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Foreword

Masutaka Furue

Chief of The Study Group for Yusho
(granted by The Ministry of Health, Labour and Welfare, Japan)
Professor, Faculty of Medical Sciences, Kyushu University
Director, Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

A mass poisoning, involving at least 2300 individuals, occurred in Kyushu (Western Japan) in 1968. The
incident is called Yusho, oil disease, as it was caused by ingestion of rice bran oil that was contaminated
with Kanechlor-400, a commercial brand of Japanese polychlorinated biphenyls (PCBs). It was later found
that the rice oil had been contaminated with not only PCBs but also polychlorinated dibenzofurans (PCDF's),
polychlorinated quaterphenyls (PCQs) and others.

Yusho is, thus, recognized as a poisoning by a mixture of PCBs, dioxins and related compounds. For 50
years the patients have been suffering from various symptoms such as general malaise, headache,
acneform eruption, dark-brownish nail pigmentation, increased discharge from the eyes with swelling of
eyelids, pigmentation of oral mucosa, peripheral neuropathy, irregular menstruation in women.

A method for quantification of PCBs in the blood was developed after 1973, five years after the
outbreak of Yusho. The blood polychlorinated quarterphenyls (PCQs) levels were then added to the
diagnostic criteria of Yusho as a relatively specific marker. Recent technological advancement allowed us to
measure dioxins levels in 5 to 10ml of human blood samples. After the evaluation of validity, sensitivity and
reproducibility of the blood levels of dioxins, we added the blood levels of 2,3,4,7,8-penta—CDF in the new
diagnostic criteria in Sep. 29th, 2004.

The clinical and basic observation and follow-up study of Yusho patients are extremely important not
only for supporting patients’ health but also for understanding the potential prolonged effects of high-level
exposure to dioxin-related chemicals in humans. In our follow-up study, Yusho consultants, established in
2002 and expanded in 2016, keep in touch with the patients by direct interview, by phone or by mail.
Various types of questionnaire were carried out by Yusho consultants. Statistical correlations were
analyzed between blood PeCDF levels and clinical/laboratory manifestations in addition to questionnaire
comments.

Patients with Yusho still complain various subjective and objective symptoms. Although definitive
therapy for Yusho has not been proposed yet, basic and clinical researches by us and others have revealed
that various phytochemicals and some Japanese Kampo drugs are potential candidates for treatments by
modulating aryl hydrocarbon receptors. Finally, we very much appreciate the contribution and
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participation of the patients in health examinations for follow—up of Yusho each year. I also deeply thank all
the members of the study group and the Japanese Ministry of Health, Labour and Welfare for their efforts
to help and support patients’ health and well-being.

Acknowledgement; This work was supported by a grant from The Ministry of Health, Labour and
Welfare, Japan.
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Blood Dioxin Concentrations and their Tendencies Examined
in 2001-2017 Annual Inspections for Yusho

Tsuguhide Hor?, Daisuke Yasurake!), Hironori Hirakawal’), Takashi Topaka?),

Yuki Hrose?, Yoriko Suivtant!), Jumboku Kayiwaral, Susumu Karsukt!,
Chikage Mitoma®¥ and Masutaka Furue®

DEukuoka Institute of Health and Environmental Sciences, Fukuoka, Japan
Y Kitakyushu Life Science Center, Kitakyushu, Japan
Y Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan
YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital,
Fukuoka, Japan

Abstract

We performed congener specific analysis of dioxins using HRGC/HRMS and determined their
concentrations in blood samples collected from approx. 1,700 persons during annual Yusho
examinations between 2001 and 2017. When concentration of 2,3,4,7,8-pentachlorodibenzofuran
(PeCDF) was compared in seven Yusho patients undergoing examinations among the seventeen years,
the longitudinal concentrations in the respective individuals hardly changed over these years. Mean
concentration of 2,3,4,7,8-PeCDF in blood from Yusho patients registered by annual inspections for
Yusho was calculated as 110 pg/g, which was 80% higher than the mean value of 17 pg/g in normal
controls, and the rates of persons with blood 2,3,4,7,8-PeCDF concentrations below 50 pg/g in the
entire patients occupied approx. 60%. On the other hand, in a subset of Yusho patients registered by
the supplemental criteria revised on 2012, it was found that the median values of concentration of
2,3,4,7,8-PeCDF were similar to the those of normal controls.

Key words : Yusho, Dioxin, PCB, Blood
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2,3,4,7,8-PeCDF

R FE i P WisEs FEREE  RAEHE

(pg/g lipid)

Dk i

1,500 1 - -

1,000~1,500 6 - -
900~1,000 3 - -
800~ 900 3 - -
700~ 800 7 - -
600~ 700 13 - -
500~ 600 10 - -
400~ 500 22 1 -
300~ 400 41 1 -
200~ 300 62 - -
100~ 200 103 3 -
90~ 100 20 1 -
80~ 90 23 2 -
70~ 80 28 2 -
60~ 70 29 3 -
50~ 60 40 3
40~ 50 59 7
30~ 40 85 8 31
20~ 30 108 32 76
10~ 20 186 87 175

0~ 10 106 53 245

NG 955 203 538
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Half-Lives of Dioxin-Like-Compounds in Blood are Prolonged
in Yusho Patients

Shinya Matsumoro!’, Manabu Axanane!’, Yoshiyuki Kanacawal, Junboku Kajiwara?),
Chikage Miroma®, Hiroshi Ucm®, Masutaka Furue®) and Tomoaki Imamural’

DDepartment of Public Health, Health Management and Policy,
Nara Medical University School of Medicine
) Fukuoka Institute of Health and Environmental Sciences
Y Department of Dermatology, Graduate School of Medical Sciences, Kyushu University

Abstract

Yusho, the mass food poisoning, occurred in western Japan in 1968. PCBs and dioxin like compounds
such as 2,3,4,7,8-PeCDF were detected as causal chemicals for Yusho. Our group have measured
blood concentrations of dioxin-like compounds and analyzed their half-lives. In our previous studies,
we have found two groups ; one group has 7-10 years of half-lives as reported by other researchers,
and the other group has near infinite half-lives. In addition, the number of patients in group showing
7-10 years of half-lives decreased and the number in group with near infinite half-lives increased.
However, those changes were not evaluated in individual patient since follow—up period was relatively
short to analyze the individual half-live. Therefore, we now intend to evaluate the long-term change of
half-life in individual patient. Our preliminary analysis indicates that the half-life of 2,3,4,7,8-PeCDF
appears to be prolonged in each patient. Considering the recent low levels of environmental
contamination of dioxins and their related compounds, the prolonged half-life of blood concentration of
2,3,4,7,8-PeCDF points its deteriorated excretion.

Key words : Yusho, Dioxins, Half-life
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Comparison of the Concentrations of Polychlorinated Dibenzo-p-
dioxins, Polychlorinated Dibenzofurans, and Polychlorinated
Biphenyls in the Blood of Yusho Patients Measured
in 2004 with those Measured in 2014
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Abstract

We have been measuring the concentrations of PCDDs (polychlorinated dibenzo-p—dioxins), PCDF's
(polychlorinated dibenzofurans), and dioxin-like PCBs (polychlorinated biphenyls) in blood collected
from Yusho patients in medical health examinations since 2002. The present study extends our
previous studies by reporting changes in the concentrations of individual congeners of PCDDs, PCDF's,
and dioxin-like PCBs in the blood of Yusho patients from 2004 to 2014. Out of 243 and 246 Yusho
patients who received medical health examinations in 2004 and 2014, respectively, there were 118
patients in whom the blood concentrations of these dioxin like-compounds were measured in both
years. The concentrations of individual congeners of PCDDs, PCDFs, and PCBs in the blood of these
118 Yusho patients measured in 2004 were compared with those measured in 2014. The total toxicity
equivalence (TEQ) concentrations of PCDDs, PCDFs, non-ortho PCBs, and mono-ortho PCBs in the
blood of 118 Yusho patients in 2004 and 2014 were 5.2—533 (mean : 80, median : 52) and 11 —545
(mean : 78, median : 73) pg TEQ g ! lipid, respectively. Among the individual congeners of PCDDs,
PCDFs, and dioxin-like PCBs, most congeners did not significantly decrease from 2004 to 2014. Though
the concentrations of 1,2,3,6,7,8-hexaCDD, 2,3,4,7,8pentaCDF, 1,2,3,4,7,8-hexaCDF, and
1,2,3,6,7,8-hexaCDF—all considered characteristic congeners in the blood of Yusho patients—
decreased significantly from 2004 to 2014, the decreasing ratios of these congeners tended to decrease
slightly. These findings suggest that the half-lives of individual congener concentrations of PCDDs,
PCDFs and dioxin-like PCBs in the blood are proving to be long to near infinity in the majority of
Yusho patients.

Keywords : Polychlorinated dibenzo-p-dioxins, Polychlorinated dibenzofurans, Polychlorinated
biphenyls, Human blood, Yusho
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quarterphenyls (PCQs), and polychlorinated ter-
phenyls (PCTS)D. Since the Yusho outbreak, the
National Study Group for the Therapy of Yusho
has carried out medical care and health examina-
tions of the affected population. In 2001, technolo-
gical advances made it possible to measure
PCDDs, PCDFs, and non-ortho PCBs in small
amounts of blood” . We have measured the
concentrations of PCDDs, PCDFs, and dioxin-like
PCBs in the blood collected from Yusho patients
in medical health examinations since 2002> 7.
Moreover, we have conducted a congener—specif-
ic analysis of non-dioxin-like PCBs in the blood of
these patients since 20048719 Based on these
results, 2,3,4,7,8-pentaCDF has been recog-
nized as the most important causative agent for

D We also

the subjective symptoms of Yusho
reported that Yusho patients continue to have
higher concentrations of PCDFs in their blood
than unaffected people, and that the concentration
of PCDF's in the blood is significantly correlated
with the intensity of Yusho Symptom512>13>. To
provide useful information related to the health
risks of PCDDs, PCDFs, and dioxin-like PCBs in
Yusho patients, we previously reported on
changes in the individual congener concentrations
of PCDDs, PCDFs, and dioxin-like PCBs in the
blood of Yusho patientsw. The objective of this
study was to extend our previous studies.

Out of 243 and 246 Yusho patients who received
medical health examinations in 2004 and 2014,
respectively, there were 118 patients in whom the
blood concentrations of PCDDs, PCDFs, and PCBs
were measured both years. In these 118 Yusho
patients, we compared the individual congener
concentrations of PCDDs, PCDFs, and dioxin-like
PCBs in the blood measured in 2004 with those

measured in 2014.
Materials and Methods

1. Sampling

Medical health examinations have been per-
formed annually on Yusho patients to determine
their health status since the Yusho incident. The
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medical health examination is open not only to
those persons officially registered as Yusho
patients but also to Yusho-suspected persons who
regard themselves as potential victims. Both
officially registered Yusho patients and Yusho-
suspected persons are examined based on the
"I The blood
samples examined in this study were collected

“Diagnostic Criteria for Yusho

from 243 and 246 participants who received
medical health examinations in 2004 and 2014,
respectively, each of whom gave informed con-
sent to participate in this study. Blood samples of
10 ml were collected using a vacuum blood-col-
lecting tube containing heparin and were stored
at 4C until analyses for the concentrations of
PCDDs, PCDFs, and PCBs.

2. Materials

Native congeners of PCDDs, PCDFs, dioxin-
like PCBs, and non-dioxin-like PCBs were
purchased from Wellington Laboratories (Guelph,
Canada). [**C;2] — congeners of PCDDs, PCDFs,
dioxin-like PCBs, and non-dioxin-like PCBs as
internal standards were also purchased from
Wellington Laboratories. Active carbon columns
were prepared as follows : active carbon was
purchased from Nacalai Tesque (Kyoto, Japan),
refluxed with toluene for 1 hour 3 times, and dried
in vacuum, after which 500 mg of the active
carbon was mixed with 500 g of anhydrous
sodium sulfate (Wako Pure Chemical Industries,
Ltd., Tokyo, Japan). A silver nitrate/silica gel was
purchased from Wako Pure Chemical Industries,
Ltd. All reagents and solvents used in this
experiment were of the analytic grade of dioxin
that is commercially available.

3. Analysis of PCDDs, PCDFs, dioxin-like
PCBs, and non-dioxin-like PCBs
The extraction and purification of PCDDs,
PCDFs, non-ortho PCBs, and mono-ortho PCBs
from blood samples were performed using a
previously reported method?® . Concentrations of
PCDDs, PCDFs, and dioxin-like PCBs and concen-



The changes in dioxin concentrations in the blood

trations of 58 non-dioxin-like PCB congeners
were determined by a previously reported
method?®.

4. Quality control

To evaluate the accuracy and reliability of the
analysis of PCDDs, PCDFs, dioxin-like PCBs, and
non-dioxin-like PCBs, our laboratory participated
quality control studies of the analysis of PCDDs,
PCDFs, and dioxin-like PCBs in 2013, 2015, 2017,
and 2019 and non-dioxin-like PCBs in 2014, 2016,
and 2018. Each quality control study involved the
participation of various laboratories that perform
measurements for these compounds in human
blood in Japan. In each quality control study, our
results were compared with those of participating
laboratories, and tests confirmed that the average
variation among values obtained by each orga-
nization performing the analysis was within 10%.
These results indicated that our laboratory's
analytical methods regarding PCDDs, PCDFs,
dioxin-like PCBs, and non-dioxin-like PCBs in
human blood provided accurate results.

5. Data analysis

To estimate the toxicity equivalence (TEQ)
concentrations, we introduced ND (less than the
detection limit) values to half values of the
detection limit and calculated based on the toxic
equivalency factor (TEF) values proposed by the
WHO™ . Statistical analysis was conducted using
the Wilcoxon signed-rank test in the software
programs from IBM SPSS Statistics 24 (Adv-
anced Analytics, Inc). Significant probabilities (p
values) were calculated for the respective number
of samples analyzed.

Results and Discussion

The objective of the present study was to
extend our previous studies by reporting the
changes in the individual congener concentrations
of PCDDs, PCDFs, and dioxin-like PCBs in the
blood of Yusho patients from 2004 to 2014'*. Out
of 243 and 246 Yusho patients who received
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medical health examinations in 2004 and 2014,
respectively, there were 118 patients in whom the
blood concentrations of PCDDs, PCDFs, and
dioxin-like PCBs were measured both years. In
these 118 Yusho patients, the individual congener
concentrations of PCDDs, PCDFs, and dioxin-like
PCBs in the blood samples measured in 2004 were
compared with those measured in 2014 (Table 1).
The total TEQ concentrations of PCDDs, PCDFs,
non-ortho PCBs, and mono-ortho PCBs in the
blood of 118 Yusho patients in 2004 and 2014 were
5.2-533 (mean : 80, median : 52) and 11—545
: 73) pg TEQ g lipid,
respectively. The TEQ concentrations of PCDDs,
PCDFs, non-ortho PCBs, and mono-ortho PCBs in
the blood of Yusho patients were 16, 51, 12, and
1.7 pg TEQ g ! lipid in 2004, respectively, and 16,
45, 14, and 2.0 pg TEQ g lipid in 2014,
respectively, indicating that the concentrations of

(mean : 78, median

PCDFs in the blood of Yusho patients significantly
decreased from 2004 to 2014 (p < 0.001).

We previously reported that the concentrations
of 1,2,3,6,7,8-hexaCDD, 2,3,4,7,8-pentaCDF,
1,2,3,4,7,8-hexaCDF, and 1,2,3,6,7,8-hex-
aCDF in the blood of Yusho patients were higher
than those of normal controls®. These can be
considered the characteristic congeners in the
blood of Yusho patients. Of these four congeners,
the concentrations of 1,2,3,6,7,8-hexaCDD,
2,3,4,7,8pentaCDF, 1,2,3,4,7,8-hexaCDF,
and 1,2,3,6,7,8-hexaCDF were 46, 151, 37, and
15 pg ¢ ! lipid in 2004, respectively, and 41, 137,
25, and 12 pg g! lipid in 2014, respectively,
indicating that these congeners decreased signifi-
cantly from 2004 to 2014 (» < 0.001). In addition,
the concentrations of 1,2,3,7,8,9-hexaCDD, 1,
2,3,4,6,7,8heptaCDD, octaCDD, and 1,2,3,4,
6,7,8-heptaCDF showed a trend of decrease
from 2004 to 2014 (p < 0.001). However, among
individual congeners of dioxin-like PCBs, most
congeners did not significantly decrease from
2004 to 2014.

