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1#$�

11:15~12:15 8'C^��§p�¤��o� ±Íθƞ 

 

 

1Ȳ˳ 12Ɇ 7ȲяɊѐ 
 

 

12:40~12:50 ВÍAȑȍ 

  ˂κŚÄ� я̝ʗƃƕ� ĤƕĤ˧̮ѐ 

 

 

"5/:� �я˪Α 12Ĉ2ωˢǭ̞ 3Ĉѐ 

12:50~14:20� ǒА � ǇЀЭľϹяŤ̗˔Ź˽̔Ȁ� ˔Ź�rh¦èǓ˽̔t¤w§ѐ 

� «˘ǓÊ� яȲɌƃƕ� ΆƕϺѐ 

 

I - 1 q�y �̳ğłˈ?RU�~l¤��\̻ϏA\�~§prέ˪ɴɭ?8 : 

○«˘ǓÊ 1, ьʸ͵à 1,2, Ę·Ɣ¨ 1, ˝ ȷƦ 3, Ʋ±è© 1 
1ȲɌƃƕΆƕϺ, 2ηΝǌ̊ƕȓə˽̔Ȁ, 3ĦͿ̊ƕƃƕĭɴ̠˓ƕϺ 

 

I - 2 �_r̻͚˱C'Ь?RUɇɴ�̳ğłˈ Dimethylarsinic acidA 

˪%Zǰ#RE2AɴǏ 

○·ƴɷř, цʅ, ƆЀхΕ, ˂˘χɶ, ɤ\¤�, ƃ˼Εŀ, щʫ͵ɴ 

ƃЖƿ̗ƃƕƃƕМ� Ĥƕ˽̔̊� ĈƑˤ˓ 

 

I - 3 Thio-DMAV?RUĈΓɉ΂̑Õ˗?ƥLUi wyc¤AǞа 

○ĠĘÊƑ, Ͽ˞ƀʣ, ДĻġ, ƲɌȴ͊, ЃɊà͵ 

ǁÃƃƕΆƕϺ 

 

I - 4 Ͻʁ#RE�~ƑƟе˨˙ɑ HeLa̶͜?#(UÀ�Ͼ?RU 

�¤~§r�¤Ͼ̻ϏДϧϴÎƑAϓāȅĎɴɭ 

○хɳě 1,2ђ˘±Εž 1ђ±Ѐʀ 1ђыŲȵ 2ђʈʓ̘ 2ђ·İʙ´ 1 

1ɒÃΆ̊ƃƕΆƕϺ¦ú΍ΐ˕ƕ, 2ɒĠƃƕƃƕМΆƕ˽̔̊¦˕ÓЗǦΆƕ 

 

I - 5 Ю�}] PMLAĮƑǼ˃?#(Uɴ͝Ρɓ 

○Ɨ˘ƹ˓, ǇЀЭľϹ 

Ť̗˔Ź˽̔Ȁ 
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"5/:� �я˪Α 12Ĉ2ωˢǭ̞ 3Ĉѐ 

 

I - 6 u���]zp��} Aʞ˗?RT˪Λ-4ʂǰAÑ  

Nrf2ʞǰğĒAÀ�ϾʂǰϕʬĚɕ 

○ǀȯФž, ϲ·òÖ, Vu Thanh Nguyen, ƩɔъƽÄ 

̝ʗƃƕĤƕĤ˧̮ 

 

 

0&8/���

14:25~15:05� ǒА � Ʋ±è©� яȲɌƃƕ� ΆƕϺѐ 

Regulative role of transcription factor Nrf2 in arsenic-induced human keratinocytes transformation 

Yan AnяMedical College of Soochow Universityѐ 

 

0&8/����

15:05~15:45� ǒА � ϲƲĦȺ� я̝ʗƃƕ� ĤƕĤ˧̮ѐ 

Involvement of adaptive antioxidant response in arsenic-induced pancreatic β-cell dysfunction and 

insulin resistance 

Pi JingboяChina Medical Universityѐ 

 

 

��� �����B*���	-+

�9)�я˪Αωˢǭ̞ň 20Ĉѐ 
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 ˂κŚÄ� я̝ʗƃƕ� ĤƕĤ˧̮ѐ 
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ɒĠƃƕƃƕМΆƕ˽̔̊ 

 

2 \¤y�¤#RE|  ňɇ�^��z�ĈƑA̶͜ʂǰ< 

�^cc e��w�hr˽̔GAʞ˗ 

○ЌĂ� čǉ 

ɒÃ˓̊ƃƕΆƕϺ˔ŹèǓƕ˽̔ƞ 

 

3 �^ct¡¤ğłˈAj�d �w¢�hr 

○ЃɊ̯Ύ2ƩɧǓö 

ĦͿƃƕƃƕМΆƕ˽̔М 



�¢i�� 

 8 

 

4 ȥƧö Ẍ́ĈɓYč˗-4�̳#REϿЂưйAɨˈþĜǸΡɓ 

○áäȷƑ 

ɒÃЪɴƃƕƻƕϺ 

 

5 ɜþĺơÓYÆ-4ɇɴrsğłˈA˕ÓǞа 

○±Ι� đ 

ƳЕΆ̊ƃƕ� ΐ˕ƕ˽̔ƞ 

 

6 ̓łΤβ 

 

 

 

18:00� I7$� яr�^¤�  Bondѐ 
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іȲ˳ 12Ɇ 8ȲяЂѐ 
 

 

"5/:���я˪Α 12Ĉ2ωˢǭ̞ 3Ĉѐ 

9:00~10:15� ǒА Πƃǲ � яǩƶȪ˓ƃƕѐ 

Й͸ŔϹ я˂Ɍ˶̗ƃƕ� ˔Źû˕ƕϺѐ 

 

II - 1 ICP-MS?RU�̳ğłˈĈɓA4NAd��̺LϚLŭ���^o§В˪ 

○Ɵ«Ȓ¨ 1, хʍ̈ 2, ·¿̷¨Ϲ 1, хʝ̘Ƒ 1, ɣɎ˺¶ 2, ̏Ůő© 1 
1Ť̗˽̔В˪ʖÄ˖ɪȃΏ̓ł˽̔Ȁ, 2ɒÃΆ̊ƃƕ 

 

II - 2 ɰȢ˭ʤğ˔Ź?#(U\ t�p�e§328AğƕǜǸſğ 

○ƃĵ̆ϗ 1, АκƹɠƑ 1, ˝ȷƦ 1, Ʋ±è© 2, ŧ·Ňľ 3, ·κ˫ 1 
1ĦͿ̊ƕƃƕƃƕМĭɴ̠˓ƕ˽̔̊, 2ȲɌƃƕΆƕϺ,  
3±ʼЗƃЖęïΐ˕̓łt¤w§ 

 

II - 3 ��¤�§?#(Uū«ʇ�̳ʌɗAƝǸ 

○Й͸ŔϹ 1, Ɏª˓ÖƑ 1, ɊɎ˴˫ 1, ƃɃϵ 1, þƲǉƑ 1, ±˘ȿǝ 2, Nyunt Phay3 
ѕ˂Ɍ˶̗ƃƕ¦˔Źû˕ƕϺ, 2˂Ɍƃƕ¦˓ƕϺ, 3Pathein University 

 

II - 4 Ό̠þ˯̶͜AЂưʂǰYϕʬLU���¤̀Ͼ�¢|ci�d¤ĈƑ̎ 

○Ń˘ȹƑђкΛъÛђЌĂčǉ 

ɒ˓ƃ¦Ά 

 

II - 5 ˍ̥±̓�̳¦d��_�ʹǑ?ƥLUć̐ďǢ 3ϨГAʇ̠˓AϨГƢ­ˎ 

○ǿªőɲ 1, ©ʡǺ΃ 2, ʈ˘ã 1 
1ϙ˽ɴɭɒĠϙ˽, 2ȲɌŨŽĨÍ 

 

 

0&8/�����

10:20~11:00� ǒА � ЃɊ̯Ύ� яĦͿƃƕƃƕМ� Άƕ˽̔Мѐ 

The role of zinc finger motifs in induction of nucleoplasmic PML toward nuclear matrix by arsenic 

trioxide 

Narenmandula HuaяZhejiang Universityѐ 
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"5/:����я˪Α 12Ĉ2ωˢǭ̞ 3Ĉѐ 

11:10~12:25� ǒА � ьƵσͱ яŤ̗˽̔В˪ʖÄ˖ɪȃΏ̓ł˽̔Ȁѐ 

� Ʃɔǘ˕ яŤ̗˔Ź˽̔Ȁ� ˔Ź�rh¦èǓ˽̔t¤w§ѐ 

  

III - 1 �¤m ˖uc�^~Ağƕãо?RU�̳#REϿЂưAŉ˸НĲ 

○ŷ˰Ǘ¨Ϲ 1, � m �§ �¤��~ 2, ��¤q� e  cy¢��i 2 
1ƟƷƃƕƻƕȦ͖˽̔Ϻ, 2�¤m Ť̗ƃƕƻƕџǭ˗̊ƕ 

 

III - 2 ʇ̏ɝAЄ��§hGA�̳AХ̑<ǜǸ?Єτɍ%#RJLǞа�  

○ƲĻ̯Ƒ 1, ƃäčȷ 12ǝЀƙʝƑ 1, ƲĻǗ 1, ɳɌʛǇ 2, ˇЀ˺´ 1 
1ϙ˽ɴɭ¦ϙɪ˔ŹſĜ˽̔t¤w§, 2ɒÃϙƻƃƕ 

 

III - 3 l�±ʿɴ�̳A̤ȸĈɓ 

○рŶʢŀ 1, ƹƷȽ 2, ЙϺ΅ 1, ͹Ƭ˺Ä 3 
1ϙ˽ɴɭϙɪ˔ŹſĜ˽̔t¤w§, 2ϙ˽ɴɭхǑΡɓt¤w§,  
3ϙ˽ɴɭ±ƅϙɪ˽̔t¤w§ 

 

III - 4 À�ϾYɂЬ-4 MDM2-/-HEK̶͜?#(U PMLA̶͜ɜþĜǸ 

○ǇЀЭľϹ, Ɨ˘ƹ˓, Ʃɔǘ˕, Ę·͂ͽ 

Ť̗˔Ź˽̔Ȁ� ˔Ź�rh¦èǓ˽̔t¤w§�   

 

III - 5 À�Ͼ?RU�y�� f�§̶͜A̶͜УƠǰ?ƥLUȅĎÕ˗AɩΤ�  

○Π ƃǲ, ʝƲīĢ, ƩƹɁƑ, İ˘³͍, ƍЀή¨Ϲ 

ǩƶȪ˓ƃƕΆƕϺ 

 

 
12:25~12:40 ̓Í¦ȔφǕ¦БÍAȑȍ 

  ˂κŚÄ� я̝ʗƃƕ� ĤƕĤ˧̮ѐ 
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Regulative role of transcription factor Nrf2 in arsenic-induced malignant 
transformation of human keratinocytes and bronchial epithelial cells 

 

Yan An 
School of Public Health, Medical College of Soochow University, China 

 

It is well known that long-term exposure of arsenite leads to human skin cancer, but the underlying 

mechanisms of carcinogenesis remain obscure. Transcription factor Nrf2-mediated antioxidant response 

represents a critical cellular defense mechanism, however, emerging data suggest that constitutive activation 

of Nrf2 is associated with cancer development, progression and chemotherapy resistance. However, the role 

and reason of Nrf2 continuous accumulates in cancer cells remains to be fully understood.  

By establishing transformed human keratinocyte (Hacat) cells and bronchial epithelial (HBE) cells via 

chronic arsenite treatment, we showed that, in acquiring this malignant phenotype, continuous low level of 

ROS and sustained enhancement of Nrf2 and its target antioxidant enzyme levels were observed in the 

later-stage of arsenite-induced cell transformation. The downregulation of Keap1 level may be responsible 

for the over-activation of Nrf2 and its target enzymes. 

To validate these observations, firstly, Nrf2 was knocked down in arsenite-transformed Hacat and HBE 

cells by siRNA transfection, and the levels of Nrf2 and its target antioxidant enzymes, ROS, cell proliferation, 

migration and colony formation were determined following these treatments. Results showed that blocked 

Nrf2 expression significantly reduced Nrf2 and its target antioxidant enzyme levels, restored ROS levels, and 

eventually suppressed cell proliferation, migration, and colony formation of the transformed cells. 

Further, we also revealed that hypermethylation of Keap1 gene promoter region induced by DNA 

methyltransferases-3 (DNMT-3) leading to inactivation of its function was responsible for constitutive 

activation of Nrf2 and its target enzymes. 

The expression of Keap1 protein was restored in arsenite-transformed cells by treatment with a DNA 

methyltransferases inhibitor 5-Aza-2’-deoxycytidine (5-Aza-dC), and protein levels of Nrf2 and colony 

formation were then determined after these treatments. Results showed that enhancement of Keap1 

expression by 5-Aza-dC significantly reduced Nrf2 and its target antioxidant enzyme levels, and that in turn 

suppressed cell proliferation and colony formation of the transformed cells. 

Taken together, the results of the study strongly suggested that loss of Keap1 function by 

hypermethylation of its promoter region leading to the continuous activation of Nrf2 and its target 

antioxidant enzymes led to the over-depletion of intracellular ROS levels, which contributed to 

arsenite-induced malignant transformation. 
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�Ǧ ˟ ɸ� 
Name: Yan An  M.D., Ph.D., Prof. 
Positions:  

2008- Professor, Department of Toxicology School of Public Health Medical College of Soochow 
University 

2008-2005 Professor, Department of Radiation Effects, Institute for Radiation Medicine, Shandong 

Academy of Medical Sciences 
2005-1996 Research Assistant Professor, Department of Life Science China Institute for Radiation 

Protection 
Education 

2005� � � PhD, Nihon University College of Pharmacy 

2001     PhD, Jilin University Norman Bethune Medical College 

1996     MS, China Institute for Radiation Protection, 1996 

1993     BMED, Shanxi Medical University, 1993 
Honors and awards 

2011, Third Prize for The study on Carcinogenic Mechanisms of Arsenics- Metabolic methylation of 

arsenic-induced oxidative stress (Science & Technology Advancement Award of Shandong province) 

2009, Poster award for A case-control study on relationship between arsenic in drinking water and skin 

lesions in endemic arsenism area of Shanxi province, China (The 5th International Congress of Asia 

Society of Toxicology�ASIATOX-V�) 

2008, The introduction of a shortage talents of high-level personnel funded projects in Suzhou city 

2008, The 8th Youth of Sciences & Technology award of Shandong province 

2011, The National Outstanding Youth Scientists and Technicians Award for Carcinogenic Mechanisms 

of Arsenics- Metabolic methylation of arsenic-induced oxidative stress (The 2nd Session of National 

Chinese Youth Scholar Science and Technology Forum of Chinese Society of Toxicology�CST�) 

2005, Import of foreign talent in Shandong province (Human Resources and Social Security Department 

of Shandong province) 

2005-2000, Japanese Government (MONBUKAGAKUSHO: MEXT) Scholarship 

2002, The 2nd class award for The Study on Judging Criterion of Public Nuisance Disease (National 

Defense Sciences & Technology Award,) 

2001, Excellent achievement award on Judging Criterion of Public Nuisance Disease (State 

Environmental Protection Administration of China) 

1998, The 3rd class award for The study on The Morphometric Study of 131I-Induced Injury in Rat 

Thyroid (Science & Technology Advancement Award of Ministry of Nucleus Industry of China) 
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Paradoxical roles of CNC-bZIP proteins NRF2 and NRF1 in 
arsenic-induced dysfunction in pancreatic β-cells and adipocytes 

 
Jingqi Fu1, Yongyong Hou1, Peng Xue1, Huihui Wang1, Yuanyuan Xu1, Qiang Zhang2, Jingbo Pi1 

 

1Program of Environmental Toxicology, School of Public Health, China Medical University, 

Shenyang 110122, China 
2Department of Environmental Health, Rollins School of Public Health, Emory University, Atlanta, 

Georgia, 30322, USA 

 

Environmental arsenic exposure is a worldwide public health problem. Chronic exposure to high 

levels of inorganic arsenic (iAs) is associated with many human ailments including cancer, skin 

disorders, vascular diseases and type 2 diabetes (T2D). Nuclear factor E2-related factor 2 (NRF2) and 

NRF1 are CNC-bZIP transcription factors that are master regulators in the cellular adaptive response 

to various stress insults, in particular oxidative stress. Although cytotoxic, reactive oxygen species 

(ROS) also function as important intracellular signaling molecules to activate cellular responses to a 

variety of physiological stimuli, including glucose-stimulated insulin secretion (GSIS) in pancreatic 

β-cells and insulin action in insulin responsive cells. Therefore, we propose that NRF2/1-mediated 

antioxidant response plays paradoxical roles in β-cell function and insulin signaling transduction: (1) It 

protects the cells from oxidative damage and possible cell death, thus minimizing oxidative 

damage-related impairment in insulin secretion and action; (2) Since ROS signaling triggered by 

glucose and insulin could be an important component involved in insulin secretion and action, the 

induction of endogenous antioxidants in the presence of oxidative stress may blunt the signals, 

resulting in reduced GSIS and insulin resistance. iAs and its methylated trivalent metabolites are 

potent oxidative stressors and robustly activate NRF2/1-mediated antioxidant response, but at the 

levels typically observed in human exposures, they are not likely to reach cytotoxic concentrations 

sufficient to cause overt oxidative damage, especially when endogenous antioxidant enzymes can be 

actively induced. Therefore, blockade of ROS signaling in premise 2 is potentially more relevant to 

the etiology of T2D in the context of low-level environmental iAs exposure, whereas premise 1 might 

be associated with protecting cells from acute toxicity induced by high doses of arsenic.  

