form. The dissolved fraction (f;) and particulate-bound
fraction (f,) are presented as follows:

f2=Du/ (Dt Pry) (i)

fo=Pu/(DtPy) (iif)

where, D,, is the dissolved metal mass per unit volume of
sample (mg); P, is the particulate-bound metal mass per unit
volume of sample (mg). For f; > 0.5, the metal element mass is
predominately in dissolved form. For f; < 0.5, the metal
element mass is mainly in particulate-bound form. The
dissolved fraction (f;) for metal elements in the roadway
runoff is shown in Table 3. Based on the average dissolved
fraction (f;), the f; value of Mo, Cr, Cd and Ni was higher than
0.5 and thus this indicated that these metal elements wére
transported predominately in dissolved form in the roadway
runoff. The f; values of Mn, Fe, Cu, Zn and Pb were less than
0.5 and thus this indicated that these metal elements were
transported predominately in particulate-bound form in the
roadway runoff. Particularly, Pb, Zn and Fe for each storm
event showed strong binding to particulate matter, whereas
Mo for each rainfall event was mostly presented in dissolved
form in the roadway runoff.

The equilibrium fraction coefficient (K,) for dilute
solutions expresses the ratio of metal element mass
normalized to the dry mass of solids to the metal element
concentration in solution for a given volume of runoff. A
fraction coefficient can also be used to evaluate the
distribution between dissolved and particulate-bound metal
elements. Thus, the fraction coefficient accounts for the
presence of solids in runoff. The fraction coefficient is
presented as follows:

K;=C,/C (iv)

where, K, is the fraction coefficient between particulate-bound

mass and dissolved mass (1 kg); C, is the particulate-bound
metal element mass (mg kg” of dry solids); and C is the
dissolved metal element concentration (mg 1'). Table 3 also
shows the fraction coefficient (K,) for metal element in the
roadway runoff. For a given mass of particulates (as SS), the
K, values computed from Eq. (iv) indicated that higher K,
values were associated with lower f; values. Sansalone and
Buchberger [4] have defined an inverse relationship between
the dissolved fraction (f;) and the fraction coefficient (K,) for a
given metal element as shown by the following:

fo=1/(1+K,m) %)

where, m is the solids concentration (kg 17).

Compared to the K, values of the other events, the
higher K, values, except Cr, of the 30 March 2004 event
suggested that the high flow rate may be an important factor
for the decrease of f; values and the increase of K, values. The
high flow rate of runoff was associated with short pavement
residence time of metal element in the roadway runoff. The
influence of the pavement residence time and pH on metal
element partitioning has been observed by other studies [4,
17].

First Flush Effect in Roadway Runoff

The first flush refers to the delivery of a
disproportionately large load of pollutants during the initial
period of the storm water runoff. Therefore, the normalized
cumulative pollutant mass and runoff volume from the urban
storm runoff are necessary information to evaluate first flush
phenomenon. The normalized cumulative pollutant mass and
runoff volume are represented as follows:

M = m(t)/M (V1)

Table 3. Dissolved fraction (f;) and fraction coefficient (K,) for metal elements.
Metal 30 Mar. 04 2 Apr. 04 4 Apr. 04 7 Apr. 04 14 Apr. 04 Mean
fa K, fi K, fi fa K, fa K, fa Kq
Cr 075 721 042 184 091 1.9 064 189 044 178 0.63 129
Mn 0.29 54.1 032 275 048 224 065 178 056 108 046 266
Fe 0.18 979 0.14 836 026 59.7 038 545 0.18 636 023 719
Ni 046 26.2 054 115 046 246 069 148 072 547 057 165
Cu 031 477 041 191 040 313 058 236 049 145 044 272
Zn 017 110 0.25 403 017 105 023 109 033 275 023 785
Mo 095 1.19 0.96 057 1.00 007 1.00 001 - - 098 046
Cd 053 19.6 052 124 0.59. 146 0.75 108 - - 0.60 143
Pb 011 179 011 106 017 101 018 155 011 111 0.14 130
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Voo =0(8)/V (vii)

where, M,,, is the normalized cumulative pollutant mass
(dimensionless); V.. is the normalized cumulative runoff
volume (dimensionless); m(#) is the pollutant mass
transported up to time ¢ (g); and v(f) is the runoff volume up
to time ¢ (1). The first flush was observed when the cumulative
mass versus volume curve was above the 45° slope line,
whereas dilution occurred when the cumulative mass versus
volume curve was below the 45° slope line [14]. Here, the 45°
slope line represented the case when the pollutant
concentration remained constant throughout the storm water

runoff.

The first flush effect of the various pollutants was
studied for fitting the relationship between the dimensionless
cumulative pollutant mass and runoff volume in the roadway
runoff as shown in Figure 4. In all cases, the cumulative mass
versus volume curves were above the 45° slope Line. The SS,
TOC and Mo clearly showed a strong first flush, but Cr and
Zn showed a weak first flush in the roadway runoff. Table 4
shows the percentages of pollutant mass transported in the
first 30%, 50% and 80% of the runoff volume in the roadway
runoff. Barbosa and Hvitved-Jacobsen [3] reported that the
first 50% of runoff volume transported 61-69% mass of the
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Figure 4. Examples of cumulative pollutant mass versus volume curves for storm events.
Table 4. Percentages of transported pollutants mass in the first runoff volume for five events.
Parameter 30% runoff 50% runoff 80% runoff
Range  Mean Range Mean Range Mean
S5 31-48 41 50-66 60 7691 86
TOC 36-50 43 56-69 62 85-92 88
Al 30-43 37 50-62 56 79-87 83
Fe 33-48 40 52-66 59 79-90 85
Cr 29-38 34 50-56 54 81-83 82
Mn 3342 39 53-61 59 83-89 86
Ni 35-42 39 54-61 58 82-88 85
Cu 33-44 39 53-64 59 80-91 85
Zn 33-37 35 53-58 55 82-87 83
Mo 36-51 43 56-69 62 83-91 88
Cd 32-41 38 52-60 57 80-87 84
Pb 31-44 37 52-63 57 82-86 84
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TSS, Zn, Cu and Pb, and thus the Zn and Pb showed a
stronger first flush effect than the TSS and Cu in the highway
runoff in Portugal. Lee et al. [11] also reported that the SS, Fe
and Pb had 30-90%, 35-85% and 40-60% range of mass
transported in the first 50% of the runoff volume in the
residential and industrial complex area, respectively. From
Table 4, the first 50% of the runoff volume transported 62% of
TOC and Mo, 60% of 5S, 59% of Fe, Mn and Cu, 58% of Ni,
57% of Cd and Pb, 56% of Al, 55% of Zn, and 54% of Cs, as
mean values of five storm events. The first 30% and 80% of the
runoff volume also transported 34-43% and 82-88% of the
mass of the pollutants, respectively. Therefore, these results
showed that the first flush effect defined by 25/50 first flush
[8] or by 30/80 first flush [10] was not exhibited in the
roadway runoff. However, these results may be useful to
correctly design treatment facilities, such as detention tanks,
detention ponds, and filtration and adsorption systems, for
storm water runoff.