Among the 118 patients, the blood concentra-
tions of 2,3,4,7,8pentaCDF were under
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Table 1 Concentrations of PCDDs, PCDF's, and dioxin-like PCBs in the blood of 118 Yusho patients
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Concentration (pg/g lipid)

Congeners

2004

Mean Median

SD  Maximum Minimum Mean Median

2,3,7,8-TetraCDD 1.3
1,2,3,7,8-PentaCDD 8.7
1,2,3,4,7,8-HexaCDD 2.5
1,2,3,6,7,8-HexaCDD 46
1,2,3,7,8,9-HexaCDD 4.3
1,2,3,4,6,7,8-HeptaCDD 49
OctaCDD 714
Total PCDDs 825
2,3,7,8-TetraCDF 1.6
1,2,3,7,8-PentaCDF 0.8
2,3,4,7,8-PentaCDF 151
1,2,3,4,7,8-HexaCDF 37
1,2,3,6,7,8-HexaCDF 15
2,3,4,6,7,8-HexaCDF ND
1,2,3,7,8,9-HexaCDF ND
1,2,3,4,6,7,8-HeptaCDF 2.5
1,2,3,4,7,8,9-HeptaCDF ND
OctaCDF ND
Total PCDF's 213
TriCB-77 ND
TriCB-81 ND
PentaCB-126 82
PentaCB-169 121
Total Non-ortho PCBs 219
PentaCB-105 3,111
PentaCB-114 1,721
PentaCB-118 14,872
PentaCB-123 265
HexaCB-156 23,217
HexaCB-157 6,639
HexaCB-167 3,057
HeptaCB-189 3,402
Total Mono-ortho PCBs 56,283
TEQ from PCDDs 16
TEQ from PCDFs 51
TEQ from PCDDs/PCDF's 67
TEQ from non-ortho PCBs 12
TEQ from mono-ortho PCBs 1.7
TEQ from dioxin-like PCBs 14
Total TEQ 80

1.3
8.1
2.4

37
3.3

44
624

741

1.3
0.5
79
14
8.2

1.5

109

66
105

193

2,239
1,339
11,534
195
17,570
4,980
2,360
2,629

45,958

14
26
40
10
1.4
12

52

0.7
4.3
1.5

35
3.4

25
359

393

1.3
0.7
192
63
20

2.6

273

62
79

120

Do

,425
,363
,468
220
19,537
5,510
2,108
2,720

—

11

34,608

8.3
66
72

7.4

1.0

8.2

75

4.4 0.5 1.6

33 1.0 9.6

8.3 1.0 2.2

247 4.8 41

23 1.0 3.2

196 16 37

2,305 181 511

2,459 205 605

7.2 0.5 2.6

4.1 0.5 1.1

1,240 4.1 137

514 1.0 25

176 1.0 12

ND

ND

24 1.0 1.8

ND

ND

1,946 13 186

ND

ND

441 5.0 91

361 11 180

696 26 283
15,888 563 3,197 2,
8,660 208 2,033 1,
80,220 2,355 16,238 14,

1,385 5.0 249
90,316 5.0 28,518 27,
25,277 351 7,332 7,
13,497 483 3,957 2,
11,402 5.0 4,276 3,
159,176 5,971 65,802 47,

63 2.4 16

442 1.7 45

505 4.1 62

50 0.8 14

4.8 0.2 2.0

54 1.0 16

533 5.2 78

0.9
5.4
1.6

35
3.0

24
292

318

5.5
1.1
180
48
19

2.3

244

65
124

161

503
712
513
223
967
635
838
843

855

9.2
60
68

8.6

1.4

9.7

73

< 0.001
0.001
0.011

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.329
0.002
< 0.001
< 0.001
< 0.001

< 0.001

< 0.001

< 0.001
< 0.001

< 0.001

0.134
< 0.001
0.005
0.150
< 0.001
0.050
< 0.001
< 0.001

< 0.001

0.288
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2014 Ratio
SD  Maximum Minimum 2014/2004 p Values
1.5 4.2 0.5 1.2
8.9 41 1.9 1.1
2.1 12 1.0 0.9
29 248 3.0 0.9
2.6 18 1.0 0.7
33 208 11 0.8
424 1,779 95 0.7
517 1,930 138 0.7
1.4 43 0.5 1.6
0.5 5.6 0.5 1.4
67 1,261 5.8 0.9
8.6 402 1.0 0.7
6.9 174 1.0 0.8
1.0 21 1.0 0.7
101 1,875 16 0.9
77 428 17 1.1
149 677 23 1.5
254 856 50 1.3
2,654 19,926 606 1.0
1,622 10,177 234 1.2
12,544 133,844 2,853 1.1
196 1,502 16 0.9
19,752 175,909 1,961 1.2
5,311 47,932 318 1.1
3,318 20,467 541 1.3
3,261 23,833 137 1.3
56,430 268,679 6,767 1.2
15 72 3.7 1.0
23 437 2.7 0.9
38 509 6.4 0.9
13 52 2.4 1.2
1.7 8.1 0.2 1.2
15 57 2.6 1.2
54 545 11 1.0

0.288

ND (less than the determination limit) values introduced to half values of the detection limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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100 pg g lipid in 67 patients and over 100 pg g *
lipid in 51 patients. In the 51 over 100 pg g * lipid
group, the arithmetic mean TEQ concentrations
of PCDDs, PCDFs, non-ortho PCBs, and
mono-ortho PCBs in the blood were 21, 101, 13,
and 2.2 pg TEQ g ! lipid in 2004, respectively, and
22, 90, 17, and 2.7 pg TEQ g lipid in 2014,
respectively, with the total TEQ concentrations of
these dioxin-like compounds ranging from 50 to
533 (mean : 137, median : 84) and 47 to 545 (mean :
132, median : 83) pg TEQ g! lipid in 2004 and
2014, respectively (Table 2). With respect to the
characteristic congeners in the blood of Yusho
patients, the concentrations of 1,2,3,6,7,8-hex-
aCDD, 2,3,4,7,8-pentaCDF, 1,2,3,4,7,8-hex-
aCDF, and 1,2,3,6,7,8-hexaCDF were found to
decrease slightly from year to year. These results
in the high-2,3,4,7,8pentaCDF patients were
almost the same as those in the total 118 Yusho
patients.

Of the 118 Yusho patients, 61 were men and 57
were women. The arithmetic mean TEQ concen-
trations of PCDDs, PCDF's, non-ortho PCBs, and
mono-ortho PCBs in the blood of the 61 men were
5.2—252 (mean: 60, median : 45) in 2004 and 11 —
249 (mean : 58, median : 43) pg TEQ g ' lipid in
2014 (Table 3). The concentrations in the 57
women were 12—533 (mean : 102, median : 93) in
2004 and 15—545 (mean : 100, median : 91) pg
TEQ ¢! lipid in 2014, indicating that the total
TEQ concentrations in women in 2004 and 2014
were significantly higher than those in men (Table
4). Regarding the characteristic congeners in the
blood of Yusho patients, the concentrations of
1,2,3,6,7,8-hexaCDD, 2,3,4,7,8pentaCDF,
1,2,3,4,7,8-hexaCDF, and 1,2,3,6,7,8-hex-
aCDF showed a trend of decrease from 2004 to
2014 in both men and women. The decreasing
ratios of individual congener concentrations of
PCDDs, PCDFs, and dioxin-like PCBs from 2004
to 2014 in women were almost the same as those
In men, suggesting that there is probably no sex
difference regarding the enzyme that catalyzes
the metabolism of dioxin-like compounds in
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humans.

According to the results of the present study,
among the individual congeners of PCDDs,
PCDFs, and PCBs, most congeners of these
compounds did not significantly decrease from
2004 to 2014. However, the concentrations of
1,2,3,6,7,8-hexaCDD, 2,3,4,7,8pentaCDF,
1,2,3,4,7,8-hexaCDF, and 1,2,3,6,7,8-hex-
aCDF in the blood of Yusho patients significantly
decreased from 2004 to 2014. In addition, the
concentrations of 1,2,3,7,8,9-hexaCDD, 1,2,
3,4,6,7,8-heptaCDD, octaCDD, and 1,2,3,4,6,
7,8-heptaCDF were also showed a trend of
decrease from 2004 to 2014.

Although over 50 years have passed since the
outbreak of Yusho, many patients still suffer
various symptoms such as chloracne, general
fatigue and neuropathy. There are patients who
continue to have much higher concentrations of
PCDDs, PCDFs, and dioxin-like PCBs in their
blood than unaffected persons. The investigations
conducted in the present study suggest that the
PCDDs, PCDFs, and dioxin-like PCBs that have
remained in the bodies of Yusho patients are very
difficult to excrete from the body, and that the
half-lives of individual congener concentrations of
these dioxin like-compounds in the blood are
proving to be long to near infinity in the majority
of Yusho patients.
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Table 2 Concentrations of PCDDs, PCDFs, and dioxin-like PCBs in the blood of 51 Yusho patients

Concentration (pg/g lipid)

Congeners

2004

Mean Median

SD  Maximum Minimum Mean Median

2,3,7,8-TetraCDD 1.4
1,2,3,7,8-PentaCDD 11
1,2,3,4,7,8-HexaCDD 2.67
1,2,3,6,7,8-HexaCDD 69
1,2,3,7,8,9-HexaCDD 5.0
1,2,3,4,6,7,8-HeptaCDD 48
OctaCDD 687
Total PCDDs 825
2,3,7,8-TetraCDF 2.22
1,2,3,7,8-PentaCDF 0.95
2,3,4,7,8-PentaCDF 301
1,2,3,4,7,8-HexaCDF 76
1,2,3,6,7,8-HexaCDF 27
2,3,4,6,7,8-HexaCDF ND
1,2,3,7,8,9-HexaCDF ND
1,2,3,4,6,7,8-HeptaCDF 2.5
1,2,3,4,7,8,9-HeptaCDF ND
OctaCDF ND
Total PCDF's 415
TriCB-77 ND
TriCB-81 ND
PentaCB-126 78
PentaCB-169 174
Total Non-ortho PCBs 268
PentaCB-105 2,761
PentaCB-114 2,516
PentaCB-118 13,441
PentaCB-123 223
HexaCB-156 36,739
HexaCB-157 10,130
HexaCB-167 3,444
HeptaCB-189 5,035
Total Mono-ortho PCBs 74,289
TEQ from PCDDs 21
TEQ from PCDFs 101
TEQ from PCDDs/PCDF's 122
TEQ from non-ortho PCBs 13
TEQ from mono-ortho PCBs 2.2
TEQ from dioxin-like PCBs 15
Total TEQ 137

0.8
5
1.33
39
4.1
19
297

330

1.64
0.69
211
81
26

1.8

314

55
78

119

1,988
1,493
9,333
198
20,764
5,947
2,031
2,718

35,228

9.1
73
81

6.8

1.1

7.7

84

1.3
11
2.61
61
3.6
44
612

738

1.92
0.50
231
49
20

2.0

333

64
156

256

2,180
1,964
10,335
180
31,628
8,477
2,626
4,422

68,154

20
79
107
12
2.0
14

119

4.4 0.5 1.8 0.8
33 4.1 13 6.1
6.74 1.00 2.4 1.4
247 23 64 40
23 1.0 3.9 3.5
98 16 35 14
1,760 265 542 254
1,973 324 662 269
7.20  0.50 2.3 2.5
3.10  0.50 1.1 1.0
1,240 106 273 203
514 14 52 64
176 6.6 23 26
ND
ND
8.4 1.0 2.0 2.9
ND
ND
1,946 135 359 290
ND
ND
354 27 92 56
361 49 264 128
696 91 367 161
12,894 941 2,977 1,665
8,660 848 3,065 1,769
59,893 4,613 15,409 8,394
1,268 5.0 219 149
90,316 7,320 46,431 32,682
25,277 1,996 12,335 8,943
10,040 1,002 4,467 2,038
11,402 960 6,539 4,243
159,176 22,680 91,442 49,916
63 7.5 22 10
442 34 90 69
505 44 112 78
43 4.7 17 8.0
4.8 0.7 2.7 1.5
48 5.5 20 9.2
533 50 132 83

0.003
0.010
0.042
0.001
< 0.001
< 0.001
< 0.001

< 0.001

0.687
0.256
< 0.001
< 0.001
< 0.001

0.002

< 0.001

< 0.001
< 0.001

< 0.001

0.694
0.001
< 0.001
0.023
< 0.001
< 0.001
0.001
< 0.001

< 0.001

0.238
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2014 Ratio
SD  Maximum Minimum 2014/2004 p Values

1.7 4.0 0.5 1.2

11 41 5.0 1.1

2.3 6.3 1.0 0.9
49 248 17 0.9
3.0 18 1.0 0.8
33 84 13 0.7
493 1,317 107 0.8
653 1,463 161 0.8
1.8 16 0.5 1.1
0.5 4.8 0.5 1.2
211 1,261 87 0.9
29 402 3.7 0.7

15 174 2.8 0.8

1.0 21 1.0 0.8
262 1,875 112 0.9
79 323 24 1.2

241 677 79 1.5
333 856 132 1.4
2,607 9,721 909 1.1
2,474 10,177 837 1.2
12,698 47,970 4,863 1.1
168 827 64 1.0
38,547 175,909 9,250 1.3
10,501 47,932 2,437 1.2
3,956 10,483 1,655 1.3
5,643 23,833 1,348 1.3
79,465 268,679 28,912 1.2
20 72 8.0 1.0

67 437 28 0.9

87 509 38 0.9

16 41 6.2 1.3

2.4 8.1 0.9 1.2

18 45 7.5 1.3

113 545 47 1.0

0.023

ND (less than the determination limit) values introduced to half values of the detection limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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Concentration (pg/g lipid)

Congeners

2004

Mean Median

SD  Maximum Minimum Mean Median

2,3,7,8-TetraCDD 1.3
1,2,3,7,8-PentaCDD 7.8
1,2,3,4,7,8-HexaCDD 2.5
1,2,3,6,7,8-HexaCDD 40
1,2,3,7,8,9-HexaCDD 4.0
1,2,3,4,6,7,8-HeptaCDD 48
OctaCDD 705
Total PCDDs 809
2,3,7,8-TetraCDF 1.6
1,2,3,7,8-PentaCDF 0.8
2,3,4,7,8-PentaCDF 92
1,2,3,4,7,8-HexaCDF 20
1,2,3,6,7,8-HexaCDF 10
2,3,4,6,7,8-HexaCDF ND
1,2,3,7,8,9-HexaCDF ND
1,2,3,4,6,7,8-HeptaCDF 2.8
1,2,3,4,7,8,9-HeptaCDF ND
OctaCDF ND
Total PCDF's 133
TriCB-77 ND
TriCB-81 ND
PentaCB-126 91
PentaCB-169 118
Total Non-ortho PCBs 225
PentaCB-105 3,424
PentaCB-114 1,378
PentaCB-118 15,612
PentaCB-123 289
HexaCB-156 20,945
HexaCB-157 5,927
HexaCB-167 2,988
HeptaCB-189 3,352
Total Mono-ortho PCBs 53,915
TEQ from PCDDs 14
TEQ from PCDFs 31
TEQ from PCDDs/PCDF's 46
TEQ from non-ortho PCBs 13
TEQ from mono-ortho PCBs 1.6
TEQ from dioxin-like PCBs 14
Total TEQ 60

0.8
3.4
1.6

28
3.1

28
376

418

1.2
0.7
107
33
12

3.4

150

78
73

137

2,733
997
11,372
244
17,096
4,867
2,269
2,654

34,349

6.8
36
41

9.1

1.0
10

45

1.3
7.7
2.4

34
3.1

41
594

712

1.3
0.5
55
10
7.2

2.0

78

69
107

182

2,890
1,101
13,364
231
16,866
4,691
2,323
2,654

44,754

13
18
33
10
1.3
12

49

4.4 0.5 1.6 0.8
18 1.0 8.4 4.0
8.3 1.0 2.3 1.8
132 4.8 33 26
19 1.0 2.7 2.6
196 16 40 31
1,811 181 531 335
2,135 205 619 369
7.2 0.5 3.0 5.5
4.1 0.5 1.3 1.3
541 4.1 81 93
234 1.0 12 22
85 1.0 8.1 9.5

ND

ND
24 1.0 1.8 1.7

ND

ND
871 13 113 122

ND

ND
441 5.0 96 77
361 11 169 116
696 26 278 171
15,888 563 3,290 2,355
5,098 208 1,505 1,181
62,223 2,355 15,995 11,383
1,385 5.0 255 227
90,316 393 24,609 24,675
23,883 351 6,062 6,562
13,497 483 3,765 2,768
11,402 311 4,080 3,898
159,176 5,971 59,560 43,870
33 2.4 14 7.0
195 1.7 27 31
225 4.1 41 36
50 0.8 15 10
4.8 0.2 1.8 1.3
54 1.0 16 11
252 5.2 58 43

0.004
0.018
0.267
< 0.001
< 0.001
0.001
< 0.001

< 0.001

0.178
0.003
< 0.001
< 0.001
< 0.001

0.001

< 0.001

0.180
< 0.001

< 0.001

0.028
0.717
0.053
0.558
< 0.001
0.006
0.957
0.001

0.026

0.838
< 0.001
< 0.001
< 0.001

0.026
< 0.001

2014 Ratio
SD  Maximum Minimum 2014/2004 p Values
1.5 3.8 0.5 1.2
7.9 21 1.9 1.1
2.1 12 1.0 0.9
25 115 3.0 0.8
2.1 17 1.0 0.7
34 208 11 0.8
422 1,779 107 0.8
504 1,930 161 0.8
1.3 28 0.5 1.8
0.5 5.0 0.5 1.6
50 479 5.8 0.9
6 164 1.0 0.6
5.6 70 1.0 0.8
1.0 12 1.0 0.7
75 725 16 0.8
80 428 17 1.1
146 677 23 1.4
237 856 50 1.2
2,709 12,923 606 1.0
1,269 6,021 244 1.1
12,318 62,596 2,853 1.0
202 1,484 17 0.9
18,604 161,802 1,961 1.2
4,545 43,561 318 1.0
3,327 18,126 541 1.3
2,940 23,833 137 1.2
48,702 268,340 6,767 1.1
13 37 3.7 1.0
16 168 2.7 0.9
33 204 6.4 0.9
13 52 2.4 1.2
1.5 8.1 0.2 1.1
14 57 2.6 1.2
48 249 11 1.0

0.200

ND (less than the determination limit) values introduced to half values of the detection limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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Table 4 Concentrations of PCDDs, PCDFs, and dioxin-like PCBs in the blood of 57 women

Concentration (pg/g lipid)

Congeners

2004

Mean Median

SD  Maximum Minimum Mean Median

2,3,7,8-TetraCDD 1.3
1,2,3,7,8-PentaCDD 9.7
1,2,3,4,7,8-HexaCDD 2.5
1,2,3,6,7,8-HexaCDD 52
1,2,3,7,8,9-HexaCDD 4.6
1,2,3,4,6,7,8-HeptaCDD 50
OctaCDD 722
Total PCDDs 843
2,3,7,8-TetraCDF 1.7
1,2,3,7,8-PentaCDF 0.8
2,3,4,7,8-PentaCDF 213
1,2,3,4,7,8-HexaCDF 55
1,2,3,6,7,8-HexaCDF 20
2,3,4,6,7,8-HexaCDF ND
1,2,3,7,8,9-HexaCDF ND
1,2,3,4,6,7,8-HeptaCDF 2.2
1,2,3,4,7,8,9-HeptaCDF ND
OctaCDF ND
Total PCDFs 298
TriCB-77 ND
TriCB-81 ND
PentaCB-126 72
PentaCB-169 124
Total Non-ortho PCBs 211
PentaCB-105 2,776
PentaCB-114 2,087
PentaCB-118 14,081
PentaCB-123 239
HexaCB-156 25,647
HexaCB-157 7,400
HexaCB-167 3,132
HeptaCB-189 3,455
Total Mono-ortho PCBs 58,818
TEQ from PCDDs 18
TEQ from PCDFs 72
TEQ from PCDDs/PCDF's 89
TEQ from non-ortho PCBs 11
TEQ from mono-ortho PCBs 1.8
TEQ from dioxin-like PCBs 13
Total TEQ 102

0.6
5.0
1.3

40
3.8

20
341

364

1.4
0.6
238
80
25

1.4

340

37
84

98

—_

,989
1,588
11,517
187
21,586
6,031
1,917
2,788

34,705

9.4
82
90

4.8

1.0

6

93

1.3
8.3
2.4

43
3.8

47
630

762

1.3
0.5
136
29
11

1.0

178

64
104

198

Do

,180
,736
10,573
187
18,613
5,596
2,376
2,615

—

51,520

16
45
60
11
1.5
12

70

13,

80,

83,
25,

11

158,

3.1 0.5 1.5
33 3.3 11
6.8 1.0 2.1
247 6.4 49
23 1.0 3.7
104 16 34
,305 242 489
,459 306 590
5.8 0.5 2.3
2.9 0.5 0.9
,240 5.3 197
514 1.0 39
176 1.0 17
ND
ND
5.8 1.0 1.8
ND
ND
,946 14 264
ND
ND
157 25 85
361 23 191
493 61 287
355 843 3,098 2,
,660 212 2,599 1,
220 4,180 16,499 17,
178 5.0 243
648 5.0 32,702 30,
277 7710 8,691 8,
,186 736 4,162 2,
,211 5.0 4,487 3,
563 13,428 72,481 50,
63 6.2 18
442 2.1 65
505 8.3 84
23 3.5 14
4.8 0.4 2.2
28 3.9 16
533 12 100

0.9
6.3
1.3

41
3.4

14
234

253

5.6
0.8
225
62
25

2.8

309

47
130

150

649
989
241
219
557
427
897
773

941

11
76
85
6.9
1.5
8.1

91

0.006
0.014
0.013
0.010
< 0.001
< 0.001
< 0.001

< 0.001

0.925
0.400
0.034
< 0.001
< 0.001

0.003

< 0.001

< 0.001
< 0.001

< 0.001

0.896
< 0.001
< 0.001

0.008
< 0.001
< 0.001

0.005
< 0.001

< 0.001

0.214
0.001
0.030
< 0.001
< 0.001
< 0.001

2014 Ratio
SD  Maximum Minimum 2014/2004 p Values

1.5 4.2 0.5 1.2
9.7 41 2.8 1.1
2.2 6.3 1.0 0.8
40 248 8.1 0.9
2.9 18 1.0 0.8
30 80 12 0.7
424 1,251 95 0.7
568 1,366 138 0.7
1.5 43 0.5 1.4
0.5 5.6 0.5 1.2
136 1261 8.5 0.9
17 402 2.2 0.7
9.3 174 1.0 0.9
1.0 21 1.0 0.8
166 1,875 20 0.9
76 211 22 1.2
164 588 36 1.5
268 712 69 1.4
2,607 19,926 773 1.1
2,034 10,177 234 1.2
12,698 133,844 4521 1.2
189 1,502 16 1.0
26,711 175,909 3,292 1.3
6,797 47,932 694 1.2
3,251 20,467 982 1.3
3,736 19,231 460 1.3
62,139 268,679 14,193 1.2
16 72 4.7 1.0

43 437 3.3 0.9

61 509 9.4 0.9

13 30 3.3 1.3
1.9 8.1 0.4 1.2
15 36 3.8 1.3

73 545 15 1.0

0.790

ND (less than the determination limit) values introduced to half values of the detection limit.