White adipose tissue (WAT) is an active organ that stores and releases energy, maintains glucose 

homeostasis, and secretes a variety of factors that influence appetite, insulin sensitivity, and 

inflammation. Disturbance of adipogenesis and WAT function is associated with insulin resistance, 

which plays an early pathogenic role in the development of T2D. iAs and its trivalent methylated 

metabolites inhibit adipogenesis and impair WAT function. However, the underlying mechanism 

remains elusive. In our recent studies we found that iAs substantially induces the protein expression of 
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long isoforms of NRF1 (L-NRF1) in a variety of types of cells, including preadipocytes during the 

early stage of adipogenesis. Moreover, L-NRF1 negatively regulates the expression of PPARγ, a 

regulator of terminal adipogenic differentiation and adipose function. In contrast, short isoforms of 

NRF1 (S-NRF1) derived from alternative splicing and/or posttranslational modification play 

fundamental roles in promoting adipogenesis. Phenotypic analysis of fat-specific Nrf1-knockout mice 

showed that NRF1 are essential in the development of WAT. It appears that iAs-induced L-NRF1 

disturbs the normal function of S-NRF1 leading to the effects of arsenic on adipogenesis and insulin 

sensitivity. Our studies highlight the importance of NRF2/1 in pancreatic β-cells and adipocytes and 

provide insight into the effects of iAs exposure on insulin secretion and action and thus the 

mechanism(s) of iAs-induced T2D.   
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The role of zinc finger motifs in induction of nucleoplasmic PML toward 
nuclear matrix by arsenic trioxide 

 

Hua Naranmadura1,2 
1Department of Toxicology, School of Medicine and Public health,  

Zhejiang University 2College of Pharmaceutical Sciences, Zhejiang University,  

Hangzhou, China 

 

Objectives: Arsenic trioxide (As2O3) has recently been become one of the most effective drugs for 

treatment of patient with acute promyelocytic leukemia (APL), and its molecular mechanism was 

largely investigated. Moreover, it has been reported that As2O3 could directly bind to cysteine residues 

of Zinc finger motifs (i.e., replace the Zinc ions) in the RING finger-B Box-Coiled Coil (RBCC) 

domain of PML-RARα (P/R) fusion protein, which results in enhanced SUMOylation/Ubiquitination 

and degradation of PML-RARα fusion protein leading to clinical remission. However, little is known 

about the molecular mechanisms of how arsenic trioxide induced the PML-RARα fusion protein 

degradation. In the current study, we have emphasized the role of Zinc ions in Zinc finger motifs of 

PML protein solubility changes by arsenic exposure. 

Methods: NB4 cells, PML and PML-RARα-transfected HeLa cells were used in the current study. 

Western blotting analysis was used to detect proteins expression. Confocal Laser Scanning 

Microscopy was used to determine the PML-NBs formation and their distributions. HPLC-ICP/MS 

was used to detect intracellular arsenic concentrations. 

Results: When PML or P/R-transfected Hela cells were pretreated with zinc ion chalator, PML 

proteins are unable to shift from soluble to insoluble fraction after exposure to arsenic. Additionally, 

disruption of Zinc finger motifs by site directed mutagenesis resulted in inhibition of PML protein 

solubility changes. These results indicating that the zinc ions as well as integrity of Zinc finger motifs 

may exert vital roles in PML proteins solubility changes. 

Conclusions: Our findings demonstrated that integrity of zinc finger motifs is necessary for PML 

protein degradation by arsenic trioxide. 
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arsenic treatment in patients with acute promyelocytic leukemia (APL), etc. He had applied his 

theoretical and practical knowledge regarding methodology and investigation to practical research 

settings by publishing many selected innovative research results in "Oncotarget", "Toxicological 
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Pharmacology", "Drug Metabolism and Disposition", "Metallomics" along with other inventive 
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�y ʇЇʂǰ˪ˑ?ДXUÊεˈωAńƜ<2Aɴ͝Ρɓ 
ы� Ųȵ 

ɒĠƃƕƃƕМΆƕ˽̔̊ 

 

� �y ʇЇ?RU±ɖ̻̇УƠ?ДXUĈƑɴɭBɋ5ȷS$?>7: > �¨Ȯ2˕

Óþ?B2DNAP RNA2Ήˬω< 74хĈƑAÈ?O2ʃϖ˭ÑĈƑ;�U̫�¤ϾP

\��Ͼ2ɜϾ2ɇɴϾ< 74ˈωOƂ'ňKV: U�˕ÓùÓAï&Y˓ΡLU4N

?B2*VSÑĈƑÊεˈωYΡɓLU*<OǬΚ;�U�Ʌϛ2ǽ�B�y ʇЇYȆ­

-4�_rA͠±;ƓŪЁ%ſĜLUÊεˈωY�w�¢§�Ρɓ?R7:Ρɓ-2��\

�¤A¨̎;�U�~¡p¤A¡� %ɇǶ?ªȶLU*<YΛć-4�K42�y ʇЇ

B͠RTO͔ͫ#REͫ͢±?хʹǑ?΂̑LU?OДXS02�y ʇЇ?RU�~¡p

¤ʹǑªȶB̺͊͠?ˉˡ˭?άNSVU*<OΛć-: U��y ʇЇ?RU�~¡p

¤ʹǑAªȶB�_ṙ̻Ǌ̶͜˙ɑA C17.2̶͜;OάNSV2,S?2ń̶͜?# :

�~¡p¤Aűū±GAʨĘ%�y ʇЇʂǰYϕʬLU*<OȷS$?>74��~¡p

¤łǼϽ̳;�Uc �y¤}d �fp�§uяODCѐAʞǰ%�y ʇЇ?R7:�_

r͠þ#RE C17.2̶͜?# :ªȶLU*<Ôά-: U�¨Ȯ2˕Óþ��\�¤A

ƃħYĬNUr� �q¤#REr� �¤B�~¡p¤$SłǼ,VU*<%˺SV: 

U%2�y ʇЇȆ­?R7:�_r͠þAr� �q¤#REr� �¤A¡� BſĜ

102,S?2*VSA��\�¤Yűū?ʨĘ-:O�y ʇЇʂǰAϕʬÕ˗BάNS

V>$74�*VK;�~¡p¤B��\�¤łǼ̮?#(U±ГÊεˈω<-:͑"SV

:&4%2ǽ�AɩΤ?RT�~¡p¤ͬϒ%ɇLUɋ˺Aɴ͝%�y ʇЇʂǰAϕʬ?

Д­-: Uļ͝ǰ%̃Ŗ,V:#T2Ɍ˺Λ?8 :̸ÆLU� 

 

 

Identification of low-molecular metabolites related to methylmercury toxicity and its functional 

analysis 

 

Gi-Wook HWANG 

Graduate School of Pharmaceutical Sciences, Tohoku University 

 

Metabolomic analysis is a functional tool concerned with the high-throughput identification, 

quantification and characterization of low-molecule metabolites. Moreover, this analysis can aid the 

mechanistic elucidation of toxicological changes and is also a means to identify potential biochemical 

markers of toxicity. Therefore, we performed metabolomic analysis in cerebellum of mouse treated 

with methylmercury and investigated the relationship between methylmercury toxicity and 

significantly changed metabolites.
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\¤y�¤#RE|  ňɇ�^��z�ĈƑA̶͜ʂǰ<�^cc 

e��w�hr˽̔GAʞ˗ 

1ЌĂ� čǉ 

ɒÃ˓̊ƃƕΆƕϺ˔ŹèǓƕ˽̔ƞ 

 

ѕ� B.N? 

� ɇɴğłˈ<ʿɴğłˈAˉǰY×1Ȏ8ğłˈYɇɴ-ʿɴ�^��z�ĈƑ<ŏF�ü

Ó˭?BђɇɴЂưğłˈ<ЂưЋÓğłˈA*<;�U��^��z�ĈƑ%̊ƕA®˜

;ʘ˳,V4ABђGrignardPWittig>=Aõс˭ğƕ͒%ĈƑſȚķǭ?�^��z�Ĉ

ƑYʞ˗-:Ǽė-4*<?RU�ˑ Ūђɇɴó̳ğƕBлϑ˭>˪ƯYϫ): U�̈ Ȯђ

˕Ő̊ƕ?#(U�^��z�ĈƑAʞ˗Ǿ˟BƓŪ->$74�L>X6ђ�^��z�

ĈƑAΨÜB�'K;łǼΩΆ<-:AOA;�Tђ˕Ő̊ƕGAοˌBˮʿʿ?̜- ˊ

ʔ%̀ : 4� 

� ʶ͒SB�^��z�ĈƑ?B˕Ő̊ƕ˽̔?ʞ˗;&Uļ͝ǰ%�U<͑"4� 

� ̚¨?ђ�^��z�ĈƑ;BЂưAƨø?R7:ĈƑA©ɶóɭϦ%ƃ&'ſğ-: 

U�ϡ?ĈƑɭϦ?̺LϚKVU*<?R7:ЂưAˊǸOſğ-: U�,S?ĈƑɭϦ

<Ђư%˵¾Õ˗LU̼ɕђĶȮA˕ˈʞǰ%ãо,VUļ͝ǰ%�U� 

� ̚½?ђ̧̱>ɇɴğłˈPʿɴğłˈ;Bơȸ;> ˉƜAw¤�hωAʞǰğPИƠ

%ђ�^��z�ĈƑ;Bơȸ?ϋ*Uļ͝ǰ%�U� 

� ̚©?ђЂưYǙ ̼ł;̺LϚZ5�^��z�ĈƑ;Bђʞǰğ?ЂưYǬΚ<LU

w¤�hω?ЂưYˉˡ˭?ĺ(ʭL��§<-:ɴ͝LUļ͝ǰ%�U� 

� Ëª?ϝH4�^��z�ĈƑAˉˡ>˕ˈʞǰYč˗-:ђ�^��z�ĈƑY˕Óɴ

͝Ρɓ{§ <-:ʞ˗LU˽̔Ǿ˟—�^cc e��w�hr—Y̗6ª)4�*A˽

̔Ǿ˟B�SQUó̳Y”ɱʿƫ?ʞ˗-:˕Ő̊ƕ˽̔Yșϩ-R!<LUφ- ˽̔Ǿ

˟;�U� 

 

і� ̼ɕ<͑Ƥ 

� �^cc e��w�hr?R7:ђË«AͮŎʦ ̼ɕYǥ: U� 

� я1ѐɇɴ�r�rğłˈ<ɇɴ\¤y�¤ğłˈA̶͜ʂǰ?8 :ђʿɴǸ;BǙ ̶

͜ʂǰ-$̃,> �r�r%ĈƑɭϦ?̺LϚKV4<&ǚ ̶͜ʂǰỸ-4�<*W

%ń.ĈƑɭϦYȎ8ɇɴ\¤y�¤ğłˈ?B2AR!>̶͜ʂǰBάNSV>$74�

*Aϱ Bђ̶͜þGA΂̑Ё?ÛƓ-: 4�̺LϚKV4ЂưAʿɴǸ?#(U̶͜ʂ

ǰ$S�^��z�ĈƑA̶͜ʂǰBșʮ;&> *<%̃Ŗ,V4� 

� я2ѐɇɴ|  ğłˈ;�U Diphenylditelluride<2At¡¤#RE^c_͌ȚÓ?8 

:OɩΤ-4�2A̼ɕђDiphenyldi-telluride%ВΓ-:ʊɜǰYȎ6ђ2V%�Uw¤�h

ω<̼ł-:̶͜þ?ø7:�~l¤��\?Х̑-ђ2*;ɯ˭w¤�hω?ƥ-:ʂǰ
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Y˪ˑLU*<%̃Ŗ,V4� 

� я3ѐɇɴ\¤y�¤ğłˈ Tris(pentafluorophenyl)stibaneYĈƑ�¢§�<-:Ό̠þ˯̶

͜A�w¢yc�^¤έƨYÆŪLU̶͜þpi� ̻ϏYΡɓ-ђMTϴÎƑA˪ˑB\

^v�b§�+<?ˡ>TђMT-1Aέƨ?B MTF-1�MRE̻Ϗ5(;>' Nrf2�ARE̻Ϗ%

Д­LUA?ƥ-ђMT-2Aέƨ?B MTF-1�MRE̻ϏAʞǰğAL%Д­LU*<%̃,V

4�MT\^v�b§�?Bɴ͝ĈğB> <,V:&4%ђƝB�Uя�74ѐA$O-

V> <͑": U� 

 

ї� ̹XT? 

� ˑŪђ�^cc e��w�hrBђ��^��z�ĈƑA˕ˈʞǰYʎNUˉƜó̳Aǟ

ĔY˓Ρ-˕Ő̊ƕ˽̔?ʞ˗LU��^có̳Ǿ˟<-:˪Ư-: U�2AΫ̶?8 

:̸Æ-θβ-4 � 

 

 

Cytotoxicity and application of organic-inorganic hybrid molecules containing antimony or 

tellurium to bioorganometallics studies 

 

Toshiyuki Kaji 

 

Department of Environmental Health, Faculty of Pharmaceutical Sciences, Tokyo University of 

Science 

 

Bioorganometallics is a research strategy of biology that uses organic-inorganic hybrid molecules. 

The molecules are expected to exhibit useful bioactivities based on the unique structure formed by 

interaction between the organic structure and intramolecular metal(s) as well as specific cytotoxicity. 

There are two types of studies of bioorganometallics; one is to reveal the specific cytotoxicity of 

organic-inorganic hybrid molecules and the other is to use organic-inorganic hybrid molecules to 

analyze biological systems. In this presentation, I introduce our recent studies performed from the 

viewpoints of these two types of bioorganometallics studies.
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�^ct¡¤ğłˈAj�d �w¢�hr 

1ЃɊ̯Ύ 12ƩɧǓö 1 
ѕĦͿƃƕƃƕМΆƕ˽̔М 

 

ѕ� B.N? 

� � њȰó̳;�Ut¡¤B2Ђưó̳<ýŭó̳Aˈ˓ğƕ˭ǰωY×ɇLUó̳;�T2

ɇɴłǼğƕPɍȫğƕAĈЀ?# :ɇ˗>ó̳<-:ʘ˳,V: U�K4t¡¤BĜ

ˈ?<7:BǬвó̳;�T2˕ˈÓþ;ğƕǜǸYſ">%SÊε,V: '< !ýŭ

ó̳<-:Aˉǰ<Ђưó̳<-:Aˉǰ$S2ɫN:ˉˡ>˕˓˭ɴ͝Y˪Ȝ-: U�

>$;Oˉ̛LH&ˉǪ<-:�)SVUA%2ÈAЂưó̳<Bˡ>T2t¡�pr|^

¤2L>X6pr|^¤ÀыİƑ%t¡¤?͌&ȚX74\��Ͼ<-:2 i wyc¤

� cfpx§uPyc¡�fp¤¡xhw§u>=іљ̎йAt¡¤w¤�hωA¨ɶɭ

Ϧ?̺LϚKV: U*<;�U�Q"?t¡�pr|^¤B	іѕˠ˳A\��Ͼ
<̋

,V: U�-$->%S2˕Óþ;AƓŪЁ%ɫǨЁ;�U*<<2ɚпЁ<ʂǰ˗Ё<

AƼ%Ʃ, *<>=$S22AÊεAùơB K5ȷS$?>7: > ϺĈOƂ � 

� �̳<ńɮ?t¡¤BħЂư;�T2Ƃ'At¡¤ňɇɇɴğłˈ%˺SV: U�2-

:2VSt¡¤ğłˈAĜǸ2ʂǰPÊε2K42VSA̓Ó<-:Aɚпƕ˭ÜçB2A

ğƕǜǸ?ƃ&'ÛƓLU4N22AɩΤ?Ǜ47:BğƕǜǸAϱ ?˸˳LUǬΚ%�

U�2A4Nǽ�Ai §�B2Ƃ'At¡¤ğłˈP2AɯζğłˈYłǼ-2LC-ICP-MS2

х̕ГĈΡ͝^�§q¤iωЁĈɓʖ277Se-NMR>=ɮ�>ĈɓʖY˗ :2˕ÓþAt¡

¤AĜ&YƜЁ˭?Ρɓ-2AÊε�z�AƚǼY˳ȏ-4˽̔YΎ>7:ɑ4�K4t¡

¤B22Aˉˡ>ǰω$S2˕Óɴ͝ǰĈƑ?̺LϚM*<;ÅK;?> φ- ɴ͝Y˪

ȜLUłǼƩĈƑYĕ˕LU*<Oļ͝<>U�ǽ�Ai §�B2ΊöşPöĈΡǰáι

Ų?t¡¤YňMƛ͝ŲY̺LϚM*<;2Ƅˀ?BƓŪ-> φΜt¡¤ğłˈY}o^

¤¦łǼ-22A˕Óþ;Aɴ͝AΨÜYΎ>7:ɑ4�ËªAR!?2ğƕYȁɾ<-:

