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Table I1I. Clinicopathological factors and GNASI genotype in a Japanese population.

Genotype e OR (95% CI) TT / CT+CC OR (95% CI)
Histology
P 20/11 1.00 (referent) 20/39 1.00 (referent)
M 38/36 1.73 (0.73-4.12) 38/107 1.44 (0.75-2.76)
w 40/30 1.39 (0.58-3.36) 40/98 1.22 (0.64-2.36)
p for trend=0.445 p for trend=0.550
Stage
AorB 57/51 1.00 (reference) 57/155 1.00 (referent)
B 29/14 0.53 (0.25-1.12) 29/56 0.72 (0.42-1.25)
D 14/15 1.16 (0.50-2.68) 14/38 1.06 (0.53-2.12)
p for trend=0.175 p for trend=0.462
GS
8-10 14/6 1.00 (referent) 14/27 1.00 (referent)
7 42/36 205 (0.71-5.93) 42/107 1.27 (0.61-2.67)
6 12/8 1.60 (0.43-6.01) 12/35 1.44 (0.57-3.64)
<5 22 2.33 (0.26-20.67) 217 1.85 (0.34-10.13)
p for trend= 0.578 p for trend=0.456
PSA
<4 4/1 1.00 (referent) 4/3 1.00 (referent)
4-10 17/16 3.85 (0.37-40.38) 17/55 3.87 (0.77-19.46)
10-20 13/9 2.85 (0.25-32.32) 13/32 2.96 (0.57-15.42)
20-50 515 4.08 (0.32-52.50) 5/15 3.62 (0.58-22.47)
50< 3/0 - 3/0 -

p for trend=0 238

p for trend=0.048

P: Poorly differentiated adenocarcinoma; M: moderately differentiated adenocarcinoma; W: well-differentiated adenocarcinoma; GS: Gleason score;
PSA: prOSfaﬁC-SPeCiﬁC a.ntigcn; Stﬂgﬁ! A (Tll-b’ No, B{o). B (Tlc_z, ND’ Mn), C (T3_4, Nﬂ, Mo), D (T1_4N|M{)_| or T|_4N0_1M]}.

cAMP has been shown to induce a mitogenic response or
increase in vifro invasiveness in LNCaP prostate cancer cells
(31, 32). It has also been reported that persistent activation of
Gsa-mediated signaling stimulates the proliferation of certain
cell types and can contribute to invasive tumor development
in humans (33), also changing the proliferative, invasive and
tumorigenic properties of PC-3M prostate cancer cells (34,
35). In the clinic, progression of prostate cancer to a hormone-
refractory state is a critical problem. The mechanisms are
complex and include both the selection and outgrowth of pre-
exisiting clones of androgen-independent cells as well as
adaptive up-regulation of genes that predispose cancer cells to
survive and grow after androgen ablation, but are still not
completely understood. Kasbohm er al. demonstrated that the
up-regulation of a subunit of heterotrimeric guanine
nucleotide-binding Gs protein activated the AR in prostate
cancer cells, synergizing with low concentration of androgen
(36). Bagchi er al. detected cAMP-dependent protein kinase
A (PKA) activation in both androgen-dependent (LNCaP and
LAPC4) and androgen-independent (PC3M) prostate cancer
cells and established generality for the pathway (37). They
concluded that androgen might evoke a nongenomic signaling
pathway to activate cAMP-dependent PKA which is needed
for the genomic functioning of nuclear AR. Thus, persistant
stimulation of G ,-mediated signaling could accelerate
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prostate tumor growth and the formation of metastases and
offer a target for treatment. However, no correlations between
clinicopathological factors and this polymorphism were
detected in the present study. Further investigation of clinical
data including relapse period and clinical outcome should
however be performed.

The G, subfamily of heterotrimeric G proteins has been
of interest to cancer researchers because its members were
found to promote the growth and oncogenic transformation
of murine fibroblasts (38). The G;, subfamily has been
shown to promote prostate and breast cancer cell invasion in
vitro (39, 40) and were also reported to be regulators of
lysophosphatidic acid-induced ovarian cancer cell migration
in vitro (41). These studies suggested that G, subfamily-
induced Rho activation may be critical for cancer cell
behavior. Further studies of other G protein subfamilies
including these polymorphisms should be conducted.