All normalized cumulative pollutant mass versus
runoff volume curves can be fitted by a power function
presented as follows:
M= Voo ? (viii)
where, B is the empirical coefficient. The  value is calculated
by a linear regression defined as follows:

In(M;0) = f In(V,) (ix)
The first flush coefficient (8) of the pollutants for each

storm event is shown in Table 5. This coefficient (8)

characterized the gap between the cumulative mass versus

volume curve and the 45° slope line. Thus, this gap which was

used as a measure of strength of the first flush was inversely
related to the first flush coefficient [10]. Lee et al. [11] reported '
that the average p values of 55 and Fe were 1.80 and 145 for
urban areas, 1.06 and 1.09 for commercial areas, 1.21 and 1.13
for industrial areas, and 0.81 and 0.89 for residential areas,
respectively. Lee and Bang [9] reported that average p values
of SS and Pb for industrial areas were 1.06 and 0.89,
respectively, and those of SS, Pb and Fe for residential areas
were 1.55, 1.06 and 1.37, respectively. Compared with these
results, our data show that the average p values of S5, Pb and
Fe for roadway runoff in urban area were 0.77, 0.83 and 0.77,
respectively. This means that a strong first flush was exhibited
in the storm water runoff from the roadway which is a small
catchment area. Generally, the strength of first flush for small
catchment areas is stronger than that for large catchment
areas. From Table 5, the average coefficients () for all
pollutants were all less than 1 in the roadway runoff. Based
on the average coefficient (8), the relative strength of the first
flush was TOC > Mo > SS and Fe > Ni and Cu > Mn > Cd >
Pb> Cr > Zn in the roadway runoff.

The normalized cumulative pollutant mass (M,,,) and
the normalized cumulative runoff volume (V) can also be
plotted as a function of normalized runoff time for each event.
The maximum gap values between cumulative pollutant mass
and runoff volume curves for five storm events in the
roadway runoff are shown in Table 5. Based on the average
maximum gap, the relative strength of the first flush was TOC
(0.17) > SS (0.16) > Mn, Fe and Mo (0.15) > Ni (0.12) > Cu, Cd
and Pb (0.11) > Cr and Zn (0.06) in the roadway runoff. In the
case of the 30 March 2004 event, the maximum gap for all
pollutants exhibited higher than the average maximum gap
for five storm events, especially for TOC {0.23) and Mo (0.24)
which were greater than 0.2. Therefore, these pollutants
showed relatively strong first flush. This result indicated that

Table 5. Analysis results by relationship between cumulative pollutant mass and runoff volume.
Parameter 30 Mar. 04 2 Apr. 04 4 Apr. 04 7 Apr. 04 14 Apr. 04 Mean

a b C a b c a b c a b c a b c a b C
S8 0.68 017 119 063 021 112 090 0.06 102 0.69 022 115 096 012 1.07 077 016 1.11
TOC 060 023 124 074 015 1.08 073 012 117 072 022 116 086 011 1.08 073 0.17 115
Al 084 010 108 071 017 1.09 09 011 106 078 010 1.07 097 003 099 085 0.10 1.06
Cr 087 009 107 076 004 1.01 092 0.04 105 0.88 005 104 103 004 100 089 0.05 1.03
Mn 076 018 114 072 016 107 083 013 115 080 017 111 094 009 105 081 015 110
Fe 075 016 113 062 020 111 089 0.09 1.05 069 020 114 091 010 105 077 0.15 110
Ni 078 018 115 073 010 1.05 087 0.08 107 074 014 109 089 009 107 080 012 1.09
Cu 075 014 115 068 0.1 1.06 087 004 105 073 019 114 095 008 106 080 0.11 1.09
Zn 090 006 105 086 004 103 08 010 112 091 006 103 094 005 103 090 0.06 1.05
Mo 059 024 124 075 006 1.03 073 017 123 074 018 114 087 008 1.07 074 015 114
Cd 078 015 113 075 013 1.07 081 013 115 082 0.09 104 094 006 1.02 082 011 1.08
Pb 081 013 111t 068 015 1.08 085 0.10 110 082 0.09 103 098 007 1.03 083 0.11 107

a: first flush coefficient (B) of pollutants for storm events

b: maximum gap between cumulative pollutant mass and runoff volume
c: ratio of cumulative pollutant mass curve area to volume curve area
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the first flush effect was affected by high flow rate (or rainfall
intensity) in the roadway runoff. In the case of the 7 April
2004 event, the maximum gap for all pollutants, except Cr, Cd
and Pb, exhibited higher than the average maximum gap for
five storm events, especially for SS and TOC (0.22) and Fe (0.2)
which were greater than 0.2. Therefore, these pollutants aiso
showed relatively strong first flush. This result indicated that
the first flush effect was affected by a rapid flow rate peak in
the roadway runoff. Particularly, the maximum gaps of SS for
the 2 April 2004 event and the 7 April 2004 event were 0.21
and 0.22, respectively. Therefore, SS was higher than 0.2 for
both events that had rapid flow rate peak and showed most
significant first flush in the roadway runoff. This indicated
that SS was mostly infected by rapid flow rate peak in the
roadway runoff more than other pollutants.

The first flush occurs when the cumulative pollutant
mass curve area is in excess of the cumulative runoff volume
curve area. Thus, the ratio of mass area to volume area is an
index of the first flush strength. These area ratios for each
storm event are also shown in Table 5. Based on the average
area ratio, the relative strength of the first flush was TOC >
Mo > S5 > Mn and Fe > Ni and Cu > Cd > Pb > Zn > Cr >
runoff volume in the roadway runoff. In the case of the 30
March 2004 event, the curve area ratios for all pollutants were
greater than the average area ratios of five storm events.

CONCLUSIONS

The characteristics of pollutants from the roadway
runoff and first flush effects were evaluated. The

concentration of poliutants in the roadway runoff increased
with increasing runoff flow in the low flow rate event, but did
not significantly increase in the high flow rate event. The
appearance of the peak of pollutant concentrations followed
by the flow peak in the low flow rate event was more evident
than that in the high flow rate event due to the fact that most
of the pollutants were rapidly flushed at the beginning or
early period of runoff in the high flow rate event.
Additionally, the significant PSD variation in the roadway
runoff occurred in high flow rate runoff.

Based on the average dissolved fraction (f;), Mo, Cr, Cd
and Ni were transported predominately in dissolved form,
but Mn, Fe, Cu, Zn and Pb were transported predominately in
particulate-bound form in the roadway runoff. Particularly,
Pb, Zn and Fe for each storm event showed strong binding to
particulate matter, whereas Mo for each storm event was
presented mainly in dissolved form in the roadway runoff.

The first 50% of the runoff volume transported 62% of
TOC and Mo, 60% of SS, 59% of Fe, Mn and Cu, 58% of Ni,
57% of Cd and Pb, 56% of Al, 55% of Zn, and 54% of Cr as
mean values of five storm events. The first 30% and 80% of
the runoff volume also transported 34-43% and 82-88% mass
of the pollutants, respectively.

Based on the three parameters such as the average
coefficient (B), the average maximum gap and the average
area ratio, the results of the relative strength of the first flush
were similar in roadway runoff. This study may also provide
useful information to correctly design treatment facilities,
such as detention tanks and ponds, and filtration and
adsorption systems for storm water runoff from roadways.
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Introduction

Numerous natural compounds and environmental contaminants have been reported to activate the aryl hydrocarbon
receptor (AhR)1. Among them, natural dye indigo and its by-product indirubin were isclated from human urine and
presumed to be endogenous AhR Iigandsz.A principal azo-dye methyl yellow and its halogenated derivatives were
also shown to be potential xenobiotic AhR ligands, although their use has been prohibited due to the carcinogenicitys.