˗ :ΎXVU�w¢�hr˽̔Y	j�d �w¢�hr
<̋-22AɅϛA˺Λ?8

 :ŵŌLU� 

 

і� Ȯʖ 

ªϝAR!?2ǽ�B²?t¡¤Aʂǰ¦Êε?ДXU˽̔<2t¡¤YňMφΜɴ͝ǰ

ĈƑAВ˪?ДLU˽̔YΎ7:&4� 

ď͒?8 :B2t¡�\��Ͼ2t¡¤̫2�y ğt¡¤ğłˈ>=AĜɨˈP˔Ź

±?ƓŪLUt¡¤ğłˈ2K42AńÐÓɯζğłˈYłǼ-2űп̶͜PƝтĜˈ?Ȇ

­LU*<;2AÊεYƜЁ˭?Ρɓ-2K4ĜǸY^�§q¤i?R7:˴Ș˭?Οʮ-

4� 

Ǣ͒?Д-:B2K0Ίöş?t¡�§ ŲPqt¡��ŲYƨø-22AϾğϷóķǭ
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YΊöſğAr^zy<LUφΜʞǰϾ̳̎�¢§�Y}o^¤¦łǼ-2Aɴ͝AΨÜY

Ύ74�K42űп̶͜P�_rRTȖĹ-4Ƈ±˒Y˗ 4�^c^�§q¤iYΎ74�

ɶ?¬ƙƜ>t¡¤ğłˈYöǷĺǰáιŲ?̺LϚM*<;ƙƜğ-2öˁƧ?R7:ʞ

ǰ>t¡¤ğłˈYⅤЧLU2 XQU cagedt¡¤ğłˈA}o^¤¦łǼYΎ 22A

öğƕ˭ˉǰAɩΤYΎ74� 

 

ї� ̼ɕ¦͑Ƥ 

� ʂǰ¦Êε?Д-:B2ƙƜńÐÓɯζ�¢§�Y˗ 4ÊεĈɓ?RT2ƜЁ˭>Ρɓ

%ļ͝;�U*<Ỹ-4�K4х̕ГĈΡ͝^�§q¤iωЁĈɓʖY˗ :2t¡¤ʲ

A˙ɑ+<?ƮŪAˡ>Ut¡��¢|^¤˕łǼAļΝğ?Ǽė-4�½ɶó NMR?R

U�^ct¡�_�AĈɓ;B2HPLCPωЁĈɓʖ;BɩćAШ- ¬ƙƜ>t¡¤ğł

ˈOĈɓļ͝;�U*<Ỹ-4�K4t¡¤ňɇφΜɴ͝ǰĈƑAВ˪?Д-:B2t¡

�§ Ų%Ίö˪öAr^zy<-:ɴ͝LUφ- Ίö�¢§�AВ˪?Ǽė-2K4˕

ÓþAt¡¤ÊεA±ǫ?Ð͌LUʞǰt¡¤ğłˈ selenideYˉˡ˭?ɩćLUΊö�¢

§�AВ˪OΎ74�,S?2cagedt¡¤Y˗ U*<;ȼГ¦̕Гˉˡ˭?t¡¤ğłˈ

Y˕Ó?ξͺLU*<%;&U*<Ỹ-4� 

� t¡¤B2Aýŭó̳˭ǰω$Sj�d �w¢�hr˽̔YƯВLUA?O7<Oϳ-

4ó̳;�U<͑"SVU%2ńɮAǰωYɇLU\¤y�¤¦�̳¦|  < 74�w

¢^�ó̳?Д-:OńɮA˽̔ƯВ%ļ͝;�U<͑": U� 

 

Chemical metallomics of bioselenocompounds 

 

Noriyuki Suzuki1, Yasumitsu Ogra1 
1Graduate School of Pharmaceutical Sciences, Chiba University 

 

Selenium (Se) is an essential element in animals, because Se is required as the active center of 

selenoproteins, but can become highly toxic when ingested in an amount that exceeds the nutritional 

level. Se is an element belonging to the same group 16 on the periodic table, and has chemically and 

biologically ambivalent characteristics; it has similar chemical properties to sulfur as a typical element, 

yet possesses chemical properties characteristic of a metal. Based on these properties, we performed 

Se studies of toxicity, kinetics, bioimaging, and development of Se containing-functional molecules, 

named “chemical metallomics” studies.
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ȥƧö Ẍ́ĈɓYč˗-4�̳#REϿЂưйAɨˈþĜǸΡɓ 
1áäȷƑ 1 

ѕɒÃЪɴƃƕƻƕϺ 
 

ѕ� B.N? 
� ɨˈY˗ 4˔ŹʠğȃΏ	�[^~¡�}]a§p�¤
%ʘ˳YХN: U�>$;

Oђ�̳ʌɗŨŽ;ɟű,V4�aq�pxяPteris vittata L.ѐBђūªϺ?�̳Yх΂̑
LU4Nђ2AɨˈÓþA#(U�̳AʿʂğɴɭB<:OͮŎʦ �ǽ�BȥƧö Ẍ́Ĉ
ɓYč˗-ђɨˈ̺͊?#(U�̳PɇƠϿЂưAĈǀYļΝğLU<<O?ђ*VSAó

̳AğƕǜǸAſğAΡȷY˳ȏ-: U�Ɍδʶ;Bђ�̳Pt¡¤ђh¢�ђʇЇ>=

AɇƠó̳YʨĘ-:ɟű-4px?#(Uó̳AĜǸ?8 :A˽̔ǼɕY̸Æ-4 � 
 
і� Ȯʖ 

1/10ŦͲΩтŶĆȮűпʥ;űп-4�aq�pxяPteris vittata L.ѐYƝт?˗ 4�
�̳ђt¡¤ђh¢�ђʇЇ>=AɇƠó̳YʨĘ-:¨ƜɉГɟű-4ɨˈÓYђɝђͶђ

ͿAϺÐČ?X(ђ2V3VĄ̼¹˄Ǣ2̦˾¦Ŭωğ-4�ĘũǼŭ-4 10 mm�AЊĒ
Yђó̳AƜЁĈɓ#RE Ẍ́ŉĸĈöʖ?RUğƕǜǸΡɓ?˗ 4�¨ȮђɝAõ̙2
ɝAŲϺђ±ϔђ͐˅?8 :ђh�^c�h¢~§�Y˗ :į,̰ 60 µmAĉ˅YÕǼ
-ђȥƧö Ẍ́�^h¢�§�Y˗ :ђó̳�z�¤iYΎ>74�,S?ó̳΂̑ϺÐ
?#(UğƕǜǸΡɓOƝȯ-4� 

 
ї� ̼ɕ<͑Ƥ 
� t¡¤Ͼ�~�_�я[Se] = 50 ppm) YňMűпʥ;ɟű-4<*WђʨĘȲȨ%А'>
U?8V:pxAŁϺÐ?#(U Se΂̑ʹǑOźĘ-ђ14ȲǢ?Bɝ?# :̰ 1,700 ppmђ
͐˅;B 400 ppm<>74�K4ɝ?# :ĹTϚKV4 SeA̰ 40 %%t¡��yc�¤
SeMetP�y t¡�pr|^¤MeSeCysAR!> Se(-II)G<Ϸó,V: U*<%̃,
V4�ūªϺA±ϔP͐˅;O Se(-II)G<Ϸó,V: 4%ђ 0VAϺÐ;Oђ΂̑,V
4 SeAƃϺĈBʨĘ-4 Se(VI)AKK;�74�*AR!? SeBʂǰAх t¡¤ϾAK
KĹTϚKV: U*<%X$74� 

Se(VI)ʨĘ 7ȲГǢA�aq�pxAɝAõ̙;BђΑ˯ђ˯Ʊђ±ǫɘÁ̠ɏ<IJ
LH:A̶͜Ż? Se%Ƃ'΂̑,Vђ¨Ȯ2Ɋωğ%ϩZ; UɝAŲϺ;Bђ˯ƱA̶͜
Ż?B�KT΂̑,V: >$74�K4ūªϺя±ϔ<͐˅ѐ;B̠́ɏϺĈ?t¡¤%

ɩć,V:#Tђ²?ɝAõ̙$SĹTϚKV4 Se%̠́ɏYϤ7:ūªϺK;ϘϠ¦΂̑
,V: U*<%ȷS$<>74�,S?ɝAΑ˯;ȱ? SeA¨ϺBϷó,VÑϾğȨAğ
ƕ̎?>7: U*<%̃,V4� 
�aq�px?�̳YʨĘLU<ђͿ?# :х΂̑,VUA?ƥ-ђt¡¤ђh¢�ђ
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ʇЇYʨĘ-4ŶłBђ 0VAó̳Oɝ?# :х΂̑,V: 4��̳AĹTϚL¦Ϙ

Ϡ<Bˡ>Uɴɭ;�U<șƜ,VU�ÅǢBpxÓþ?#(UŁğƕ̎YΫ̶?ńƜ-ђ

ĹTϚL?Ï!ğƕǜǸAſğYϞώ-: &4 � 
 

Study on Accumulation mechanism of arsenic and heavy metals in plants by using 
synchrotron radiation X-ray analyses 

 
Akiko Hokura1 

1School of Engineering, Tokyo Denki University 
 
The aim is to elucidate the accumulation mechanism of arsenic, selenium, chromium, 

and mercury in fern, Pteris vittata L.  We explored chemical speciation of these toxic 
elements.  The elemental distributions in the fern were visualized by micro-XRF 
imaging. 
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ɜþĺơÓYÆ-4ɇɴrsğłˈA˕ÓǞа 
±Ι� đ 

ƳЕΆ̊ƃƕ� ΐ˕ƕ˽̔ƞ 
 

ϿЂưB˕ˈ?ƥ-ǚ ʂǰỸLOA%Ƃ %2¨ͯ˭?*AR!>ÑĈƑğłˈAʂ

ǰBÕ˗ʾ%ƂƳ?ʭ7:#T2ĈƑ¡� ;Aʂǰ˪ˑɴɭAΡȷBŠШ;�U*<%Ƃ

 �ϛǈAþĈʕ$'·ˈωŗж;Ϊж<>74 TributyltinяTBTѐP TriphenyltinяTPTѐ
>=AɇɴrsğłˈB2¨ϺAƾνйAЦ?# :ФAǰǪ˪ϰỸL^¤�tzhr<

ŏCVUˉǪ˭>˕ɽʂǰYέƨLU%22AÕ˗ɴɭB\¢�w§u>=A\¤�¢k¤

ÊεϽ̳YИƠLU<͑"SV: 4� 
¨Ȯ;ǽ�B2�~A˪˕ɾР?#(U*VSAğƕˈωAǞаYɩΤLU4N?2�~

͚˱AþĈʕɴ͝?˸˳-4ɩΤYΎ7:&4��~—ʄ̶͜ɛAþĈʕɴ͝?ƥLUɇɴ

rsğłˈAǞа?8 :ɩΤ-4<*W2TBT < TPT B�~—ʄǰm��~¢�¤Pa
r~¢k¤˖˕̜Yªȶ,12K42AªȶB mRNA A˪ˑªȶYÏ!OA;�74 1-3)�

Ɍ̼ɕB2*VK;?νй;»ǵ,V: 4̼ɕ<Bù'ˡ>7: 4� 
2*;ǽ�B2ɇɴrsğłˈAÕ˗ɴɭ?8 :,S?Ϋ̶>ɩΤYΎ74�2A̼ɕ2

TBT #RE TPT B2ɜþĺơÓ;�U retinoid X receptorяRXRѐ< peroxisome 
proliferator-activated receptor (PPAR) γ AǚĖ>\m�r~<-:Õ˗YɇLU*<YΛ
ć-4 4, 5)�TBTP TPTAŁɜþĺơÓ?ƥLU̼łPϓāʞǰğ?B2rsİƑ<ĺơÓ
AˉƜApr|^¤ɼŲAƓŪ%ǬΚ¬ļɵ;�T2K4rsİƑBˉƜApr|^¤ɼŲ

<^c¤̼łYǜǼ-: U*<OȷS$?>74 6, 7)�,S?�~͚˱?#(Uɇɴrsğ

łˈAþĈʕ$'·Õ˗PƾνйA^¤�tzhrB2*VSAɜþĺơÓYÆ-4OA;

�U*<OȷS$<>74 8)�ËªA̼ɕB2ɇɴrsğłˈAʂǰ?B*VSAɜþĺơ

ÓYÆ-4Õ˗%ɫN:ϿΚ;�U*<Ỹ-: U� 
Ɍδʶ;B2ɇɴrsğłˈAɜþĺơÓYÆ-4�~AèǓǞа?8 :OθβYʦN

4 � 
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Biological impacts of organotin compounds via nuclear receptor signaling 
 

Tsuyoshi Nakanishi 
Laboratory of Hygienic Chemistry & Molecular Toxicology,  

Gifu Pharmaceutical University 
 
Organotin compounds were widely used as antifouling biocides for ships and fishing 

nets, agricultural fungicides and rodent repellents. These widespread uses have resulted 
in the release of increasing amounts of organotins into the environment. In aquatic 
invertebrates, particularly marine gastropods, organotin compounds, such as tributyltin 
(TBT) and triphenyltin (TPT), induce irreversible sexual abnormalities in females at 
nanomoler levels. Although it had been theorized that these compounds act as potential 
competitive inhibitors of aromatase which converts androgen to estrogen, and then 
increase levels of unconverted androgens in gastropods, their effective concentrations for 
aromatase inhibition are much higher (at micromolar levels). Contrary to the theory of 
organotin-induced aromatase inhibition in gastropods, we found that, in human 
choriocarcinoma cells, these compounds markedly enhance estradiol biosynthesis along 
with the increase of both aromatase activity at nanomoler levels1-3). Apparently, these 
phenomenons caused by organotins are contradictory, but we identified that TBT and 
TPT cause both phenomenon to act as nanomolar agonists for retinoid X receptor (RXR) 
and/or peroxisome proliferator-activated receptor (PPAR)γ which are members of the 
nuclear receptor superfamily2), 4-8). In addition, our findings suggest that these organotin 
compounds potentially have some impact on living organisms that have 
ligand-responsive RXR and PPARγ. In the symposium, I will discuss the possible 
involvement of nuclear receptors in the biological impacts of organotin compounds. 

 
References:  
1) Nakanishi T et al., J Clin Endocrinol Metab  87:2830-7 (2002) 
2) Nakanishi T et al., Mol Endocrinol 19:2502-16 (2005) 
3) Nakanishi T et al., Biochem Pharmacol  71:1349-57 (2006) 
4) Kanayama T et al., Mol Pharmacol  67:766-74 (2005) 
5) Hiromori Y et al., Chem Biol Interact  180:238-44 (2009) 
6) Harada S et al., Sci Rep  5:8520 (2015) 
7) Hiromori Y et al., Metallomics  7:1180-8 (2015) 
8) Castro LFC et al., Aquat Toxicol  85:57-66 (2007) 
 



 
 

 28 

 
  



¨ͯʶж 

 29 

 
 
 
 
 
 
 
 
 
 

¨ ͯ ʶ ж 
 
 
 



I – 1 
 

 30 

q�y �̳ğłˈ?RU�~l¤��\̻ϏA\�~§pr 

έ˪ɴɭ?8 : 

1«˘ǓÊ 1, ьʸ͵à 1,2, Ę·Ɣ¨ 1, ˝ ȷƦ 3, Ʋ±è© 1 
1ȲɌƃƕΆƕϺ, 2ηΝǌ̊ƕȓə˽̔Ȁ, 3ĦͿ̊ƕƃƕĭɴ̠˓ƕϺ 

 

 

ѕ� B.N?�  

� ďǈǑAɌÍ?# :2q�y ��yc\ p¤Ͼ(DMMTAV)Aʂǰ˪ˑ?B22

A²ΚÊεˈ;�TʂǰAɌÓ<͑"SV: Uq�y À�Ͼ(DMAIII)AL>S0

DMMTAV $S˕ǼLUƂɮ>ʞǰÊεˈ%Д­LUļ͝ǰYŵŌ-4�ˉ?2

DMMTAVAɂЬ;B caspase-8YÆ-4\�~§prέ˪YΛć-2DMAIIIɂЬ<Bˡ

>U*<YȷS$?-4�Åŝ2DMMTAV ?RU\�~§prɴɭ?8 :,S?Ϋ

̶YȷS$?LU4N2caspase-8>SE? 9Aʞǰğ?Д­LU�~l¤��\̻ϏA

\�~§prДϧw¤�hA˪ˑ#REȐĜYαH4� 

 

і� Ȯʖ 

�~͔ͤ˦˙ɑ̶͜ɛяHepaRGѐ̶͜?ƥ-:2WST-8 ʖ?RT̶͜þ͟ʇ̳Ͻ

̳ʞǰ% 70%́Ȏ,VUʹǑ2DMMTAV 20 �M#RE DMAIII 5 �MY2V3V 12

�48 ȼГ(37�25% CO22ʰǑ 100ю)ɂЬǢ2̶͜$Sw¤�hωYȉć-210 K4

B 15% \h� \��k ;ЪʆʚĜǢ2Bcl-2�[��§w¤�h(BID2Bax2Bcl-2)