SD : standard deviation.

CDD : chlorinated dibenzo-p-dioxin.

CDF : chlorinated dibenzofuran.
CB : chlorinated biphenyl.
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Metabolism of 2,2’,3,4’,5,6,6’-Heptachlorobiphenyl (CB188)
by Rat and Guinea Pig Liver Microsomes

Chiho Onral’, Kenta Yamamoro!), Yoshihisa Kato®, Yukiko Fumu?, Koichi Haracucm® |

Osamu Kmvura® | Tetsuya Exno® and Nobuyuki Koca?’

V2 Faculty of Nutritional Sciences, Nakamura Gakuen University, 5-7-1, Befu,
Johnan-ku, Fukuoka 814-0198
Y Kagawa School of Pharmaceutical Sciences, Tokushima Bunri University,
1314-1 Shido, Sanuki, Kagawa 769-2193
DDaiichi College of Pharmaceutical Sciences, 22-1 Tamagawa-cho,
Minami-ku, Fukuoka 815-8511
Y9 Faculty of Pharmaceutical Sciences, Health Sciences University of Hokkaido,
1757 Ishikari—-Tobetsu, Hokkaido 061-0293

Abstract

The metabolism of a 2,4,6-trichloro-substituted PCB, 2,2',3,4’,5,6,6-heptachlorobiphenyl
(CB188), by rat and guinea pig liver microsomes was compared to that of a 2,4, 5-trichloro—substituted
PCB, 2,2",3,4",5,5,6-heptachlorobiphenyl (CB187) using liver microsomes of untreated, phenobarbit-
al (PB)-treated and 3-methylcholanthrene (MC)-treated rats and guinea pigs. Two metabolites, M1
and M2, were produced only by liver microsomes of PB-treated rats with rates of 554 and 187
pmol/hr/mg protein, respectively, but no metabolite by liver microsomes of untreated and MC-
treated rats. In addition, no metabolite was observed by all kinds of guinea pig liver microsomes used in
this study. GC-MS revealed that both M1 and M2 were mono-hydroxylated CB188. Also, the
methylated M1 almost completely agreed with a synthesized authentic 3-methoxy-CB188 in terms of
the retention times and mass fragmentation. These results suggest that 3-OH-CB188 is a major
metabolite formed by PB-inducible CYP2B enzymes in rats and that the 2,4, 6-trichloro-substituted
PCBs are metabolized much more easily than the 2,4 ,5-trichloro-substituted PCBs.

Key words : PCB, metabolism, rat, guinea pig
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& U &

Polychlorinated biphenyls (PCBs) (&, 3
E A RE Y (POPs, persistent
organic pollutants) ® 1 2 THh 5. FDEWIRE
WD, M E2E Lo LT 5% < OMAEYO
Mg, MEMikRRS & ORI SR E TRl & T
W BY MR, HEBT6MEUET 8512
2,4 5-ZIFEEBANVE VB HDH L 2,3,4,5-
Pl FiER N> ¥ B2 AT 5 PCB $#14EE, 6l
Z1X, 2,2,4,4,5 5-hexachlorobiphenyl (hex-
aCB) (CB153), 2,2',3,4,4',5-hexaCB (CB138)
B X 02,2,3,4,4,5 5-heptachlorobiphenyl
(heptaCB) (CB180) %, b ME#ZIMMH 25 5
FETRIBENTW22Y . —J5, 7% ISt
FEH 1% 37 4F & #58 L 72 ViE B O i 20 5 1,
"Ik @ CB153, CB138 B &£ U8 CB180 (2l z,
2,2.,3,4,5,5,6-heptaCB (CB187), 2,2'.3,3,
4,4 5-heptaCB (CB170), 2,2".3,4,5,5-hex-

(

aCB (CBI146) & &igfEmti S, <512 CBI18O,

CB170 3 £ 12,3,3,4,4',5-hexaCB (CB156) (2
DWTIE, b MEFED 2.2~3.9KL\w2 LD
WMEENTWDE?. INS0HEFER, Lok
7 i FRIL PCB 2k hasiz & A LR S LT,
FORER, KHICESICOIZ VBB L TWwWEZ &
ZREL TS,

& 512, 4-hydroxy (OH)-CB187, 4-OH-CB
146, 4-0OH-2,3,3,4 ,5-pentachlorobiphenyl
(pentaCB) (CB107) X 18 3-OH-CB153 &z &d»
PCB fE# b & b I H <2 FF I H 2 & FE s
RTINS N TR 98 s, Ve
R b 71 4 P450 (CYP) 124 5T, KE LS
n7zbon, KKk LTEVWREEEZFE LTS
720 BB VIZERE S L OB
51D g SRR S b D E 25

CB187
Fig. 1 Chemical structures of CB187 and CB188

X H T

(26)

307 %

n5.

wir, MFE=ETIE2,2,3,4,4,5,6-heptaCB
(CB182) ® v b BXUELVEY NFI 7 1
V=24 (Ms) 12X 2R, I hoOBWAT
Ms A & LT 3-OH-CB182 # k4 % &
&, & 5|2, phenobarbital (PB) RiALELZ v + fF
Ms Ti&, miio CB187, CB180 B L 112,23,
4,45 6-heptaCB (CB183) 72 & @ heptaCB & It
N, BlofEEsWEETR# SN L2l H
2L, ZosERIE, 2.4,6- =15 B PCB
A, 2,4,5-=HEREHE PCB L D132 201
NRTWVWI EEREL TWES,

Z2T, KWIETIZZON%Z L) IS5 H
1T, 2,4,6-=3RREIRNCEUVREET D50
PCB #M:fk & LT, 2,2,3,4,5,6,6-heptaCB
(CBI88) Z VT, v FBLUEILEY MF
Ms 12X 2R3 2T, 2,4,5-=1FFEEH PCB @
CB187 Ltk L7z (Fig. 1). F7z, CBI188 L
M54 5 CYP 3 TR OWTDIEREES 720,
CYP #EH|» PB B X 1F 3-methylcholanthrene
(MC) THIMHE L7725y PBIUELEY MF
Ms % iV CRIBRICHRET L 72,

x B F &

1. BRI

(1) A3

2,4 ,6-trichloroaniline, 1,2,4,5-tetrachlor-
obenzene, 2,3,5,6-tetrachloroaniline, 2,4,6-
trichloroanisole, tetrachloroethylene 38 & %
isopentyl nitrite (X, HEALEL T3 (D) X0

AL7z. 72, NADP, glucose-6-phosphate

(G-6-P), PB, MC, G-6-P Fi/k#E#H% (G-6-PD)
B L ¥ 2-[4- (2-hydroxyethyl) -1-piperazine]
ethanesulfonic acid (HEPES) (#1563 T2 (K
25102,

M) LDEEALZ T UIMETIVT I v




CB188 ? in vitro

1% Sigma-Aldrich #: (St. Louis, USA) 7> 5 A L
7z,

(2) CB188 DA

CBI88 I3 Cadogan D™ THBL L7z 7%
D5, 2,4, 6-trichloroaniline 1.6 g 8 &£ 1,2 4,
5-tetrachlorobenzene 1.3 g % tetrachlor-
oethylene 10 mL T L, & 512 isopentyl nit-
rite 1.0 mL %12 C, 110T T 24 R S & &
7z BUBHIET VI F 454 (100 g, Merck )
BLXOY YAV H 54 (100g, Merck #) THB
SIAEEL L 7-1%, 4rHUH HPLC TH53 L 7. CB188
1, PRFRERT 13.80 min IZEI S N20 T, Z0
=2 LIEMmL-E 2 A, BilR»ES
n7z. GC-MS OfER, 1= 392 ThY, [FfL
RE=27 05 7TOOHEFEFERIN VDL L%
FERR L 72, =L 3.6 mg T, #EEIXIZIT 100%
Tholz (F—FREH). LT, ThzHWT,
s 21T o 72

U HPLC O&MIXROE) TH DB, #1T
2, Inertsil ODS-HL # 7 4 (250 x 10 mm id.,
S-5 pm, GL-Sciences #) ; 7L /1 7 &, Inertsil
ODS-A 7L 17 4 (5 X 10 mm id., S-5 pm,

GL-Sciences #) ; #&)#H, acetonitrile ; W&, 5

mL/min ; BHEEE, 254 nm. CB188 ®4rf=I,

GCMS2010 (BE##/Ep#) #HWT, EI€—F
THIZE L7, GC-MS DG SMIZk D) TH
L. 5N DB-172a—AFIYBFXES

V=792 (30m % 0.25mmid, 0.25pm BEE,

J&W Scientific #) ; 4+ — 7 Y i@ &, 70C (1.5
min) — 20C/min — 230C (0.5min) — 4C/min
- 280C (5 min) ; ¥EAHME, 250C 5 F v 1)
7—H A, He (1 mL/min).

CB188 : MS (EI) m/z (relative intensity, %) :
392 (100) [M"], 394 (234) [M*+2], 396 (214)

[M*+4], 398 (110) [M"+6], 400 (37) [M"+ 8],

357 (6) [IM"—Cll, 322 (92) [M"—Clz], 287 (18)
[M"-Cls], 252 (68) [M"—Clyl.

(3) fUHW DK

CBI83 i & LC, 3-OH k% MwEL, ZD
A F )V EFHEAR 3-methoxy (MeO)-CB188 &
%, Cadogan ® P o7z, Thbh, 2,
3,5,6-tetrachloroaniline 1.0 g 5 & 02,4, 6-trich-
loroanisole 1.3 g #* tetrachloroethylene 10 mL T

WL, & 512 isopentyl nitrite 0.5 mL Iz T,

85

110C T 24 BEM BUR S 872, BUG T L8 5021 £,
n-hexane T L, 7NV I F 75 4 (50 g,
Merck #) B X O U B 7 Vv 7 4 (65 g,
Merck #) THFEHR L, HPLC IZTHHE L 7.
Bo Nz TREEY OHTIE, GC-MS I TiTo 72,

3-MeO-CB188 : MS (EI) m/z (relative in-
tensity, %) : 422 (100) [M*], 424 (225) [M*+ 2],
426 (219) [M*+ 4], 428 (112) [M"+ 6], 430
(39) [M"+8], 407 (55) [M"—CHsl, 379 (35)
[M* —COCHs], 372 (10) [M" —CH3Cl], 309
(64) [M"—COCH;sClo].

(4) SEEREpY & ALY e

Wistar AT v 8 ((FEA 200 g) B L O
Hartley TNV E Y b (KER 280g) %, K
JLERFE PB RIALEEREDB X OY MC miLERE D 3 #
(240, 184 EE L7z, PB-NafiidEHAHEK
R L 80 me/kg/day DHET, F72, MC &
I — IZER L 20 me/kg/day O HET, W
nd 3 HHEBENICHES L. &5 HoBH
WCE A B LC, e L, ®WikIcX i
Ms B L7z, 7B, IS OBWEBIEFH
FRRFEBRBMRE XL L FRAR LS/
T, [HAF2RAY (&OEIREE) B siric
M3 2HE] 85 LERL .

2. FF Ms (2 & 2R

Ty MBILTENEY MF Ms 12X % CBI18S
ORBIEHY 12 U THT o7 $Tabb, 40
uM CB188 #, NADPH A% (0.33mM NADP,
5mM G-6-P, G-6-PD 1.0 unit), 6 mM MgCl, 3
X O Ms (1 mg protein) * 100 mM
HEPES #& i (pH7.4) & & 1245 0.5mL &
LT, 37CT60min 1 ¥ Fa2xX—=FL7 Ko
%, chloroform-methanol (2:1) 0.5 mL & n-
hexane 1.5 mL # N2 TRUL Z &1L S 727, K
Vw7 ATHRE D Ml L7z, filE 3 BT,
HHRE % &b CTlRMifk, diazomethane T X 7
ML, —#% GC-MS I L7z, o E=
I, CBI188 iz FvTiT - 72,

3. Z0ft

HMs ®F 7 HOxERIE, Lowry 5D
BN 72, b, KEEEY VST EE L
T VIMETIVT I v &7z,
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Fig. 2 GC-MS chromatograms of the methylated derivatives of CB188 metabolites produced
by liver microsomes of PB-treated rats.
= B @ = Blag, FAEMAHY L LT 3-MeO-CB188 % & i
L, M1 (AFVEEEMR) LHERLZE A, WHE
1. v FHEMs ICEUER SO -KBHDIE X GC-MS I2B1F 5 IRFERH B L Y A AT b
ZEE WV TNHIFEAEEEII KL —h,

CB188 #, NADPH f#4£F, & MIZT v MF
Ms & & 312, 37C, 60 min 5 & +72. Fig 2
(&, PBRIALELS v MIFMs 12X D A &7z
CB183 iy (A FIVFHEK) OH A7 ux b7
7 L% d. CB188 (PRFFFEMH 13.53 min) (25|
S, 2 HEOMRHYARFFRER 15.36 min &
15.47 min (2B Sz, DUF, ZREiL M1 &
M2 & L7-.

GC-MS OfEF, M1 BL U M2 @ * F )L FHE
L, mrE422 TH Y, BALEY CB188 Do+
=X m/z30%ho7: (Fig 3). ZORENDS,
Ml BL O M2 IZwFhd —KE{LATHELZ L
WHLNE o720 WIS, M1 (X FIVEEENLR) O
NAARY MR bE, 200757 X M
F ¥ m/z407 [M"— 15] BL D m/2379 [M"~
43] 3% sz (Fig 3, Table2). & 512,

(28)

M2 (R FIVEEEE) D~ AA~RZ FViE, ML IS
X, 79722 M A m/z407 IMT—15] #°
T CTH o7z, CBISS Db &L S, b9
123 4-OHHRTH B EEZONDLA, ZDHI
BEAHTH S, DEoERE»S, ML &, 3-
OH-CBI188 TH 5 Z L AVRIB E N7z,

2. 9y bFPBLUVENLEY P Ms I2& B
CBI188 D1
WIZ, Iy PBLXUELEY MFMs 12X Y E
B s CBI8S At M1 B & U8 M2 D5 &
mikM7z (Table 2). v bOE, MIBIW
M2 1% PB BiALERAT Ms TO AR S, S
MEIZZ I Z 554 B X O 187 pmol/hr/mg protein
Thot. ZoRHEEE, BERY o CB187 ®
BeELhRs L HTHROESIThHo72. B,
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Fig. 3 Mass spectra of a synthetic 3-MeO-CB188 and the methylated derivatives of M1 and M2.

Table 1 Mass spectral data and retention times of the methylated derivatives of two CB188 metabolites

Molecular Mass spectral data (Relative abundance, %) Retentign

Compound oh time (min)

weight M*] [M"-15] [M"-35] [M"-43] [M"-50] [M"-70] in GC-MS
CB188 392 100 - 6 - - 92 13.53
M1 422 100 50 - 23 8 - 15.36
M2 422 100 18 - 62 - - 15.47
3-MeO-CB188 422 100 54 - 35 10 - 15.36

-, not detected.

A (3 R ALEE B X OY MC RiALEE S » b BF Ms
Tl ERENe o7, —F, ELVEY IO
Yty CBISTACH#TIX, T v b & EwEEE:
A PBRILEEEIVE Y MF Ms THR S L7225,
CBI88 TldWFhDEILEY FIF Ms T 3
Wiz RSN R ro7z.

Z 3

RWFZETIE, 2,4,6-=HiFKEH PCB TH 5%
CB188 ? in vitro fi#f x Fi~72. REEEE L LT,
CYP#%E#|» PB B L O MC AiL# 725 v b
BLOEVEY MFMs W2, Z0#E, PB
HIALEL S » MF Ms 12X > TOHR, 2 FHEOMH

Y (M1, M2) AR Sz &b, R e MC
BIALEE S v N AF Ms B X ORALEE, PB RjALEE B
LFOMC gL £V E v MIF Ms DWW LTI,
R ERIN Lo 72 GC-MS TOME
FOMLE M2 FNRE KB LA THDL 2 L,
E 5 MLIZARBIEMS & DL, S, I-OH AT
HoHTEDHS PR o2 M2 Db,
BULAEY CBISS DN S, 4-OHKTH A ) &
HxEaNnsd, HERFSHTH L. Fig 31
CB188 O e Rk % /8 L 72,
2.4,6-=15FEH PCB » CB188 i, PB il
B MFMs TS 5 &, 2,4 5-=HHK B
PCB @ CB187 & 1 &, 132 »I2/KEELE e
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Table 2 Metabolism of CB188 and CB187 by liver microsomes of untreated, PB-treated

and MC-treated rats and guinea pigs

Metabolite formed (pmol/hr/mg protein)

PCB Metabolite
Untreated PB-treated =~ MC-treated

Rat

CBI188 M1 (3-OH) N.D. 554430 N.D.
M2 (4-OH) N.D. 187+21 N.D.

CB187'Y Ml (4-OH-CBI51) N.D. N.D. N.D.
M2 (4-OH-CBL78) N.D. 87+14 N.D.
M3 (4-OH-CB187) N.D. 14+1 N.D.

Guinea pig

CB188 M1 (3-OH) N.D. N.D. N.D.
M2 (4-OH) ND. ND. ND.

CBI87'Y M1 (4-OH-CBI151) 18+6 35+14 7+1
M2 (4-OH-CBL178) 37+3 125+23 1242
M3 (4-OH-CB187) 15+4 10+0 1742

N.D., not detected.