In conclusion, the present investigation did not provide
support for a contribution of the GNAS! polymorphism to
the risk of prostate cancer in this Japanese population.
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Advanced research utilizing histopathological sections as a culture
substratum of animal cells

Toshiaki Takezawa ", Tomoyo Takeuchi ", Takahiro Ochiya?, Kana Yanagihara™¥,
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Variqus culture substrata reflecting the microenvironment of cells in vivo have been developed to
regulate multicellular structure and function. The substratum made of tissue/organ gections for
histopathology (TOSHI), conserving microarchitecture and components in vivo, possessed the
potential for inducing cell behavior in response to its microenvironmental signaling cues. Taking
advantage of the TOSHI-substratum, we recently succeeded in the following two studies, Mouse
embryonic stem cells were efficiently differentiated into hepatocyte-lik'e cells when cultured on the
TOSHI-substratum prepared from regenerating mouse livers after carbon tetrachloride intoxication.
Also, the time-course cell behavior of two different cell lines on various TOSHIL-substrata prepared
from rat mature organs was converted into a three-dimensional graph chart, i.e. a mathematical
model. Therefore, we hope that the former could be applied to the preparation of tailor-made hepa-
tocytes in vitre and the latter will contribute to investigate the unknown characteristics of cells
and/or tissues, ie. cellomics and/or histomics, respectively. This review also describes visions for
the future application of TOSHI-substrata to medical and pharmaceutical researches.
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@ Preparation of a frozen, paraffin-embedded, or resin-embedded tissue/organ

' H Excising a whole or partial tissue/organ
@ uman
Normal a Wikiice
,' Experimental small animal Abnormal n
el Immature
derived from a focus of
Livestock filseau, e.g. uncar)s - (derived from a fetus)
|
v ¥
Freezing it in OCT compound Fixing it with formalin solution and

Frozen block

embedding it In paraffin or resin
{ Paraffin block
Resin block

@ Preparation of TOSHI (tissue/organ sections for histopathology)-substratum

Cutting a block (Thickness: ca. 5um)

Spreading sections on a glass slide

__.

@ Optimization of the TOSHI-substrata
for cell culture

-
1

@ Seeding and culturing cells
on the TOSHI-substrata

® Time-course analysis of the cell behavior in culture
Fig. 1

Schematic procedure for preparing TOSHI (tissue/organ sections for histopathology) -substratum and
culturing cells on it. Reproduced and partially-modified from Ref. 7 with permission of the publisher.
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Preparation of ES cells
Sl AT

Proliteration of mouse ES cells on
feeder fibroblasts in a culture medium
(a DMEM supplemented with FBS, LIF
and p-ME)

S i 5 el
ES cells suspended in the culture medium were
seeded and cultured on TOSHI-substrata, and the
culture medium was changed into a DMEM

without supplements at 2h in culture

tissues at 4d after CCl,-administration

Fig. 2

Outline of the experiment for analyzing cell behavior of mouse
embryonic stem (ES) cells cultured on the TOSHI-substrata
derived from normal, injured. or regenerating mouse liver tissues
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Fig. 3

Novel research concept for cellomics and histomics. Reproduced
and partially-modified from Ref. 7 with permission of the publisher.
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Fig. 4

Phase-contrast microphotographs of DU145 cells
cultured for 2days on plastic (a). TOSHI-substrata
derived from rat cerebellum (b) and kidney (C).
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Fig. 5
Advantages of the culture system utilizing TOSHI-substratum.
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ABSTRACT: There are a variety of chemicals in aquatic environment, so it is important to assess the tox-
icity. The biomarkers such as induction of DNA damage, micronuclei, vitellogenin, and hepatic P450 in
fish are known to be effective for monitoring genotoxic and/or estrogenic chemicals. However, there is lit-
tle study to use these biomarkers in same fish. Goldfish (Carassius auratus) is widely used and is suitable
in size to collect blood or organs. In this study, validity of multiple-biomarkers in goldfish was checked
using standard chemicals and applied in the river water. Ho River, which flows through the textile dyeing
factory in Shizuoka Prefecture, Japan, was reported to show genotoxicity toward Salmonella typhimurium
TA98 and YG1024. When the goldfish were exposed to Ho River, DNA damage, estrogenic activity, and
CYP1A induction were observed. Through the study, it was assumed that not only mutagens/carcinogens
but also endocrine disrupting chemicals and poly aromatic hydrocarbons were present in Ho River. There-
fore, chemical identification should be required. We could evaluate both genotoxicity and estrogenic ac-
tivity simultaneously, so goldfish might be a good experimental model for estimation of chemical contami-
nation levels in aquatic environment. © 2008 Wiley Periodicals, Inc. Environ Toxicol 23: 720-727, 2008,

Keywords: goldfish; genotoxicity; estrogenic activity; P450 enzyme activity; biomonitoring

INTRODUCTION
Correspondence to: Y. Deguchi; e-mail: deguchi@niu.ac.jp Mar_}y kinds of chemicals ‘showmg muta-gemc/carcmo-
Published online 14 March 2008 in Wiley InterScience (www. genic potency are present in aquatic environment. Ohe
interscience.wiley.com). DOI 10.1002/tox.20379 et al. (2004) reviewed that 7-15% of river water around