YWestern blotʖ?RTɩć-4� 

 

ї� ̼ɕ 

� DMMTAV ɂЬ̶͜?# :ɂЬ 36ў48 ȼГǢ? BID AʞǰğỸLȬ˅;�U

truncated BID (tBID215 kDa)%̻ȼ˭?źĘ-4�¨Ȯ2DMAIIIɂЬ̶͜;B 0VA

ȼГ?# :O BIDAȬ˅ğBɩć,V>$74�BaxA˪ˑЁB DMMTAV2DMAIII

ɂЬ<Oſğ%ΛSV>$74%2Bax AʞǰğỸL 18 kDa AȬ˅%άNSV4�

DMMTAVɂЬ̶͜;B̻ȼ˭>ʞǰğ%ΟƤ,V4%2DMAIIIɂЬ̶͜;BɂЬĊɉ

ɾР$Sз΀?άNSV4�K42Bcl-2A˪ˑЁB DMMTAV2DMAIIIɂЬ<O̻ȼ˭

?ʬƪíņ%ΛSV4%2DMAIIIɂЬAȮ%RTз΀?ʬƪ-: 4� 

 

ј� ͑Ƥ 

� DMMTAV#RE DMAIIIɂЬB2 0VO�~l¤��\ͩA Bax Aʞǰğ#RE

Bcl-2 AȅĎYÆ-:\�~§prYέ˪-: U*<%̃Ŗ,V4�-$->%S2
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Bax2Bcl-2 <O? DMMTAV< DMAIIIɂЬǢA˪ˑ¦ȅĎ?B̻ȼ˭Ƽˡ%άNSV

4�¨Ȯ2DMMTAVɂЬ?# : tBID %ΟƤ,V2DMAIIIɂЬ;B tBID BάNSV

>$74*<$S2ďŝŵŌ-4R!?2DMMTAV ɂЬ?RUʂǰ˪ˑ?B22Aʂ

ǰAɌÓ<șƜ,V: U DMAIIIAL>S0 DMMTAV$S˕Ǽ-4Ƃɮ>ʞǰÊε

ˈAƢ­%șƜ,V2caspase-8YÆ-4\�~§prdrj§�Aʞǰğ%Д­LUļ

͝ǰ%̃Ŗ,V4(Ţ 1)� 

DMMTAVɂЬ?RU caspase-8Aʞǰğɴɭ?8 :B2ˑŪ2ɩΤ±;�U� 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Caspase-8-dependent apoptosis induction in metabolic activation process of 
dimethylmonothioarsinc acid 

 

Shimoda Y1, Kurosawa H1,2, Kato K1, Hata A3, Yamanaka K1  
1School of Pharmacy, Nihon University, 2Criminal Investigation Laboratory, Metropolitan Police 

Department, 3Faculty of Risk and Crisis Management, Chiba Institute of Science 

 

The induction of apoptosis via the mitochondrial damage by dimethylarseics is well-known, 

but, the mechanisms still remain unclear. We revealed that the cleavage of BID by caspase-8 

mediates mitochondrial control of apoptosis in metabolic activation process of 

dimethylmonothioarsinc acid (DMMTAV). The present study suggests the possibility of a new 

mechanism of apoptosis by dimethylarseics.

Ţ 1 q�y �̳ğłˈA\�~§prέƨɴɭ (șƜ)  

Mitochondria 

Bax-Caspase28 BID tBID 

Bcl22 

Caspase29 

Caspase23/7 

cytochrome-c"
release 

TNFR1 

TNF2α DMMTAV 

DMAIII 
ac)ve,

metabolites 

GSH 

Apoptosis 

？ 
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�_r̻͚˱C'Ь?RUɇɴ�̳ğłˈ Dimethylarsinic acidA˪

%Zǰ#RE2AɴǏ 

1·ƴɷř2цʅ2ƆЀхΕ2˂˘χɶ2ɤ\¤�2ƃ˼Εŀ2щʫ͵ɴ 

ƃЖƿ̗ƃƕƃƕМ� Ĥƕ˽̔̊� ĈƑˤ˓ƕ 

 

ѕ� B.N?�  

� Ɍϸ?# :2�̳A²Κ>ɂЬʲBм˗Aʣ˖Ĝɨˈ;�T2*VS?Ƃ'ňKV

Uɇɴ�̳ğłˈAèǓǞаΨÜ%ʊNSV: U�x ƕ˭?�~A�̳˪%ZA²İ

Ş<șƤ,VUʿɴ�̳ğłˈA²>ÓþÊεˈ;�U Dimethylarsinic acid (Ë«2

DMA)A̻͚˱ɂЬ?RU˪%Z�rh?ДLU˺ΛBɋ5ŵŌ,V: > �¨Ȯ2

ʿɴ�̳BǼ˃�_r?˪%ZǰỸ,> %2͚Çɉ?ɂЬ-4Ç�_r%Ǽ˃Ǣ2

͔ͫ2͗2ē͢#REĮƺ?˪%ZǰYǖ&ϋ*L*<%ŵŌ,V: U*<$S2

DMAA̻͚˱ɂЬ?RUÇ�_rA˪%ZǞа?8 :ȴǯ?ɩΤLUǬΚ%�U� 

� 2*;2Ɍ˽̔B DMAA̻͚˱ɂЬ?RUÇ�_rGA˪%ZǞа?8 :ɩΤY

Ύ74�,S?2�d�s�ΡɓY˳˭<-4 DMAA̻͚˱ɂЬ?RUФǰφ˕Ç�

_r͗?#(UǞа?8 :ɩΤYΎ74� 
 

і� Ȯʖ 

ƈƎɉAЦ�_r? DMAY 02200 ppmA˗Ё;нʇȆ­-2̻͚˱ɂЬ?RTÕ

Η-4ÇЦФ�_rY 84ϨэK;ʿĆ͌;̻ϮΟƤ-2ΡĐAǢ2˪%ZǰYɩ̵-

4�,S?�d�s�ΡɓY˳˭<-:2̻͚˱ɂЬ?RTÕΗ-4Фǰφ˕Ç�

_r͗YȖĹ-2̎�AΡɓYΎ74� 
 

ї� ̼ɕ 

� ˤ˓̺͊ƕ˭ΡɓA̼ɕ2DMAɂЬ͎AФÇ�_r;B2̶͗͜%Z#RE̓͗ͤ

˦яͧͤёͧ˨ѐ%ɇǶ?źĘ-4�,S? DMAɂЬ͎AФÇ�_r;B2̶͔͜%

Z%ɇǶ?źĘ-2͔̓ͤ˦я̶͔ͧͤ͜ё̶͔͜%ZѐOźĘíņ%άNSV4�¨

Ȯ2DMAɂЬ͎AЦÇ�_r;B2͔ͤ˦#RE͗ͤ˦A˪˕?ǞаBάNSV>$

74� 

� Фǰ�_rφ˕Ç͗Y˗ 4ΡɓA̼ɕ2DMAȆ­͎?# : Ki67ПǰˎAɇǶ>

źĘ%LSV4�K4 HPLC/ICP-MS?RU͗?#(U�̳AƜЁ˭ǜǸČΡɓA̼ɕ2

ʿĆ͎͌<ʃϖ-: TMAOAɇǶ>ſĜ%LSV>$74A?ƥ-:2DMMTA#R

E DMDTA%ɇǶ?źĘ-: U*<%ȷS$<>74�,S?2AÊεϮ̍;

S-adenosylmethionine (SAM)%ɇǶ?źĘ-: U*<2�r~¤�y Ųϓ̌Ͻ̳;�
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U G9aA˪ˑźĘ2�r~¤ H3K9me3%ɇǶ?źĘ-: U*<%ȷS$<>74� 

 

ј� ͑Ƥ 

� ËªA̼ɕ$S2DMAA̻͚˱ɂЬ;ФÇ�_r?# :͗˪%Z#RE͔˪%Z

Yέ˪LUļ͝ǰ%̃,V4�,S?2͗ #RE͔ͫBʿɴ�̳A̻͚˱ɂЬAɯ˭ͫ

ś;O�U*<2DMABʿɴ�̳A²Κ>ÓþÊεˈ;�U*<$S2DMA%ʿɴ

�̳A̻͚˱ɂЬ?RU˪%Zǰ?Д­LU*<%ǚ'̃Ŗ,V4�K422A�d�

s�<-:2�̳AÊεϮ̍;˕.4 SAMAźƃ?RU�r~¤ H3K9me3AźĘ%

̃Ŗ,V4� 

 

Study of the mechanism of carcinogenesis by prenatal exposure to dimethylarsinic acid in 

mice 

Masaki Fujioka, Min Gi, Takahiro Okuno, Kenji Kumada, Anna Kakehashi,  

Yuji Oishi, Hideki Wanibuchi 

Department of Molecular Pathology,  

Osaka city university graduate school of medicine 

 
Accumulating evidence indicates that prenatal exposure to inorganic arsenic, a human 

carcinogen, can subsequently cause cancer in adulthood in mice. DMA is a major metabolite of 

inorganic arsenic and organic arsenic compounds contained in food. However, little is known 

about the carcinogenic risk of prenatal DMA exposure.  

The purpose of the present study is to determine the carcinogenic effects of prenatal DMA 

exposure in CD1 mice and to clarify the mechanism of carcinogenesis by prenatal exposure of 

DMA in male neonatal mice.  

Pregnant CD1 mice were given 0 or 200 ppm DMA in drinking water from gestation day 8 to 

18. Offspring were observed for up to 84 weeks of age. And male newborn mice prepared by 

transplacental exposure and various analyzes described below were performed. 

In male offspring, incidence of liver and lung tumor were significantly increased in the 

prenatal DMA exposure group. There were not increases in the liver and lung tumor in the 

DMA-exposed female offspring mice. 

These results show that exposure of pregnant CD1 mice to DMA through the drinking water 

induce hepatocarcinogenesis and lung carcinogenesis in male offspring. And the mechanism of 

lung carcinogenesis was revealed that histone H3K9me3 was increased in neonatal male mice 

lung prenatal exposed to DMA. In addition, involved as its mechanism suggested that SAM 

increase caused by metabolic process of arsenic.
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Thio-DMAV?RUĈΓɉ΂̑Õ˗?ƥLUi wyc¤AǞа 

1ĠĘÊƑ2Ͽ˞ƀʣ2ДĻġ2ƲɌȴ͊2ЃɊà͵ 

ǁÃƃƕΆƕϺ 

 

ѕ� B.N? 

� Thio dimethylarsinic acid (Thio-DMAV)B�~A�̳ÊεˈA¨8<-:ńƜ,V4 5

ÜAɇɴ�̳ğłˈ;�U�*VK;Ǜ˽̔ƞ;B2Thio-DMAV %Ƃɜ̶͜AćˑP

ɗͰÓAɭϦ#REȨ˭ˡǄYǖ&ϋ*L*<P2̶ ͜ōɉAy`zh�^¤~ɴɭA

¨8;�U̴ЉÓy`zh�^¤~Yʞǰğ-:̶͜YĈΓɉ(M ɉ)?΂̑,1U*

<YŵŌ-: U�Mɉ?΂̑-̀(4̶͜B2AǢ\�~§pr?R7:̶͜ɹ?ƨ

$VU%2*VK; Thio-DMAV%=AR!?-:̴ЉÓy`zh�^¤~ʞǰğ,1

UA$2A�d�s�B¬ȷ;�74�̶͜þAi wyc¤(GSH)B¨ͯ˭?�̳A

ʂǰ˪ˑ?ƥ-:BЗǦ˭?ï'<͑"SV: U%2Thio-DMAV ?RU̶͜ʂǰ?

ƥ-:B2M-Wźǚ,1Uļ͝ǰOŵŌ,V: U�2*;Ɍ˽̔;B2Thio-DMAV

?RU Mɉ΂̑Õ˗?ƥLU GSHAǞа?8 :ɩΤ-4� 

 

і� Ȯʖ 

�~ƑƟе%Z˙ɑ HeLa ̶͜Y˗ 2GSH AłǼ̻ϏAИƠĒP2GSH AłǼɍ

ȫ<>U N-\ty pr|^¤(NAC)YĘ":̶͜þA GSH ʹǑYſğ,14ȼA

Thio-DMAV?RUǭ̞ǰYΟƤ-4�̴ЉÓy`zh�^¤~AʞǰğB BubR1 A�

¤Ͼğ¡� Y2K4 Mɉ΂̑Õ˗B cyclin B1A˪ˑЁYȏɯ?Western blotʖ;Ψ

Ü-4�ĈΓɉ̴ЉÓAǜǼAɮƑB β-tubulin ?ƥLUȇÓY˗ 4÷ˣɗͰʖYØ

˗-4� 

 

ї� ̼ɕ 

� i wyc¤łǼИƠĒL-Buthionine sulfoximine (BSO);̶͜þGSH¡� YÑ«,

14̶͜<2NAC YȆ­-: GSH ¡� Yªȶ,14̶͜? Thio-DMAVYĆ˓-4

<*W2GSH¡� %Ñ ̶͜;B BubR1A�¤Ͼğ%ȅĎ,V2GSHYźĘ,14

̶͜;B BubR1A�¤Ͼğ%î$>%SÁϩ-4�In vitroǨƩ̠ϿłƝт;ǨƩ̠A

Ͽł?ƥLUǞаYαH4<*W2Thio-DMAV Īˋ;BÔAǞаÕ,>$74A?

ƥ-2GSH <×˗-4Ŷł?BǨƩ̠AϿł%з΀?ȅĎ,V4�ǨƩ̠AϿłИƠ

Õ˗B2ȱ˺AǨƩ̠ϿłИƠĒ�¤h�ry¤<ń̍Ǒ;�74�¨Ȯ2űū±?

Thio-DMAV< GSH�U B NACYńȼʨĘ-4Ŷł2HeLa̶͜B Mɉ?΂̑->'

>T2BubR1 A�¤ϾğOάNSV>'>74�,S?2Thio-DMAV ;»NĆ˓-:

¨ȳ Mɉ?΂̑,14̶͜?2ϣ±$S GSHP NACYʨĘ-4ŶłO2ʨĘ 2ȼГ
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˳ËǢ$S M ɉA̶͜%ɺ=LSV>'>T2BubR1 A�¤ϾğOȅĎ,V4�2*

;w^���rΟƤ; MɉA̶͜% GSHP NACʨĘǢ?=AR!?ſğLUA$Ο

Ƥ-4<*W2Mɉ?˞K7: 4̶͜Aɺ=%ĈΓYĀВ-2-$O2AĈΓ�w§

¤B¬Ŭ̜> 2ɫĈΓP23ɫĈΓ%ƂȨYĬN4� 

 

ј� ͑Ƥ 

� Thio-DMAVB̶͜þ?ĹTϚKV4Ǣ2̶͜þA GSH<ķǭ-:ǨƩ̠ϿłИƠÕ

˗Y˪ȜLU*<?R7:2̴ ЉÓy`zh�^¤~YÕĜ,12̶ ͜YĈΓɉ?΂̑

,1: U<șƤ,V4�-$-2űū±?ĥĈ> GSH%ƓŪ-: Uȼ?B MɉA

΂̑P BubR1 A�¤Ͼğ%ΛSV>'>T2̶͜ƁA GSH B Thio-DMAVA̶͜þG

AĹTϚLYȅĎ2�U BČA�d�s�?R7: Thio-DMAV?RUÕ˗YʬǙ,

1: Uļ͝ǰ%̃Ŗ,V4�-$-2Thio-DMA ?R7:¨ȳ M ɉ?΂̑-4̶͜

?ƥ-: GSH B2ĈΓĀВÕ˗Y˪Ȝ-2ɗͰÓȨA¬ƙƜğAİŞ<>UˡǄĈΓ

Yǖ&ϋ*Lļ͝ǰ%̃Ŗ,V4� 

 

 

 

Effects of glutathione on the Thio-DMA-induced mitotic cell accumulation 

  

 

Kayoko Kita, Natsumi Shigetome, Takumi Sekiguchi, Saori Yamamoto, Toshihide Suzuki 

Faculty of Pharma-Science, Teikyo University 

 

Thio-dimethylarsinic acid (Thio-DMAV) has been known as one of the methyl metabolites of 

inorganic arsenic compounds. Previously, we have showed that Thio-DMAV accumulates cells 

in mitotic phase by activation of spindle assembly checkpoint (SAC). However, exact 

mechanisms of Thio-DMAV-induced mitotic cell accumulation were not fully understood. In the 

present study, we found that intracellular GSH affected the Thio-DMAV-induced activation of 

SAC thought the inhibition of microtubules polymerization. On the other hand, extracellular 

GSH inactivated the SAC and promoted the abnormal cell division when the GSH was added 

after treatment with Thio-DMAV. These results indicated that intra- or extracellular level of 

GSH might determine the responsiveness to Thio-DMAV.  
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Ͻʁ#RE�~ƑƟе˨˙ɑ HeLa̶͜?#(UÀ�Ͼ?RU 

�¤~§r�¤Ͼ̻ϏДϧϴÎƑAϓāȅĎɴɭ 

1хɳ� ě 1,2ђ˘±Εž 1ђ±Ѐ� ʀ 1ђы� Ųȵ 2ђʈʓ� ̘ 2ђ·İʙ´ 1 

1ɒÃΆ̊ƃƕΆƕϺ¦ú΍ΐ˕ƕ, 2ɒĠƃƕƃƕМΆƕ˽̔̊¦˕ÓЗǦΆƕ 

 

ѕ� B.N? 