Each value represents mean=*S.D. of four animals.

Cl Cl %
{ O~ )
Cl Cl Cl1
CYP2B
CB188

Cl Cl
M2 (4-OH, minor)

Fig. 4 Postulated metabolic pathways of CB188 in rat liver

WEENH S 57 (Table 2). HHfFET
1, TN FTIZ CBI87 Ef 23X, 1) 3 HHO
WWBER S NE T L, 2) TNHOAEBITTI
LPBCHEINLZ &, X512, 3) ERHW
4-0H-CB178 DA B 141X PB AL 7 » b i
Ms € 101 pmol/hr/mg protein, ¥ 7z, PB FiL#f
EI)NVEY M Ms T 135 pmol/hr/mg protein T
HHI L, BWRE LW, L6, PBHIMLET v
MIFMs 12X 5 ML & M2 OERTESEIX, T2

(30)

11 554 & 187 pmol/hr/mg protein Tdh % Z & H»
5, CBIS7TR#f &, 7.3fbENo72. 2,4,6-
=HEFEEHR PCB & LC, CBI82 & CBI88 Db,
CBI148 (2,2,3,4,5.6-hexaCB), CBI154 (2,2,
4,45 6-hexaCB), CBI168 (2',3,4,4,5,6-hex-
aCB), CB184 (2,2',3,4,4,6,6-heptaCB) 7 &3

HLHLD, ITNHide MR THRE SN TW 2 v,
5L, B MIBWTOESIIKEIL S, K4t

NI NS DEERHND.
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PCB KERILEERE & | Cid, EHEKERL CHEITS
LYE L, epoxide HEAZ M L THITT 55
HED2O0WEz 5N TWw5Y. CBIST HE T,
FREWE LT 4 NOERETH 3 I
NIH #2547 L 72 b O & h7zh%, 3-OH I3
HANTWiw, HlEHLZ L2, AEHFHIEPB
BIALEE 4 XBE Ms 12X % 2,2,4,4,6,6-hexaCB
(CB155) o F-~, FEAHW O 3-OH 7KL
2, NIH #5fz o jE & B b1 5 4-0H-2,2,
3,4',6,6-hexaCB %°4-OH-2,2',4',6,6-pentaCB
G L7219,
W OKEACEREDS AE 35 Z EARIE S NS,
AWFge CBI8S fta#Tlx, CB182'Y LIAkEIC,
B3 WVAKBALDSEEE o TWB EEZ HND.

4, CBISAifIcBWT, v MEENEY
FNCRERMEENBIZIN. T4bb, CBISS
REHE, PBRITLEES v b T ARMEME X728,
EIVEY b TRRESKBWPER SN Lo 7.
CoOHRERFEF, PBHFEMDT v b CYP2BIY 1&
CBISS #H#T& 4%, —7, PB#HEMDOE L
Ev b CYP2B18'® (2 CBI88 # Ha T X AW
LERBELTWS, LI AT, CBIS7T R TIE
5w h CYP2Bl BLUELEy b CYP2BI8
BB ASRIB S N TV A R TR SN
7- CB188 feait o fEi# 1%, CB188 & CB187 Ol

WEDECDPEKETH L0 Lvew., bbb,

CBIS7 13 2 (2) fir & 6 (6) fric 3 fHDHEFE A ER
S N7z tri-ortho-PCB T A 7%, CBI88 i 4 fild
WEEE XN/ tetra—ortho-PCB THh 5. &
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7oA R AT 5 7280, CYP2B1S O if R
IR TE T, EEMEL oz b D & D
ns. 7B, PCBR#IEST L~ CYP T
e LCld, 2hFTIZ, CYP2B6? B X O°
CYP2A6°V2 i s Cwab. b L, kb
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CYP2B6 55 { FIG- L CWhH EEZ HENLH, 2
DEIIEHRORETH 5.

B 15
1. 2,4,6-=¥FELHPCBDOCBISS DT v b B
TOENVEY P Ms 12X AR EFN,
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2. 7 FTI, PBRILEAF Ms TOA, 2 FiH

COFERND, 4 XPFITBNTIT,
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HE—FR2ICE T2 mREBGHD 2,2°,3,4,4°,5,6-
Heptachlorobiphenyl (PCB183) D% Z L4
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Enantiomeric Analysis of 2,2’,3,4,4’,5’,6-Heptachlorobiphenyl in the
Blood of Examinees Collected during Medical Check-up for Yusho

Keiichi Sakarant!’, Daisuke Yasvrake!), Koji Takanasurt’, Tsuguhide Hori!,
Jumboku Kajiwaral’, Susumu Karsukr!, Takeshi Nakano?,
Chikage Mrroma® and Masutaka Furue®

UFukuoka Institute of Health and Environmental Sciences
2 Research Center for Environmental Preservation, Osaka University
% Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital

Abstract

Among 209 Polychlorinated biphenyl (PCB) congeners, 19 congeners are known to have
enantiomers. In this study, we analyzed 2,2,3,4,4",5",6-Heptachlorobiphenyl (PCB183) in the human
blood enantioselectively, and quantified the enantiomer-specific accumulation. The samples were
collected during medical check-up for Yusho from 2015 through 2017. The average enantiomeric
fraction (EF) of PCB183 in samples were 0.718. This fact indicates that PCB183(+) has greater
bioaccumulation potential than PCB183(—) in human body. In addition, we analyzed statistical
relationships between EF's and diagnostic criteria of Yusho. As the result, it was suggested that the
EFs for PCB183 is not related to sex, age, concentration of 2,3,4,7,8-Pentachlorodibenzofuran
(2,3,4,7,8-PeCDF) and the gas chromatographic pattern of blood PCBs.

Key words : Enantiomeric analysis, 2,2',3,4,4",5",6-Heptachlorobiphenyl, Yusho, Human blood
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Table 1 High-resolution gas chromatography-high- resolution mass spectrometry conditions

GC (7890A, Agilent Technologies Inc.)

Column

BGB172, 30 m x 0.25 mm id.

Film thickness: 0.18 um

Oven temp.

Initial temperature at 120 C hold for 2 min — heat up to

250TC at 2C/min — hold at 250C for 23 min

Injection port temp. 230C
Injection mode and volume

Carrier gas

Splitless (Purge time is 1 min), 1 uL
Helium gas with a purity of greater than 99.999%

1.0 mL/min constant flow

MS (JMS-800D UltraFOCUS™, JEOL)

Resolution

Tonization voltage 38 eV
Tonization current 500 nA
Temperature of ion source 260C
Accelerating voltage 10kV

Equal to or greater than > 10,000 (10% valley)

5 U ERA R EOEWFEN T O AL F
TNVEIRWEREPR A ENPREBINTSE
DD® | MEEREOKNIZB N TY PCB 2% 7)1
FIRWICERE SN TV LTREENHH. €2 TR
WETlx, ¥ 9 Wk%H 35 PCBDH H, L M
WP CHENERECHET 5 2,2,3,4,4,5,6-
Heptachlorobiphenyl (PCB183) 22w CHifr%
ro7-.

X B 7 &

1. B

2015 4EFED> & 2017 4F BE VAR ] VL IE — s
AZHIAVTF =L arky N BTSSR
HDH L, BRI HHEHENT A EE L 64 % GRE
HAT %, KRBEH 1T %) OMEx k& LTl

HL 7.

2. HE

T hy ANFHY Truuixyry MLT
¥, n=/ F VIEERACFERD 5 A X CHEGHT
M%, ARWEEF 1) w7 2037 E3EsE - PCB
ST A7z 10%EERS U A FVIidE £
T AV LHICMIE TSRO 7 1 F %2 VST
%, WERIIRESIHE vz, EERIEFH 5
AT A7 8E Wz, F#ERE (V14 F2 V8

(34)

DA T 4 THEB L OBCl-T ~WALE) 1Z Wel-
lington # % w72,

3. BEBSLVHIESRHF

PCB183 ¥ 7 WAADWMEIZIEA — M T 2”7
% (Agilent, 7693A) ZHLY fHF 7m0 fEae 7 A
ru~ bt 7T 7 ERSHEE (Agilent, 7890A
HAET, JMS-800D UltraFOCUS™) % v 7-.
PCBI183 (+) & PCBI183 () o 4 # & BGB
Analytik # @ BGB 172 (30 m x 0.25 mm i.d.,
0.18 pm film thickness) |2 & > TiTo72. HIES
% Table 1 127”7,

4. HFOHEH

KB ORI 1o, TabE, &
B 5 g AR L 72tk SURECERALEL 2 45 C R iR s
BERHIREE S X B3I A 4T o 72, BT, BB
D%, 10%FEEESR S U 7 7 VB X OTERERIC X
7T DRERELT o 7.

5. EF {EQOEH & % 5 IILEIROSTEM OREE

PCBI183 5% 7 W ERMWIZER STV 5 2
FAEY A7, PCBIS3 F I MkEMIEL THOLMN
e Arzu~< N7 LHh5 PCBI83 (+) BLW
PCBI83 (-) o) 7%k, (1)ix FHWT EF
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flE%HH L7

5P - Peak area of PCB183 (+)
Peak area of PCB183(+)and Peak area of PCB183 (-)

(1)
(DX&k b, EF=0.5 THIEPCBI83 IZT+ 3
DIRFETHIEL ¥ 7 VEIRWERF LR L, EF >
0.5 TH UL PCBI83 (+) 2SBINMICE/F SN T
W5, EF<0.5 THILPCBI83 (—) A%EIRM
WCEREEINTWDL L0 L HEL 7.
B, FuEHT 2 mE L, (D% e
L7z EFfED39ME% Z Ok o EF & L7-.

6. HEETEEMT

BUE, WEDOBWHIFERREMT & AEK, £HHpT R
(AEHm - PRI OV T HWF L 721K 2,3,4,7,8-
Pentachlorodibenzofuran (2,3,4,7,8-PeCDF) ®
EEORE R, MK PCB OMWIRE L DEE O£
Wek) EBEIL, ZHEHEOFRB L ORH IR
WEEEBOL, BAWICHET AL ERo>TW
L. 22T, (M E, (2) 4 s, (3)2,3,4,7,8-
PeCDF £/, (4)PCB Ok EZ/XF 2 =% L LT
DY o 2171 72

(1) P

Bk, LMo 2 BT EFEO K %17 - 72,
Shapiro-Wilk #5212 & ) & BEASIEH 5347 12569
Z L ERRER LA, Welch @ t#E X 4T 72,

(2) 4FHm

EF & F i\ HBE 2 S % 227 L 72, Sha-
piro-Wilk EIZ L ) EFEB L O FEi#HSIEH 5
MIZHE ) T & = hERR L 72, Pearson OFEFAHE
MRE AT 72

(3) 2,3,4,7,8-PeCDF i1

2,3,4,7,8PeCDF IZ2oWT, EigEL IS
50 pg/g lipid PL E D #E L — il T A 5
NDHIEETH D 30 pg/g lipid R DOEET, EFE
D % 1T - 72, Shapiro-Wilk ME 12 L 0 &
MIEB IO D & & ZHERR L 721%, Welch @ ¢
Mg Z T 572,

(4) PCB oIk
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CELZLYET A KHTE2WEE%ZC, 20
Wiy 4 7% B E721EBC LI 8F— 24
Fie LTwaW, KL TIE BC /Yy — > 0tk
Bis3 & Xhiprolzlzd, BCEBRCA BBL

93

NCNF =D 3B TEFEDOIE %175 72,
Shapiro-Wilk B2 12 & ) ZEED IR AR 120E 5
L ERMRR LR, —iRESOT T 7

KREREEE

1. EF{EE % ZIVRIRNEREN
PCBI183 ¥ 7 WikzlllE L TfR bz~ A7
<~ F7 T LDOF % Fig 1 12Rd. fEHERKIEIZD
WC, EF fE X3 0497 n =8 TH D,
PCBI183 (7t I OIREECTHAE L /2. —, il
HEHZOWT, EFflIZF390.718 (F: K 0.800,
/1 0.585) Td 1), PCB183 (+) 2SEIRMIZ LM
ENBEMICH 7. HRADEFE,HLENT S
PCB D#GHDO K ZANFTH 5932 A
DENTIE PCB183 13 T & I | WIREE THAET
LEOWENHL L5 v MENTHTOLE
W2y 7ot 212X ) PCBI83 (+) @ F F LR
BRI > TWDB I EARmEEhe 72,
COMEIE e ML TR S o RS L R
Tho7z.

2. EFfEERE/NT XA —2DEEMH

(1) 5

B, L0 2HMTEFEOLEEIT- 72
(Fig. 2). BB EOBEAT 28, O #EA 36
THY, EFEIZZNENOBETFEE 0.716 (KA
0.795, #x/1N0.585) & 0.720 (3K 0.800, #x/h
0.631) T& o 7-. Shapiro-Wilk M5 % 1T o 724G
B BHOEEIZOWTIE W=0.957, p=0.299,
LTHDOEIZDWTIE W=0.980, p=0.743 TH 1,
EBDIIERGAINE ) T L2 MERR L7z, CZ OFER
5T 2, Welch D t BREZ AT o T24ER, =
0.320, p=0.751 TH Y, 2HM D EFHIZITHE
EDRDO LN W WGz,

(2) AF i

EF i & o I AHBI B A3 5 2 HERE L 72
(Fig. 3). F#ild 55~93 & Td - 7. Shapiro-
Wilk #58 Z 1T o 7245 R, EFHIZOWTIE W=
0.973, p=0.166, FEHIZOWTIE W=0.971, p=
0.132 TH Y, &HIZIEBSMITHD & & T HERE
L7z, Zo#FRE%E 5% 2, Pearson ORI
ExATo74EE, t=1.77, »=0.219, p=0.0822
THY, MHEIAEELMABRIHERI N>
7z.
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Fig. 3 Enantiomeric fractions (EFs) of 2,2',3,4,4',5,6-
Heptachlorobiphenyl (PCB183) as a function of age.

(3) 2,3,4,7,8-PeCDF ik

2,3,4,7,8PeCDF 2o\, EigEEL IS
50 pg/g lipid LA EOBE L — % fEE CHlE A S
NWHIRETH S 30 pg/g lipid KifiO#ET, EFfE
O EFT o7 (Fig 4). #F40% 50 pg/g lipid
VL EO#EAY 32, 30 pe/g lipid RifO#EDS 32 TH

D, EF i Z N2 OEETFIH0.726 (kK
0.800, #%/10.649) & 0.711 (%K 0.795, #x/h
0.585) T - 7z. Shapiro-Wilk #7E % 17> 724
$. 50 pg/g lipid PLEDEEIZDOWTIE W=0.975,
p=0.652, 30 pg/g lipid Kl DFEIZDWTIE W=
0.968, p=0.445TH Y, & LIIEBGAIHED
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Fig. 4 Relationship between enan-
tiomeric fractions (EFs) of
2,2',3,4,4,5,6-Heptachlor-
obiphenyl (PCB183) with con-
centration of 2,3,4,7,8-Pen-
tachlorodibenzofuran (2,3,4,
7.8-PeCDF).

CLEMRRL:. CoOREST R, Welch D¢
MEZIT o 72/ER, t=1.41, p=0.164 TH D, 2
MO EFEIZIZEEENRDO bW &%)
"oz

(4) PCB oIk

PCB OMIRIZOWT, A, BBXUC/¥y — >
O 3BT EFEOR K %1772 (Fig. 5). 30k

T A8y — 0 OBED 12, B/NY — 2 O#ED 21,

Cy—vOMN28THY, EFfEIZZNZNLOD
T 0.727 (3K 0.800, /v 0.649), 0.726
(K 0.795, %/ 0.691) B X U8 0.705 (K
0.783, #%/0.585) T - 7. Shapiro-Wilk #5E
AT o 2GR, A S — Y OBIZOWTIE W=
0.979, p=0.978, B/¥% — Y DEEIZOWTIE W=
0.974, p=0.822, C/¥% — Y DEEIZOVTIE W=
0.956, p=0.2718 TH ), VI IERSAIHE

)L EMRLL. ZOMREYSAT R, —IURE
WO EATo 1R, F=2.00, df=30.0, p=
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BINTG A—5 L LIREHENT 21T 5 7228, Wi
b EF & ORI 2 BRMIEIZ A SN h o 72,
72720, SHOFAETITHABEDSRE N2 &%,
HAEFE A 1% 50 AR W EE 2% L CwWh 2 & %
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Insomnia and Toxicity of Dioxin-Related Compounds among Yusho
Patients : Japanese Nationwide Cross-Sectional Study
Hideaki Konnol’ =3, Chikage Mitoma?’, Takahiro Maepa? and Masutaka Furug!

YResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka, Japan
2 Department of General Medicine, Nagasaki University Hospital, Nagasaki, Japan
YCenter for Sleep Medicine, Saiseikai Nagasaki Hospital, Nagasaki, Japan

Abstract

Background : Our previous pilot study suggested high rates of insomnia among 140 patients with
Yusho, a condition caused by exposure to dioxins and dioxin-like compounds. Moreover, higher blood
concentrations of dioxin were associated with lower subjective sleep quality.

Objectives : In this cross—sectional study, we analyze data from a Japanese nationwide survey that
was designed to investigate the relationship between insomnia and dioxin toxicity among patients with
Yusho.

Methods : For this study, 899 participants (46.3% men, median age [IQR] : 66 [58-78] years) were
recruited. Symptoms related to insomnia were assessed. Toxicity of dioxins and dioxin-like compounds
was evaluated with the total toxic equivalent quantity (TEQ), which is the summation of each TEQ
calculated from the blood concentrations of 21 congeners of dioxin and dioxin-like compounds. Logistic
regression analysis for insomnia were adjusted by age, sex, body mass index, habitual drinking, and
smoking status.

Results : The number of participants with difficulty initiating and/or maintaining sleep (DIMS) was
753 (53.4%). Total TEQ was categorized on the following quartiles : first quartile (Q1)<< 20 (reference,
second quartile (Q2) = 20-35, third quartile (Q3) =35-62, and fourth quartile (Q4) = 62 pg-TEQ/g lipid).
Adjusted odds ratios (95% confidence interval) for DIMS of Q2-4 were 1.89 (1.23-2.89), 1.62
(1.02-2.57), and 2.09 (1.24-3.53), respectively.

Conclusions : Insomnia was frequent among patients with Yusho. Insomnia was associated with not
only the apparently high level of total TEQ), but also the level of total TEQ observed among general
population. In the pathophysiology of insomnia, dioxins and dioxin-like compounds, which persist in
environment and human body for a long time, might be one of the environmental factors among
patients with Yusho and general population.

Key words : Dioxin, Yusho, Insomnia, Toxic equivalent quantity
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2017 4RV F A DT o T2 IE B 140 N % xR
ELEREEDORATIE, NRERITESRET
Hot. Tl BOYAFF D MR
IROEDKTICHEE RIZLTW Y, oWk
X, 4432 VEPEROEOKTICEDY 9
5L ERRLIMATHO TORETH - 7275,
HEED EEENWE D 2,3,4,7,8-PeCDF O & &
DR EEEBE L TBY, ZoMoREgkE &
7oL OFBGEIZEEM L T otz E2, o4
KH I —EBOHIED 140 A\DAKTH - 7-.