It can be assumed that there are also other anthropogenic dyes which may activate the AhR, and that their residues
or derivatives in industrial wastewater may cause adverse effects to aquatic environments.

In this study, a method for investigating potential AhR ligands in dyeing wastewater is presented, and 3'-
hydroxybenzofblquinophthalone, a yellow dye chemical, was isolated and identified to be a weak AhR ligand. This
method includes the applications of HPLC fractionation, a yeast bioassay4, HPLC-diode array detector (LC-DAD),
and HPLC-tandem mass spectrometry (LC-MS/MS). The analytical technique is particularly facilitated by the use of
LC-MS/MS because of its high sensitivity and selectivity, which has been demonstrated to characterize dyes5 and
their derivatives® in environmental samples successfully.

Materials and Methods

Sampling and Extraction—- Dyeing wastewater was taken from an open channel in Kyoto city, Japan, in October
2004. 1500 mL of the wastewater was filtered on 0.45 um glass fiber filters, and passed through Sep-Pak® Vac C18
cartridges (10 g, Waters). After extraction, the cartridges were washed by water, and then eluted with 60 mL of 50%
methanol in water, 60 mL of 75% methanol in water, and 120 mL of 100% methanol. The three extracts collected with
respect to different eluents were evaporated to dryness in a centrifugal vacuum concentrator, and then redissolved in
dimethyl sulfoxide (DMSQ).

Yeast Bioassay for AhR Ligand Activity— AhR ligand activity was detected by an AhR-dependent yeast bioassay

using the recombinant yeast YCM3 strain as described®®. The yeast strain was grown in a synthetic glucose medium
lacking tryptophan at 30°C. After 14 to 18 hours, 1 L of the test sample was mixed with 5 uL of the saturated culture
and 200 uL of the synthetic galactose medium, and subsequently incubated at 30°C. Cell density was determined by
reading the absorbance at 595 nm after 18 hours of incubation, and reaction was started by throughly mixing 10 pL of
the cell suspension with 140 L of Z-buffer and 50 pL of O-nitrophenyl-pB-D-galactopyranoside (4 mg/mi solution made
in Z-buffer). The absorbance at 405 nm was read after incubating at 37°C for 60 minutes. The B-galactosidase activity
(reported as l.acZ units) was calculated by the following formula: {absorbance at 405 nmx1000) / (absorbance at 595
nmxml of cell suspension addedxminutes of reaction time).

HPLC Fractionation, Ligand Isolation, and Purification- An aliquot of extract was injected into a C18 HPLC
reversed-phase column {Shim-pack FC-ODS, 150x4.6 mm, Shimadzu), and eluted in a linear gradient of 10% to
100% methanol in water within 20 minutes followed by 100% methanol held for another 20 minutes at a flow rate of 1
mL/min. Fractions were collected every minute for 36 minutes, evaporated to dryness, redissolved in DMSO and then
subjected to the yeast bioassay. After the yeast bioassay was carried out, potential AhR ligands were isolated from
fractions showing AhR-mediated activity and then further purified by reversed-phase columns (Wakosil-ll 5C18HG,
20x50 mm, Wako; Shim-pack FC-ODS, 150x4.6 mm, Shimadzu).

Synthesis of 3-Hydroxybenzo[bjquinophthalone — 3'-Hydroxybenzo[b]quinophthalone was synthesized according to

2001

— 161 —



EMYV - General - Dioxins and Dioxin-Like Compounds

the method described’. Equimoiar amount of 2,3-naphthalenedicarboxylic acid anhydride and 3-hydroxy-2-methyl-4-
quinolinecarboxylic acid were dissolved in nitrobenzene, stired and heated overnight under reflux. Nitrobenzene was
removed by distillation under reduced pressure, and then the target compound was purified by sifica gel column
chromotagraphy (eluent: hexane/chloroform) and recrystallization from methanol. Further purification was carried out
by using reversed-phase HPLC columns.

LC/ESI-MS/MS—~ Experiments were carried out using the Micromass Quattro Ultima Pt mass spectrometer (Waters)
equipped with a Shim-pack FC-ODS column eluted in an isocratic mode with 100% methanol at a flow rate of 0.5
mL/min. Nitrogen was used as the sheath gas; desolvation gas flow rate was set at 700 L/hr and desolvation gas
temperature was 3807C. The ion source temperature was 130°C. The capillary voltage was set at 3.5 kV, and the cone
voltage was 35 V. The collision energy was 30 eV for acquiring the MS/MS spectrum of synthesized 3'-hydroxybenzo
[b]quinophthalone. Data acquisition was performed in the positive ion mode over thte range of m/z 50-350.

Results and Discussion

Detection of AhR Ligand activity— Compounds extracted by Sep-Pak cartridges were roughly separated into three
extracts according to their polarity by using different eluents. Each extract was subjected to the yeast bioassay, and
only the most hydrophobic extract (eluent: 100% methanol) elicited AhR ligand activity. 10 uL of the extract was
injected into a Shim-pack FC-ODS column. Figure 1 shows the HPLC chromatogram at wavelength 456 nm and the
AhR ligand activity of corresponding HPLC fractions (final concentration factor: about 5-fold of the relevant

environmental concentration). The fractions collected in the 24™ and 34™ minutes elicited higher AhR ligand activity.
According to the HPLC chromatogram, there was one major peak in the 34" fraction, which was named Yellow 1 due
to its color, and its UV spectrum is shown in Figure 2. The rest of the extract was fractionated by the Wakosil-l

5C18HG column to isolate this compound, and further purification was carried out by using the Shim-pack FC-ODS
column.

- wavelength: 436 nin -
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i} s 10 15 x 25 30 5 Fig 2. UV spectrum of yellow 1

HPLC Retention Tivre (xin)
Fig 1. HPLC chromatogram and AhR ligand activity of HPLC fractions

Identification of Yellow 1- Purified Yellow 1 was subjected to LC/MS/MS analysis in order to obtain more
information for identification. Yellow 1 exhibited a molecular ion peak at m/z 340 in the MS spectrum. Its mass was
suggested to be 339 that corresponded to the molecular weight of a yellow dye, 3'-hydroxybenzo[b]quinophthalone
(3-HB[b]QP) found in a handbook of pigments (written in Japanese) 8, 3'-HB[b]QP was synthesized as described’,
and the HPL.C retention time, UV, MS and MS/MS spectra of synthesized 3’-HB[b]QP were consistent to those of
Yellow 1. Thus, Yellow 1 was confirmed to be 3'-hydroxybenzo[b]quinophthalone.
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Fig 3. MS/MS spectrum of 3-HB[b]QP Fig 4. AhR ligand activity of 3-HB{b]JQP

Properties of 3-Hydroxybenzo[bjquinophthalone — The MS/MS spectrum and the structure of 3'-HB[b]QP are shown
in Figure 3. Figure 4 shows the dose-response curve of the AhR ligand activity of 3'-HB[b]QP comparing to an
archetypal AhR ligand, B-naphthoflavone (B-NF). Although 3'-HB[b]QP only showed weak AhR ligand activity, it was
able to induce signaling in the YCM3 strain at nanomolar concentrations.