� ǽ�Bђ˷ ɜ˕ˈ�} <-:ɇ˗>ćͳϽʁY˗ 4ɩΤ?RTђÀ�Ͼ͓ǰŞƑ

<-:̫Êε?ДXUϓāŞƑ Mig1YΛć-: UѓMig1Aϓāʞǰ%À�Ͼ?R7

:ȅĎ,VU*<OȷS$?-:#TђMig1%À�Ͼʂǰ˪ˑɴɭ?# :ϿΚ>ǟ

ĔYɕ4-: U<͑"SVUѓ�~?# :B Mig1<˵ńǰ%х ϓāŞƑ<-:

Wilms tumor 1яWT1ѐ%˺SV: U%ђÀ�Ͼʂǰ<AДÞǰ?8 :BɩΤ,V:

 > ѓɌ˽̔;BђϽʁ#RE�~űп̶͜Y˗ :ђÀ�Ͼʂǰ˪ˑɴɭ?#(U

ϓāŞƑ Mig1#REWT1AǟĔ?8 :ɩΤ-4ѓ 

 

і� Ȯʖ 

�~űп̶͜<-:ђƑƟе˨˙ɑ HeLa̶͜Y˗ 4ѓϽʁ#RE HeLa̶͜?#

(UŁϴÎƑA˪ˑ¡� Bђreal-time PCRʖ?R7:ʮƜ-4ѓK4ђWT1w¤�

hωAɜþ¡� Bђɜ˛Ĉ±AWT1A¡� YWestern blotʖ?R7:ʮƜ-4ѓ 

 

ї� ̼ɕ#RE͑Ƥ 

� ǽ�BђϽʁ?# :À�Ͼ%ϽʁA�¤~§r�¤Ͼ̻ϏДϧϴÎƑA˪ˑYȅĎ

LU*<?R7:ɜϾłǼYÑ«,1ђ2A̼ɕ<-:̶͜ʂǰY˪ˑLU*<OȷS

$?-: Uѓ2*;ђMig1<�¤~§r�¤Ͼ̻Ϗ<AДÞǰYαH4<*WђMig1

Aɵȝ%�¤~§r�¤Ͼ̻ϏДϧϴÎƑA˪ˑ¡� YɇǶ?Ñ«,1U*<%ȷ

S$<>74ѓÀ�Ͼ% Mig1Y¬ʞǰğLU*<Ôά-: U*<$SђÀ�ϾB

Mig1ÛƓ˭>ϓāɴɭYИƠLU*<?R7:ђ�¤~§r�¤Ͼ̻ϏYȅĎ-:ђ

̶͜ʂǰY˪ˑ-: Uļ͝ǰ%͑"SVUѓ 

� ɶ?ђ�~ƑƟе˨˙ɑ HeLa̶͜YÀ�Ͼ;Ć˓-4<*WђÀ�ϾAĆ˓ʹǑÛ

Ɠ˭?WT1Aɯ˭ϴÎƑяGAS1ђQPRTѐA˪ˑ¡� %Ñ«LU*<%ċȷ-4ѓ

À�ϾĆ˓?R7:ɜþAWT1¡� %Ñ«-4*<$SђÀ�ϾBWT1Aɜþ¡�

 YÑ«,1U*<?R7:ђ2A«ʟϴÎƑA˪ˑYȅĎ-: Uļ͝ǰ%͑"SV

4ѓK4ђÀ�ϾĆ˓?R7:ђ�¤~§r�¤Ͼ̻ϏДϧϴÎƑA˪ˑ¡� AɇǶ

>Ñ«%άNSV4ѓ,S?ђWT1A�zhx_¤?R7:�¤~§r�¤Ͼ̻ϏД

ϧϽ̳AϴÎƑ˪ˑ%Ñ«LU*<Oċȷ-4ѓ-4%7:ђÀ�Ͼ%WT1Aϓāʞ
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ǰYÑ«,1U*<?R7:�¤~§r�¤Ͼ̻ϏYȅĎ-ђ̶ ͜ʂǰY˪ˑ-: U

ļ͝ǰ%͑"SVUѓˑŪђÀ�Ͼʂǰ˪ˑ?#(UWT1<�¤~§r�¤Ͼ̻Ϗ<

AДÞǰ?8 :ΡɓYϩN: Uѓ 

 

 

Arsenite negatively regulates expression of genes involved in pentose phosphate pathway 
in yeast cells and human cervical carcinoma HeLa cells. 

 

Tsutomu Takahashi1, 2, Hiroshi Tanaka1, Tsuyoshi Nakano1, Gi-Wook Hwang2, 

 Akira Naganuma2, Yasuyuki Fujiwara1 

1Department of Environmental Health, School of Pharmacy, Tokyo University of Pharmacy 

and Life Sciences, 2Laboratory of Molecular and Biochemical Toxicology, Graduate School of 

Pharmaceutical Sciences, Tohoku University  
 
� We previously found arsenite might inhibit synthesis of nucleic acids through repression of 
genes involved in pentose phosphate pathway (PPP) in yeast cells. In this study, we found that 
Mig1, a transcription factor, regulates genes involved in PPP. Arsenite inhibited transcriptional 
activity of Mig1, suggesting that arsenite might inhibit PPP through repression of transcriptional 
activity of Mig1 in yeast cells. In human cells, Wilms tumor 1 (WT1) is known as a 
transcription factor with high homology to Mig1, but the relationship with arsenite toxicity has 
not been studied. In this study, we found that arsenite repressed expression of WT1-targeted 
genes (GAS1, QPRT) in human cervical carcinoma HeLa cells. We also found arsenite 
decreased the level of WT1 in the nuclear fraction. Arsenite negatively regulated expression of 
genes involved in PPP in HeLa cells. Knockdown of WT1 by siRNA decreased the expression 
of PPP-related genes, suggesting that WT1 is involved in transcriptional expression of 
PPP-related genes. These results suggest that arsenite might inhibit PPP through repression of 
transcriptional activity of WT1 in HeLa cells.   
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Ю�}] PMLAĮƑǼ˃?#(Uɴ͝Ρɓ 

1Ɨ˘ƹ˓¦ǇЀЭľϹ 1 
1Ť̗˔Ź˽̔Ȁ 

ѕ� B.N?�  

� PMLяProMyelocytic LeukemiaѐBŕ¸Ĝˈ̶͜Aɇ̭ĈΓГɉɜþ?# :�}]

YǜǼLU*<%˺SV: U�ϛǈ2ĈΓɉP̶͜ωƮŪŭ\^v�b§�̜A˽̔

$S��}];> PML�Aφ4>ɴ͝GAДǫ%Ƣ1SV: U�ÓYɭǼLUL

H:A̶͜BĮƑ¦ĺ̪͛$S˪˕-: U%22A¨Ȯ; PMLɜþ�}]%ĺ̪͛

A=A˪˕ɾР$SćˑLUA$,"B7&T<-: > �pmlɵȝ�_rA˕ɽ̶

͜AǜǼϮ̍яʬȨĈΓѐ?ДLUΑˑŭB˽̔,V:#S02ĮƑ/˸ǎď͛?#(

U PMLK4B PMLɜþ�}]AǟĔBK5˺SV: > ��_r;B�~A 78R

TOƪ>' 28A\^v�b§�%˺SV:#T2�_rĮƑ?#(U PML mRNAA

˪ˑЁB2ĺ̪ďAĮƑ?# :ɅOх'ĺ̪Ǣ͛˱͜K;A˸ǎď͛AǼА?Ï 2

ǣ�?˪ˑЁ%Ñ«LU*<%ŵŌ,V: U�̈ Ȯ;2PMLɜþ�}]Bĺ̪ǢA 2

̶͛͜�U B 8̶͛͜;ĊN:ɩć,VU2>=ŵŌ?R7:ǶΛ%Ĉ$V: U�

2*;Ɍ˽̔;B2ĺ̪ǢA͛?#(U PMLAćˑȼɉAΡɓ2°E?ĺ̪ďAǼ˃

ĮƑþ?#(U��}];> PML�Aɴ͝ΡɓYΩL4�ȻǈAɌ˽̔Í?# :

PML%Ǽ˃±AĮƑ?# :ɗͰÓYĞMR!>ƮŪỸL¼2ɗͰÓϻ͌AƙƜğ

?Ƣ­LU¼Y˪Α-4%2ÅŝB2AΫ̶?8 :Àŵ;�U� 

і� Ȯʖ 

K0ɗͰÓϛê?#(U PMLAƮŪ?Д-2ȇ PMLȇÓ<Ђl¢^�̨ƑYØ˗-

4÷ˣЪзʖ?RTαH4�C57BL/6J�_rĮƺ$Sɜͩ% intact>ʬȨĈΓĀВďA

Į;�U Germinal VesicleĮяGVĮѐYĪЧǢ αMEMűū±; 20ȼГűп-2ʬȨĈ

Γ%ĀВ-ɜͩ%Ƹż-4 Metaphase IĮяMIĮѐĴEĺ̪ļ͝>¡� K;ʬȨĈΓ

%ϩΎ-4 Metaphase IIĮяMIIĮѐYЪзΡɓ?˗ 4�ɶ? PMLAƮŪ?8 :2

ȱ˺AɗͰÓϛêw¤�hΘłÓ Chromosomal Passenger ComplexяCPCѐGAÛƓǰY

αHU4N2ńɮ?ĪЧ-4GVĮYCPCИƠĒ<-:˺SVU 5-Iodotubercidinя5-Ituѐ

AƓŪ«; 8ȼГűп-4�*AR!?ǥ4 MIĮ?8 :2CPCɭǼŞƑ SurvivinĴ

EĊɉa¤�v§��§d§EEA1?ƥLUȇÓY˗ 4ΊöȇÓɗͰ?RT PMLA

ƮŪ?8 :αH4�,S?ĺ̪ǢAɮ�>˪͖ɾР?�U͛Aɜþ?#(U PML�

}]AɇʿYαHU4N2C57BL/6J�_rYǚĎȕĮ,1:ǥ4 Metaphase IIĮяMII

Įѐ?ƥ-Ə̪-2120ȼГ̍Ǒűп-4�Ł͛YţƜǢ2ȱ˺A PMLɜþ�}]Ʈ

Ūw¤�h<-:˺SVU small ubiquitin-like modifiersяSUMO2/3ѐP death-associated 

protein 6яDaxxѐ?ƥLUȇÓY˗ 4ΊöȇÓɗͰ?RTɩć-4� 

ї� ̼ɕ 
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� MIĮɗͰÓAϛê?# : PMLПǰAЂl¢^�B2¬ƜǜAąХÓɮ?Ĉǀ-:

#T2MIIĮ;BɗͰÓª?ƮŪLUĮƑOƓŪ-4�ɶ?25-ItuĆ˓?RT Survivin

AȧⅢ%̂ά,V4 MIĮɗͰÓAϛê?# :O PMLAƮŪǰBſğ->$74�

K4ɜͩ%Ƹż-4 MIĮ̶͜ω?# : PMLAƮŪBĊɉa¤�v§�<Bù'Ͽ

>S>$74�ɅǢ?2ĺ̪ǢAl¤�hp�¤ȼɉя8̶͜ɉ-ɢƝ͛ÉϛѐA͛ɜþ

?# :ȷ˹> PMLПǰA�}]%ćˑ-4��}]Api� B SUMO2/3P Daxx

A dotˊApi� <R'ûƮŪ-4� 

 

ј� ͑Ƥ 

� ɇ̭ĈΓ?# : PMLɜþ�}]B2яɜͩƸżǢAѐĈΓ±ɉ?# :ą͈-4ɗ

ͰÓ$SЧV2̶͜ω?# :Ċɉa¤�v§�?͉˞,V4ǜ;Х̑LUяmitotic 

assemblies of PML proteins, MAPPsѐ*<%ŵŌ,V: U�ÅŝAǽ�A̼ɕB2˕ɽ

̶͜?ˉˡ˭>ʬȨĈΓɉAɗͰÓϛê?# :2PML%ɋ˺AĈƑ˭ˉǰYÆ-:

ɗͰÓAƙƜǰ?Ƣ­LU¼ỸŖ-4�PMLɜþ�}]Bĺ̪ǢŁĔ˒AĈΓ%˰

Z?>Uȼɉ?ĊN:ćˑLU¼$S2ĺ̪ďAĮƑǼ˃ɉ?#(U��}];> 

PML�?BˉɇAɴ͝%ƓŪLU¼%̃Ŗ,V4�ǽ�B�̳A˕ɽʂǰ?8 :˽̔

-:#T2Àǹǰ˭?�̳яÀ�ϾѐY�_r?ƥ-:ɂЬLU�} ?# :2Įƺ

$SȖĹ-4ĮƑ$SͦͣþȆ­Ǣ 1ȼГ;̰ 3.1 µg As/gĮƺʰϿЁяĮƺùÓ;A

ɩćЁA̰ 30ю?˵ǛѐOA�̳%ɩć,VU*<2Ŵ͚ˎ%źƃLU*<2K4ű

пĮƑY˗ 4 in vitroAʂǰΡɓ;B MI, IIĮƑ?#(U̴ЉÓǜǼϮ̍?ǳǞаY

˕.U*<YɌ˽̔Í;ȱ?˪Α-: U��̳B˖Ç?ДXU͚˱A̶͜¦Įƺʺ͜

̶͜¦ƑƟA̶͜>=?ƥ-:OǞаYĴJL*<%˺SV:#T2ĮƑ#REĺ̪͛

я˕ɽ̶͜ѐ?ˉˡ˭>�̳Aɯ˭<>UĈƑɴɭAΡȷ%ɈKVU� 

 

Non-body PML in the meiotic maturation of oocytes 

 

Osamu Udagawa and Seishiro Hirano1 
1National Institute for Environmental Studies 

 

In the present study, we demonstrated that ”non-body PML” in the oocyte 

peri-chromosomally accumulates and is involved in the maintenance of the meiotic spindles 

during the meiotic maturation. Also we re-evaluated the controversial issue on the first 

appearance of the PML nuclear bodies (PML-NBs) in the fertilized embryo. We found that 

PML-NBs appear in the nucleus of each blastomere at around compaction, especially evident in 

embryos completed the compaction. 
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u���]zp��} Aʞ˗?RT˪Λ-4 

ʂǰAÑ Nrf2ʞǰğĒAÀ�ϾʂǰϕʬĚɕ 

1ǀȯФž2ϲ·òÖ2Vu Thanh Nguyen2ƩɔъƽÄ 

̝ʗƃƕĤƕĤ˧̮ 

 

ѕ� B.N? 

� ˕ÓЗǦɴɭ Nrf2pr|�AΆĒ?RUʞǰğB2Ͼğr~¡rP˔Ź±?ƓŪL

UϿЂư>=AʂǰYϕʬ;&U*<%ɉǡ,V: U�-$->%S2*VK;̉4

6B2ΆĒ?R7:ƙù? Nrf2pr|�YʞǰğLUШ-,Y̻т-:&4��¢z

l�§r��_~>=AЀͼ?ňKVU Nrf2ʞǰğĒn �b��`¤B2Ͼğr~

¡rяϮϾğʇ̳ѐ?ƥLUȈȇǰYǚĖ?ψ­LUяMukaigasa et al. 2012 Mol Cell Biolѐ

%2À�Ͼ�~�_�<A̺LłX1;B2Nrf2ЮÛƓ˭>ΘłʂǰY˪ȜLUŶł%

�U*<Y˪Λ-4яFuse et al. 2016 Toxicol Appl Pharmacolѐ�*A*<B2ˉƜAr~

¡rɐÌ«?# :B2Nrf2ʞǰğĒAʂǰ%źǚ,V:-K!ļ͝ǰỸ-: U4

N2ƙù?č˗;&U Nrf2ʞǰğĒYВ˪LUǬΚ%�U� 

� 2*;Ɍ˽̔;B2ϛǈĕΆĈЀ;,$Z>ȱƓΆĀВ˪яDrug repositioningѐ< 

!Ǿ˟$S\^}\Yǥ:2ÄÓ?ƥLUƙùǰ%�U̍ǑȊá,V: UȱȂάΆ?