© 2008 Wiley Periodicals, Inc.
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the world showed genotoxicity toward Salmonella typhi-
murium TA98 and TA100 strain which detect frameshift
point mutations and base substitution, respectively. Geno-
toxicity studies of river water have employed the Salmo-
nella/genotoxicity test mainly, but it is important to eval-
uate the river water using aquatic animals. Micronucleus
(MN) test has been used in genotoxicological study with
fish (Al-Sabti and Metcalfe, 1995; Hayashi et al., 1998),
and it detects MN resulting from either chromosomal
breakage during cell division or chromosome loss events
in anaphase damages (Kirsch-Volders et al., 2003). MN
test is often applied with comet assay. Comet assay
detects DNA damage including single-strand breakage or
other lesions such as alkali-labile sites and DNA cross-
link by measuring the migration of DNA from immobi-
lized nuclear DNA (Singh et al., 1988). Comet assay has
been widely used for studies on genotoxicity of environ-
mental chemicals with fish (Lee and Steinert, 2003).
Induction of hepatic cytochrome P450 enzymes in fish is
also known to be sensitive biomarkers for monitoring pol-
ychlorinated biphenyl (PCB) or poly aromatic hydrocar-
bons (PAHs) (Ahokas et al., 1976). The determination of
ethoxy resorufin-O-dealkylase (EROD) activity in fish
has been used as an indicator of PAHs (Wassenberg et al.,
2005). Methoxy resorufin-O-dealkylase (MROD), pen-
thoxy resorufin-O-dealkylase (PROD), and bezyloxy res-
orufin-O-dealkylase (BROD) activities are known, and
Russell et al. (2004) evaluated PCB using these enzyme
activities.

It is well known that not only mutagens/carcinogens
but also endocrine disrupting chemicals (EDCs) are pres-
ent in aquatic environment (Whaley et al., 2001). Vitello-
genin (VTG) is known to be an effective biomarker for
monitoring EDCs (Li et al., 2005). VTG is a protein syn-
thesized in female liver and delivered into blood, then
taken up by oocytes to be processed into egg yolk. How-
ever, VI'G production can be induced in males by admin-
istration of EDCs. So VTG has been used as an indicator
of EDCs. They are known to be effective and sensitive
biomarkers, but there is little study to determine genotox-
icity and estrogenic activity simultaneously using fish.
Among all kinds of aquatic organisms, goldfish (Caras-
sius auratus) is suitable in size to collect any organs. We
thought that goldfish is a good model for evaluation of
aquatic environment. In this study, we checked the valid-
ity of multiple-biomarkers in goldfish using standard
chemicals and applied the river water. Recently, Wata-
nabe et al. (2006) reported that Ho River, which flows
through the textile dyeing factory in Shizuoka Prefecture,
showed genotoxicity toward TA98 and YG1024 (O-ace-
tyltransferase overexpressing strain) with metabolic acti-
vation (+S9 mix). So we evaluate the toxicity of Ho
River not only genotoxicity but also estrogenic activity
and P450 enzyme activity using goldfish.

MATERIALS AND METHODS

Chemicals

p-naphthoflavone (§-NF), low-melting point agarose, O-
phenylenediamine, 7-ethoxyresorufin, 7-methoxyresorufin,
7-penthoxyresorufin, 7-benzyloxyresorufin, and resorufin
were purchased from SIGMA (St. Louis, MO). HRP-conju-
gated-anti-rabbit IgG goat antibody was purchased from
Seikagaku Corporation (Tokyo, Japan). Other chemicals
were purchased from Wako Pure Chemical Industries
(Osaka, Japan).

Fish

We obtained goldfish weighing 20-25 g from a local dealer
in Hamamatsu City, Japan. Before the experiments, gold-
fish were acclimatized for 2 weeks in a well-aerated aquar-
ium maintaining at 20°C =+ 2°C under 12 h light/12 h dark
photoperiod. For estrogenic activity assay, a low estrogenic
diet which does not contain any soybean meal was devel-
oped with Kyorin Corporation (Himeji, Japan).

Genotoxicity Assay

Genotoxicity was assessed by comet assay and MN test
according to Deguchi et al. (2007). In both assay, methyl
methanesulfonate (MMS) and mitomycin C (MMC) were
used as positive control. MMS and MMC were dissolved in
dimethylsulfoxide (DMSO) and injected intraperitoneally
(i.p.) once at the following doses: 10, 50 mg/kg body
weight for MMS and 2, 4 mg/kg body weight for MMC. In
the negative control group, DMSO was injected ip. into
fish. Five fish were used in each group, and kept ina 10-L
glass tank. In comet assay, blood was collected 3, 6, and 24
h after injection. The comet images were analyzed using a
fluorescence microscope (magnification 200X) equipped
with CCD camera. Two slides were prepared for each fish,
and 50 cells per slide were examined. The tail moment of
DNA was measured by using Komet 4.0 image analyzed
program (Kinetic Imaging, Liverpool, UK) or Comet Ana-
lyzer (Youworks, Tokyo, Japan). In MN test, blood was
collected 48, 96, and 144 h after injection. Two slides were
prepared for each fish. At least 1000 erythrocytes per slide
were observed by a fluorescence microscope (magnification
400x%), and the number of micronucleated cells were
recorded. MN frequency was calculated as the number of
micronucleated cells per 1000 cells.