3'-HB[b]QP and its brominated derivatives were studied as potential substitutes for the toxic dye cadmium yellow in
Japan during 1970s. In this study, the brominated derivatives of 3’-HB[b]QP were not detected in the dyeing

wastewater. However, brominated or other halogenated derivatives of 3'-HB[b]QP may also show AhR ligand activity,
and sometimes the halogen-substitution might even enhance the AhR ligand activity by aitering the size or planarity of

the original compound3. Further research is necessary for monitoring the presense of these dyes in the environment
as potential xenobiotic AhR ligands.
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Introduction

Indirubin, isolated from human urine, is a natural ligand of the aryl hydrocarbon receptor (AhR) and has 50 times
stronger AhR activating activity when compared to 2,3,7,8-tetrachrolodibenzo-p-dioxin in the yeast assay for AhR
ligand activity.1 We previously reported that cell-cycle arrest and cell differentiation occurred when human lymphoma
cell line ML-1 was co-treated with indirubin and tumor necrosis factor-alpha (TNF-a) in DIOXIN2003. Further
investigation showed that cell cycle arrest occurred in the G1 phase and that p53-independent up-regulation of the
cyclin-dependent kinase inhibitor, p212™/¢P) is involved with this phenomenon (unpublished data). In the p21
promoter region, many transcription factor binding sites are included, and many p53-independent p21 activation
pathways exist.? To determine which transcription factors and which p21 activation pathways are mainly involved with
this up-regulation is of importance. In this study, we first constructed a firefly luciferase vector containing p21
promoter regions of various lengths. After which, the region that mainly relates to the up-regulation of p21 was
evaluated and the candidate transcriptional factor binding sites that take part in cell-cycle arrest were explored using
a reporter gene assay.

Materials and Methods

Materials Indirubin was synthesized as described previously and kindly provided by Dr. Saeki (Nagoya City
University, Nagoya, Japan)‘?’ Vectors and the Dual-Glo™ juciferase assay system were purchased from Promega
(Wisconsin, USA). Oligonucleotides were purchased from SIGMA genosys (Hokkaido, Japan). Restriction enzymes,
T4 polynucleotide kinase, T4 Ligase, TaKaRa Ex Tag® R-PCR Version 2.1 and DNA ligation kit ver.2.1 were
purchased from TaKaRa Bio Inc. (Shiga, Japan). All other chemicals and reagents were purchased from Wako
Chemical (Osaka, Japan).

Cell culture The human breast cancer cell line MCF-7 was obtained from the Cell Resource Center for Biomedical
Research, Institute of Development, Aging and Cancer, Tohoku University, Japan. The cells were grown in

Dulbecco's modified Eagie’s medium (DMEM) supplemented with 10% fetal calf serum at 37°C in a humidified air
incubator supplemented with 5% CO,,.

Cell viability assay Cells were seeded at 1x104 cells per well, in 96-well plates and incubated overnight. Fresh
DMEM was used and contained chemicals in various concentrations. For solvent contrast, cells were treated with
DMSO (0.1% v/v). Cell viabilities were determined every 24 hours using the crystal violet method. Method details
were as follows: culture media was washed and cells were stained with crystal violet by incubation with a staining
solution containing 0.1% crystal violet in 10% methanol for 10 min at room temperature and rinsed gently three times
in distilled water. The dye was extracted with methanol and absorbance was read at 590 nm by a micro plate reader.

Plasmids The p21 promoter DNA fragment was synthesized in three separate parts (0 GLwaf459; -443~+16bp,
pGLwaf1587; -1571~+16bp, and pGLwaf2621; -2605~+16bp). For pGLwaf459, commercially available
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oligonucleotides were phosphorylated by T4 polynucleotide kinase and bound by T4 ligase. Synthesized DNA
fragments were amplified by PCR using the following oligonucleotides: 5'-
CAGTGAGCTCATTAATGTCATCCTCCTGATCT-3’ and 5-TACTAGATCTAGGAACTGACTTCGG-3'. The others
were generated by PCR amplification using genomic DNA extracted from ML-1 cells as the template. The
oligonucleotides used as primer were as follows: 5-CAGTGAGCTCAGGTCCTGAGGCTG TGCCGTGG-3', 5'-
TCGAATTAATACATAAAAATTCAT-3’ (for pGLwaf1587), 5'-CAGTGAGCTCAATTCCTCTGAAAGCTGACT-3',
and 5-GCACAGCCTCAGGACCCCACTCTA-3' (for pGLwaf2621). All DNA fragments were cloned into the Sac |
andBagl lIsites of the pGL3-basic vector (which includes the firefly luciferase coding region) by using DNA ligation kit
ver. 2.1. In the case of pGLwaf459, the following oligonucleotides were used as linkers; 5'-
CAGTCGTACGTAGTAGC-3" and 5’- TAGCTACTACGTACGACTGAGCT-3'.

Transfection and luciferase assay Cells were seeded at 80-90% confluence in 10-cm dishes on the day before
transfection. Cells were co-transfected with Renilla luciferase expressing vector, pRL-TK, as an internal control,
using lipofectamine 2000 reagent according to the manufacturer's instructions. Six hours later, the transfection
reagent was removed and cells were harvested into 12-well plates. Twenty-four hours after transfection, cells were
treated with chemicals and DMSO. Following 12 hours of incubation, cells were collected and dissolved in 75 mi of
DMEM without serum and phenol red, and firefly and Renilla luciferase activities were measured using the Dual-

Glo™ luciferase assay system according to manufacturer's instructions. Each assay was practiced three times.

Results and Discussion
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Fig. 1 MCF-7 was seeded at 1=10* cells per well, in 96-well plates and after overnight incubation, cells were
treated with tested chemicals ox DMSO (0.1% v#v). Cell viabilities were detenmined every 24 hours using

crystal violet. When they were co-treated with indirubin (A: 1 v and B: 10 plv) and TNF-a (100 ng/al)?
these chericals synergistically arrested cell growth sirailarly.
* Significantly different frora DIMSO (p < 0.05)

Cell viability To examine whether cell growth arrest in the ML-1 cell line was also observed in the MCF-7 cell line,
cell viabilities after exposure to indirubin and TNF-a at various concentrations were determined. When cells were
exposed to indirubin or TNF-a only, resulits indicated that cell growth arrest was not observed at any concentration.
However, when cells were co-treated with indirubin (=1 mM) and TNF-a (100ng/mi), these chemicals synergistically
caused arrested cell growth regardless of the concentration of indirubin as long as it was above 1 mM (Fig. 1). The
effective concentration was three orders of magnitude greater than that of ML-1. Considering that indirubin is rapidly
metabolized by CYP1A1 induced by itself, the potency of induction of CYP1A1 might be different between MCF-7

and ML-1.% Further research such as measuring the difference of the metabolic rate of indirubin and TNF-a in MCF-7
and ML-1 should be required.
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Fig. 2 The vector constructs and major transcription factor binding sites are represented. The p21 proxcter
region was cloned into pGL3-basic which expresses the fivefly luciferase gene. Each vector contained several

important binding sites for activating p21 gene.