˸˳-4�Nrf2Aʞǰğ%ŵŌ,V: UΆ?8 :2Ͼğr~¡rPÀ�Ͼ?ƥLU

˕ÓЗǦψ­Ěɕ<ʂǰ?8 :ɩΧ-4� 

 

і� Ȯʖ 

� Nrf2ʞǰğ%ŵŌ,V: U 28AȱȂάΆ2Ƃ˪ǰ́ğ˥Aʒ˧Άq�y �� 

Ͼ#REД̡�_�yAʒ˧Άc§���]¤AĚɕYɩΧ-4��} <-:2in 

vivo;Aʂǰ#REΆĚΨÜY̤Ī?Ύ"Uu���]zp�͛Yʞ˗-4�ĺ̪Ǣ

3.5Ȳ͛Y2ŁΆĒ; 12ȼГďĆ˓-22AǢĺ̪Ǣ 4Ȳ˳Aȼʾ$Sr~¡zn§яϮ

Ͼğʇ̳PÀ�Ͼ�~�_�ѐ?ɂЬ-:212ȼГ#&?˕ƓˎYΡɓ-4�Ѐ˕ŭ

<<O?2Nrf2ſˡŭu���]zp�̮̿яnrf2afh318ѐYč˗LU*<?RT2ΆĚ

A Nrf2ÛƓǰYϴÎƕ˭?̂$N4�ϴÎƑ˪ˑΡɓB2in situ hybridizationʖ?RT

Ύ 2Nrf2ʞǰğĒ?RUϴÎƑέƨYΨÜ-4� 

 

ї� ̼ɕ 

� K02æΖΆĒ%Ͼğr~¡rGAȈȇǰYψ­LU$αHU4N2Ѐ˕ŭu���

]zp�͛Y2V3VAΆĒ;ďĆ˓Ǣ2ϮϾğʇ̳ɂЬYΎ 2̞ ƓˎAΡɓYΎ7

4�q�y �� ϾB2ȷ˹?Ͼğr~¡rȈȇǰY­">$74%2c§���]



I – 6 
 

 41 

¤B2ϮϾğʇ̳ɂЬǢA͛A˕ƓˎYз΀?ªȶ,14� 

� ɶ?2Nrf2ſˡŭu���]zp�̮̿Y˗ :2c§���]¤Ar~¡rȈȇǰ

ψ­Ěɕ%2Nrf2ʞǰğ?RUOA$ɩΧ-4�c§���]¤Ć˓Ǣ2gstp1>=A

Nrf2ɯ˭ϴÎƑB2Ѐ˕ŭP�|¢ſˡŭ͛яnrf2afh318/+ѐ;Bέƨ,V4%2��ſ

ˡŭ͛яnrf2afh318/fh318ѐ;BL<NSV>$74�K42c§���]¤B2��ſˡ

ŭ͛?ƥ-:2ϮϾğʇ̳?ƥLUȈȇǰYψ­;&>$744N2c§���]¤?

RUȈȇǰAªȶB2Nrf2ʞǰğ?RUOA;�U*<%ȷS$?>74� 

� ,S?2c§���]¤?RU Nrf2ʞǰğ%2À�ϾAʂǰϕʬ?ǭ˗ļ͝;�U

$ɩΧ-4�c§���]¤ďĆ˓B2n �b��`¤;LSV4R!>ʂǰY˪Ȝ

LU*<>'2À�Ͼ�~�_�ɂЬǢA͛A˕ƓˎYμŘ-4�K42Nrf2ſˡŭ̮

̿AΡɓ$S2*AĚɕB Nrf2ÛƓ˭;�U*<%̂$NSV4� 

 

ј� ͑Ƥ 

� ȱƓΆc§���]¤?RU Nrf2ʞǰğB2Ͼğr~¡rP�̳ğłˈAʂǰYϕ

ʬ;&Uļ͝ǰ%̃,V4�K42ȱƓΆA±$SΆĚA�UğłˈYȗL< !Ǿ˟

B2̄ ƜAr~¡rˊʔ«;˕.:-K!ΆAʂǰYŝ϶LU\�¢§y<-:OɇĚ

;�U*<%̃Ŗ,V4� 

 

 

 

Attenuation of arsenite toxicity by a low-toxic Nrf2 activator that was discovered by the use 

of a zebrafish model 

 

Yuji Fuse, Yuka Endo, Vu Thanh Nguyen, Makoto Kobayashi 

Faculty of Medicine, University of Tsukuba 

 

Pharmacological activation of the Nrf2 system is anticipated to be applied to the prevention 

of health problems caused by oxidative stress and environmental chemicals including arsenic. 

However, we previously found that it is not easy to activate the Nrf2 system safely: a well-used 

Nrf2 activator sulforaphane exerted a combinatorial toxic effect with sodium arsenite. To 

circumvent the toxicity problem, we adopted a strategy of “drug repositioning” and explored 

relatively safe Nrf2 activators using a zebrafish model. We found that auranofin, an approved 

drug for rheumatoid arthritis, attenuated arsenite toxicity without any obvious combinatorial 

toxic effects. Auranofin may have wide applications in chemical- and oxidative stress-related 

health problems.
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ICP-MS?RU�̳ğłˈĈɓA4NAd��̺LϚLŭ 

���^o§В˪ 

�Ɵ« Ȓ¨ 12хʍ ̈ 22·¿ ̷¨Ϲ 12хʝ ̘Ƒ 12ɣɎ ˺¶ 22̏Ů ő© 1 
1Ť̗˽̔В˪ʖÄ˖ɪȃΏ̓ł˽̔Ȁ22ɒÃΆ̊ƃƕ 

 

ѕ� B.N? 

ˑŪ2ϙƕ2Ĥƕ2̞ Ő̊ƕ>=Aɮ�>˽̔гŰP˖ɪ˜;B2ЂưğłˈAƜǰ¦

ƜЁĈɓY˳˭<-:2HPLC-ICP-MS?RUğłˈAĈЧɩć%ΎXV: U�-$

->%S2µL/min¡� AÑʟЁ;AğłˈĈЧ?# :B2ƂȨAϻ̠Ș̀ϺA}

z����§�AƓŪ?RUΩȫʥAȌȧя�§hǜˊAǳğѐP2�^����§�

AƓŪ?RUĈЧğłˈAȌȧя�§hǅAȌƃѐ< 74ΰж%�U�*VSAΰж

AΡʎȮʖ<-:B2ĈЧd��Y���^o§ͬÓ?̺LϚM*<;¨Óğ,1U*

<%Ȑ)SV22AƝˑ?R7:ΩȫʥĴEĈЧğłˈAȌȧAȅĎ%ɉǡ;&U�K

42���^o§?̺LϚMĈЧd��<-:2©ɶó˭?ϧϤ-4̕ƒYɇLUƂƒ

ωÓя���rѐYȊÓ<LU���rd��Y˗ U*<?RT2̨ƑôŸŭd��

;BŠШ>d��ĉȬЯYϤ.4Вȥ̮GAхũϠʥ%ļ͝<>T2,S?2���r

%ɇLUх ʟÓϢϮǰ<òV4ˈω̌ĜĚˎ$S2Ñũȝ;Aхϥ¦хǰ͝ĈЧAƝ

ˑOɉǡ;&U� 

Ɍ˽̔;B2ΩÕ-4���rd��̺LϚLŭ���^o§Aǰ͝ΨÜ̼ɕ2°E

?2�̳ğłˈĈЧĈɓGAǭ˗̼ɕ?8 :ŵŌLU� 

 

і� Ȯʖ 

ţƜ˵?qay \��ŲYɇLUǙŷŲǰО^c¤ÂȚ���§���rd��

яþǠ 0.53 mm2А, 15 cmѐY in situϿłʖ?R7:ÕΗ-4�K42ţƜ˵?ch

w}p ŲYɇLUϡ˵̮p�d���rd��яþǠ 0.2 mm2А, 25 cmѐYϊø-

4�̄ d��B2õ̙Ϻ?ƒǠ 35 µmAi�z��zp�YɇLUi�z����^o

§�}]яõ̙̓Ǡ 0.2 mmѐ?̺LϚZ5� 

ΩÕ���^o§Aǰ͝ΨÜ<-:2erʟЁ 1 L/min;AŜЫʥʵAn^sĈǀΨ

Ü2°E?2ICP-MSΔ͌Δ˸ȼ?#(U�§hǜˊA͋TϜ-̪ǑΨÜĴEǷǑˉǰ

ΨÜYΎ74�K42�̳ğłˈĈЧGAǭ˗<-:24̎йAʇʴǰ�̳ğłˈяÀ

�Ͼ2�Ͼ2���y \ v¤Ͼ2q�y \ p¤ϾѐYƥμ<-4ĈЧɩćYΩ

Ύ-4� 

 

ї� ̼ɕĴE͑Ƥ 
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ΩÕ���^o§?RUŜЫʥʵAn^sĈǀYʮƜ-4̼ɕ2Ù"CǙŷŲǰО^

c¤ÂȚ���§���rd��¨Óŭ���^o§;B2ʟЁ 0.02 mL/min;Ao_

w§ǇŬǠяD3,2ѐB 3.6 µm2Ó̑�q\¤ǠяD50ѐB 3.9 µm;�74�ʋ˗˭>�

��^o§яGlass Expansion̅Η MicroMist20.1 mL/min\z�|^h�} ѐ;B2

ʟЁ 0.2 mL/min;A D3,2B 10.7 µm2D50B 24.4 µm;�74*<$S2ΩÕ���^o

§BRTǨ̶>ʥʵAŜЫ%ļ͝;�U*<%ȷS$<>74�Ɍ˪Α;B2ˑ ŪƝȯ

-: U2AÈAǰ͝ΨÜA̼ɕ2°E?2�̳ğłˈĈЧĈɓGAǭ˗̼ɕ?8 :

OŵŌLU� 

 

 

 

Development of a Separation Column-Integrated Nebulizer for Speciation Analysis by 

ICP-MS 

 

Shin-ichi Miyashita1, Sho Takae2, Shin-ichiro Fujii1, Akiko Takatsu1, Tomonari Umemura2, 

Kazumi Inagaki1 
1National Metrology Institute of Japan (NMIJ)/AIST 

2Tokyo University of Pharmacy and Life Sciences 

 

HPLC-ICP-MS has been widely used as a tool for metal speciation analysis in various 

research fields and industries.  However, in separation of metal compounds at low flow rates 

(µL/min level), diffusion of sample solution due to the presence of dead volume at many tubing 

connections and diffusion of separated compounds due to the presence of void volume.  One 

possible approach to solve these problems is to integrate a separation column into a nebulizer 

for aerosol generation, which would result in suppressing the diffusion of sample solution and 

separated compound.  While it is difficult to integrate a commercially-available packed column 

itself into a nebulizer, a monolithic column is potentially capable of being integrated into a 

nebulizer due to its characteristics of structure.  In addition, a monolithic column has the 

characteristics of low flow-resistance and excellent mass transfer, which allows for high-speed 

and high-performance separation at high flow rates with minimal loss of column efficiency. 

In this study, we report on the performance evaluation results of prototypes of monolith 

column-integrated nebulizers, and the application results on arsenic speciation analysis.
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ɰȢ˭ʤğ˔Ź?#(U\ t�p�e§328AğƕǜǸſğ 

1ƃĵ ̆ϗ 12Аκƹ ɠƑ 12˝ ȷƦ 12Ʋ± è© 22ŧ· Ňľ 32·κ ˫ 1 
ѕĦͿ̊ƕƃƕƃƕМĭɴ̠˓ƕ˽̔̊2іȲɌƃƕΆƕϺ2 

3±ʼЗƃЖęïΐ˕̓łt¤w§ 

 

ѕ� B.N? 

� ʣ˖мŒB�̳ňɇЁ%ʃϖ˭Ƃ *<$SèǓ�rhΨÜ%ʊNSV: U�ʣ˖

мŒ?ňKVU�̳ğłˈB2�qf>=AÙƁYН :Bɇɴ�̳ğłˈ%2Aƃħ

YĬN2чÆйB\ t��w^¤яAsBeѐP\ t���z�яAsLipidѐ2ʣΈйB

\ t�p�e§(AsSug)P AsLipid>=Aɇɴ�̳ğłˈYƂ'ňZ; U�AsSugP

AsLipidB�~Óþ;²?q�y \ p¤Ͼ(DMA)>=Aq�y �̳ğłˈG<Ê

ε,VU*<%˺SV: U�K4 AsSugY̻ĻȞĹ-4͒Aƭ$S�̳˪%ZGA

Д­%ˢXV: Uq�y ��yc\ p¤ϾяDMMTAѐ%ɩć,V: U*<$

S2AsSugP AsLipidAÊε̻Ϗ<˪%ZǰAДϧ%ʘ˳,V: U�-$->%S2

AsSug2AsLipid$S DMAGAÊε?8 :B¬ȷ>ʾ%Ƃ �2*;Ɍ˽̔;B2

AsSugAÊε?ДLU˺ΛYǥU4N2ɰȢ˭ʤğ˔Ź?#(U AsSug328AğƕǜǸ

ſğYΟƤ-4� 

 

і� Ȯʖ 

� ΒтΩȫ;�U AsSug328B TraarSяTetrahedron Lett. 2006ѐAȮʖ?Ų9&łǼ-

4�ɰȢ˭ʤğ˔ŹB͘ʥ2͙ʉ¦ͪʥ2ͥþ̶ͻʥA 3˵<-4�AsSug328ʴʥ?

ɰȢ͘ʥYĘ" 37�; 4ȼГȒ˲YΎ74�*VY±ő-4Ǣ2�wA͙ʉĴEͪͫ

ȉćǼĈYňMɰȢ͙ʉ¦ͪʥYĘ" 30ĈГȒ˲-4�ļ͝>ЛTƐʆˊǸÝȎL

U4N\ m¤͌ȚYΎ74Ǣ2ͥþ̶ͻʥYʨĘ- 24ȼГȒ˲-4�>#ͥþ̶ͻ

ʥBφш>�~̬Ý$SȖĹ-ʨĘ˴ď?αȩ-4�Ł˵A̹ºȼ?n¤��¤iYΎ

 2HPLC-ICP-MS;ğƕǜǸČĈɓYΎ74�HPLC?#(U�̳ğłˈĈЧ?B2

П^c¤ÂȚd��<О^c¤ÂȚd��Y˗ 4��ϾяAs
ѐ2À�ϾяAs�ѐ2

���y \ v¤ϾяMMAѐ2DMA2DMMTA2AsSug328AŁɯʳˈω<ʴćȼГ

%¨ͭ-> �̳ğłˈ%˕.4Т?B2HPLC-TOF-MS?RUğƕ̺ǼAΡɓYΎ7

4� 

 

ї� ̼ɕ 

� AsSug328AɰȢ͘ʥGAɂЬA̼ɕ2AsSug328Bʬƪ-2*V?ÊXTɋ˺A�̳

ğłˈ�§h%ɩć,V4яpeak Aѐ�peak AAǼĈ?8 : HPLC-TOF-MS;Ρɓ-

4̼ɕ2AsSug254< AsSug269A 2̎йA�̳ğłˈ%άNSV4�ɰȢ͙ʉ¦ͪʥG
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AɂЬA̼ɕ2͘ʥɂЬȼ<Bķƥ? peak ABʬƪ-2AsSug328%źĘ-4�ͥþ̶

ͻʥGAɂЬA̼ɕ2AsSug328Bʬƪ-2*V?ÊX7:φ4>ɋ˺�̳ğłˈA�

§h%ɩć,V4яpeak Bѐ�ńn¤� YĈЧǰˊAˡ>Ud��;Ĉɓ-4<*W2

peak B?BΘȨA�̳ğłˈ%ňKVU*<%X$74�HPLC-TOF-MSΡɓA̼ɕ2

peak B?ňKVU�̳ğłˈA 18Bycŭ AsSug328;�74�ª℃ 3˵AɰȢ˭ʤ

ğ˔Ź«;AƝт?RT2AsSug328$S DMA%˕.U*<B>$74�K42As
2

As�2MMA2DMMTAO˕.>$74� 

 

ј� ͑Ƥ 

� ɰȢ˭ʤğ˔Ź«?# : AsSug328B 5-}cfp�����§rуɞϺĈBɬ@́

Ȏ,V:#TђAsSug2542AsSug2692ycŭ AsSug328AI$ǋ8$AɋńƜ�̳ğł

ˈ?Bſğ-4%2DMAGBſȚ,V>$74�AsSug328ĴE2AÊεˈBʤğ̠;

ŉĸ,V4Ǣ2͔ͫ>=?# : DMAG<Êε,V: Uļ͝ǰ%͑"SVU� 

 

 

Metabolism of arsenosugar 328 in in vitro artificial gastrointestinal system 
Yuki Otomo1 , Momoko Hasegawa1 , Akihisa Hata1 , 

Kenzo Yamanaka2 , Ginji Endo3 , Noboru Fujitani1 
1 Graduate School of Risk and Crisis Management, Chiba Institute of Science, 

2School of Pharmacy, Nihon University, 3 Osaka Occupational Health Service Center, Japan 

Industrial Safety and Health Association 

 

  Seaweeds consumed as food contain large amounts of various arsenic compounds, mostly 

arsenosugar (AsSug) and arsenolipid (AsLipid). AsSug and AsLipid are metabolized into a 

possible carcinogen of dimethylarsinic acid (DMA). We tried to clarify the metabolism of the 

AsSug in gastrointestinal tract using an in vitro artificial gastrointestinal system. 

  AsSug328 was incubated at 37ºC in gastric juice for 4 h, then in intestinal juice (containing 

bile extract and pancreatin) for 0.5 h, and finally in enteric bacteria solution (prepared using 

fresh feces obtained from a healthy male adult) for 24 h. Changes of the arsenic compounds 

after artificial digestion were analyzed by HPLC-ICP-MS and HPLC-TOF-MS. 