FZT, HE, FAFFTromEERRED
BYE R X 0 ZHBICHH S 22T 5 720 ISR 78
REIH L7z, B4R b B e E oliE R E
BRRNRE T D FEEREIARAEIRZ LM 58
HEBMLT, 1,410 A5 E% - [EZ157.
AT F T VHOMPREITINE TICHES L
T3 21 BUEGROHER R L SHOT— 8 &%
BL7. ZOME 54 %X Y EOBEIE
BETHAOOLNLWS PIEHVEHZ T TR L
—MAEATLBREIND LDV L X2 BWT
b, AR EE < EEARAERE R & B L T b 2 &
S E o7

b} *

1. WRELCHERNDER

FAREAT IR A L TV 2 2018 4F 3 TR0
MERRIE BE 1,588 & A RSBk THRA /) % 4K
L, WIEsMofE s BHEORED S Sz
1,410 A (B 665 A\, 745 N) D%,
NETHA A ¥ VEMPEENEI THhIL T
72 899 N % EMT®I G & L7z, MM SIS 1 416
N, 483 N Th - 7. REFFEIE SN KEE R
oy X R BRI e R LR AT B R OKRR 15T
To7: (FFu#5 30—-384).

(

2. FHMiEE
HMEoRL,» S5 507z, Ei#, M5, body
mass index (BMI), ki, BUEEE, 1 HO
WATHER], SEEPEE, 1 HOBEENE, 1 HOH®
WREEGE, BEIREER, AIRGER, R OHFOIRS
ZRENTICAER L. BE TSRS (30E 3 mLLE,
1ENZHET 7 ) — VIR T 20g L EOERIES & L

ES

B

1320 3%

7z

AN BREE K1 A R N % (difficulty initiating
sleep : DIS), HWEHRAERFA#EE (difficulty maintain-
ing sleep : DMS), K O"H-EHEE (wake up too
early : WE) OFMIZOWTaE4a7z. DIS, DMS,
KO WE OWIF NHhDFEREFRZ 5 E % A RIE
Reph L7 %7, DIS LLIEDMS DWW
N DIER % A ¥ 4% % difficulty initiating and/
or maintaining sleep (DIMS) # & L 7.

T A A X VO MBI E X 50 E Re 7T A
ruax 7774 /EoREEESH (high-re-
solution gas chromatography/high-resolution
mass spectrometry : HRGC/HRMS) % H v C
17 - 72%. WHO 1% polychlorinated dibenzo-p-
dioxin (PCDD), polychlorinated dibenzofuran
(PCDF), K UF polychlorinated biphenyl (PCB)
DILTAF XY VHERAEOFEREEHAETAL0%
FATX L VHEED TS, 44X VHED
HKRMEMAOZEE (F %R (toxic equivalent
quantity : TEQ)) (& bR A F ¥~
TdHh5H 2,3,7,8tetrachrolodibenzo-p-dioxin (2
xt 3 % B VAR & R SRR £ (toxic
equivalency factors : TEFs) I[Z&ED & & St
%3 A EOKE T 2005 412 WHO A3%58% L
7z TEFs # 7z, & &2MEE O TEQ IZENiH &
L) OFERERICTEF 2 UCEEL, 51
T F T VEOBEW 2 EEHEE, 2o (R
TEQ) "Hw b 5. £lid 21 OREED TEQ
Pof TEQ #EtHE L7z, WEEFICBITL 51
F & VHMARE L 3FEIC I EE STV S
B, ZFOHEHAEEINE TR ISR, ot
FECTIAFICMHRED T RETH 5 & O TN H
EELTWABE MRS ATW2YY 207
O, KW TIEHEOMETHE LN A4+ F
VHRIMAREET L 22h LOHRE L7

3. HEEtALIE

7 — & AT IX R ver. 3.4.1 & EZR ver. 1.36
R WTIT o 72, IE#PEORE 1L Shapiro-Wilk
Mg ZITo 72, EHREBTH 54, BMIL, ¥4
T VM EE RO TEQ IZIEHMEZ o %
holzlzo, RFEMEZDIES D XX median
(interquartile range : IQR) TR L 7. 2HEM Ot
1% Mann-Whitney @ U MisE #1772, 3 AL



MHERE BT B 54 4 % 2 2B & AR

D L Kruskal-Wallis DR %E % 17>, post-hoc
test | Steel-Dwass DL EILIK % fH\ 72, #43%
LR O E OB E X Fisher O IEFERE M E
iTo7z. 3L EE AT B AFATE oMLk
DHE L Fisher O IEMEREARME TIEEHR AT #E
ThHY, y2MEEZHW. ZOBIZED 10 K
ARG VHEIES A E1013 2 DOREE A
WL CHEZITo 7. BREAKHEIZ0.06 & L7z

DIMS 12X % 44 F ¥ B0 R E T
VAT 4y 7 RS E TR L2 AR
TEQ 1242 %45 (< 20 (reference : ref),
20-35, 35-62, =62 pg-TEQ/g lipid) 2 7 I
) —Ab L7z, WM 21T o 72112, M5, 4F
fin, BMI, #EVESGE, K OBEIRIL TR L 72
7 v At (95% confidence interval : CI) & H L
7z AR 4 o0 L B (< 57 (ref), 57-64,
64-76, =76) \ZH 7TV —fbL, BMI iZ BMI <
25 kg/m? (ref), BMI=25 kg/m* 2 2 43I L 7z.
BRI IR E RGN 2, B L
BD 7 2o 728 % reference & L 7.

] e

1. NEEFEENKE (Table 1)

DIS, DMS, & O WE 12 h & h 273 A
(30.4%), 402 N\ (44.7%), 1283 A (31.5%)
(2RO 5Nz, WENLDORIRIEIRE A4 5 &%
534 N\ (65.0%) & @&#HE T, 508 A (56.5%) &
DIS & L<IEDMS #4 LT\ 72, HHOIRA %
HELTWLHIE387 A (43.0%) THo7z.

2. 4% (Table 1, 2)

B E Lo FE O F g (interquartile
range : IQR) #1241 65 (58-77), 67 (59-78)
THEGBLEIZED -7z (p=0.15). B
» BMI @ # ®fli (IQR) & £ L & 11 23.0
(21.5-25.4), 22.2 (20.1-24.6) kg/m* & Bk
B TH -7z (p <0.001). FBYETIEEE AN
&, fRIEEN% < (p <0.001), ZTHETIEHER
BB EN L > 72 (p <0.001). 1 HIZ90
SUESRTLTCWEER, EEIRIEIIAE M
RO otz (FNEFNp=0.05 p=0.21).

R R R R U X 2 P S 0 M & PR U C AR [ B R
ML W] T > 72 DA E B TIE e h o
72 (p=0.06). DIS & DMS ##H 2 & T T

99

HEIZZWLoo (FFitp <0.001, p
0.01), WE ZAZELZHE=ZLRBOL,ro7 (p=
0.67).

LYD& A & F 2 VMR LR & ik L
THEICEETH 572, WEOE-LERWE T
»52,3,4,7,8PeCDF O dufli (IQR) 135
E T E R E 205 (11.0-44.0), 38.3
(15.4-115.7) pg/g lipid TdH - 72 (p < 0.001).
# TEQ o gl IQR) (&H & kkTene
1130 (18-51), 40 (23-76) pg-TEQ/g lipid T& -
7z (p < 0.001).

3. 44X MbiBE (Table 2, 3)
PCDDs, PCDFs, K U'PCBs DZFNEND
TEQ O H R IZH TEQ O RAEDO#EA 1/3 %
Ho Tz, B TEQ IZ Ui s (Q1-Q4 1 <
20, 20-35, 35-62, = 62pg-TEQ/glipid) 2% F
T)—fbL7. 4 TREEILRLCRY <
0.001), BIEVEEKES & BEE Vi otz (£
NN p=0.001, p<0.001). 4i#HiI# TEQ 78
EEE R BIEEEME 2o Tz (p <0.001).
1 HO B EEIE & LY EIEILE TEQ 25H i
DEETE L B LA DSFRO Hz (p <0.001).
HENRRE R (248 TEQ DS & 722 5 L R 7k B 1
258 57z (p < 0.001). DIS & DMS # #f
ZHEBIEFEQUTHEEILZ VWL DD (p <0.001),
WE 3AEEZBDOLEho72 (p=0.88). F7z,
—EERTOREDOLNS Q2I2BWT L DIS®
DMS ¥ Q3 L FMRREEICHERTH - /2.

4. RERFEIR (Table 4, 5)

DIS, DMS, KU WE OWFNORIRIERDFH
L)L, DIMSOFMT2HEICH T T) — b
HIZELT2HMMMOERENPHKECTH > 72720,
DIMS DA D 2 FERF CHulciat L7z, DIMS #
TIEBEMED L% < (p <0.001), 4EETEfE<T
otz (p<0.001). HARIGE)EC T HEIE &
DOBEILZFED B o 7248, IE DIMS B TR HE
WEsL e nERiRo 57 (p=0.002).
DIMS # C (3 45 I [ BEFRAE 7 25520 H L (p <
0.001), HHORA*HEL TWLENS D572
(p=0.001). ¥4 FF> HEoMiEE2,3,
4,7,8-PeCDF %13 Lo & LTIF & A LD RM:AR
T DIMS B2SHEIZEETH o 72, # TEQ Orf
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Table 1 X5 &7
Total Men Women p value
N 899 416 483
Age, median (IQR) 66 (58-78) 65 (58-77) 67 (59-78) 0.15
BMI kg/m? median (IQR) 22.7 (20.7-25.1) 23.0 (21.5-25.4) 22.2 (20.1-24.6) < 0.001
Habitual drinker, n (%) 187 (21.0) 152 (37.0) 35 (7.3 < 0.001
Smoking status
Never, n (%) 557 (62.7) 151 (36.7) 406 (85.3) < 0.001
Past,n (%) 175 (19.7) 142 (34.5) 33 (6.9)
Current, n (%) 156 (17.6) 119 (28.9) 37 (7.8)
Walking
>=60 min / day, n (%) 440 (49.2) 189 (45.7) 251 (52.2) 0.05
Exercise
>= 2 times /week, n (%) 340 (38.0) 166 (40.2) 174 (36.1) 0.21
Vegetable intake
70-140 g / day, n (%) 432 (48.9) 239 (58.6) 193 (40.6) < 0.001
140-280 g / day, n (%) 358 (40.5) 143 (35.0) 215 (45.3)
>=280 g/ day,n (%) 93 (10.5) 26 (6.4) 67 (14.1)
Fruit intake
<50 g /day,n (%) 429 (48.5) 229 (55.9) 200 (42.1) < 0.001
50-100 g /day, n (%) 248 (28.0) 98 (23.9) 150 (31.6)
>=100 g / day, n (%) 208 (23.5) 83 (20.2) 125 (26.3)
Sleep time
<5 hours, n (%) 8 (9.6) 36 (8.7) 49 (10.3) 0.06
5-6 hours, n (%) 214 (24.0) 85 (20.6) 129 (27.0)
6-7 hours, n (%) 293 (32.9) 136 (32.9) 157 (32.9)
7-8 hours, n (%) 162 (18.2) 79 (19.1) 83 (17.4)
8-9 hours, n (%) 90 (10.1) 52 (12.6) 38 (8.0)
> 9 hours, n (%) 46 (5.2) 25 (6.1) 21 (4.4
Insomnia symptoms, n (%) 584 (65.0) 256 (61.5) 328 (67.9) 0.05
DIS, n (%) 273 (30.4) 90 (21.6) 183 (37.9) < 0.001
DMS, n (%) 402 (44.7) 167 (40.1) 235 (48.7) 0.01
DIS and/or DMS, n (%) 508 (56.5) 205 (49.3) 303 (62.7) < 0.001
WE, n (%) 283 (31.5) 134 (32.2) 149 (30.8) 0.67
Daytime sleepiness, n (%) 387 (43.0) 181 (43.5) 206 (42.7) 0.84

BMI, body mass index ; DIS, difficulty initiating sleep ; DMS, difficulty maintaining sleep ; IQR, interquartile range ; WE, wake
up too early.
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Table 2 BcH ¥ 1 4 %> HIP#EE (pg/g lipid)
Total Men Women p value
N 899 416 483
2,3,7,8-TCDD 1.3 (0.5-1.9) 1.2 (0.5-1.8) 1.4 (0.5-2.0) 0.002
1,2,3,7,8-PeCDD 6.8 (4.5-10.2) 6.0 (3.8-9.1) 7.5 (5.0-11.1) < 0.001
1,2,3.4,7,8-HxCDD 2.1 (1.0-3.1) 1.0 (1.0-2.9) 2.2 (1.0-3.3) 0.009
1,2,3.6,7,8-HxCDD 21.5 (13.4-37.8) 18.5 (11.5-30.9) 25.5 (15.9-46.1) < 0.001
1.2,3,7.8,9-HxCDD 2.8 (1.0-4.5) 2.4 (1.0-3.9) 3.0 (1.0-5.1) < 0.001
1.2,3,4,6,7,8-HpCDD 31.6 (21.6-46.5) 29.5 (20.5-44.3) 32.9 (22.4-49.1) 0.007
OCDD 441.0 (279.5-682.3)  425.7 (272.1-682.1)  454.7 (284.7-682.4) 0.22
Total PCDDs 518.5 (335.4-779.9)  489.0 (312.7-773.8)  539.8 (352.2-797.1) 0.04
2,3,7,8-TCDF 1.4 (0.5-2.6) 1.4 (0.5-2.6) 1.4 (0.5-2.6) 0.72
1,2,3.7,8-PeCDF 0.5 (0.5-1.5) 0.5 (0.5-1.6) 0.5 (0.5-1.4) 0.08
2.3.4,7,8-PeCDF 27.0 (13.3-74.1) 20.5 (11.0-44.0) 38.3 (15.4-115.7) < 0.001
1.2,3,4,7,8-HxCDF 5.0 (2.8-12.5) 3.9 (2.4-7.5) 7.4 (3.3-19.0) < 0.001
1.2,3,6,7,8-HxCDF 4.6 (2.8-8.6) 4.0 (2.5-6.4) 5.7 (3.3-11.6) < 0.001
2.3.4,6,7,8-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.40
1.2.3,7.8,9-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.88
1,2.3,4,6,7,8-HpCDF 1.0 (1.0-2.5) 1.0 (1.0-2.4) 1.0 (1.0-2.6) 0.24
1.2,3.4,7,8,9-HpCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.04
OCDF 2.0 (2.0-2.0) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.06
Total PCDFs 47.9 (28.2-107.3) 38.9 (25.0-72.1) 64.5 (31.6-161.8) < 0.001
3.4,4,5-TCB (#81) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (5.0-5.0) < 0.001
3.3.4,4-TCB (#77) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.15
3.3.4,4,5-PeCB (#126) 67.8 (38.2-114.3) 66.9 (38.2-123.3) 69.2 (38.2-109.1) 0.75
3.3.4,4.5 5-HxCB (#169) 103.7 (58.7-184.7)  110.2 (61.2-178.4)  100.7 (55.5-191.5) 0.31
Total Non-ortho PCBs 193.2 (116.1-319.8)  198.1 (116.6-321.2) 187.6 (115.5-316.7) 0.79
Total 846.5 (522.9-1275.4) 784.7 (500.0-1185.3) 887.6 (538.0-1338.6)  0.004
Total PCDDs-TEQ 12 (8-17) 10 (7-15) 3 (8-20) < 0.001
Total PCDFs-TEQ 10 (5-25) 7 (4-15) 3 (6-38) < 0.001
Total Non-ortho PCBs-TEQ 1 (6-18) 11 (6-18) 11 (6-17) 0.99
Total TEQ 35 (20-62) 30 (18-51) 0 (23-76) < 0.001

CB, chlorinated biphenyl ;

CDD, chlorinated dibenzo-p-dioxins ; CDF, chlorinated dibenzofurans ; Hx, hexa ; Hp, hepta ;

OCDD, octachlorodibenzo-p-dioxin ; OCDF, octachlorodibenzofurans ; PCB, polychlorinated biphenyl ; PCDD, polychlorin-

ated dibenzo-p-dioxin ; PCDF, polychlorinated dibenzofuran ; Pe, penta ; TCB, tetrachlorobiphenyl ;
odibenzo-p-dioxin ; TCDF, tetrachlorodibenzofuran ; TEQ), toxic equivalent quantity.