Estrogenic Activity Assay

Male goldfish were exposed to 10-L that contained 1, 10,
100 pg/L of 17 f-estradiol (E2), bisphenol A (BPA), and 4-
nonylphenol (NP) in glass tank in static condition. Negative
control group was only exposed to solvent carrier (DMSO

Environmental Toxicology DOL 10.1002/tox
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100 uL/L). Five fish were used in each group, and test solu-
tions were exchanged every day. Blood was collected after
9 days and centrifuged at 3000 rpm for 20 min then the
plasma was divided into aliquots and stored at —20°C until
use. The concentrations of VTG in plasma were determined
by enzyme-linked immunosorbent assay (ELISA) using
monoclonal mouse antibody against goldfish lipovitellin
(Lv). The goldfish VTG and Lv were purified from sexually
mature female goldfish plasma and oocyte, respectively, as
described by Hara et al. (1993). Purified VTG was used as a
standard, and diluted samples were used for measurement of
VTG in duplicate. Visualization was accomplished using
HRP-conjugated-anti-rabbit IgG goat antibody and O-phenyl-
enediamine as a HRP substrate. After 10 min, the reaction
was stopped by adding 2 M H,SO,4 and absorbance was
measured with a microplate reader (Thermo Fisher Scientific,
MA) at 492 nm. These assays were performed at room tem-
perature, The concentrations of VIG were calculated from
the linear part of the log-transformed standard curve. The
detection limit of VTG in present study was 0.02 ug/mlL..

P450 Enzyme Activity Assay

P450 enzyme activity was measured using fi-NF and phe-
nobarbital (PB) as positive control. f-NF and PB were dis-
solved in DMSO and injected i.p. once at the following
doses: 1, 10 mg/kg body weight for f-NF and 50, 100 mg/
kg body weight for PB. In the negative control group,
DMSO was injected i.p. into fish. Five fish were used in
each group, and kept in a 10-L glass tank. Liver was col-
lected 24, 48, and 96 h after injection and rinsed in 1.15%
KCI then homogenized with three volumes of homogeniza-
tion buffer (100 mM Tris-HCI containing 1 mM EDTA-
2Na, 100 mM KCl, pH 7.4) in a Potter-Elvehjem homoge-
nizer, then centrifuged at 9000 X g for 20 min at 4°C. The
supemnatant was ultracentrifuged at 105 000 X< g for 60 min
at 4°C. The microsome pellet was resuspended and homog-
enized in 10 mM Tris-HCI buffer (pH 7.4) containing
1 mM EDTA-2Na and 20% glycerol. Microsome was di-
vided into aliquots and stored at —80°C until use. The pro-
tein content was determined according to BCA protein
assay (PIERCE, USA) using bovine serum albumin as a
standard. EROD, MROD, PROD, and BROD activities of
liver microsome were measured using the method described
by Burke et al. (1994) with some modifications. Microsome
(50 pg) and 25 pL of NADPH generation system (100 mM
MgCl,, 10 mM NADP, 100 mM G-6-P, and 1000 U/mL G-
6-P DH) were preincubated for 5 min at 30°C (total vol-
ume: 200 ul), and then the 50 pL. of each substrates
(25 puM of 7-ethoxyresorufin, 25 uM of 7-methoxyresoru-
fin, 25 uM of 7-pethoxyresorufin, or 25 uM of 7-benzylox-
yresorufin) were added to start the reaction. After 5 min,
the reaction was stopped by adding 250 pL of ice-cold etha-
nol. The mixture was centrifuged at 15 000 rpm for 3 min

Environmental Toxicology DOI 10.1002/tox

Hamamatsu City Iwata City

Magome River
Tenryu River

Fig. 1. Geographic locations of the sampling points, the
textile dyeing factories, and the Ho River “in Shizuoka
Prefecture.

at 4°C. The fluorescence of the supernatant was measured
on a fluorescence microplate reader (Thermo Fisher Scien-
tific, MA) with an excitation wavelength of 544 nm and an
emission wavelength of 590 nm. Each enzyme activities
were expressed as the rate of resorufin formation, and were
calculated based on the fluorescence of a standard curve of
resorufin standards.

Exposure to River Water

We collected river water from upstream (point A) and
downstream (point B). The sampling points were shown in
Figure 1. At first, temperature, pH, and CODy, of Ho River
were measured. Male goldfish were exposed to 10-L river
water in glass tank in static condition. Negative control
group was tap water. Five fish were used in each group, and
a half volume of the river water was exchanged with same
river water every day. After exposure for 1 and 2 weeks,
the goldfish were removed from each tank and we exam-
ined genotoxicity, estrogenic activity, and P450 enzyme
activity.

Statistical Analysis

Dunnett’s test after one-way ANOVA was used to evaluate
the significance of the differences in each test between the
control group and the treated group; p values lower than
0.05 were considered to indicate statistical significance.