Luciferase activity Previous research has revealed that the peak of induction of p21 mRNA was 8 hours later from
the point when stimulation started (unpublished data), therefore, we decided upon an exposure time of 12 hours after
considering the time for protein synthesis in this study. Firstly, changes in luciferase activities with various
concentrations of indirubin were determined using pGLwaf2621. As shown in Fig. 2A, in the case of co-treatment of
indirubin and TNF-a, the luciferase activities were significantly different at all concentrations (p < 0.01). In addition,
the luciferase activity intensity was changed in a concentration-dependent manner after 12 hours of exposure. The
same results were also observed in pGLwaf459 and pGLwaf1587 (data not shown). In order to obtain more clear
data, the exposure concentration of indirubin was decided o be 10 mM in this study. Fig. 2B shows the pattern of
luciferase induction for three vectors we investigated. In all vectors, the luciferase activity was higher when cells were
exposed to both indirubin and TNF-a. However the differences in luciferase induction patterns as related to chemical
exposure were not observed. Therefore, it seems that the transcription factor binding sites included in pGLwaf459
are mainly associated with this p21 induction as caused by combined exposure of indirubin and TNF-a. in the region
-443~+16, many transcription factor binding sites exist, for example AP-1, kB, XRE, and Sp-1, and they play
important roles in p53-independent p21 regulation. It is natural to regard that these two transcription factor binding
sites, AhR, which is activated by indirubin and associates with XRE, and NF-kB which is activated by TNF-a and
associates with kB, caused this p21 up-regulation. Indeed, several studies have reported the relationship between
XRE and kB in genes which have both binding sites within their promoter region.5' 6 However, with respect to p21, it
was reported that one natural ligand of AhR, 3, 3'-diindolylmethane, activates the Sp-1 sites of p21 and promotes
p21 protein synthesis and therefore that AhR has a relationship to Sp-1 8 Considering these facts, further research
is required for revealing the mechanism of p21 up-reguiation combined with the effects of indirubin and TNF-a using
shorter reporter vectors other than pGlLwaf459.
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Fig. 3 The resulfs of luciferase assay. A: The change in luciferase activities with various concentrations of
indirubin was determined using pGLwaf2621. MCF-7 cells were co-transfected with pGLwaf262] and pRL-
TK. Twerdy-four howrs later, cells were treated with chemicals or DMSO (0.1% vf). After 12 hows of
incubation, the firefly and Remille luciferace activity were measured. The intensity of luciferase induction
changed in concentration-dependent manner. B: The pattern of luciferase induction related to the plasmids was
determined. The method of messurement was the same as A. The bars show the average data of the fold actrvity
of Tuciferase induction versus DMSO (0.1% v#). The pattem of luciferase incduction did not changed among the
three vectors, pGLwafd59, pILwafi587, and pGLwaf2621. The extent of induction change was not very

different among vectors. ** shows that the data were significantly different from DMSO (p<0.01).

In this research, we constructed a reporter vector that included that codes for the longest p21 promoter region (-
2605~+16) and our experiment revealed that the specific region where ligand binding occurs is located in the region
from -443 to +16 of the p21 promoter. However, the exact sequence which functions as the ligand binding site is still
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unclear, therefore, further research to reveal the specific binding site is required. For example, it may be appropriate

to use the luciferase assay with a shorter vector than that used in this research, or {o use the electro mobility shift
assay.
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Detection and identification of dyes showing AhR binding
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Abstract A bioassay using the YCM3 recombinant yeast strain was utilized to investigate the
presence of dioxin-like compounds that activate the aryl hydrocarbon receptor (AhR) in treated
sewage effluents. AhR ligand activity was detected in the concentrated extracts of effluent samples
collected in March, June and October 2004 from Kyoto city, Japan. HPLC fractionation was carried
out using C18 reversed-phase columns, and possible AhR ligands were further isolated and purified.
By using LC/MS/MS, one weak AhR ligand was identified to be rhodamine B base, a fluoran dye.
In addition, two other colored ligands were postulated to be disperse anthraquinone dyes or their
metabolites due to their UV spectra and HPLC retention times. The AhR binding affinities of
twelve commercial dyes with different chemical structures were also studied. Among the dyes
tested, hydrophobic anthraquinone dyes exhibited higher AhR ligand activity, but azo dyes or
hydrophilic acid dyes showed no or very low AhR ligand activity. Rhodamine B base and disperse
anthraquinone dyes were suggested to be potential xenobiotic AhR ligands. Future research
regarding their contamination in aquatic environments and toxicological information is necessary.
Keywords Aryl hydrocarbon receptor; dyes; treated sewage effluents

Introduction

Dyes are made to be resistant to many physical or chemical reactions, such as light, heat, acid and
so forth. Some dyes, dye metabolites, and dye plant effluents have been reported to be toxic,
carcinogenic or mutagenic (Hildenbrand et al., 1999; Gottlieb et al., 2003; Moawad ef al., 2003;
Schneider et al., 2004; Umbuzeiro et al., 2004), but conventional biological treatment processes are
incapable of treating many refractory dyes satisfactorily (Hutton ef al., 1996). Advanced chemical
treatment processes may show better efficiency in removing color or COD of dyeing wastewater.
However, mutagens converted from dyes by chlorination have been detected in river water (Nukaya
et al., 1997; Shiozawa et al., 1998), and ozonation has also been indicated to increase the toxicity in
synthetic dye wastewater (Hitchcock et al., 2002; Kunz et al., 2002).

In Kyoto city, there are many dyeing factories and their wastewaters are treated by sewage
treatment plants. Treated effluents are discharged into the Yodo River system that serves as the
major drinking water source for residents lived in the nearby area. In order to provide basic
information for hazard assessment and reduction, monitoring of pollutants discharged into the river
system is important. In this study, the presence of dioxin-like compounds that activate aryl
hydrocarbon receptor (AhR) were investigated by using an AhR-dependent yeast bioassay in
combination with HPLC fractionantion and LC/MS/MS identifcation. Few colored AhR ligands
were detected and isolated. One compound was identified to be rhodamine B base, a fluoran dye
that showed weak AhR binding affinity, and two other colored ligands were pos’tulated to be
disperse anthraquinone dyes or their metabolites. The AhR binding affinities of twelve commercial
dyes with different chemical structures were also investigated by the yeast bioassay, and
hydrophobic anthraquinone dyes were suggested to be potential xenobiotic AhR ligands.
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Materials and methods

Materials

Rhodamine B base was purchased from Sigma-Aldrich (USA), and other dyes were provided by
Nippon Kayaku (Japan). Sep-pak C18 environmental cartridges were purchased from Waters (USA).
Blue rayon were purchased from Funakoshi (Japan) or synthesized as described (Hayatsu, 1992).
Sampling and extraction ‘

Treated effluents of one sewage treatment plant located in Kyoto city, Japan, were collected in
March, June, and October 2004. 2 L of effluent samples were filtered on 0.45 pm glass fiber filters,
and passed through Sep-pak C18 environmental cartridges. After extraction, each cartridge was
washed with 10 mL of water and then eluted with 10 mL of methanol. The eluents were combined,
evaporated to dryness, redissolved in 400 pL of dimethyl sulfoxide (DMSO), and then subjected to
the yeast bioassay. 100 g of blue rayon was hung in the sampling site for about 24 hours in June and
October 2004 to collect enough amount of target compounds for chemial identification analysis.
The extraction method was similar to that described in Nukaya et al. (1997). Blue rayon extracts
were fractionated by HPLC to isolate potential AhR ligands.

Yeast bioassay

AhR ligand activity was measured by a yeast bioassay using the YCM3 recombinant yeast strain, a
yeast containing the human AhR and aryl hydrocarbon receptor nuclear translocator (Arnt)
expression construct, with a pTXRES-Z (LacZ) reporter plasmid responded to ligand-induced AhR
complex (Miller, 1999). The bioassay was carried out as described in Adachi ef al. (2001).