TCDD, tetrachlor-
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Table 3 & TEQ WD RE T, AUEERO

TEQ pg-TEQ /g lipid < 20,n =225 20-35, n = 225 35-62, n=224 >=62, n=225 p value

Men, n (%) 128 (56.9) 108 (48.0) 113 (50.4) 67 (29.8) < 0.001

Age, median (IQR)* 56 (51-62) 64 (58-73) 69 (62-80) 8 (70-84) < 0.001

BMI kg/m? median (IQR) 22.6 (20.3-24.9) 22.4 (20.9-24.8) 23.0 (21.3-25.2) 22.7 (20.3-25.1)  0.199

Habitual drinker, n (%) 48 (21.4) 57 (25.7) 55 (24.7) 27 (12.2) 0.001

Smoking status
Never, n (%) 100 (44.6) 133 (59.6) 139 (62.9) 185 (84.1) < 0.001
Past,n (%) 55 (24.6) 49 (22.0) 49 (22.2) 22 (10.0)

Current, n (%) 69 (30.8) 41 (18.4) 33 (14.9) 13 (5.9)

Walking
>=60 min / day, n (%) 132 (58.7) 133 (59.4) 93 (41.7) 82 (36.8) < 0.001

Exercise
>= 2 times /week, n (%) 72 (32.0) 94 (42.0) 84 (37.7) 90 (40.4) 0.138

Vegetable intake
70-140 g / day, n (%) 121 (54.3) 112 (50.7) 106 (48.0) 93 (42.7) 0.34
140-280 g / day, n (%) 81 (36.3) 87 (39.4) 93 (42.1) 97 (44.5)
>=280 g/ day,n (%) 21 (9.4) 22 (10.0) 22 (10.0) 28 (12.8)

Fruit intake
<50 g /day, n (%) 142 (63.7) 107 (48.4) 92 (41.3) 83 (40.4) 0.34
50-100 g /day, n (%) 46 (20.6) 75 (33.9) 65 (29.1) 62 (28.4)
>=100 g / day, n (%) 35 (15.7) 39 (17.6) 66 (29.6) 68 (31.2)

Sleep time
<5 hours, n (%) 23 (10.4) 20 (9.0) 16 (7.2) 26 (11.7) < 0.001
5-6 hours, n (%) 69 (31.1) 52 (23.3) 46 (20.6) 47 (21.2)

6-7 hours, n (%) 79 (35.6) 84 (37.7) 78 (35.0) 52 (23.4)
7-8 hours, n (%) 34 (15.3) 32 (14.3) 51 (22.9) 45 (20.3)
8-9 hours, n (%) 12 (5.4) 24 (10.8) 20 (9.0) 34 (15.3)
> 9 hours, n (%) 5 (2.3) 11 (4.9) 12 (5.4) 18 (8.1)

Insomnia symptoms, n (%) 126 (56.0) 148 (65.8) 149 (66.5) 161 (71.6) 0.006
DIS, n (%) 46 (20.4) 67 (29.8) 66 (29.5) 94 (41.8) < 0.001
DMS, n (%) 74 (32.9) 105 (46.7) 107 (47.8) 116 (51.6) < 0.001

DIS and/or DMS, n (%) 96 (42.7) 133 (59.1) 128 (57.1) 151 (67.1) < 0.001
WE, n (%) 69 (30.7) 74 (32.9) 73 (32.6) 67 (29.8) 0.88
Daytime sleepiness, n (%) 96 (42.7) 101 (44.9) 99 (44.2) 91 (40.4) 0.79

* I RTOREMT p < 0.001. BMI, body mass index ; DIS, difficulty initiating sleep ; DMS, difficulty maintaining sleep ; IQR,
interquartile range ; TEQ), toxic equivalent quantity ; WE, wake up too early.
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Table 4 AREEES L IZIERAERREEO VTN ORIRIEROF M X 2 E 57 H T 0

Non-DIMS DIMS p value

N 391 508
Men, n (%) 211 (54.0) 205 (40.4) < 0.001
Age, median (IQR) 64 (57-76) 68 (60-79) < 0.001
BMI kg/m? median (IQR) 22.9 (21.0-25.0) 22.5 (20.4-25.1) 0.14
Habitual drinker, n (%) 89 (23.1) 98 (19.4) 0.21
Smoking status

Never, n (%) 220 (57.0) 337 (67.1) 0.001

Past,n (%) 77 (19.9) 98 (19.5)

Current, n (%) 89 (23.1) 67 (13.3)
Walking

>=60 min / day, n (%) 204 (52.6) 236 (46.5) 0.08
Exercise

>=2 times /week, n (%) 138 (35.6) 202 (39.8) 0.21
Vegetable intake

70-140 g / day, n (%) 192 (50.5) 240 (47.7) 0.34

140-280 g / day, n (%) 144 (37.9) 214 (42.5)

>=280 g/ day,n (%) 44 (11.6) 49 (9.7)
Fruit intake

<50 g /day,n (%) 210 (55.1) 219 (43.5) 0.002

50-100 g /day, n (%) 90 (23.6) 158 (31.3)

>=100 g / day,n (%) 81 (21.3) 127 (25.2)
Sleep time

< 5 hours, n (%) 16 (4.2) 69 (13.7) < 0.001

5-6 hours, n (%) 82 (21.3) 132 (26.1)

6-7 hours, n (%) 122 (31.7) 171 (33.9)

7-8 hours, n (%) 89 (23.1) 73 (14.5)

8-9 hours, n (%) 52 (13.5) 38 (7.5)

> 9 hours, n (%) 24 (6.2) 22 (4.4)
Daytime sleepiness, n (%) 144 (36.8) 243 (47.8) 0.001

BMI, body mass index ; DIMS, difficulty initiating and/or maintaining sleep ; IQR, interquartile

range.

103



104 o ok B 3234

Table 5 ANRAHEES L IZMERMEREEEO WS N ORBIERDFENZ & 2 51 4 F 2 P HIH RO

Non-DIMS DIMS p value
N 391 508
2,3,7,8-TCDD 1.3 (0.5-1.9) 1.4 (0.5-2.0) 0.003
1,2,3,7,8-PeCDD 6.0 (3.8-9.3) 7.5 (5.0-10.8) < 0.001
1,2,3.4,7,8-HxCDD 1.0 (1.0-2.9) 2.2 (1.0-3.2) 0.002
1,2,3.6,7,8-HxCDD 19.4 (12.7-32.2) 23.4 (14.7-41.7) < 0.001
1.2,3.7.8,9-HxCDD 2.6 (1.0-4.1) 3.0 (1.0-4.8) 0.04
1.2,3,4,6,7,8-HpCDD 29.4 (20.5-44.7) 32.6 (22.8-49.1) 0.01
OCDD 412.3 (266.9-647.9) 468.0 (289.9-700.4) 0.02
Total PCDDs 476.7 (320.6-740.6) 557.9 (355.8-805.6) 0.006
2,3,7,8-TCDF 1.3 (0.5-2.3) 1.5 (0.5-2.9) 0.02
1.2,3.7,8-PeCDF 0.5 (0.5-1.4) 0.5 (0.5-1.6) 0.15
2.3.4,7,8-PeCDF 21.9 (11.2-51.2) 33.2 (14.9-92.5) < 0.001
1.2,3,4,7,8-HxCDF 4.4 (2.6-9.3) 5.8 (2.9-15.0) < 0.001
1.2,3,6,7,8-HxCDF 4.2 (2.6-6.6) 5.5 (3.0-10.2) < 0.001
2.3.4,6,7,8-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.36
1.2.3,7,8,9-HxCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.08
1.2.3,4,6,7,8-HpCDF 1.0 (1.0-2.5) 1.0 (1.0-2.6) 0.67
1,2,3.4,7,8,9-HpCDF 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.75
OCDF 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.68
Total PCDFs 40.9 (25.4-80.1) 58.1 (30.2-130.3) < 0.001
3.4,4,5-TCB (#81) 5.0 (5.0-5.0) 5.0 (5.0-5.0) 0.50
3.3.4,4-TCB (#77) 5.0 (5.0-5.0) 5.0 (5.0-10.4) 0.09
3.3.4,4,5-PeCB (#126) 59.9 (34.3-104.5) 73.8 (41.6-121.7) 0.001
3.3.4,4.5 5-HxCB (#169) 90.3 (51.8-172.7) 112.4 (64.4-200.2) < 0.001
Total Non-ortho PCBs 174.0 (100.2-293.1) 212.9 (125.9-339.8) < 0.001
Total 741.2 (488.3-1153.6) 907.6 (551.2-1328.2) < 0.001
Total PCDDs-TEQ 10 (7-16) 13 (8-19) < 0.001
Total PCDFs-TEQ 8 (4-18) 12 (6-31) < 0.001
Total Non-ortho PCBs-TEQ 10 (5-15) 11 (7-18) < 0.001
Total TEQ 30 (17-51) 39 (23-71) < 0.001

CB, chlorinated biphenyl ; CDD, chlorinated dibenzo-p-dioxins ; CDF, chlorinated dibenzofurans ; DIMS, difficulty
initiating and/or maintaining sleep ; Hx, hexa ; Hp, hepta ; OCDD, octachlorodibenzo-p-dioxin ; OCDF, octachlor-
odibenzofurans ; PCB, polychlorinated biphenyl ; PCDD, polychlorinated dibenzo-p-dioxin ; PCDF, polychlorinated
dibenzofuran ; Pe, penta ; TCB, tetrachlorobiphenyl ; TCDD, tetrachlorodibenzo—p-dioxin ; TCDF, tetrachlor-
odibenzofuran ; TEQ), toxic equivalent quantity.
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Table 6 Logistic MG 4712 & 2 DIMS X9 % 4 1 4 % 2 Vi TEQ M- fr#if o 4 v X1

Unadjusted Adjusted”
p value Odds ratio p value Odds ratio
(95% CI) (95% CI)
Total TEQ
Q1 : <20 pg-TEQ/g lipid 1 1
Q2 : 20-35 pg-TEQ/g lipid < 0.001 1.94 (1.34-2.83) 0.004 1.89 (1.23-2.89)
Q3 : 3562 pg-TEQ/g lipid 0.02 1.79 (1.23-2.60) 0.04 1.62 (1.02-2.57)
Q4 : > 62 pg-TEQ/g lipid < 0.001 2.74 (1.87-4.02) 0.006 2.09 (1.24-3.53)

i,
O Q4 ORI L7

Jufli (IQR) X DIMS #: & Non-DIMS BT+ 2
39 (23-71), 30 (17-51) pg-TEQ/g lipid &
DIMS B CTHEEIZEMETH -7 (p <0.001).

5. RRERICHT 20O 257« v 7 ERHMAT
(Table 6)

DIMS IZx 95 5 1 4 % ¥ YO TEQ D
BEAWHOPIZT A72012, Fin, 45, BMI, EHE
VERRIE, K OBMEIR CREE L 20V RA T4 v s
)R &2 T - 72, # TEQ @ Q1 @ < 20 pg-
TEQ/g lipid % reference & 3 % &\ Lo U45)
fir b DIMS 12xt9 % 4 v At (odds ratio : OR)
BAHEBEICEBETH 72, # TEQ ® Q4 =62
pg-TEQ/g lipid ® DIMS 2%/ 9 % OR (95% CI)
752.09 (1.24-3.53) LEWW2IF TR, — AR
TLHDOENDL I ENDHDH Q2 D 20-35 pg-
TEQ/g lipid {23 T & DIMS ® OR & 1.89
(1.23-2.89) & BIHEDFRD BTz,

Z =

KWFZEIL 5 A 4 ¥ OWEETH LMESRS
2B B EFEHBE T 72O TORIRIZET S
HETHD. ¥4 FFY VHOFEE BV LI
N R PR 3 <o R R HE R R 3 & v o 72RO ) A 7 %
FOL7ZT TR, —HERTHBIE SN LHF
DOMBEH DT A FF 2 VHLNVIZBWTHAIR
DIVAT ZEBOTNAEZ EIZFEHTRETHS.

MEEERE 2B B RIEOFEREIL HARARA
LA 2 EWENIIERTH L. SHONRE
L FA4FEHERE CTh 5 50 L Lo H AR A A @ DIS

PERI, BMI, EEMEEGE, J OB TR L 7.

FAFEY VEMPEEOR TEQ X QL Q2, Q3 K&

DIMS, difficulty initiating and/or maintaining sleep ; TEQ), toxic equivalent quantity.

EDMS 3 ZFh 2N BTl 6.4~16.1%,
13.5~29.0%, ZM TiF 13.5~31.5%, 16.2~
32.3% L HE SN TV Y10 140 ADMES S
WEFERE XD A E AT o AR T, P ERED
LDFEED DIS & DMS DA FEIRZR AT 1] Dk H
CIRIEFA L Th o7 BER T TEHD S L DIS
EDMS IZZNZEN54.0%E 65.0% & S 5128
KTho2V, SHIERIREROEIERE $ TIRYE
fLCTWawnds, RNROFEEE E CTHEETLEH
JERFIISRORETL SHIIERLEL LD L
e\,

AKX XY VHEMPRENREE), ZOEED
IECTH 5 TEQ W EME & 7 B & ANIRFER A TAAE
L CWaH I EIFFERICET S, ¥4 -F2 V8
ST AR 12 B 1) 2 BRHR - BRI % KT
L TWAB 089 DI O T ORBER 271347 H
NCTuiwv, LaLA2S, HEBOMIEREN S
A4 %2 VHEOBER - BEANEET R %
RLTW5,

AT F Ly VHEOBNZEHEARTH 5 aryl hyd-
rocarbon receptor (AHR) (3HRKE T &R0 5 MMEED
MERICEBRLTwaY, ¥+ v
AHR Z/r L TERYKBIZE DL L EEZ T2 5T
B4 BIEFRBEAHLTVLY. £/ 73
VRTISA A XD G TCFOY s ENEERSE
HAmE W MNO K83y, LT RLF
), ku b= 2 OB FEERIICHERE S Tw
Y7 I VRIS HMENER L, BEIREC
HEBET T2, ¥4+ Fy VBRI E
7 2V AROEELE I L CARIREEIZ BT 5 5
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REE D 2y 7253 2 LA END.

BiphEfm T & AHR L2702 b —27 S ANIRD
HRE ST S REME S H 5. AHR RO AL
i QJ:** (suprachiasmatic nucleus : SCN)
BT A REHEEFREBOIRIEY A € 5.
12, AHR ZOHIE SCN 12 B 1) A IR O IR
R & 520 JEIR - EEE Y X 23RS
THOFEHOEREICLAME ) AL 70k A

CE RS TwRY. YA F Y HIRS
@MBUXA%&®K$%%%ﬁ%§%é LT
ANRIZFZEET L g SN 5.

SRIOMFEIZ BT —HER, fiFETH iR
END YA F T M EEFERNT 2 TY,
MTEQWDWEE A EAIRDY A7 2 EOH TN,
FI4ERS (£ SD) 68.1 = 5.4 B O— MR 127
AND# TEQ O Jufl (/M ~ i KfH) 1 31
(12~100) pg-TEQ/g lipid & #iE SN TWw57,
LB OMIEREBRZIZBIT A TEQ @yl
(Fe/ME~IR K AE) 1d 35 (5~564) pg-TEQ/g lipid
Thol, BEHLEHET S EMEREOR
TEQ 3 L BEOENBDO SN L —FT,
BAEREFABEOHKROFE RO SN
TEQ 2 Q2 O#FH TOARIRD ) A7 HEF -
TWbZ L, —BREROAIROTHEIZY A 4 F
//wwmﬁﬁﬁf%&w

AWFZEIEBRA E LT, 7,
HETERIRIEIZ DWW T

R

MHERE BT S
FRZE ST eDs, BHfET 5

Kt - FRBEEIZOWTOFERIIA 55 %2 KET,

SRIDOEMTICFIHTE ed o7z, WHEEE TIE—
MR R & i 5 LB &k - g B E R
Th B MR H 5 RO HEIE GRS
FOVEELZZTLIENTHREINS. SEERIT
ICBWCEELRIFREOEEL EEB SN L LE
Wb, T2, IR L TWEEHFIZOWT HER
éﬂfw&w BEIRIE/Z1F TR <, ZHOIEHFD
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b LVSRORE

MRERF BT A AROFIERRITEHRTH ),

B

1320 3%
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W YA F T VL IEIR - BB L OFEREIE
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& 5
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1828 6 OF L2 A ] UL P PR BB AE 572 P 8 0 1 e 1 2
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Lymphocyte Subpopulations in Patients with Yusho

Hiroshi Tsuyt) and Kiyoshi Martsumura?’
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Abstract

To investigate chronic immune effects of polychlorinated biphenyls (PCBs), total lymphocyte
population and lymphocyte subpopulations in peripheral blood were studied in 216 subjects in 2018. A
significant relationship between the concentration of PCB in blood and the percentage of CD3 positive
T lymphocyte was observed. However, there was no correlation between the concentration of blood
PCB and the density of total lymphocyte population, or the percentage of CD20 positive B lymphocyte.
The percentages of T lymphocyte expressing CD3 were significantly decreased in 167 Yusho patients
compared with those in 25 control subjects. We conclude that the percentage of T lymphocytes
decrease in patients with Yusho, and it may be associated with PCB levels in the blood.

Key words : Yusho, Lymphocyte subpopulation, PCB
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Table 1 Correlation coefficients between PCB concentra-

tion in blood and total lymphocyte population, or

lymphocyte subpopulations

Total lymphocyte (/ul)

CD3 positive cell (%)
(/uD)

CD20 positive cell (%)
(/ub)

—0.035
- 0.173"
- 0.09
- 0.079
—0.090

P < 0.05.
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Table 2 Total lymphocyte population and lymphocyte subpopulations in patients with

Yusho and in controls

No. Controls Yusho
25 167
Total lymphocyte (/pl) 1,855 = 502 1,775 = 519
CD3 positive cell (%) 71.3 £9.0 66.7 9.7
(/1) 1,311 = 320 1,186 = 398
CD20 positive cell (%) 105+ 4.1 10.1 £ 4.8
(/1) 201 = 105 181 = 109
*P < 0.05 vs. Controls.
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Aryl Hydrocarbon Receptor Activation Induced by Epidermal Growth
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A Possible Mechanism of Acneiform Eruption

Gaku Tsuji?, Masaki Takemura?’, Akiko Hasmmoro-Hacmya?,
Masutaka Furue! ™) and Takeshi Nakanaral’d

DResearch and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, Fukuoka, Japan
Y Department of Dermatology, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan
Y Division of Skin Surface Sensing, Graduate School of Medical Sciences,
Kyushu University, Fukuoka, Japan

Abstract

Although epidermal growth factor receptor inhibitors (EGFRIs) are effective in treating advanced
carcinomas, they frequently cause acneiform eruption, which could be related to sebaceous gland
activity ; however, the mechanism remains largely unknown. Based on the facts that 1) activation of
aryl hydrocarbon receptor (AHR) regulates follicular and epidermal keratinocyte differentiation and
sebaceous gland activity, 2) EGFR signaling compensates for AHR signaling by sharing p300, and 3)
sebum production is increased during EGFRI treatment, we hypothesized that EGFRI-induced
activation of AHR may be involved in the development of acneiform eruption.

To demonstrate this, we administered clinically utilized EGFRIs, namely gefitinib and anti-EGFR
antibody (Ab), to normal human epidermal keratinocytes (NHEKS) and human sebocyte cell line SEB-1,
and examined whether gefitinib and anti-EGFR Ab induced AHR activation. Gefitinib treatment
induced up-regulation of CYP1A1l mRNA in NHEKs and SEB-1 cells, which was further enhanced by
6-formylindolo (3,2-b) carbazole (FICZ), an endogenous AHR ligand. Although anti-EGFR antibody
treatment alone did not induce up-regulation of CYP1AI mRNA in NHEKs and SEB-1 cells, it
enhanced FICZ-induced up-regulation of CYP1A1 mRNA. In the SEB-1 cells, sebum production was
increased by gefitinib treatment, and further enhanced by FICZ. Moreover, knockdown of AHR
expression, using siRNA transfection of AHR, inhibited sebum production by gefitinib treatment,
thereby indicating that EGFRI-induced AHR activation is involved in the increase of sebum
production.

To extend our in-vitro observation, we orally administered gefitinib to C57BL/6 mice and applied
FICZ on their abdomen. Gefitinib treatment induced up-regulation of CYP1IAl mRNA in the
epidermis, which was enhanced by topical application of FICZ. These data together suggest that AHR
activation in keratinocytes and sebocytes, with subsequent sebum production induced by EGFRIs,
may play an important role in the development of acneiform eruption.

Keywords : AHR, EGFR inhibitor, acneiform eruption

. inhibitors (EGFRIs) are effective in treating
Introduction .
advanced carcinomas, EGFRIs often cause

Although epidermal growth factor receptor adverse effects on the skin, most commonly

Abbreviation :

AHR : Aryl hydrocarbon receptor

EGF : Epidermal growth factor

EGFR : Epidermal growth factor receptor
FICZ : 6-formylindolo (3, 2-b) carbazole
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acneiform eruption, a papulopustular reaction on
the skin® : it requires therapeutic intervention in
approximately one third of the patient52>.

Although the skin rash usually resolves after
interrupting the EGFRI treatment, the condition
affects both optimal efficacy of the treatment and
quality of life negatively. In addition, the severe
skin rash may lead to dose-modification or
treatment discontinuation, thereby resulting in
reduced clinical benefits from the EGFRI treat-
ment. Importantly, several retrospective studies
on the relationship between EGFRI treatment
and adverse skin reactions have revealed the
appearance and severity of EGFRI treatment-re-
lated skin rash to be positively correlated with
tumor response to EGFRI and subsequently good
prognosis3> 5,

These observations together support the con-
sensus that acneiform eruption should be treated
while continuing EGFRI treatment, in order to
derive the maximal clinical benefit from EGFRI
treatment against advanced carcinomas.