RESULTS

Genotoxicity

DNA damage and MN induction were evaluated using
MMS and MMC. Figure 2 showed the mean values of
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Fig. 2. DNA damage in peripheral blood cells of goldfish
administered MMS (upper graph) and MMC (lower graph).
One hundred cells were counted per fish. The mean
values were obtained from 500 cells. The bars represented
the SEM values. Tail moment = DNA migration x Tail
intensity (using Komet 4.0 image analyzed program).
Significant difference: **p < 0.01, *p < 0.05 (vs. control;
0 mg/kg). ;
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Fig. 3. The frequency of MN in peripheral blood cells of
goldfish administered MMS (upper graph) and MMC (lower
graph). The mean values were obtained from five fish. The
bars represented the SD values. Significant difference: =p <
0.01, *p < 0.05 (vs. control; 0 mg/kg).
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Fig. 4. Induction of VTG in plasma of male goldfish
exposed to E2, BPA, and NP for 9 days. The mean values
were obtained from five fish. The bars represented the SD
values. Significant difference: *»p < 0.001, #p < 0.01,p <
0.05 (vs. control; 0 g/L).

DNA tail moment in blood. MMS caused stronger DNA
damage compared to MMC. In MMS, DNA damage was
increased until 3 or 6 h after injection and then decreased.
In MMC, DNA damage was not observed at 3 h after injec-
tion, but then showed weak DNA damage after 24 h. Figure
3 showed the frequencies of MN in blood. MMC caused
stronger chromosomal aberration compared to MMS, and
the frequencies of MN significantly increased until 96 h af-
ter injection and then decreased. The average of frequencies
for 48, 96, and 144 h (MMC 4 mg/kg) were 1.18%. (=12/
10 204, p < 0.05), 2.79%. (=28/10 028, p < 0.01), and
1.18%0 (=12/10 186, p < 0.05), respectively.
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Fig. 5. Activity of four liver enzymes (EROD, MROD, PROD,
and BROD) of goldfish administered -NF (upper graph: af-
ter 48 h) and PB (lower graph: after 24 h). The mean values
were obtained from five fish. The bars represented the SD

values. Significant difference: #p < 0.01, *p < 0.05 (vs.con-
trol; 0 mg/kg).
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Fig. 6. DNA damage in peripheral blood cells of goldfish
exposed to Ho River for 2 weeks. One hundred cells were
counted per fish. The mean values were obtained from 500
cells. The bars represented the SEM values. Tail moment =
Tail distance X Ratio (using Comet Analyzer). Significant dif-
ference: *p < 0.01, *o < 0.05 (vs. control; 0 W), #p < 0.05
(vs. point A; 1 W), ##p < 0.05 (vs. point A; 2 W),

Estrogenic Activity

VTG synthesis was evaluated using E2, BPA, and NP.
Figure 4 showed the concentrations of plasma VTG in male
goldfish exposed to E2, BPA, and NP for 9 days. VTG were
significantly increased by treating with 10 pg/L of E2 and
NP (p < 0.05), 100 ug/L of BPA (p < 0.01), and 100 ug/L
of E2 and NP (p < 0.001).

P450 Enzyme Activity

EROD, MROD, PROD, and BROD activities in liver were
measured at 24, 48, and 96 h after injection of §-NF and PB.
Figure 5 showed the enzyme activities at 48 h after injection
of f-NF and at 24 h after injection of PB. In §-NF, all activ-
ities were gradually increased until 48 h after injection, and
then decrease at 96 h (data not shown). All activities were
significantly increased by f-NF at 48 h after administration.
In PB, only EROD activity was significantly increased at 24
h after injection, and then decrease. Other activities were not
increased until 96 h (data not shown).

Evaluation of Ho River

The temperature of point A and point B were 22.2 and
23.5°C, respectively. The pH of point A and point B were
7.42 and 7.39, respectively. The CODy, of point A and
point B were 4.95 and 13.86, respectively. Ten male gold-
fish were exposed to Ho River for | or 2 weeks. The sur-
vival ratio of goldfish was 100% in both the points. In
comet assay, Ho River showed DNA damage in both the
points, however DNA damage was stronger in point B
than that of point A (Fig. 6). On the other hand, MN was
not significantly increased in both the points (data not

Environmental Toxicology DOI 10.1002/tox
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Fig. 7. Induction of VTG in plasma of male goldfish
exposed to Ho River for 2 weeks. The mean values were
obtained from five fish. The bars represented the SD values.
Significant difference: *p < 0.05 (vs. control; 0 W).

shown). The plasma VTG synthesis was not observed in
point A, however the plasma VTG levels was signifi-
cantly increased in point B (Fig. 7). Although all hepatic
P450 activities were not significantly increased in point
A, significant induction of MROD activity was found in
point B (Fig. 8).

