cooking are cffective in reducing
DON (Kushiro 2008; Nowicki ¢t al. 1988; Abbas et al.
1998), DON is not degraded by common cooking processes
(Marzocco et al. 2009). Consumption of trichothecne myco-
toxins including DON can cause vomiiing and alimentary
hemorthage, and result in impairment of the immune response
(Bennett and Klich 2003; Sugita-Konishi and Pestka 2001). In
addition, it is known that trichothccenes inhibit translation by
binding to the ribosome and disturb cytokine production.
Taken together, leucocytes, which are the main cells in the
immunc system, are very sensitive to trichothecencs (Pestka
2008). Increased intraccllular reactive oxygen species (ROS)
level induced by trichothecne mycotoxins might be a key
mechanism underlying the cytotoxic cffect on some leuco-
cytes (Sugiyama et al. 2011; Krishnaswamy ct al. 2010;
Braicu ct al. 2009).

Many types of cells have developed antioxidant defense
systems to reduce the harmful effects of ROS exposure.
Glutathione (GSH), which is a tripeptide composcd of
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glutamine—cysteine-glycine is considercd to be a major
component of the cellular antioxidant system (Sugiyama et
al. 2000; Fath ct al. 2011), ROS can be scavenged by GSH
and GSH-rclated enzymes including GSH peroxidase and
GSH S-transferase (GST) (Vincenzini et al. 1993), indicat-
ing that GSH plays an important role in reducing the effects
of oxidative stress, Indced, a GSH-deficient yeast strain is
sensitive to oxidative stress caused by hydrogen peroxide in
comparison to the wild-type strain (Grant et al, 1996). In
addition to GSH, thioredoxin=l (Trx-1), a ubiquitous 12-
kDa cytosolic protein, is a key ROS-scavenging molccule
(Tian et al. 2008; Ohashi et al. 2006), Trx-1 posscsses
scavenging activity for ROS including singlet oxygen, hy-
droxy! radicals, and bydrogen peroxide, and maintains cell
redox homeostatic (Fath et al. 2011; Ohashi et al, 2006).
Therefore, the intracellular content of GSH and Trx-1 lead
to increased tolerance to ROS-induced cellular toxicity.

The objective of the present study was to assess the
intracellular redox states and the content of cndegenous
antioxidanis (GSH and Trx-1) in HepG2 cells treated with
non-cytotoxic concentrations of DON, HepG2 cells are
thought to be a model system for examining adaptive
responses to xenobiotics, This study will provide promising
evidence of the hani ded for to} to DON
loxicity in hepatocytes in comparison with leucocyte cell
line of human monocytic lcukemia THP-1 and buman ba-
sophilic leukemia KU812. In addition, the findings of the
present study might seem to provide a strategy for reducing
trichothecene-induced toxicity.

Materials and methods
Celf culture and rcagent

The human hepatoma cell line HepG2 and the human
monocyte-like cell line THP-1 (both obtained from the
Human Scicnce Research Resources Bank, Tokyo, Japan)
were grown in Dulbecco's modificd Eagle's medium
(DMEM; Gibco BRL, Rockville, MD, USA) supplemented
with 10% (v/v) heat-inactivated fetal bovinc serum (Filtron,
Brooklyn, Australia), penicillin (100 U/ml), and streptomycin
(100 pg/ml). A human lcukemia cell line KU812 (obtained
from DS Pharma Biomedical, Osaka, Japan) was grown in
RPMI-1640 (Sigma-Aldrich, St. Louis, MO, USA) supple-
mented with 10% (v/v) heat-inactivated fetal bovine serum
(Filtron). DON, GSH, dithiothreitol (DTT) and N-
acetylcysteine (NAC) were purchased from Wako (Osaka,
Japan). Dimethyl sulfoxide (DMSO) was purchased from
Dojin (Kumamoto, Japan), 2'7-dichlorofluorescin diacetate
(DCFH-DA) was purchased from Lamba (Rainbach,
Austria) and dissolved in DMSO to obtain 3 | mM stock
solution. A solution of 0.25% Trypsin-EDTA was purchascd
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from Gibco Invitrogen (Carlsbad, CA, USA). Anti-rabbit Trx
antibody was purchased from Santa Cruz Biotechnology
(Santa Cruz, CA) and anti-mouse {3-actin antibody (AC-15)
was purchased from Sigma-Aldrich, Horseradish peroxidase
conjugated anti~rabbit and mousc secondary antibodies were
obtained from Jackson ImmunoRescarch (West Grove, PA).

MTT assay for cell viabitity

Cell suspensions containing 1% 10 cells of HepG2, 2.5x10*
cells of THP-1 or $x10° cells of KU812 were plated in 96-
well plates and stimulated for 24 h on the following day. Cell
viability was measured by the MTT assay (Roche Diagnostics,
Mannheim, Germany) according o the manufaciurer’s proto-
col. Bricfly, the MTT labeling reagent was added to each well,
and the plate was incubated for 4 h at 37°C. Selubilization
bulfer was then added to cach well and the plate was incubated
ovemight at 37°C, The absorbance was measured at S50 nm
and the reference wavelength was measured at 650 nm,

ROS delection assay

HepG2 cells were plated (5% 10° cells/well) in 6-well plates,
and on the following day were cxposed to DON for 24 h.
Intracetlular ROS formation was measured by using un
oxidation sensitive fluorescent probe, DCFH-DA. Ten ul
of | mmol/l DCFH-DA in DMSO was added to the final
concentration of 10 umol/l and the plate was incubated for
30 min at 37°C. The cclls were washed with phosphate
buffered saline (PBS), harvested in 500 pi Trypsin-EDTA
and 500 pl DMEM and resuspended in 200 ul PBS. The
fluorescence of 100 p! of cell suspension in PBS was
measured using a microplate rcader, Tristar LB 941
(Berthold Tech., Germany) at an excitation wavelength of
485 nm and an emission wavelength of 530 nm.