HPLC fractionation, ligand isolation and purification

50 pL of the Sep-pak cartridge extract was injected into a C18 HPLC reversed-phase column
(Shim-pack FC-ODS, 150x4.6 mm, Shimadzu, Japan), and eluted in a linear gradient of 10% to
100% methanol in water within 20 minutes followed by 100% methanol held for another 20

minutes at a flow rate of 1 mL/min. Fractions were collected every minute for 30 minutes,
evaporated to dryness, redissolved in 50 pl, of DMSO, and then subjected to the yeast bioassay.

The blue rayon extracts were fractionated by another reversed-phase column (Wakosil-II SC18HG,
20x50 mm, Wako, Japan) with a linear gradient of 75% to 100% methanol in water within 5
minutes followed by 100% methanol held for 25 minutes at a flow rate of 2.5 mL/min. Fractions
were collected every 30 seconds from 7 to13 minutes, and potential AhR ligands were further
isolated by HPLC columns. All HPLC experiments were undertaken at ambient temperature.
HPLC/ESI-MS/MS

Experiments were carried out using a Micromass Quattro Ultima Pt mass spectrometer (Waters,
USA) equipped with a Shim-pack FC-ODS column eluted in an isocratic mode with 100%

methanol at a flow rate of 0.5 mL/min. Nitrogen was used as the sheath gas; desolvation gas flow
rate was set at 700 L/hr and desolvation gas temperature was 380°C. The ion source temperature
was 130°C. The capillary voltage was set at 3.5 kV, and the cone voltage was 35 V. The collision
energy was 25 eV for the compounds tested. Data acquisition was performed in positive ion mode.

Results and discussion

Detection of AhR ligand activity

AhR ligand activity was detected in the concentrated extracts of treated sewage effluents. As shown
in Figure 1, higher AhR ligand activity was observed in the 23 24™ 25M fractions (fractions
collected from 22 to 25 minutes), and the 23" fraction elicited the highest activity. According to the
HPLC chromatogram (Figure 1, absorption wavelength: 540 nm), one major peak, named as Red 1
according to its color, and several smaller peaks were observed in these fractions.
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Isolation and identification of AhR ligands

The main peak Red 1 in the 23" fraction was isolated from the blue rayon extracts, and then
subjected to LC/MS/MS analysis. According to the HPLC retention time, UV, MS, and MS/MS
spectra, it was identified to be rhodamine B base, a fluoran dye. Though rhodamine B base was the
major peak in the 23™ fraction, it only showed weak AhR binding affinity (Figure 2).
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Figure 1 HPLC chromatogram of the 5000-fold Sep-pak cartridge extract and Figure 2 AhR ligand activity of rhodamine B base and an
the corresponding AhR ligand activity of HPLC fractions (Oct 2004 sample) archetypal AhR ligand, B-naphthoflavone

Thus, other compounds in the same fraction were investigated by further separating the 23" fraction
into three subfractions, subsubfraction 1 (SF-1, which contained the compounds having the
retention time earlier than rhodamine B base), subfraction 2 (SF-2, which contained rhodamine B
base), and subfraction 3 (SF-3, which contained the compounds having the retention time later than
rhodamine B base). As shown in Figure 3, SF-1 and SF-3 showed higher AhR ligand activity than
SF-2. It can be suggested that the high AhR ligand activity of the 23™ fraction was mostly
contributed by these unidentified compounds contained in these two subfractions.

Two other colored ligands named as Red 2 and Violet 1 were isolated from the 250 F raction, and
were suggested to be disperse anthraquinone dyes. Figure 4 shows the UV spectra and HPLC
retention times of Red 2 and Violet 1 comparing to two commercial disperse anthraquinone dyes,
Disperse Red 164 and Disperse Blue 56.
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Figure 3 AhR ligand activity of the Figure 4 UV spectra and HPLC retention times of Red oncentraton (mglL)
subfractions of the 23" fraction 2, Violet 1, Disperse Red 164, and Disperse Blue 56 ~ Figure 5 AhR ligand activity of commercial dyes

Disperse anthraquinone dyes as potential xenobiotic AhR ligands

Twelve commercial dyes, including three acid dyes, one basic dye, one direct dye, five disperse
dyes, and two reactive dyes were also investigated for their AhR binding affinities by using the
yeast bioassay. Hydrophobic anthraquinone dyes such as Disperse Blue 56 elicited higher AhR
ligand activity, but no or very low activity was observed in hydrophilic acid anthraquinone dyes or
azo dyes. The results corresponded to the nature of classical AhR ligands that are planar, aromatic
and hydrophobic compounds.
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Conclusions

In this study, AhR ligand activity was detected in treated sewage effluents, and several colored AhR
ligands were isolated and suggested to be dyes. One compound was identified to be rhodamine B
base, but it only showed weak AhR binding affinity and was not the most potent ligand in the 23"
fraction that elicited the highest AhR ligand activity. Two other potential AhR ligands were
suggested to be disperse anthraquinone dyes or their metabolites due to their UV spectra and HPLC
retention times. Disperse anthraquinone dyes such as Disperse Blue 56 also showed higher AhR
binding affinity in the yeast bioassay. Rhodamine B base and disperse anthraquinone dyes are
hydrophobic compounds which may be absorbed to sediments or aquatic biota after being
discharged into aquatic environments. Further research concerning the contamination and
ecotoxicological information of these xenobiotic AhR ligands is necessary.
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Abstract

" The steroid and xenobiotic receptor (SXR) has been demonstrated to play an important role in the regulation of the cytochrome P450 3A4
gene (CYP3A4) and multidrug resistance gene 1 (MDR1) by both endogenous and xenobiotic substrates. SXR and its rodent ortholog PXR
exhibit marked differences in their ability to be activated by xenobiotic inducers. This suggests that results obtained by rodent models may not
always accurately predict responses to the same compounds in humans. SXR expression was demonstrated in the human liver and intestine,
but its systemic distribution remains unknown. Therefore in this study, we first characterized the expression of SXR and its target genes
CYP3A4, and MDR1 in human adult and fetal tissues using quantitative RT-PCR, immunoblotting, and combined laser capture microscopy
and RT-PCR analysis. SXR mRNA and protein are expressed in adult and fetal liver, lung, kidney, and intestine. There is a close association
between the expression of SXR and its target genes in all of the tissues examined. The amounts of SXR mRNA in the liver and intestine
reached maximal levels in young adults (15-38 years old) and then subsequently decreased to less than half of the maximal levels with aging,
These findings demonstrated age-related differences in the body’s capacity to metabolize steroids and xenobiotic compounds and suggest an

important role for SXR and its target genes, CYP3A4 and MDR1 in this process.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Steroid and xenobiotic receptor; CYP3A4; MDRI

1. Introduction

The steroid and xenobiotic receptor, SXR (Blumberg et
al., 1998a) was originally isolated as a potential homolog of
the Xenopus laevis benzoate X receptor (Blumberg et al.,
1998b). This receptor is also referred to as human preg-
nane X receptor (hPXR; Lehmann et al., 1998) or human
pregnane activated receptor (hPAR; Bertilsson et al., 1998).
SXR positively regulated transcription of cytochrome P450
3A4 (CYP3A4; Bertilsson et al., 1998; Blumberg et al.,
1998a; Lehmann et al., 1998) and multidrug resistance gene
(MDRI1; Geick et al., 2001; Willson and Kliewer, 2002),
also known as ABCB1 (ATP-binding cassette B1) and has
been demonstrated to be a master or dominant regulator of
xenobiotic metabolism (Synold et al., 2001; Xie and Evans,