DISCUSSION

A lot of bioassay techniques using aquatic animals have
been developed so far. We evaluated genotoxicity, estro-
genic activity, and P450 enzyme activity using goldfish. In
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Fig. 8. Activity of four liver enzymes (EROD, MROD, PROD,
and BROD) of goldfish exposed to point A (upper graph) and
point B (lower graph) for 2 weeks, The mean values were
obtained from five fish. The bars represented the SD values.
Significant difference: *p < 0.05 (vs. control; 0 W).
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comet assay and MN test, we used MMS (alkylating
agent) and MMC (DNA crosslinker). In comet assay,
MMS showed stronger DNA damage than that of MMC,
but in MN test, MMC showed higher frequency of MN
than that of MMS. The numerous biomarkers such as
DNA strand breaks, DNA adducts, chromosomal aberra-
tions, sister chromatid exchange, and MN were used to
monitor mutagens/carcinogens in aquatic environment.
Mitchelmore and Chipman (1998) commented that DNA
strand breaks, particularly as measured by the comet
assay, act as a biomarker of genotoxicity in fish and other
aquatic species. They also emphasized that this approach
should be combined with the use of other biomarkers.
Thus, a combination of the comet assay and the MN test is
a useful tool for monitoring mutagens/carcinogens.

Next, we measured VTG as a biomarker for estrogenic
activity. Although VTG is regarded as female specific
protein, male fish can also produce VTG in the liver if
exposed to EDCs. Therefore the measurement of plasma
VTG in male fish has been used as a sensitive biomarker
of EDCs in aquatic environment. It is known that normal
fish diets contain the phytoestrogens such as genistein,
daidzein, equol, and coumestrol. Ishibashi et al. (2002)
reported that VTG was detected by feeding normal fish
diets, but VT'G was not detected by feeding casein-based
formulated fish diet which does not contain soybean
and fish meal. So we developed a low estrogenic fish diet
which does not contain soybean. The concentrations of
VTG of male goldfish were decreased by feeding this fish
diet (data not shown). When male goldfish were exposed
to E2, BPA, and NP for 9 days, the concentrations of
VTG were significantly increased by treating with 10 pg/
L of E2 and NP (p < 0.05), 100 ug/L of BPA (p < 0.01),
and 100 pg/l. of E2 and NP (p < 0.001). The concentra-
tion of 1 pg/L was much higher than those detected in
river water in Japan. In this study, VTG were detected
by treating with 1 ug/L. of each substance, so the mea-
surement of plasma VTG in male goldfish was useful
to monitor EDCs. Jobling et al. (1996) reported that
VTG synthesis was found in rainbow trout (OQncorhyn-
chus mykiss) after treating with 10 ug/L of NP. So
goldfish seemed to have similar sensitivity to NP as
rainbow trout.

We also determined EROD, MROD, PROD, and
BROD activities in liver microsome. Many carcinogens
are known to be metabolically activated by drug-metabo-
lizing enzymes including CYP enzymes. CYPIA
enzymes catalyzed PAHs and heterocyclic amine (HCA).
CYP2B enzymes catalyzed the dichloro diphenyl tri-
chloroethane (DDT) and PB. In this study, CYPIA and
CYP2B activities were determined from EROD and
MROD activities, PROD and BROD activities, respec-
tively. EROD and MROD activities of goldfish were rose
by B-NF (as a CYPIA inducer). In rats, EROD and
MROD activities are related to CYP1A1 and CYPIA2,

respectively. In fish, EROD activity is related to CYPIAI
(Stegeman et al., 1997), and Smeets et al. (2002) found a
high correlation between EROD and MROD activities in
rainbow trout (Oncorhynchus mykiss), dab (Limanda
limanda), European flounder (Platychthis flesus), and
lemon sole (Microstomus kitr). Therefore, the basic meta-
bolic machinery in goldfish is similar to that of rats. PB
was known to be a CYP2B inducer in rats, but neither
PROD nor BROD activities rose when we administrated
PB to goldfish. Sadar et al. (1996) reported that PROD ac-
tivity did not rise by PB, but EROD activity rose in pri-
mary culture of rainbow trout hepatocytes. In this study,
PROD activity did not rise, but EROD activity rose in
goldfish. So it was strongly suggested that PB is metabo-
lized by CYP1A in goldfish. On the other hand, Ruus
et al. (2002) found high correlations between EROD and
PROD activities in cod (Gadus morhua) and bullrout
(Myoxocephalus scorpius). Like this, PROD and BROD
activities in fish were unclear, so further investigations
are required to elucidate these activities.