Several studies on the pathomechanism of
acneiform eruption, caused by EGFRI treatment,
have shown EGFR inhibition to modify chemokine
and inflammatory cytokine production6>,
anti-bacterial peptide production7), and follicular
and epidermal keratinocyte differentiation®
thereby contributing to the development of
acneiform eruption.

Since EGFR signaling has been shown to
compensate for aryl hydrocarbon receptor (AHR)
signaling by sharing pSOO9> (a transcriptional
factor), we hypothesized that the inhibition of
EGFR by EGFRI treatment would cause
acneiform eruption via activation of AHR. To the
best of our knowledge, there are only a few
studies that have investigated the role of AHR in
the development of EGFRI treatment-induced
acneiform eruption.

AHR, a ligand-activated transcription factor, is
preferentially expressed in the epidermis, and
O Al
though dioxins such as TCDD were identified as

regulates keratinocyte differentiation’

G. Tsuji et al.

the ligands of AHR, recent studies have revealed
FICZ, a photo-product derived from tryptophan,
as an endogenous ligandm. The ligand-activated
AHR induces its nuclear translocation from the
cytoplasm, thereby leading to the up-regulation of
its target genes such as CYP1A1 in normal human
keratinocytes (NHEKS)12>.

AHR activation is reportedly crucial for the
development of chloracne, a specific acneiform
eruption observed in patients with TCDD-poison-
ing. TCDD induces the up-regulation of SLPI,
SPPR2D, and EPGN via AHR activation, leading
to acanthosis and hyperkeratosis of the infundibu-
lar keratinocytesl‘o’>. Therefore, we examined
whether AHR activation, induced by EGFRI
treatment in NHEKS, is involved in the develop-
ment of acneiform eruption.

Our clinical research has revealed that sebum
production is increased, since the initiation of
EGFRI treatmentm, thereby suggesting stimula-
tion of sebaceous gland activity by EGFR inhibi-
tion ; however, the precise mechanism remains
largely unknown.

We also examined how the activation of AHR,
induced by EGFRI treatment, could modify
sebum production by sebaceous glands, using
immortalized human sebocyte cell line SEB-1.

In the current study, we administrated clinical-
ly utilized EGFRIs, namely gefitinib and
anti-EGFR antibody (Ab), to NHEKs and SEB-1
cells and examined whether they induced AHR
activation. To extend our in-vitro observation, we
also attempted to utilize an in-vivo model. We
orally administered gefitinib to C57BL/6 mice and
examined whether it could enhance the AHR
activation induced by topical application of FICZ.

Results

To examine whether EGFRI treatment acti-
vates AHR signaling, we evaluated mRNA
expression of CYP1Al, a representative AHR
downstream gene, in gefitinib— or anti-EGFR Ab-
treated NHEKs and SEB-1 cells. Gefitinib treat-
ment induced up-regulation of CYP1A1l mRNA in
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Fig 1. Either gefitinib or anti-EGFR Ab treatment enhanced the up-regulation of CYP1AI, induced
by FICZ treatment, in NHEKs and SEB-1 cells.

(A-H) NHEKSs and SEB-1 cells were treated with FICZ (100 nM) in presence or absence of either gefitinib
(1.25 pg/ml) or anti-EGFR Ab (0.5 xg/ml) for indicated time periods. CYP1A1l mRNA expression was
analyzed by qRT-PCR. Data are expressed as mean += S.E. M. ;n = 3 for each group. Statistical differences
between the expression of control and treated NHEKSs are presented ; *P < 0.05. (I, ], K, and L) CYP1A1
protein expression was analyzed with an anti-CYP1A1 antibody using western blotting. The data are
representative of experiments repeated thrice with similar results.

NHEKS (Fig. 1A and 1B) and SEB-1 cells (Fig. 1C
and 1D). Anti-EGFR Ab treatment alone did not
induce up-regulation of CYP1A1 mRNA in either
NHEKSs (Fig. 1E and 1F) or SEB-1 cells (Fig. 1G
and 1H) ; however, they enhanced FICZ treat-
ment-induced up-regulation of CYPIAl mRNA
(Fig. 1A-H). From western blot analysis, we
observed up-regulation of CYP1Al protein in
NHEKs (Fig. 11, 1], 1K, and 1L), but not in SEB-1
cells (data not shown).

Our previous clinical research on acneiform

eruption, during EGFRI treatment, had shown
sebum production of the skin to be subsequently
enhanced after the initiation of EGFRI treat-
ment'®. Therefore, we hypothesized that AHR
activation, induced by EGFRI treatment, is
involved in the increase of sebum production. To
test this, we examined whether EGFRI treatment
increased sebum production, which was enhanced
by FICZ treatment in SEB-1 cells. Sebum
production in the cytoplasm of SEB-1 cells was
evaluated using BODIPY staining. Gefitinib treat-
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Fig 2. Gefitinib treatment enhanced the sebum production induced by FICZ treatment in SEB-1 cells, which was

dependent on AHR.

(A-H) Either control siRNA- or AHR siRNA-transfected SEB-1 cells were treated with FICZ (100 nM) in presence of
gefitinib (1.25 pg/ml) for 24 h. Sebum production was evaluated by BODIPY staining (Green). (A and E) control ; (B and F)
Gefitinib ; (C and G) FICZ ; (D and H) Gefitinib plus FICZ. Data are representative of experiments repeated thrice with

similar results. The scale bar (in A) is 25 gm.

ment increased sebum production, which was
further enhanced by FICZ treatment (Fig. 2C and
2D). To determine whether the increase of sebum
production is dependent on AHR, we knocked
down the expression of AHR (siRNA AHR) using
siRNA transfection. Knockdown of AHR inhibited
the sebum production induced by gefitinib-plus-
FICZ treatment (Fig. 2H), thus indicating that
EGFRI treatment increased sebum production via
AHR activation in SEB-1 cells. Knockdown of
AHR was previously confirmed by gRT-PCR
analysis12> .

To examine whether EGFRI treatment induces
AHR activation in vivo, we administered gefitinib
to C57BL/6 mice and applied FICZ topically on
the abdomen, as described in a previous report15>.
gRT-PCR analysis of the abdomen skin revealed
the induced up-regulation of CYPIA1l mRNA
levels by topical application of FICZ, which was
enhanced by gefitinib treatment (Fig. 3), implying
a possibility that gefitinib enhances AHR activa-

tion in Vivo.

Discussion

In the current study, we have shown for the
first time that EGFRI treatment induces AHR
activation in human keratinocytes and sebocytes.
Our results suggest that the EGFRI treatment-in-
duced AHR activation in NHEKs may lead to
follicular and epidermal keratinocyte differentia-
tion, contributing to the development of acneiform
eruption. Considering the fact that FICZ is a
photo—product generated from tryptophanl6>,
ultra violet irradiation such as sunlight-exposure
might possibly worsen the acneiform eruption
caused by EGFRI ; hence, proper protection from
sun light may be useful during the treatment of
acneiform eruption.

Our clinical research on sebum production in
EGFRI treatment-induced acneiform eruption
has shown EGFRI treatment to increase sebum
production14>, which is consistent with the finding
of EGFRI inducing sebum production in SEB-1
cells. In addition, FICZ treatment enhanced
EGFRI-induced sebum production, suggesting
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Fig. 3 Gefitinib treatment enhanced the up-regulation of
CYPIAl mRNA in the epidermis induced by topical
application of FICZ in vivo.

Gefitinib (50 mg/kg) was administered to C57BL/6 mice by oral

gavage (200 ul per mouse). On day 0, the abdomen of each mouse was

shaved and DMSO or gefitinib was administered. On day 1, 1 uM of

FICZ, dissolved in DMSO, was applied to the abdomen topically (20

I/mouse) ; 6 h later, the abdomen skin was collected to analyze mRNA

levels, using qRT-PCR. The epidermis was separated from the dermis

and mRNA was extracted from the epidermis. Data are expressed as
mean = S.E. M. ;n = 5 for each group. Statistical differences between
the expression in control and treated-groups are presented ; *P <
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2 s
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that AHR activation by FICZ is one of the triggers
toward the development of acneiform eruption.
These data suggest that antagonists against AHR,
such as CH223191, may be promising agents in the
treatment of EGFRI-induced acneiform eruption
in SEB-1 cells. The mechanism by which AHR
activation increases sebum production is not yet
clear. Considering the facts that PPAR-7 express-
lon is a key determinant of sebum production in

17), EGFRI treatment up-reg-

sebaceous glands
ulates PPAR-7 expression'®, and TCDD treat-
ment Increases adipocyte differentiation along
with PPAR-7 up—regulationw), there is a possibil-
ity that up-regulation of PPAR-7y via AHR
activation may mediate EGFRI treatment-induc-
ed sebum production ; however, further studies
would be required to reveal the vital relationship
between AHR and PPAR-7 in sebum production.
Finally, in—vivo study using gefitinib showed
that gefitinib treatment enhances FICZ-induced
up-regulation of CYP1IA1l mRNA, thereby sug-
gesting a possibility that EGFRI treatment
activates the AHR-Nrf2 axis in the epidermis in
vivo. Taken together, we have demonstrated that
activation of AHR, induced by EGFRI treatment,
in human keratinocytes and sebocytes, may
partially explain the mechanism by which EGFRI
treatment results in acneiform eruption.

Materials & Methods

Reagents and antibodies

Gefitinib from Cayman Chemical (Ann Arbor,
MI) and FICZ from Enzo Life Sciences (Exeter,
United Kingdom) were dissolved in DMSO (St.
Louis, MO) and stored at —30C until further use.
Anti-EGFR-Ab was purchased from Merck
Millipore (Darmstadt, Germany).

Anti-human CYP1Al mouse monoclonal IgG
antibody (ab79819) from Abcam (Cambridge, UK)
and anti-human B-actin mouse monoclonal IgG
antibody (#3700) from Cell Signaling Technology
(Danvers, MA) were utilized in western blot

analysis.

Cell culture and treatments

NHEKSs, obtained from Clonetics-BioWhittaker
(San Diego, CA), were grown in culture dishes at
37C in 5% CO,. They were cultured in serum-
free KC growth medium (Lonza, Walkersville,
MD) supplemented with bovine pituitary extract,
recombinant epidermal growth factor, insulin,
hydrocortisone, transferrin, and epinephrine.
Culture medium was replaced every 2 days.

SEB-1 cells, kindly gifted by Dr. Diane
Thiboutotzm, were grown to confluence in all
experiments and cultured in Dulbecco’s Modified
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Eagle’'s Medium (DMEM) supplemented with 5.5
mM glucose (Sigma-Aldrich, St. Louis, MO)/
Ham's F-12 (Sigma-Aldrich) in 3 : 1 ratio, 2.5%
fetal bovine serum (Japan Bioserum Co. Ltd,
Hiroshima, Japan), 1.8x10™* M adenine (Sigma-
Aldrich), 0.4p¢g/ml hydrocortisone (Sigma-Ald-
rich), 10 ng/m ; insulin (Sigma-Aldrich), 3 ng/ml
epidermal growth factor (PeproTech, Rocky Hill,
NJ), and 1.2 x10-10 M cholera toxin (Wako Pure
Chemical Industries Ltd., Osaka, Japan).

NHEKs or SEB-1 cells (1 X 10°) were seeded in
24-well culture plates, allowed to attach for 24 h,
and subsequently treated with or without DMSO,
gefitinib, anti-EGFR-Ab, and FICZ.

Confocal laser scanning microscopy of sebum
production using BODIPY staining

SEB-1 cells (2.5 % 10°), cultured on 35-mm dish,
were treated with or without DMSO, gefitinib,
anti-EGFR-Ab, and FICZ for 24 h, and washed in
phosphate-buffered saline. Sebum staining using
BODIPY (Cosmo Bio Co., Ltd., Tokyo, Japan) was
performed according to the manufacture’s pro-
tocol (Adipocyte Fluorescent Staining Kit). All
samples were analyzed using a D-Eclipse laser
scanning confocal microscope (Nikon, Tokyo,
Japan).

Quantitative reverse transcription (QRT)-PCR
analysis

Total RNA was extracted using the RNeasy™
Mini kit (Qiagen, Courtaboeuf, France). Reverse
transcription was performed using PrimeScript™
RT reagent kit (TaKaRa Bio, Otsu, Japan).
gRT-PCR was performed on a CFX Connect™
Real-time System (Bio-Rad, Hercules, CA) using
SYBR®™ Premix Ex Taq (TaKaRa Bio). Amplifica-
tion was initiated at 95C for 30 s, followed by 40
cycles of gRT-PCR at 95C for 5 s and 60C for 20
s. mRNA expression was measured in triplicate
and normalized to that of B-actin. Primer
sequences from TaKaRa Bio and SABiosciences
(Frederick, MD) are shown below :
B-actin :

G. Tsuji et al.

Forward 5-ATTGCCGACAGGATGCAGA-3 ;
Reverse 5-GAGTACTTGCGCTCAGGAGGA-3
The sequence of the CYPL1Al primers (PPH
01271E) was not opened.

Western blotting

Cells were incubated in lysis buffer for 5 min
(Complete lysis M ; Roche Diagnostics, Basel,
Switzerland). Protein concentration of the lysate
was measured using a BCA Protein Assay Kit
(Thermo Scientific, Rockford, IL). Equal amounts
of protein (20 ug) were dissolved in NuPage LDS
sample buffer (Invitrogen) in presence of 10%
sample reducing agent (Invitrogen). The lysates
were boiled at 70C for 10 min and then loaded and
run on NuPage 4 % ~12% Bis-Tris gels (Invit-
rogen) at 200 V for 60 min. The proteins were then
transferred on to polyvinylidene difluoride mem-
branes (Invitrogen) and blocked in Western-
Breeze Blocker/Diluent (Invitrogen). The mem-
branes were then probed with anti-CYP1A1l and
anti-f-actin antibody overnight at 4C. Anti-
mouse horseradish peroxidase-conjugated IgG
antibody (Cell signaling) was used as a secondary
antibody. Visualization of protein bands was
accomplished using SuperSignal West Pico PLUS
Chemiluminescent Substrate (Thermo Scientific)
by ChemiDoc Touch Imaging System (Bio-Rad).

Transfection of siRNAs against AHR

siRNAs against AHR (AHR siRNA, s1200), as
well as those with a scrambled sequence that
would not lead to specific degradation of any
cellular message (control siRNA), were purchased
from Ambion (Austin, TX). NHEKs or SEB-1
cells, cultured in 24-well plates, were incubated
for 48 h in 0.5 ml of culture medium, along with 5
nM siRNA and 3 ul of HiPerFect Transfection
Reagent (Qiagen).

Animal experiment procedure

C57BL/6 mice were obtained from the Kyushu
University Institute’s Animal Production Prog-
ram (Fukuoka, Japan), housed in a clean facility,
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and bred and used in accordance with institutional
guidelines. A total of 10 mg of gefitinib was first
dissolved in 160 pl of DMSO and diluted with 1440
ul of sterile olive oil. Gefitinib was administered to
mice by means of oral gavage (200 ul/mouse). On
day 0, the abdomen of each mouse was shaved and
DMSO or gefitinib was administered to the mice.
On day 1, 1 uM of FICZ, dissolved in DMSO, was
topically applied on the abdomen (20 ¢l/mouse).
6h later, skin sample was collected to analyze
mRNA levels using qRT-PCR.

The skin was floated with dermal side down
and incubated with 3.8% ammonium thiocyanate
for 30 min. The epidermis was separated from the
dermis and mRNA extraction from the epidermis
was performed immediately after, using TRIzol
(Invitrogen), according to the manufacture’'s
protocol.

Statistical analysis

Unpaired Student’s t—test or one-way analysis
of variance was used to analyze the results. A
p-value of <0.05 was considered to indicate a
statistically significant difference. All data are
presented as mean = S. E. M. ; n = 3 for three

independent experiments.
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The effect of 2,3,7,8-Tetrafluorodibenzo-p-dioxin
on Dioxin Toxicity

Tomoki Takepa, Masaya Hrromr, Hideyuki Yamapa and Yuji Isun

Laboratory of Molecular Life Sciences, Graduate School of Pharmaceutical Sciences,
Kyushu University

Abstract

Maternal exposure to dioxin produces a number of developmental toxicity, such as growth
retardation and defects in sexual dimorphic behaviors in offspring. Our previous studies have found
that the toxic effects induced by 2,3,7,8-tetrachlorodibenzo—p-dioxin (TCDD), a highly toxic
congener of dioxins, are due to a reduction in the pituitary expression of growth hormone (GH) and
luteinizing hormone (LH) during the fetal period, via activation of the aryl hydrocarbon receptor (AHR).
In this study, we examined whether 2,3,7,8-tetrafluorodibenzo-p-dioxin (TFDD), the analog of
TCDD in which chlorine atoms are replaced with fluorine atoms, can antagonize dioxin toxicity. In
T47D cells, TCDD (0.5 nM) dramatically increased the activity and expression of cytochrome P450
1A1 (CYP1AL), a representative gene induced by AHR activation. However, TFDD co-treatment
suppressed the induction in a dose-dependent manner. Its median effective dose (EDso) was estimated
as 45.9 nM. In contrast, although exposing 1 pg/kg TCDD to pregnant rats attenuated the expression
of LHB and GH mRNA and induced the expression of CYP1A1 mRNA in the male fetal pituitary, daily
oral administration of TEDD (1 mg/kg/day) to the TCDD-exposed dams did not have any suppressive
effects. These results suggest that maternal treatment with TFDD, even at 1,000 times the dose of
TCDD, cannot block dioxin—produced developmental toxicity in fetuses.

Key words : dioxin, fetus, pituitary, 2,3,7,8-tetrafluorodibenzo-p-dioxin (TFDD), Ah-receptor (AHR)
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1. EEA#

TFDD (purity : > 99%) (&, Mkl L3RS
HIZEELLCAR L b5 HA LY. Corn
oil 1X, MOFHASHOHWRMmAEFH L2 it
7 v b CYPIAL PufRIELHFZEEIC BV TAERK S
n72b o, BXUOPL f-actin HufkE Biovision Fk:
OB mZEEALTHEH L. 2oftoaEE L,
FEEICHE L -MEO L0 EMH L7z, TFDD i,
100 g TFDD/mL acetone & & L CTHEH £ T
“30C IZRFF L 72 G122 corn oil &
ML7z05, EF T AESIZT acetone X H % L
7z.

&

2. ipaiEE

v FELDAMIIERRTH B T47D Mifigid, 48 %
7L — MIZHEFE L, Dulbecco's modified eagle
medium (10%“FIGRIMEEH) H12T37C, 5%
CO &M FTHE#EL., 7L— MNEERANOHMIE
D &R L7-0L, TCDD (0.5nM, 0.5%
DMSO (2 CTHEfE) 2N L 755 /2@ L T8
A MAE L /2. TCDD ALFE 1 BRRI#2, TFDD
(10*nM~10"nM, 0.5% DMSO V&%) % 55
FICRINL TEH I 23 Bl EZRIT -0 b,
M2 FN L7z, %8, sHHEEE 0.5% DMSO

e
T
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AL L CHEEBRICEZE L7 BEZOMIIE,
50 mM Tris—HCLIZTH&& L, LITFOFEERICHE L
7z.