* Corresponding author. Tel.: +81 22 717 8050; fax: +81 22 717 8051.
E-mail address: miki@patholo2.med.tohoku.ac.jp (Y. Miki).
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2001; Dussault and Forman, 2002; Kliewer et al., 2002).
Metabolism of drugs, xenobiotic compounds, and other en-
dogenous/exogenous substrates such as steroids generally
begins with oxidation by cytochrome P450 (CYP) phase 1
enzymes followed by phase II reactions in which the hydrox-
ylated metabolite is conjugated to a polar ligand. The drug
efflux pump P-glycoprotein (P-gp), encoded by MDR1 and
located on the cellular plasma membrane, is the final compo-
nent in these xenobiotic detoxification cascades (Michalets,
1998). The most significant cytochrome P450 for drug and
xenobiotic metabolism is CYP3A, which constitutes 30 and
70% of the whole CYPs in human livers and intestines, re-
spectively (de Wildt et al., 1999). The CYP3A subfamily
consists of at least three isoforms, CYP3A4, CYP3AS and
CYP3A7 (Nelson et al., 1996). Recently, a novel isoform,
CYP3A43 has been characterized (Domanski et al., 2001;
Gellner et al., 2001; Westlind et al., 2001), but its functions
including regulation by SXR still remains largely unknown.
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Expression of CYP3A4 and CYP3A7 isinduced by substrates
for these enzymes largely via activation of SXR.

SXR has been demonstrated to be closely associated with
the expression of CYP3A4 and MDR1 in human tissues
(Bertilsson et al., 1998; Blumberg et al., 1998a; Lehmann
et al,, 1998; Geick et al., 2001). In addition, it is well known
that the capacity for metabolism and excretion of drugs de-
creases with advancing age and the expression of CYP3A
in human liver has been shown to vary with development
(Greenblatt et al., 1982; Osterheld, 1998) but its details still
remain unknown. Therefore, we hypothesized that the de-
creased capacity for drug and xenobiotic metabolism was
related to changes in SXR expression of human tissues.

SXR was reported to be present in aduit human liver,
small intestine, and large intestine (Bertilsson et al., 1998;
Blumberg et al., 1998a; Lehmann et al., 1998), but its cel-
lular localization and expression in other tissues has also re-
mained largely unknown. CYP3A and MRD1 expression has
been detected in adult and fetal lung, kidney, and other human
tissues (Thiebaut et al., 1987; Cordon-Cardo et al., 1990; van
Kalken et al., 1992; Anttila et al., 1997; de Wildt et al., 1999)
but correlation between the expressions of SXR and CYP3A
or SXR and MDR1 mRNAs remain unknown. Metabolism
and elimination of endogenous and exogenous substrates is
very important in the fetus as well as in adults, but SXR
mRNA expression in human fetal tissues is unknown. There-
fore, in this study, we characterized the expression of SXR
and its target genes CYP3A4, and MDR1 in human adult and
fetal tissues obtained from autopsy or elective termination
using quantitative RT-PCR, immunoblotting, and combined
laser capture microscopy and RT-PCR analysis in order to
further study the possible roles of SXR in human xenobiotic
metabolisms.

2. Materials and methods
2.1. Tissue preparation

The age and gender of the subjects examined are summa-
rized in Table 1a. The number of subjects examined in each
experiment was summarized in Table 1b. The subjects have
been divided into four age groups as follows: neonatal, O years
old; young, 15-38 years old; middle aged, 45-65 years old;
elderly, 67-85 years old. Human neonatal and adult livers,
kidney, lung, small/large intestine, and other tissues (subjects
No. 13, 15, 19, and 23) were obtained from autopsy at the
Department of Pathology, Tohoku University Hospital within
2 h postmortem. Human fetal tissues (gestation ages, 14-21
weeks) were obtained after elective termination in normal
pregnant woman at Nagaike Maternal Clinic (Sendai, Japan).
None of the patients received corticosteroids prior to autopsy.
The committee on the ethics of Tohoku University School of
Medicine approved this research protocol, and informed con-
sent for this study was obtained from pregnant women before
elective termination.

2.2. Polymerase chain reaction (PCR)

2.2.1. Reverse transcription (RT)

Total RNA was extracted by homogenizing frozen tissue
samples in TRIzol reagent (InVitrogen Life Technologies,
Inc., Gaithersburg, ND). In order to rule out possible ge-
nomic DNA contamination, the RT step was performed in
the absence of SUPERSCRIPT™ 11 Reverse Transcriptase
(InVitrogen Life Technologies, Inc.) followed by PCR. The
RT-PCR products were electrophoresed and no bands were
detected in these control samples (data not shown). The re-

Table 1a
Summary of the subjects examined
" No. Age? Sex Mean® age Group No. Age Sex Mean®* age Group

1 14 M '

2 15 M

3 18 M

4 18 M 18.1 Fetus (n=8)

5 19 M 5

6 20 M

7 20 F ,

8 F o B
9 M . 29 67 F
10 M - Neonatal® (n 30 69 F
1 E . 31 72 F
o0 M 32 74 M
13 15 F 33 75 M 75.9 Elderly (n=8)
14 17 M 34 81 F
15 24 M 35 83 M
16 28 M 28.9 Young (1=8) 36 86 F
17 34 F
18 37 M
19 38 F
20 38 F

? Fetus, weeks; neonatal-elderly, years. M, male; F, female.

b No, 9, 1 day after birth; No. 10, 8 days after birth; No. 11, 14 days after birth; 12, 24 days after birth.

— 173 —



Table 1b

Summary of the subjects examined—the specimens number used in each experiments

LCcm?

Immunoblotting

PCR

Group

Kidney Small intestine

Intestine

Lung

Kidney

Liver

Intestine (small and large)

Liver, kidney, lung

Large

Small

=2)

21 weeks M,F (n

=2)

21 weeks M, F(n

1)
1y}

No. 4 (n
No. 9 (n

=5)

No. 1, Nos. 5-8 (n

=3%)

Nos. 18 (n

Neonatal Nos. 9-12 (n

Fetus

4)

Nos. 15, 17-19 (n

Nos. 9-12 (n

:4)

Y. Miki et al. / Molecular and Cellular Endocrinology 231 (2005) 75-85 77

=2)

17 years M; No. 19 (n

1y

2) No.19(n=1) No.19(n=1) No.19(n=1) No.19(n=

Nos. 13,19 (»
Nos. 21, 26 (n

4
Nos. 21, 23,25, 26 (n
No. 36 (n

=8)

Nos. 13-20 (n
Nos. 21-28 (»
Nos. 29-36 (n

Young

1)
1

2 The cases used LCM analysis different from the cases demonstrated Table 1 (except for No. 19) were used. No., demonstrated in Table 1a; LCM, laser capture microdissection; M, male; F, female; -, no

specimens were available for study.

57 years M (n

D

55 years M (n

=2)

=4)

=8)

Middle

76 years M (n

1)

=8)

Nos. 29-36 (n

=8)

Elderly

sulting cDNA was used as a template for polymerase chain
reaction (PCR).