Through these studies, we could construct several bio-
markers, such as genotoxicity, estrogenic activity, and
P450 enzyme activity. So next, we applied these bio-
markers to evaluate the river water. Recently, Watanabe
et al. (2006) reported that Ho River, which flows through
the textile dyeing factory in Shizuoka Prefecture, Japan,
showed genotoxicity toward TA98 and YG1024 with S9
mix. We collected river water from upstream (point A)
and downstream (point B) of textile dyeing factory, and
we compared each point. It was assumed that mutagens/
carcinogens, EDCs, and PAHs were existed in point B.
Watanabe et al. (2006) also collected from same point
and non-Cl phenylbenzotriazole (PBTA)-2, -3, and -7
were detected from this point. Several PBTAs were
detected from river water in Japan (Morisawa et al.,
2003; Ohe et al., 2006), and PBTAs were reported to
show strong genotoxicity toward Salmonella typhimu-
rium YG1024 in the presence of S9 mix (Ohe et al.,
1999; Shiozawa et al., 2000; Nukaya et al., 2001;
Watanabe et al., 2001, 2002). Masuda et al. (2004)
reported that PBTA-6 showed genotoxicity toward gold-
fish. Although other PBTAs including non-Cl PBTAs
were not tested in vivo, it was suggested that the non-Cl
PBTAs might be contributed to their genotoxicity. Ho
River also showed estrogenic activity and CYP1A induc-
tion. There is no data about PBTAs on VTG synthesis or
P450 enzyme activity. So we must examine the effects of
PBTAs on VTG synthesis and P450 enzyme activity in
the future. Point A also showed DNA damage to goldfish.
So we need to monitor Ho River including upstream in
different season. Through these studies, we could evalu-
ate both genotoxicity and estrogenic activity simultane-
ously, so goldfish might be a good experimental model
for estimation of chemical contamination levels in
aquatic environment.

Environmental Toxicology DOI 10.1002/10x
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cell lines under a hyperglycemic condition
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Diabetic patients are prone to severe bacterial infections. The functional alterations of neutrophils by
hyperglycemia are thought to be partially responsible for such infections. In this study, we investi-
gated the functional changes of neutrophil-like differentiated cell lines (dHL-60, dTHP-1, and dNB-
4) by treatment with 5.5 mM, 11 mM, or 35 mM of glucose. In dHL-60 cells, the incubation with
high glucose (35 mM) resulted in the enhancement of cell aggregation, the suppression of cellular
fragility, the induction of reactive-oxygen species (ROS) production by phorbol myristate acetate
(PMA) stimulation, and the impairment of phagocytosis. In dTHP-1 cells, the treatment with higher
glucose generated the suppression of cellular fragility and extremely impaired phagocytosis (by
35 mM), and induced ROS production due to PMA stimulation (by 11 mM). Furthermore, the higher
glucose exposure to dNB-4 cells enlarged intracellular vacuoles (by 35 mM) and induced ROS pro-
duction due to PMA stimulation (by 11 mM). Since the ROS generation of those cells was enhanced
only after PMA stimulation under the higher glucose conditions, glucose may have a priming effect
rather than a triggering effect. These extraordinary sensitivities caused by the higher glucose treat-
ments may reflect the dysfunction or overactivation of neutrophils.
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Phagocytosis / Reactive oxygen species production
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1 Introduction

Severe bacterial infections are common in diabetic patients
with hyperglycemia [1]. Neutrophils serve as a first defense
line against pathogenic bacteria. The bactericidal activity of
neutrophil is primarily due to oxidative pathway. By the
assembly of enzymatic components (known as NADPH
oxidase) segregated into the cytoplasm and plasma mem-
brane of resting polymorphonuclear leukocyte (PMN) [2,
3], the bactericidal oxidants such as superoxide anion are
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macrophage colony-stimulating factor; NBT, nitroblue tetrazolium;
PKC, protein kinase C; PMA, phorbol myristate acetate; PMN, poly-
morphonuclear neutrophil; ROS, reactive-oxygen species
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produced from the activated neutrophils. Previous studies
have shown that PMN in diabetic patients have impaired
chemotaxis, phagocytosis, and oxidative and bactericidal
activities [4—9]. A possible explanation for the impairment
of PMN phagocytosis activities in diabetics is the influence
due to the elevation of serum glucose concentration [10]
and advanced glycation end-products (AGEs) [11,12]. The
short-term treatment (30 min) of PMN from healthy donors
with high glucose concentration reduced the cellular respi-
ratory burst [13]. Moreover, neutrophils from poorly con-
trolled diabetics have impaired the ability of superoxide
generation in the response to formyl-Met-Leu-Phe (fMLP)
but not phorbol myristate acetate (PMA), and phospholi-
pase D activity is decreased in the response to fMLP [10].
However, the detailed mechanisms of functional abnormal-
ities of neutrophils under the hyperglycemic condition
remain elusive. In our preliminary ex vivo experiment for
8 h or more, it was hard to examine the neutrophil fanction,
because most neutrophils prepared from healthy humans
rapidly died due to apoptosis.