Measurcment of intracellular GSH levels

HepG2 cells (5% 10° cells/well) plated in 6-well plates were
treated with DON for 24 h. Intracellular GSH levels were
measured using the total glutathione quantification kit
(Dojinde Molecular Technologies, Kumamoto, Japan)
according to the manufacturer’s protocol, Briefly, harvested
cells in 20 pl of 5% S-sulfosalicylic acid was place on icc
for 10 min and centrifuged at 8,000g for 10 min at 4°C. The
resulting supcratant was used for the assay. The intraceliu-
lar GSH levels in the sample were determined using a
microplate reader, Tristar LB 941 at 405 nm.

Western blot analysis

HepG2 cells (5% 10° cells/well) were plated in 6-well plates
and treated with DON in the absence or presence of
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antioxidants (NAC, DTT, and GSH) for 16 h. Cellular
extracts were preparcd as described (Sugiyama et al.
2010). The same amount of protein, determined by the
Bradford method, was loaded onto cach lane of a discontin-
uous SDS-12% polyacrylamide gel (acrylamide/bisacryla-
mide ratio, 29:1) and then scparated by clectrophoresis by
the method of Lacmmli (1970). Proteins transferred to a
polyvinylidene difluoride membrane (Immobilon-P;
Millipore, Bedford, MA, USA) were subjected to western
blotting with cither rabbit anti-Trx (1:1,000) or mouse anti-
B-actin (1:2,000,000) as the primary antibodies and subsc-
quently detected with peroxidase conjugated specics-
specific 1gG (1:10,000). The signals were visualized using
an enhanced chemiluminescence system (Amersham
Bioscicnees, Piscataway, NJ, USA).

Statistical analysis

Statistical comparisons between two groups were performed
using the unpaired Student'ss test. The values shown in the
figures arc expressed as the means £ SEM.

Results and discussion

HepG2 cells are more resistant to DON than THP-}
and KUSI2 cells

There are several reports that leucocytes are more sensitive
to DON in comparison to the hepatoma HepG2 cells
(Niclsen ct al. 20094, b; Schoettler ct al. 2006).The cytotox-
icity was analyzed by an MTT assay (Sugiyama ct al. 2011)
to confinn the cytotoxicity of DON on these cells. DON
(1.25 to 10 umo¥/1) showed no toxicity in HepG2 cells. In
contrast, DON reduced the cell viability of leucocytes
(THP-1 and KU81{2) in a | dent

ation

concentrations as low as 2.5 pumoll (Fig. 1). Thesc results
suggest that HepG2 cclls had a significantly higher level of
resistance o DON-induced cytotoxicity than THP-1 and
KU812 cells.

DON does not induce a more oxidative environment
within the cytosol of HepG2 cells

It is considercd that DON induces ROS-mediated apoptosis
in immunc component cells (Sugiyama et al. 2011;
Krishnaswamy ct al. 2010; Braicu ct al. 2009; Pestka ct al.
2005). Therefore, the cffect of DON on the cellular redox
status was cxamined in MepG2 cells, which were treated
with DON (1.25-10 pmol/l), and the cellular oxidation level
was subscquently cvaluated using an oxidation-sensitive
fluorescent probe DCFH-DA. The intensity of DCF fluores-
cence had a tendency to decrease in a dose dependent
manncr (Fig. 2). In contrast, 60 pmol/l DON induces intra-
cellular ROS production in HepG2 cells (Zhang et al. 2009).
In addition, the oxidative stress induced by trichothecene
mycotoxins including DON has been explained by the abil-
ity of these toxins to provoke generation of ROS
(Krishnaswamy ¢t al. 2010; Braicu et al. 2009; Zhang et
al. 2009; Bouaziz ct al. 2006, 2008). Togcther, these find-
ings suggest that non-cytotoxic concentrations of DON
might reduce the intraccllular redox state in HepG2 cells
and not provoke the genceration of ROS in HepG2 cells. In
fact, it d that reducing intracellular redox states were
enhanced by DON concentrations which exert no cytotoxic
effect on HepG2 cells (Fig. 1).

HepG2 cells treated with non-cytotoxic fevels of DON
increase Trx-1 but not GSH levels

GSH and Trx-1 play an important role in the rctention of a
reducing the intracellular redox status (Go et al. 2011; Droge

and significant reductions in ccll viability were observed at

Fig. | Effects of DON on cell
viability in HepG2, THP-1 and 14
KUS812. HepG2 (a), THP-1 (b)
or KUBI2 (¢) cells were treated
with the indicated concentra-
tions of DON for 24 h. The
results are expressed as the
mean value of absorbance that
subtracted absorbance of

650 nm from absorbance of
550 nn, Results are expressed
as the means + SEM of three
independent measurcmients. A
statistical analysis was per
formed using unpaired
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