2.2.2. Semi-quantitative real-time RT-PCR

Real-time PCR was carried out using the LightCycler
System (software version 3.5.3) with SYBR Green (Light-
Cycler FastStart DNA Master SYBR Green 1, Roche Diag-
nostics GmbH, Mannheim, Germany). PCR was set up at
4 mM MgCl;, 10 pmol/l of each primer (Table 2; Blumberg
et al., 1998a; Faneyte et al., 2001; Miki et al., 2002; Miyoshi
et al., 2002) and 2.5 U Tag DNA polymerase (InVitrogen
Life Technologies, Inc.). An initial denaturing step of 95 °C
for 1 min was followed by 40 cycles, respectively, of 95 °C
for Os; 15 s annealing at 68 °C (8XR), 62°C (CYP3A4, and
MDR1) or 60 °C (GAPDH); and extension for 15s at 72 °C.
In initial experiments, PCR products were purified and sub-
jected to direct sequencing (ABI PRISM BigDye Termina-
tor v3.0 Cycle sequencing Kit and ABI PRISM 310 Genetic
Analyzer, Applied Biosystems, CA, USA) to verify ampli-
fication of the correct sequences. RNA from cultured hu-
man liver cells [HuH7, human hepatocellular carcinoma ob-
tained from Cell Resource Center for Biomedical Research,
Institute of Development, Aging and Cancer, Tohoku Uni-
versity (Sendai, Japan)] were used for SXR, CYP3A4, and
MDR1 as a positive control. Negative control experiments in-
cluded those lacking cDNA substrates to check for the pres-
ence of exogenous contaminant DNA. No amplified prod-
ucts were detected under these conditions. To determine the
quantity of target cDNA transcripts, cDNAs of known con-
centration for SXR, CYP3A4, MDR1, and the house-keeping
gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were used to generate standard curves for real-time qPCR.
The mRNA level in each case was represented as a ratio of
GAPDH, and was evaluated as a ratio (%) compared with
that of each positive control. Conventional quantitative PCR
requires the utilization of a defined cDNA in the construction
of a standard curve, but employment of the LightCycler uti-
lizing a purified PCR product cDNA of known concentration
can semi-quantify PCR products (Miki et al., 2002).

2.2.3. Microdissection/RT-PCR

The specimens used microdissection/RT-PCR are summa-
rized in Table 1b. Normal adult kidney tissues were obtained
from two male patients who underwent surgical treatment
for renal atrophy (17 years old) and renal cell carcinoma (55
years old), respectively. Normal adult small intestinal tissues
were obtained from two male patients who underwent surgi-
cal treatment (57 and 76 years old). Fetal kidney and small
intestine were obtained from the same two fetuses (18 weeks,
male and female) after elective termination. Laser Capture
Microdissection LCM was performed using a CRI-337 (Cell
Robotics, Inc., Albuquerque, NM). Approximately 100 cells
were laser-transferred from the glomerulus, urinary tubules,
and the interstitium of adult and fetal kidney. Epithelium, tela
submucosa and tunica muscularis of adult and fetal small in-
testine were also transferred. Total RNA was extracted from
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Table 2

Primer sequences used in RT-PCR analysis

Cdna GeneBank accession No. Sequence Size (bp) Ref.

SXR? NMO022002 Forward 5’-TCC TAC ATT GAA TGC AAT CGG-¥ 218 Blumberg et al. (1998a)
Reverse 5'-CAT CAA TGC TCA GCA CAC CC-3'

CYP3A4 NMO017460 Forward 5'-CAG GAG GAA ATT GAT GCA GTT TT-3 80 Miyoshi et al. (2002)
Reverse 5'-GTC AAG ATA CTC CAT CTG TAG CAC AGT-3

MDRI1 AF616535 Forward 5'-AAG CCA CGT CAG CTC TGG ATA-3 73 Faneyte et al. (2001)
Reverse 5'-CGG CCT TCT CTG GCT TTG T-3

GAPDH M33197 Forward 5'-TGA ACG GGA GCT CAC TGG-¥ 307 Miki et al. (2002)
Reverse 5'-TCC ACC ACC CTG TTG CTG TA-3'

2 Qligonucleotide primers for SXR were designed using the previously published cDNA sequence.

laser-transferred cells according to a RNA microisolation
protocol (Emmert-Buck et al., 1996; Niino et al., 2001). To-
tal RNA from the microdissected kidney and intestine tissue
was reverse transcribed and cDNA was amplified in 25 pl of
a PCR mix consisting of GeneAmp, 1x PCR Gold Buffer
(PerkinElmer Life Sciences, Inc.), 1.5 mM MgCl,, 200 pM
dNTP, and 0.125 unit of AmpliTaq Gold (PerkinElmer Life
Sciences, Inc.) under the following conditions: initial dena-
turing at 95 °C for 10 min followed by 40 cycles of 1 min at
94 °C, 1 min at 55°C, and 1 min at 72 °C, after which PCR
products were subjected to a final extension step for 7 min
at 72 °C. Primers used for PCR amplification were described
above.

2.3. Immunoblotting

The specimens used immunoblotting are summarized in
Table 1b. Approximately 100 mg of human tissues [liver, kid-
ney, lung, spleen, stomach, small intestine, large intestine
obtained from a 38-year-old woman (No. 19 in Table 1)]
and livers [0,15, 24, 44, 63, and 86 years old (No. 9,
13, 2%, 26, and 36 in Table 1). fetus; 18 wk (No. 4 in
Table 1)] were homogenized in 500 pl of triple detergent
buffer. ‘

Immunoblotting was performed using 20 pg of protein.
Following electrophoresis, protein was transferred on to Hy-
bond P polyvinylidene difluoride membrane (Amersham Bio-

Table 3
Summary of semi-quantitative PCR for SXR, CYP3A, and MDR1
SXR expression? Tissues Age/sex CYP3A4 MDR1
Adult (years) Fetus (weeks) Adult Fetus Adult Fetus
Positive Liver 54/M 18/F 620.0 9.7 18.7 02
Kidney S54/M 18/F 0.0 0.7 50.0 2.3
Small intestine 24/M 18/F 112.7 10.0 20.3 2.0
Large intestine 24/M 18/F 9.7 13.0 5.0 2.1
Lung 54/M 14/M 0.8 1.0 1.9 0.3
Trachea 54/M b 0.0 0.4
Heart 54/M 18/F 0.0 0.0 0.1 1.5
Aorta 24/M b 0.0 0.3
Esophagus 24/M b 0.4 1.8
Stomach 24M b 0.6 15
Brain 54/M 21/F 0.0 0.5 0.9 1.0
Pancreas 54/M 18/F 0.1 2.5
Spleen 54/M 18/F 0.0 0.9 33 0.1
Urinary bladder 54/M b 0.0 0.7
Negative Adrenal gland 54/M 21M 0.7 0:4 1.7 1.2
Thyroid 54/M 18/M 0.0 1.9 12 0.9
Thymus b 18/F 0.0 1.7
Testis 24/M 18/M 0.3 0.2 23 3.0
Prostate 24/M b 0.6 34
Mammary gland 38/F b 0.0 10.1
Fat 54M b 0.0 0.0
Skin 54/M b 0.0 0.0
Muscle 15/F b 0.0 0.7
Umbilical cord 19/M 0.1 1.3

Data are expressed on the basis of GAPDH mRNA level (%).
2 SXR mRNA transcripts analyzed by real-time RT-PCR.
b No specimens were available for study.
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