Human promyelocytic leukemia cell lines, HL-60, THP-
1, and NB-4, have been extensively used for several
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researches, e. g. the cellular differentiation and proliferation
[14, 15], in worldwide laboratories. All-zrans retinoic acid
(ATRA) is well known as an inducer for cell differentiation,
in particular it promotes the granulocytic maturation of
human promyelocytic leukemia HL-60 cells [16—18]. The
ATRA-differentiated HL-60 cells acquire the ability of
reduction of nitroblue tetrazolium (NBT) [16-21], increase
the tissue transglutaminase expression [19], modulate the
proto-oncogene expression [20], induce the cell-surface
expression of the Mac-i antigen [22], and up-regulate the
protein kinase activity [21, 23]. NB-4 is a cell line derived
from an acute promyelocytic leukemia patient and its differ-
entiation can be induced by ATRA as well. Fleck et al. [24]
have assessed the morphological changes such as cell
spreading and flattening during the differentiation of HIL-
60 and NB-4 with ATRA toward a neutrophil-like pheno-
type by scanning electron microscopy. The cell-cycle pro-
gression of human monocytic cell line THP-1 is regulated
by ATRA through the G1/S phase [25]. The mRNA expres-
sion of retinoic acid receptor (RAR) alpha of THP-1 cells is
induced by granulocyte macrophage colony-stimulating
factor (GM-CSF), and the NBT reducing activity of THP-1

cells is increased by the synergistic effect of ATRA and
GM-CSF [26]. The expression of CD11b antigen (a cell sur-
face marker of differentiation) on HL-60, NB-4 and THP-1

cells is increased by ATRA, as is phagocytosis activity [24,
25]. Thus, the HL-60 and NB-4 cells differentiated with
ATRA, and the THP-1 cells differentiated with ATRA and
GM-CSF are probably available for analysis of neutrophil-
like function by treatment with high glucose for 24 h or
more as hyperglycemic models. The aim of this study is to
characterize the functional changes of those three differen-
tiated cell lines under hyperglycemic conditions.

2 Materials and methods

2.1 Cell cultures

Three human leukemia cell lines (HL-60, NB-4 and THP-
1) were maintained in RPMI 1640 medium including
11 mM glucose (a cell-maintaining medium, Iwaki, Japan)
supplemented with 10% fetal calf bovine serum (FCS) at
37°C in 5% CO,atmosphere.

2.2 Cell differentiation

Cells were harvested during exponential growth and seeded
at a density of 2 x 10° cells/ mL. The HL-60 and NB-4 cells
were differentiated with 1 uM ATRA for 2 days in the cell-
maintaining medium including 11 mM glucose (dHL-60
and dNB-4). For the differentiation of THP-1, the cells were
cultured with 1 uM ATRA and | ng/mL GM-CSF for
2 days in the cell-maintaining medium (dTHP-1). The dif-
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ferentiation of those cells was monitored by NBT reducing
assay as described later.

2.3 Treatment of cells with the different
concentration of glucose

The differentiated or non-differentiated cells cultured in the
cell-maintaining medium including 11 mM glucose were
washed with PBS before experiments. For the mimicry of
physiological conditions, the medium with addition of
5.5 mM glucose in glucose-free RPMI 1640 (Invitrogen,
California, USA) was used. The cells (3 x 10° cells/mL of
each) were incubated with a 5.5 mM glucose-containing
medium (physiologic concentration), a 11 mM glucose-
containing medium (in vitro cell-maintaining concentra-
tion), a 35 mM glucose-containing medium (addition of
24 mM glucose in cell-maintaining medium, high concen-
tration), or a 24 mM mannitol-11 mM glucose-containing
medium (addition of 24 mM mannitol in the cell-maintain-
ing medium to rule out osmotic stress) for up to 4 days.

2.4 Cellular morphology, viability, vacuolization,
and fragility

To characterize cellular morphology, the cells were pre-
pared on glass slides by centrifugation using a Cytospin at
50 x g for 2 min, and the slides were air-dried, fixed in
methanol and stained with Diff-Quik (Dade Behnng,
Illinois, USA) and were observed at a magnification of
1000 x under a light microscope. To examine cell viability,
the number of living and dead cells in the cultures was
determined by trypan blue dye exclusion under a phase con-
trast microscope. The ratio of living/dead cells was esti-
mated as cell viability. For the observation of cellular
vacuolization, the cells were stimulated with 10 ng/mL of
PMA for 10 min, cytospined, fixed, and stained with Diff-
Quik. The vacuolated cells were observed under a light
microscope. For analysis of cellular fragility, the cells were
stimulated with 10 ng/mL of PMA for 10 min, cytospined,
fixed, and stained with Diff-Quik, and the number of cells
was counted under a light microscope. The cells on the slide
lack fragile cells, which were destroyed physically by cyto-
spining. The percentage of cellular fragility was determined
by the following equation: % of cellular fragility =
[destroyed-Diff-Quik-stained cells/total-Diff-Quik-stained
cells] x 100. Each individual experiment was repeated at
least three times.

2.5 Cell aggregation assay

The number of aggregated cells and total cells was counted
under a phase contrast microscope. The percentage of cells
in aggregates was determined by the following equation: %
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