  After artificial digestion, not DMA but several AsSugs including thio-AsSug and an 

unidentified arsenic compound were detected. Therefore, AsSug328 and its 

5-deoxyribofuranose-containing metabolites are absorbed from the gastrointestinal tract and 

then metabolically converted to DMA in liver. 
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��¤�§?#(Uū«ʇ�̳ʌɗAƝǸ  

�Й͸ŔϹ 12Ɏª˓ÖƑ 12ɊɎ˴˫ 12ƃɃϵ 12þƲǉƑ 12±˘ȿǝ 22Nyunt Phay3 
ѕ˂Ɍ˶̗ƃƕ¦˔Źû˕ƕϺ22˂Ɍƃƕ¦˓ƕϺ23Pathein University 

 

ѕ� B.N?  

ū«ʇA�̳ʌɗB2®˜Μɰ;ƃ&>ú΍ΐ˕ŗж<>7: U�șƜ;B2®˜

; 2ñYό"UÄ�%2®˜áèɴДяWHOѐ%ƜN4н˗ʇAŲʳçя10 µg/LѐË

ªA�̳YňMū«ʇYн˗-: U<΢XV: U�ū«ʇAн˗YÆ-:ǹǰ˭?

�̳ɂЬYĺ(4Ä�B2˯ ͨУƠP%Z>=Aɮ�>˥ˊ?ʹ-NSV: U�2A

4N2®˜ùÓ;�̳ʌɗÅƕ˭>ȁʖ?Ų9 4ƝǸαə<ÊɄʇʲ¦�̳НĲp

r|�AВ˪%ǯĝ<>7: U� 

��¤�§B2\q\A±;Oπ- Ť;�U¨Ȯ2ϛǈ̻ʩǼА΀- Ť;O�U�

-$-2ªʇϯBĥĈȾĴ-:#S02Ƃ'AūŰ;ū«ʇ%č˗,V: U�2Aū

«ʇ%�̳;ʌɗ,V: Uļ͝ǰ%�U�����Ʋ͞˙ɑAƚφ®Aφʐ̑ǃʇƱ

B�̳Aʌɗʲ<͑"SV:#T2*AūŰYϋʲ<LUe¤qrƹP�l¤ƹ̜Aƃ

ʑʟŰ;Bū«ʇA�̳ʌɗ%зŪğ-: U���¤�§?O2����Yϋʲ<L

Ua§�£}]ƹ%ʟV:#T2ūωƕ˭?L:�̳ʌɗ%ƓŪLU*<%̃Ŗ,V:

 U�ƝТ2ɅϛA˽̔;2ńʑƹʟŰAū«ʇ$SхʹǑA�̳%ɩć,V:#T2

�̳ʌɗAƓŪ%ĊN:ȷS$<>74�-$->%S22VSAαə̼ɕBn¤� 

ȨOƪ>'2K4þơOȬ˅˭;�U4N2,S>UɩΧ<Ǎ̢š>��w�¤iαə

%ʊNSVU� 

2*;Ɍ˽̔;B2��¤�§Aa§�£}]ƹʟŰ?#(Uū«ʇA�̳ʌɗAƝ

ǸΡȷYΩL4�K42�̳ËƁA2AÈAǨЁЂư?8 :OĈɓ-2ū«ʇAΘł

ʌɗ?8 :Oαə-4� 

 

і� Ωȫ<Ȯʖ  

2015ǈ 12Ɇ#RE 2016ǈ 12Ɇ?2��¤�§Aa§�£}]ƹʟŰ±Ϻ#REĩ

Ϻ;ū«ʇяn = 49ѐYȖĹ-4�ȖĹȼ?2ūóÒʅ$Sū«ʇя¿ǿѐAʦǑ2č

˗ɸ2č˗Ȯʖ?8 :AǴŵYǥ4�K42ʃϖA4N2ʑƹʇяn = 1ѐ2ʇϯʇяn 

= 9ѐ2�~ ʇяn = 1ѐOȖĹ-4�Ł̎ʇn¤� Y 0.20 µmA�] w§;WϮ¦

ЮWϮ-4OA?Ĉ(2˿ ϾʨĘǢ2�̳ʹǑYέƨ̼ł��s�ωЁĈɓΣяICP-MSѐ

;ƜЁ-4�K42�̳ËƁAǨЁó̳?8 :Ońɮ? ICP-MS;Ĉɓ-4� 

 

ї� ̼ɕ<͑Ƥ  

ĈɓA̼ɕ2ū«ʇ±�̳ʹǑB2<0.01 – 209 µg/LA̢š;�74�IJù:Aʇ
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n¤� ?# :2�̳BʴƓǸ<-:ƓŪ-: 4�WHO?RUн˗ʇAƙùŲʳ

ç<ʃϖ-4<*W2ùn¤� A 28%%ŲʳçYόϮ-: 4�,S?2ʇϯʇ;,

"O2*AŲʳçYªŝUn¤� %�74�ËªA*<$S2*VSAʇYн˗LU

ūŰÒʅ?2�̳ɂЬ?RUèǓ�rh%ǻǮ,VU� 

ɶ?2ū˓˭ĈǀYLU<2�̳ʌɗA�z~r�z~BˉƜAūŰ?Х̰-: U

A;B>'2Łū?Ǎ'ʾŪ-: U*<%ȷS$<>74�K42¿ǿAʦ, 15 – 60 

mAū«ʇ$SхʹǑA�̳%ɩć,V:#T2*AʦǑ?Ô$-S�̳Yλƣ?ňM

ǃʇƱ%ƓŪ-: U*<%̃Ŗ,V4� 

�̳ËƁAÈAǨЁó̳OĈɓ-4<*W2�¤e¤P_�¤?8 :O2 '8$

Aūʾ$SWHOAŲʳçYªŝUʹǑ%ɩć,V4�<'?2�̳<�¤e¤2�̳

<_�¤?RUΘłʌɗOΛ8$74*<$S2��¤�§AÄ�?#(Uū«ʇYÆ

-4ΘłɂЬ?RUèǓ�rh%ƃ&>Дǫ¼<>74� 

 

Contamination status by arsenic in groundwater from Myanmar 

 

Tetsuro Agusa1, Rikako Murakami1, Naoto Kimura1, Ryo Omagari1, 

Yukiko Uchiyama1, Haruhiko Nakata2, Nyunt Phay3 
1Faculty of Environmental and Symbiotic Sciences, Prefectural University of Kumamoto, 

Japan 
2Graduate School of Science and Technology, Kumamoto University, Japan 

3Pathein University, Myanmar 

 

We conducted monitoring survey of arsenic (As) pollution in groundwater from Myanmar.  

Groundwater, tap water, river water, and bottle water samples were collected in the middle and 

southern parts of Myanmar in December 2015 and 2016.  Concentrations of As and other trace 

elements in those samples were measured with an inductively coupled plasma-mass 

spectrometer (ICP-MS).  Concentration of As in groundwater was in the range of <0.01 – 209 

µg/L.  We found that about 28% of groundwater samples collected in our sampling had over 

the safe level (10 µg/l) for As in drinking water established by WHO.  Interestingly, high 

concentrations of As were also detected in some tap water samples, indicating that those public 

waters are not suitable for drinking.  Geographical distribution of As in groundwater revealed 

that hot spots of As contamination were widely dispersed, not concentrated in a certain area.  

Relatively high concentrations of As were detected in groundwater from 15 – 60 m depth.  For 

other metals, manganese (Mn) and uranium (U) levels in some groundwater contaminated by As 

were also higher than the WHO guideline values.  Therefore, human health risks of 

multi-elemental exposure through drinking of groundwater are of great concern in Myanmar.



II – 4 
 

 48 

Ό̠þ˯̶͜?# :ϿЂưAʂǰYϕʬLU���¤̀Ͼ 

�¢|ci�d¤ĈƑ̎ 

1�Ń˘ȹƑђкΛъÛђЌĂčǉ 

ɒÃ˓ƃ¦Ά 

 

ѕ� B.N? 

� Ό̠þ˯̶͜BђΌ̠A~§�rPΌʥąţ̈́ʴ̮Yα̡LU5(;>'ђΌʥ<Ό

̠þ˯«̺͊YС:UУŻ<-:ɴ͝-: U�˔Ź±?ƓŪLU�̳ђЅђ�y ʇ

ЇPd��_�?RUśƛʂǰAΑˑŭBƂɮ;�U%ђ2AśƛʂǰA˪ˑ?BΌ̠

ʂǰђ8KTΌ̠þ˯̶͜?ƥLU*VSğłˈ?RUʂǰA½ɶ˭>Ǟа;�U*<

BʿΝ;&> �-4%7:ђþ˯̶͜?ƥLUd��_�A̶͜ʂǰ˪ˑYʎƜ9(

UŞƑ#RE2A�d�s�AΡȷBd��_�AśƛʂǰA˓Ρ?ϿΚ;�U� 

� ¨Ȯђ���¤̀Ͼ�¢|ci�d¤яHSPGsѐBl\w¤�hω?���¤̀Ͼ̫

Ѝ%ûɇ̼ł-4Θł̫ω;�Tђþ˯̶͜?# :Ƃɮ>ɴ͝Y˪ˑ-: U�þ˯

̶͜?х'˪ˑLU HSPGs<-:ђ̶͜Ɓ�~�zhr?ƓŪLUƃŭĈƑ̎�§ 

d¤ђ̶ͩ͜ςϤŭAƩŭĈƑ̎p¤}d¤-1#REp¤}d¤-4%˺SV: U�

Ɍ˽̔A˳˭Bђþ˯̶͜ʂǰYãоLU HSPGĈƑ̎YńƜ-ђ2AãоA�d�s

�YȷS$?LU*<;�U� 

і� Ȯʖ 

� ̶͜B_pƃĜ͞þ˯̶͜YђsiRNA#REх˪ˑ�hw§AƨøB���`hp�

¤ʖY˗ 4�þ˯̶͜GB�̳ђЅђ�y ʇЇ#REd��_�YɂЬ-4�̶͜

ìƠǰBg�oɗͰ?RUǜǸƕ˭ΟƤ#RE¸Ͼ͟ʇ̳Ͻ̳яLDHѐAⅢ͟ЁђϴÎ

Ƒ˪ˑB real time RT-PCRʖђw¤�hω˪ˑBWestern Blotʖ?:ΨÜ-4�̶͜þ

Ad��_�΂̑ЁB ICP-MSY˗ :ʮƜ-4� 

ї� ̼ɕ#RE͑Ƥ 

� þ˯̶͜?Ƃ'ƓŪLU�§ d¤ђp¤}d¤-1K4Bp¤}d¤-4 siRNAYƨ

ø-ђ2V3VY˪ˑȅĎ-4̶͜?�̳ђ�y ʇЇ#REd��_�YɂЬLU

<ђ˪ˑȅĎ̶͜?#(Uþ˯̶͜ìƠ%з΀?ªȶ-4�¨ȮђЅ?RU̶͜ìƠ

B*VS�¢|ci�d¤ĈƑ̎A˪ˑſĜ?Ǟа->$74�>$;Oђ*VS�

¢|ci�d¤ĈƑ̎Y˪ˑȅĎ-4*<?RTђd��_�?RUþ˯̶͜ìƠ%

ˉ?źǚ-: 4*<$Sђd��_�?RUþ˯̶͜ʂǰYãоLU�¢|ci�

d¤ĈƑ̎?8 :Ϋ̶>ɩΤYLU*<<-4� 

� þ˯̶͜?�§ d¤ђp¤}d¤-1ђp¤}d¤-4Yх˪ˑ,14<*Wђp¤}

d¤-1 #REp¤}d¤-4 Yх˪ˑ-4̶͜?# :ђd��_�?RU̶͜ìƠ%
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з΀?Ñʬ-4��§ d¤х˪ˑ̶͜;Bd��_�?RU̶͜ʂǰ?ƥLUȅĎ

ĚɕBάNSV>$74ABђþ˯̶͜?# :�§ d¤%ǱǄ˭?х'˪ˑ-:

 U4N<͑"SVU�d��_�A̶͜ʂǰB̶͜þ΂̑Ё?ÛƓLU4Nђ�§

 d¤ђp¤}d¤-1ђ#REp¤}d¤-4˪ˑȅĎ̶͜?#(Ud��_�A΂̑Ё

YɩΤ-4<*Wђ 0VA̶͜?# :Od��_�A̶͜þЂư΂̑Ё%źƃ-

: 4�-$->%SђɌɐÌ«?#(Ud��_�?RU�w¢yc�^¤\^v

�b§��MT1AђMT1E#RE MT2�AϓāέƨBђ�§ d¤ђp¤}d¤-1ђ#R

Ep¤}d¤-4 ˪ˑȅĎAǞаYĺ(>$74�d��_�Y̶͜þGϘϠLUЂư

ϘϠÓ ZIP8A˪ˑЁBђ�§ d¤ђp¤}d¤-1ђ#REp¤}d¤-4˪ˑȅĎ̶

͜?# :ђd��_�?RU ZIP8 mRNAA˪ˑέƨ%,S?ªȶ-: 4�,S?ђ

*VSA˪ˑȅĎ̶͜?# : Fibroblast Growth Factor-2 (FGF-2) A˪ˑ%źǚ-: 

4�ǽ�BђFGF-2%þ˯̶͜?#(Ud��_�ʂǰYźǚLUŞƑ;�U*<Yŵ

Ō-: UяFujiwara et al., Arch. Toxicol., 2014ѐ�-4%7:ђ�§ d¤ђp¤}d

¤-1ђ#REp¤}d¤-4˪ˑȅĎ?RUþ˯̶͜Ad��_�ʂǰAźǚBђЂưϘ

ϠÓ ZIP8A˪ˑªȶ?Ï!̶͜þd��_�΂̑ЁAźƃ<ђFGF-2A˪ˑªȶ?R

Uþ˯̶͜Ad��_�ǷĺǰAźƃ?RUOA<șƤ,VU� 

� ËªђɌ˽̔?RTΌ̠þ˯̶͜?˪ˑLU�§ d¤ђp¤}d¤-1ђ#REp¤

}d¤-4 %d��_�5(;>'�̳P�y ʇЇ?ƥLUЗǦŞƑ<-:ɴ͝-ǥ

U*<%̃,V4�ˉ?d��_�B̶͜þd��_�A΂̑ʬƪYÆ-:d��_

�Aþ˯̶͜ʂǰYϕʬLU HSPGĈƑ̎;�U*<YȷS$?-4� 

 

 

Heparan sulfate proteoglycans that protect vascular endothelial cells from various metals 

cytotoxicity 

 

Eiko Yoshida, Mai Kazami, Toshiyuki Kaji 

Faculty of Pharmaceutical Sciences, Tokyo University of Science 

 

Vascular toxicity is important for understanding the organ toxicity of various metals. In the 

present study, we found that three types of heparan sulfate proteoglycans —perlecan, 

syndecan-1, and syndecan-4— protect against the cytotoxicity of arsenite, cadmium, and 

methylmercury cytotoxicity in vascular endothelial cells. 
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ˍ̥±̓�̳¦d��_�ʹǑ?ƥLU 

ć̐ďǢ 3ϨГAʇ̠˓AϨГƢ­ˎ 

1ǿªőɲ 12©ʡǺ΃ 22ʈ˘ã 1 
1ϙ˽ɴɭɒĠϙ˽22ȲɌŨŽĨÍ 

 

ѕ� B.N?�  

� ˍ̥±Aʿɴ�̳ʹǑBʯʇ?RUϷó˭ŨŽɐÌ2d��_�ʹǑB;ʇ?RUϾ

ğ˭ŨŽɐÌ;źĘLU~¡§�c�AДÞ?�U�*VK;?ć̐ďǢїϨГAїʯ

ј;яїȲʯʇ2јȲ;ʇѐAʇ̠˓YΎ!*<?RTŒωPĸЁ?ǳǞаY#RJ,

0?�̳ʹǑAÑʬ%ļ͝<-:ˑŪ2ƝΧΩт%ΎXV: U�-$-2łΣ 6ϨГ

?X4Uʇ̠˓B˕˖͒?<7:ξȊ%ƃ& �Ɍ˽̔;B2ć̐ďǢAʇ̠˓AǞа

Y 1ϨГĪÐ;Ϋ̶?Ρɓ-2̱ ̥±A�̳¦d��_�ʹǑÑʬȃΏ?#(Uʇ̠˓

ɉГ˻͈Aļ͝ǰYɩΤ-4� 

 