3. CYP1A1 EMHAIE

T47D #2125 5 CYPIAL {&HEE, IR
I2HEvy, T-ethoxyresorufin @ O-fit. 7 )V 3 WAL
Je 2 & AU 5 resorufin O HGHRE % HIET 5
LA DEMLA (Y 544 nm s Ml
590 nm). HENIAMRIR D ¥ > 287 Bk L, Low-
ry TP ICTER LA BUSICHVA Y V87 8
w8 L OSRHIE, &50 LoRMEHETICL -
THEL, S0 ug BL U2 W & L7z,

4. CYPIA1 2 /N EHH

TA47D MifuEfm P o CYPIAL OFME X, 1
A 70y MEICL S THENFLEY. F 7
loading control & L CB-actin ® % > /37 & % [A]
RploBet L7z, BESKENIC W 7o laas i o &
N, 5 pg/lane & L7,

5. ENpEER

KWFFEC BT B FEERIL, JUIN RSB S 5R
ZEHRIC X 2 EBETHOKE 72 L THERMB L
7z. Wistar &7 v Mi&, SRS & 0 A
L7z, WD T v N & —BpagBl L, FEIENICHE
TR I N4, FOH %R (gestational
day ; GD) O HH & L7-. GD1512, TCDD (1 p
g/kg/2 mL Corn oil) % H.IAHEHG- L7z, xR
#121E, Corn ol DA % ¥ 5- L 72. GD16 2° 5
GD19 OBk LC, —H—[[ TFDD (1 mg/
kg/day/2 mL Corn oil) & %\ Corn oil % #FI1
B5 L0t GD20 OMERRIE & 0 T A% R
L7z,

6. U7ILZ4LRT-PCR %

RNeasy kit (QIAGEN #t) (2 CHEEM MK X
) total RNA # i L 72® %, PrimeScript RT
reagent kit with gDNA Eraser (% /1 751 +%1)
VT cDNA 24K LY. Shaghme L,
Fast SYBR Green Master Mix (Thermo-Fisher
Scientific f) #HWTHR S > /37 H® mRNA
UL ZHEN L7, ¥ —7 v F mRNA Ok
MZSHEL, #NENOEET D threshold cycle
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Fig. 1 Effect of TFDD on the TCDD-produced induction of the expression (A) and activity
(B) of CYP1ALI protein and the constitutive activity of CYP1A1 (C) in T47D cells. (A)
The level of CYP1A1 protein was determined by immunoblotting. (B and C) The CYP1A1
activity was analyzed by an ethoxyresorufin-O-deethylase assay. Bars are the means +

S.EM. of 4 cultures.

(Ct) fili% B-actinmRNA @ Ct i CHIEL72D b,

control |Zxf 3 2 &4 & L CTAT L 72.
& =

TFDD 25fif L NV T A F F 2 KR 72
AHR IEHEALICH L CHIBUEH 2 7R 30 & 2 % B
ST sz0, RFEMR AHR EAEETTH S
CYPIAL ® % ¥ 37 E3H 5 & IR TE %
/L L THET 21T o 72, MEtoki %, T47D #
fa~ 0.5 nM @ TCDD JL# i X 5 CYPIAL %
Yoy BEEB L O NCEEREEOFHEX, TFDD
B & =T 100 nM PLE T AR A L H0 )
SN EMAEE SN/ (Fig 1A and B). A
&Y, TCDD KR 7% CYPLAL {MEFEEC
xf9 % TFDD @ 50% HEE AL, 45.9 £ 3.1
nM & E &N/, —F, TFDD B T ik
CYPIALl O FEBEMEMEICREB IS 2 b o7
(Fig. 1C).

IR o TCDD BEFE I X 2 RIE DK IV E K
DTSR $2 TFDD O/ME 2 HEE L 72, £
OFEF, GD15 OIART v h~® TCDD Hi[al#E ]
52 & o THER RN TR D GH 72 & NI
LHB mRNAZHUIM T v LK F @M %R L 72
7%, TSR LT TEDD #FHIC X 2 Bsh F
RSN e h o7 (Fig 2). 512, TFDD ®
BE L TCDD #4717 CYP1A1l mRNA 5317

(66)

BICH L CHREr RS holz (Fig 2). Mz
T, A#EITIE TCDD @A AAFIRIERE A=
WA &5 & 2R L7225, TFDD O ff i
S L CHEE L h o7 (Tablel). %8B,
TCDD B L O TFDD (&, RIS E, HilkE=2
LRI AERE LR ELYS 2 ol
(Table 1).

Z =

AWMFETIEE I, AHRZBBE LI A+ %
YINEMW R R THBIkRTH 5 TATD Ml % Fwv
T, TFDD O ¥ A F F 3 A xbd 2 i H % 1
L7, Zok%E, TFDD (3 LB KA 12
TCDD #&AfF 7% CYPLIAL L )V 0538 % ] 4
HZEMWHEENII o7, X612, £D 50%RH
#®1345.9nM TH Y, TCDD OB L% 90 55 H
BEAET LI LRSI TFDD I, v 7 A
JEREN AN D512 X - T 24 B 2 12 BFlg L X
VAR 1~2% 2 E TR S 5 577,
TCDD 13458 D 10% 12 EE DS I b5+ 519
INOOHAEEEE 2, KW TIREIREAA~D
TCDD #45-m® 1,000 f5 & H=® TFDD * —H
— (Al IAERE %5 L, TCDD O WA 123§
LEEPUER MG L7z, 205, AifsEclwv
G 5EtETICBWTIE, B o GH/LHR
mRNA FEBAET % & O°12 CYP1A1 mRNA F§H
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Control TCDD TCDD
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Cytochrome P450
1A1 (CYP1A1)
60 | %

Control TCDD TCDD
+ TFDD

+ TFDD

Effect of maternal exposure to TCDD and TFDD on the pituitary

expression of mRNAs coding for GH, LHB3, and CYPIAl in male
fetuses at gestational day (GD) 20. Pregnant rats at GD15 were orally
treated with 1 g g/kg TCDD or corn oil and treated with TFDD (1
mg/kg/day) during GD16 and GD19. Bars are the means = S.E.M. of 3
pooled fetal pituitaries, which were removed from different dams.
Significant difference between the pair indicated : *p < 0.05.

Table1 Effects of maternal exposure to TCDD and TFDD on the litter size, sex ratio, and body and placental weight of

fetuses.
Treatment Sex Litter Size Sex ratio Body weight (g) Placental weight % of BW
(% male) (mg)
Control 13.7%0.9 48.6 = 7.0
Male 6.7+1.2 3.83 = 0.11 4838 = 3 12.8 £ 0.3
Female 7.0=1.0 3.62 +=0.14 453 = 2 12.6 £ 0.4
TCDD 11.3+1.2° 52.8 7.4
Male 6.0+1.2 3.74 = 0.10 510 = 18 13.7 0.7
Female 5.3 1.2 3.45 = 0.07 487 = 58 14.1+1.6
TCDD + TFDD 11.7+ 1.3 57.6 = 4.2
Male 6.7+1.2 3.75 +0.22 528 = 15 14.2+0.5
Female 5.0 %0.3 3.57+0.14 471 = 44 13.2+0.8

Each value represents the mean = SEM. of 3 dams. *Significantly different from the control (p < 0.05).

FEOVWTIUIH L TH TFDD 352 &
BT Eehro7z. BEKTERIZ AHR mRNA
FERESSBL AR AR O T T L B VWK EET
B L TH Y, LHB mRNA OB T X AHR
RAFIE S 519 ft> T, ARFFEIC BT Bk
TOME T 100 580 TFDD 12 X » THEPUEH
BRONIFHELEDLETELL L, KIS
&7z TFDD 7%, J&RHEE A CHRPUEM 274
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MU IS o 2B %2 S 5. TFDD O
RN TOMEDH T KGOV 5720, o EALR
H o TFDD LRV EIEREICERT 5 2 L0545k
PETH 5.

5

TCDD B8 = %\ 728k 7 v MIZX L T,
1,000 f=® TFDD % —H—m#E %5 L T b,
TCDD &A1 7% 5 & GH/LH mRNA FEHKL T 12
XL THEITE W LRSI Nz

ARGEO—RI, JEAETH BB AN TR R B 4
(B D% - R AR R 7R FR) GREHE
5 - H24-frdn-1R7E-014 B & OF H27- A dh 4R 0E-
017) 12k -7z
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Hepatic Expression of Selenium Binding Protein (SelenBP) in Female
Mice and Its Inducibility by 2,3,7,8-Tetrachlorodibenzo-p-dioxin :
Study with SelenBP1-Knockout Mice

Yingxia Sonc! *, Keiko Fuynvoro? *, Atsushi Kurose?, Takumi Isama®, Takayuki Koca?,
Ren-shi Li¥’, Tomoki Takepal, Shinji Taxecur®, Hideyuki Yamapal?,
Yoshitaka Ta~aka? and Yuji Isar?

DLaboratory of Molecular Life Sciences, Graduate School of Pharmaceutical Sciences,
Kyushu University
I Division of Pharmaceutical Cell Biology, Graduate School of Pharmaceutical Sciences,
Kyushu University
Y Faculty of Pharmaceutical Sciences, Sojo University
Y Daiichi University of Pharmacy

Abstract

Hepatic expression of selenium binding protein (SelenBP) in female mice and its inducibility by
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was studied using wild-type (WT) C57BL/6] and
SelenBP1-knockout mice. Female WT mice (4 weeks old) received TCDD at the dose of 100 ug/kg (i.
p.). The control group received the vehicle, corn oil. In addition, SelenBP1-KO mice received TCDD at
the same dose as the WT. A control group of SelenBP1-KO mice received the vehicle, corn oil. Five
days after treatment, livers were removed and homogenized. The level of SelenBP in the liver
homogenate was compared between the control and TCDD-treated groups by immunoblotting using
anti-human SelenBP1 antibody as the primary antibody. It has been discovered that there are two
SelenBP isoforms in mice, SelenBP1 and SelenBP2. The antibody used was expected to recognize both
SelenBP1 and SelenBP2 in mice. The level of SelenBP in the livers of female SelenBP1-KO mice was
far lower than those in WT mice. In addition, the level of SelenBP in WT mice was induced to
approximately 5 times by TCDD treatment while there was no substantial increase in SelenBP level in
SelenBP1-KO mice. Therefore, SelenBP1 is constitutively expressed as the predominant SelenBP
isoform in the liver of female WT mice whereas the level of SelenBP2 remains low. In addition, the
SelenBP2 is barely induced in the liver of female mice by TCDD. These results suggest that the

*Equally contributed to this work.
Corresponding author : Yuji Isum

Graduate School of Pharmaceutical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan
Tel : + 81-92-642-6586 E-mail : ishii@phar kyushu-u.ac.jp
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induction of hepatic SelenBP at the protein level in female mice by TCDD is mainly due to the

induction of SelenBP1.

Key words : SelenBP1, dioxin, selenium, TCDD, knockout mouse
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FAFFT VI, HRBE, RIEIIH], RS,

BWATOE=Y a MRS SREHEETTIE
B2V, 25130 AT AEES
5 FEERAKFEZEAR (AhR) OFEMLE#E L
THERT L EZZONTWEY. [HHALL 7
AhR 13T AhR nuclear translocator & ~7 1
A< =% L, B4 GEET ERICEEST S
J & v AR [xenobiotic responsive ele-
ment (XRE)] IZ#EAETH I ETENL DELT
KBELEBEEDL I ENMONTNEY . ¥4+
FUUVHICEINVEHTLIENHE SN TV E
ZF13 300 DL B2 12503, L o#(ETF
N mEREBUCEE TH 5 ONIERZE 55 128
STV,
MHETIE, FA4+-F L v HO—-FTH S
3,3,4,4'5-pentachlorobiphenyl (PCB126), X
WL BT H R b7k 3 @ 3-methylcholanthlene
(3MC) »HET v MO L v aEaty v 8y
4 (SelenBP1) mRNA B X U'% ¥ /87 E5H %
BEEICHFET LI 2BMICHELTWEY T,
=77, %7 AIEHEEOE W 2 1D SelenBP
isoform, SelenBP1 3 X 0¥ SelenBP2 25 5 & ¥
HENTWEYY . UEETIE, &5, YT A%
HWW72mf7e12 X 0, BFli& SelenBP1 @5 121X
AhR IEVALDSE D B & & 222 X L 7210,
DY, FA XY X HEMREBICIE, ARR
BHOL R EZRTEEZ LN TS, o
T, SelenBP1 57 AhR il LZ vd 5 &)
HEWR, RFEPTA T 52 VHEEBICES T
LU[HEVEZ RIRS 4. 22T, SelenBPl OiFfiE
EXAF XL VL OMEEEZHLNIIT A
%HYEL, SelenBP1 /v 2 7w (KO) %%
2 & EH L 7219 SelenBP1-KO 3 X OB~
TAZNENIRBY A4 F2 0 Th5H2,3,7,8
tetrachlorodibenzo-p-dioxin (TCDD) % WLELL ,
SUHEEBHRR BT L EI2LD,
SelenBP1 #FEN Y A F % ¥ I G-3 5 0
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LhEMET L7, ZOHE BHEOS A+ X
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ML ADOERITH LT, W~ A THREIZEN
DR EN oY, ZOZEnb, F¥4+F
¥ V12X % SelenBP1 iz, A%l L d Eido
BRI LTRAEY, o oZBUIZES- L
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WY AT F T VHEEITEIT 5 720 OB IR E
THAH7% 5, SelenBPl OREIFFH M HRE 72
LERITIUI R B, L L, Fx DOATIIE
TIEINLEBRI NG o722 L5, SelenBP1
DFBIETA A X2 U EMEORFIZ b kv 2
LAVRIBE N HL, Zo%THIROREE
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B/BICEG L wEkEwmoOUT A2 IdTE R
VL FRUE, TR TR, S EE VT o
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mRNA LX)V TOFNT 2170720 DD, 44/
Ty T A I K BFEBEE L TIIHARTES
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T REL 5 V7 B L)V TIREHE L T
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Biotechnology #t, T B-actin ifkid Sigma-Ald-
rich #t 3 X 0" Biovision #, Enhanced chemilu-
minescence (ECL) H @ Horseradish Peroxidase
T RPUIRIE GE Healthcare #1, ECL FO#E
Clarity™ Western ECL Substrate (& H A& /N1 %+
Zv FOTRMEBA L THEH L. 2o
L, EBRICELZMEOLOXZMHHL 2.
TCDD &, 100 #g TCDD/mL acetone & & L T
fEH £ T-30CIZRFF L7z, #GREIZLEEE corn
oll LIRFAIL7z0L, BEFH AMESIZ T acetone %
ML

2. EVEER

KWFZEIZ BT 2 B FEERIE, JUNKFEI B
ZERB LB THRZ EBREZETERICLS
EBRETEH O KRB A2 72 L THEMBL -
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IV UPHEINIZIVETERFYA TV
MHPE#EIZ T (Neo) LEHRT DI EIZIDERL
2bDTHY, BITHOPEE, BERICHE-> T

1757210, AR C57BL/6] ~ ™ Alk, HAZ L
TEIOEALL 480 FERE B X USelen

BP1-KO W~ 2|2 TCDD % 100 pg/kg/5
mL O H &= THEEENT S L7z IS,
corn oil #¥¢5- L7z, %55 HIR ISR 2t L
WAERHTHAR, FHET-80CIZTREL
720 ChEmEL, FEEO3IBEED 1.15%
KCIHTHREYF A X %47\, i E T80T
THRELZ. F72, 5 BEOBHEREB X UFSelen
BP1-KO Mt~ A» Stz L, fHF T
BOCIZTRFEL7:. HWEED 3HBAED 0.25 M
A 70— AR THREYF A XA %47\, 9,000xg,
20 43 E T C, ZOEEE SO L LT
T-8CICTHRELZ. FEVA—-IFBLVI9

DF vy EEEE, Lowry BV ICTER LT

3. SelenBP %> /N B3

~ 7 AfFE O SelenBP 3 =X, 14/ 7
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5 Wi~ 7 2 JFIEIZ 3BT 5 SelenBP D5EH &
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WSy FEBIB L $72, SEVA— MU
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Y ROMENE L ko7 (Fig 1A). F7-,
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~NViE, TCDDIZ & D5 RBEICFHFE S N/25,
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™ A & SelenBP1- KO <7 A % FULFE B R < H
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3, SelenBP 3B AR O 60%FEH L T w7z
(Fig. 2). N B 5 Y872 LX)V TORNTN S,
SelenBP1-KO Jft~ 7 Z121%, SelenBP2 25& L «X
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WEEWEE Z b7z, —T, BERINEGTIZB W
T, W~ AR O E 27 SelenBP 13 SelenBP1
TH Y, SelenBP2 DFEH L ~N)VidFE L {fHw &
ZzZbii, 72, M~ A D SelenBP2 1
TCDD IZ X B FER 1T A LT3, TCDD I
L2587 LNV TO SelenBP O RF#EIE E
|2 SelenBP1 OFFEIZL 2 Z LSS R o 72,
SelenBP2 &, HEAKNTOJFTEIL SelenBP1 & %1
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Fig.1 Comparison of the hepatic expression level of
SelenBP between female C57BL and SelenBP1-
KO mice and its inducibility by TCDD. (A) The
levels of SelenBP protein and B-actin were deter-
mined by immunoblotting in 5-week-old female
wild-type (WT) C57BL/6] and SelenBP1-KO mice.
The levels of SelenBP in the liver homogenate was
normalized to that of B -actin. Protein amounts
subjected for SelenBP and f3-actin were 10 and 154
g/lane, respectively. Bars are the means + SE. of 5
mice. One of the representative data is shown. (B)
The effect of TCDD treatment on the levels of
SelenBP protein and B-actin was determined by
immunoblotting. Female WT and SelenBP1-KO
mice (4 weeks old) were treated with TCDD (100 g
g/kg, 1.p.) and the livers were removed five days
after treatment (5 weeks old). The level of SelenBP
in the liver homogenate was normalized to that of 3
—actin. Protein amounts subjected for SelenBP and 3
-actin were 10 and 15 pg/lane, respectively. Bars
are the means * S E. of 3 mice. Significant
difference from the untreated group : *p < 0.05.
One of the representative data is shown.
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Fig. 2 Comparison of the hepatic
expression level of SelenBP
between male C57BL and Selen
BP1-KO mice. A) immunoblot
analyses of the liver S9 fraction
of male WT and SelenBP1-KO
mice (5 weeks old) with anti-hu-
man SelenBP1 and anti-S-actin
are shown. B) the level of
SelenBP was determined and
normalized to that of B -actin.
Protein amount subjected was
10 ng/lane. Bars are the means
+ SE. of 5 mice.
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