і� Ȯʖ 

ŨŽяi�^ÑūŨ21 M ŷϾȉć�̳ʹǑ: 21.1 mg kg-120.1 M ŷϾȉćd��_

�ʹǑ: 2.6 mg kg-1ѐ<ğǼ͕ȫя̖̳2�¤2d� 0.5 g/ �z~ѐY 1/5000 a�z~

?ôŸ-2D<NJV2lp�d�2wd��A 3Œ̎Y̌ɨǢ2ć̐ 3ϨГďK;ɟ

ű-4�2AǢ2ć̐ďǢ 3ϨГA!6A 1ϨГAʇ̠˓яʯʇ2;ʇA 2ʇʳѐYΚ

Ş<-2L12˴ÂΑ?Ǥ ʯʇK4B;ʇ,14яTable 1ѐ�ʯʇ$S;ʇǍΎB2

�z~Aȕʇƒ$Sȕʇ-2;ʇ$SʯʇǍΎB2Ϸó%ϩΎ-PL R!ǐЯʷʇ

?RTŨŽ±A̕ʆYНĲLUR!?ʯʇ,14�ΩтBКЩAǞа%> �z~ɟű

Ωтƞ?# : 3ķǧ;Ύ74�K42ńɉГ?#(UŨŽAʦ, 5210 cmAϾğϷ

óЪÐяEhѐYʮƜ-4�ĸ̒-4ˍ̥BǨ̦˾-4Ǣ2˿ϾĘũĈΡ-2ˍ̥±̓�

̳¦d��_�ʹǑYʮƜ-4�  

 

ї� ̼ɕ#RE͑Ƥ 

� ǄȼʯʇģA EhB2-200 mV;IJ¨Ɯ;�74%2ʯʇ<;ʇ%͋TϜ,VU<

ʯʇȼA EhB2-150ў100 mVA̢š;ș̌-4�ˍ̥ĸЁBƂĸŒ̎Awd��%Ʌ

Oх'2lp�d�2D<NJVAб<>74�ˍ̥±̓�̳ʹǑBʯʇ;źĘ2;ʇ

;ʬƪ-4A?ƥ-2d��_�ʹǑBϡAíņ<>74�ȼɉČ?LU<�̳ʹǑB

D<NJV;-14ў21Ȳ(ć̐ďB�^�r;Α℃)2lp�d�;-5ў16Ȳ2wd��

;-5ў23Ȳ(Fig.1)2d��_�ʹǑBD<NJV;-14ў14Ȳ2lp�d�; 2ў16Ȳ2

wd��;-12ў16Ȳ?$(:ʇ̠˓?# :ɇǶƼ%άNSV4�̟ ć-4Ƣ­ˎB2
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LH:AŒ̎;�̳2d��_�<Oć̐ďRTć̐ǢAȮ%х'2ˍ̥±�̳¦d�

�_�ʹǑBć̐ǢїϨГAʇ̠˓AǞаYƃ&'ĺ(U*<%̃,V4� 

 

 

 

 

 

 

 

 

 

Influence of water management for 3 weeks before and after heading on arsenic and cadmium 

contents in unpolished rice 

 

Kazuki Togami1, Kenzo Miura2, Osamu Nagata1 
1NARO Tohoku Agricultural Research Center, 2Japan Soil association 

 

Irrigation water management for 3 weeks before and after heading is important to reduce As 

and Cd contents in unpolished rice. However, the water management for a total of 6 weeks is 

burden to rice farmer. To shorten the duration of that, we analyzed the influence of weekly 

water management for 3 weeks before and after heading by pot cultivation test corresponding to 

L12 orthogonal table. The contribution rate calculated suggests that the water management after 

heading suffices to reduce As and Cd contents. 

 
Fig.1 ˍ̥±̓�̳ʹǑ?ƥLUʇ̠˓AǞа 
ɥi��BƢ­ˎ. ć̐$SAȲȨ;ξAçB2ć̐ďỸL. *< 0.05, **: < 0.01 , ***: < 0.001�

( ) 

Table 1 ��	
 ˴ÂΑ?RUΩтΦΣ 
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�¤m ˖uc�^~Ağƕãо?RU 

�̳#REϿЂưAŉ˸НĲ 

1ŷ˰Ǘ¨Ϲ 12� m �§ �¤��~ 22��¤q� e  cy¢��i 2 
ѕƟƷƃƕƻƕȦ͖˽̔Ϻ2і�¤m Ť̗ƃƕƻƕџǭ˗̊ƕϺ 

 

ѕ� B.N? 

� �¤m BђЈђ���}¤P˼ʽ>=?Ę"Ƅˀuc�^~P̩ŨІˈ>=YƂЁ

˖ćLU�Ƅˀuc�^~BÑlr~;ŉ˸ɍ<-:òV4ˉǰYɇ-: U*<$Sђ

ІƲǔʇP˖ɪǔʇ?ňKVUϿЂư̜Aŉ˸НĲGAǭ˗%ɉǡ,V: U�Ɍ˽̔

;B�¤m ˖AƄˀuc�^~?RU Cd(II), Pb(II)#RE Zn(II)Aŉ˸#REϾğ�

i�p_�/˿Ͼ?RTğƕãо-4uc�^~?RU As(V)Aŉ˸?8 :ȷS$?

-4� 

 

і� Ȯʖ 

Ƅˀuc�^~Bђ�¤m Ť Dornogovi provinceA Tsagaan Tsav (TS.TS) < Tushleg 

(TUSH)Aų̑ū;ȖĹ,V4і̎йY˗ ђ̦˾ђ53µmË«?̣ Ĉ(ђ373K;¹

˄Ǣ?Ø˗-4�uc�^~AğƕãоBђ30mLA 1.0 N˿Ͼʇʴʥ? 3gAuc�^

~< 3gA MgOYĘ"ђ20hȠȋǢ2WϮ2΁˞ʇʜʠђ¹˄LU*<?RTΎ74�

ŉ˸ȡÕBђŝĈʖ?RTΎ ђ1-20mg/LAЂư^c¤YňMʇʴʥ?uc�^~Ę

"ђ303K; 24hŉ˸,14Ǣ?WϮ-4�ʇʴʥ±AЂư^c¤ʹǑY ICP-AES;ʮ

Ɯ-ђŉ˸ďǢAʹǑſğRTŉ˸ЁYʊN4�uc�^~B2SEM< EDX?RUΑ

ЯĈɓђXRD?RU̼ɀɭϦΡɓђBETʖ?RU̶ƒĈǀĈɓYΎ74� 

 

ї� ̼ɕ 

� ˗ 4 2̎йAuc�^~Bђ

XRDRT ClinoptiloliteŭAuc�

^~;�74�BETʖ?RU̶ƒĈ

ǀĈɓA̼ɕY Table 1?̃L�=

6SOIJń.AʃΑЯ̑<̶ƒ

ɭϦYɇ-:#T�vƂƒÓ;�U*<%X$74� 

Ƅˀuc�^~GA Cd(II), Pb(II)#RE Zn(II)Aŉ˸Ё<ʇ˵ʹǑ<AДÞY Fig. 1

?̃L�=6SAuc�^~O Pb(II)Aŉ˸Ё%ÑʹǑ$SЮǄ?х'ђPb(II)Aŉ˸Ē

<-:òV: U*<%X$74�¨ȮђCd(II)#RE Zn(II)Aŉ˸ЁBʇ˵AʹǑ%

х'>7:OźĘ->$74� 
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Ͼğ�i�p_�/˿Ͼ?RTğƕãо-4uc�^~BђXRDA̼ɕђuc�^~

ɭϦ%ſğ-ђMgOHA�§h%ΟƤ,V4�ğƕãо-4uc�^~?RU As(V)

Aŉ˸̼ɕY Table 2?̃L�ğƕãо-> ŶłB As(V)Aŉ˸BЮǄ?ƪ> %ђ

ğƕãоLU*<?RT As(V)Aŉ˸Bлϑ˭?х'>74� 

 

 

 

 

 

 

 

Adsorption of arsenic and heavy metals with chemically modified zeolite produced from 

Mongolia 

 

Koichiro Shiomori1, Dolgormaa Munkhbat2, Bayanjargal Ochirkhuyag2 
1Faculty of Engineering, University of Miyazaki 

2Faculty of Engineering and Applied Sciences, National University of Mongolia 

 

The structural characteristic and the adsorption properties of heavy metals on Mongolian 

natural zeolites were investigated. The samples were confirmed as Heulandite group of 

Clinoptilolite type zeolite by XRD. According to BET surface analysis, natural zeolites have 

mesoporous type of pore. The adsorption ability of natural zeolite is high effective for lead ion 

in acidic aqueous solution and the order of heavy metal selectivity was Pb2+>>Zn2+>Cd2+. The 

adsorption performance of As(V) is significantly increased by modification with MgO on 

natural zeolite.
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ʇ̏ɝAЄ��§hGA�̳AХ̑<ǜǸ?Єτɍ%#RJLǞа�  

�ƲĻ̯Ƒ 12ƃäčȷ 12ǝЀƙʝƑ 12ƲĻǗ 12ɳɌʛǇ 22ˇЀ˺´ 1 
1ϙ˽ɴɭ¦ϙɪ˔ŹſĜ˽̔t¤w§22ɒÃϙƻƃƕ 

 

ѕ� B.N? 

� ʇ˘ŨŽ%ùÓ˭?ϷóˊǸ?�7:O2^�AɝAϛêBƮȀ˭?Ͼğ˭;�U�

ɝAϤʆ̺͊YϤ.:ūªϺ$SϾ̳%2ɝAϛê?Ú–,VU$S;�U�ŨŽ±A

ЄІˈAϷóʴΡ?RTŨŽʴʥ?ʴć-4 2ÜЄ^c¤B2ɝAϛêAϾğ˭гŰ;2

Є(ʇ)Ͼğˈ<-:ʏɿLU�*AR!?-:ɝ?ʏ˸-4ЄІˈB2Є��§h<R

CVU��̳ŉ˸͝Aх �`��^��^~>=Y²ǼĈ<LUЄ��§h?RT2

ɝAϛê?B�̳%Х̑LU*<%˺SV: UяKhan et al. 2016ѐ�K42ЄτɍYʇ

˘ŨŽ?ȯ˗LU*<;2ŨŽ%ϷóˊǸ?�7:O^�GA�̳AŉĸYȅĎ;&U

*<%̃,V: UяMakino et al.� 2016ѐ�Ɍ˽̔;B2^�Aɝϛê?ʏ˸-4Є�

�§hGA�̳AХ̑#REХ̑-4�̳AğƕǜǸ%2ŨŽGAЄτɍʨĘ?RT=

AR!>ǞаYĺ(U$YȷS$?LU*<Y˳˭<-4� 

 

і� Ȯʖ 

ʇ˘ŨŽ?Єτɍ(�`��^��^~)Yʧł-2lp�d�YǄȼʯʇɐÌ;ɟű

-4�±ǆɉ#REĸ̒ɉ?;ʇ-2;ʇ˴Ǣ#RE;ʇ 1ϨГǢ21¥ɆǢяĸ̒ɉ

ALѐ?ŨŽ#REɝYΑƱ$S 0ў3 cm#RE 6 ў9 cmAʦ,RTȖĹ-4�ŨŽ

#REɝBʥÓ̖̳;ǯϥăĄ-2Ą̼¹˄-4�Ą̼¹˄-4ŨŽ#REɝ$SϾǰ

p�_Ͼŷȉćʖ?RTÑ̼ɀǰЄІˈYʴΡ-2ɹ ćʥ±AЄ2�̳ʹǑY ICP-OES

#RE ICPMS?RTƜЁ-4�ŨŽ#REЄ��§h%É˸-4ɝ?ňKVU�̳A

ǜǸČĈǀĔłY Ẍ́ŉĸr�h~ Ǩ̶ɭϦяXANESѐ?RTĈɓ-4�K423

ў6 cmAʦ,RTȖĹ-4ŨŽRTŨŽ΄˅YÕǼ-2ɝAϛê?#(UЄ��§h

Aʏ˸ˊʔYзǨЎΟƤ-4� 

 

ї� ̼ɕ<͑Ƥ 

� Є��§hªAϾǰp�_Ͼŷȉć As/FeʃB2� hŨŽ?ʃH:х'2Є��§

hªAЄІˈ?�̳%Х̑-: U*<%̃,V4�XANESĈɓA̼ɕ2Є��§h

ª;B2q�y \ p¤ϾяDMAѐAĔł%� hŨŽ?ʃH:х'2ʿɴ�̳5

(;>'2ɇɴǸ�̳O\^¢¤��§h?Х̑LU*<%̃,V4� 

Є��§hªAϾǰp�_Ͼŷȉć As/FeʃB2ЄτɍAʧł?RTʬƪ-4�*V

B2Є��§hAɝGAʏ˸Ё%ЄτɍʨĘ?RTźĘ-4*<?Ę"2ŨŽʴʥ±�

̳ʹǑ%ʬƪ-: 4*<%İŞ;�U<͑"SV4�ЄτɍAʨĘ?RT2Є��§
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hªAϾǰp�_Ͼŷȉć As/FeʃBʬƪ-4%2ʿɴ�̳#RE DMAAƓŪĔł?

BƼ%>$74�K42;ʇǢAÀ�Ͼ$S�ϾGAϾğϥǑ?8 :O2ЄτɍAʨ

ĘAǞаBƩ,$74�ЄτɍB2ŨŽʴʥGA�̳ʴćYȅĎLU*<;ɝť

GA�̳ǍΎYȅĎ-: U*<%ȷS$?>74� 
 

ǖ˗Ȫˌ 
Khan, N. et al. Root iron plaque on wetland plants as a dynamic pool of nutrients and 

contaminants. In Advances in agronomy, 2016; Vol. 138, pp 1-96. 
Makino, T et al. Simultaneous decrease of arsenic and cadmium in rice (Oryza sativa L.) plants 

cultivated under submerged field conditions by the application of iron-bearing materials. Soil 

Science and Plant Nutrition 2016, 62, 340-348. 

 

Effects of iron amendments on the accumulation and speciation of arsenic on the iron plaque 

around rice roots. 

Noriko Yamaguchi1, Toshiaki Ohkura1, Atsuko Hikono1, Hiroshi Yamaguchi1, Yohey 

Hashimoto2, Tomoyuki Makino1 
1 Institute for Agro-Environmental Science, NARO,  

2 BASE, Tokyo University of Agriculture and Technology 

 

Even when the paddy soil matrix is predominantly under reductive condition, the rice 

rhizosphere is partially oxic because O2 is supplied through the root aerenchyma. Therefore, 

Fe2+ dissolved in the soil solution due to the reductive dissolution of Fe minerals in soil 

deposited as ferric (hydr)oxide around the rice roots. This deposited Fe (hydr)oxide is referred 

to as iron plaque. Iron plaque is known to have a function to accumulate As. Applications of 

Fe-bearing materials are one of the effective countermeasure for decreasing the dissolution of 

As in soil under reductive conditions. In this study, we investigated the effects of Fe 

amendments on the accumulation and speciation of As associated with Fe plaques. The 

application of Fe amendments caused decreased concentration of As in soil solution thereby 

amounts of As associated with iron plaque was decreased due to the application of Fe 

amendments. Arsenic K-edge X-ray absorption near edge structure (XANES) revealed that 

proportion of arsenite did not differ between the bulk soil and iron plaque. On the other hand, a 

larger proportion of dimethylarsinic acid was found on the iron plaque than soil matrix 

regardless of the application of Fe amendments. 
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l�±ʿɴ�̳A̤ȸĈɓ 

1рŶʢŀ 12ƹƷȽ 22ЙϺ΅ 12͹Ƭ˺Ä 3 
ѕϙ˽ɴɭϙɪ˔ŹſĜ˽̔t¤w§2іϙ˽ɴɭхǑΡɓt¤w§2 

3ϙ˽ɴɭ±ƅϙɪ˽̔t¤w§ 

 

ѕ� B.N? 

� l�BÈAϙ˖ˈ?ʃHʿɴ�̳ʹǑ%х'2ȲɌÄA²м;�U*<$S2ʿ ɴ�

̳A²Κ>ȞĹʲ<>7: U�ʿ ɴ�̳AȞĹЁYÑʬLU?B2̞ ˖ɾР;l�?

ňKVUʿɴ�̳ʹǑYÑʬLU*<%ϿΚ;�T2ÑʬȃΏAВ˪<�X1:2Ϋ̶

>ŤþƝǸAȄț%ʊNSV: U�ˑ Ū2l�±ʿɴ�̳AĈɓ?BхÜ>ĈɓΔ͌

Y˗ UǬΚ%�U�Ɍδʶ;BƿρAΩΆ2ʋ˗ɴśY˗ :ƙÜ¦̤ȸ?ʃͰƜЁ

LUȁʖY̸ÆLU� 

 

і� Ȯʖ 

� Ͼǰʴʥ±Aʿɴ�̳?ÀЅYʨĘ-\ p¤яʇ̳ğ�̳ѐY˪˕,1˿ϾЇ
<ķǭ,1U GutzeitʖYŲɌ<-2RT̤Ý?#*>!4NAśɍYɩΤ-4� 

� Gutzeitʖ;�Ͼ$S˴Ș\ p¤Y˕Ǽ;&UʨĘĒYɩΤ-4� 

� Gutzeitʖ?ϳ-4l�$SAʿɴ�̳ȉćȮʖYɩΤ-4� 

� l�?ňKVUɇɴ�̳$SAŋͰYΨÜ-4� 

� Ƃ̎Al�ΩȫAʮƜ$SĈɓʖAɅϳğY#*>74� 

 

ї� ̼ɕ 

�� Ȝ˪ǰɇɴˈĈɓ˗A VOA�^\ %ķǭơś?ϳ-:#T2f�z�Aþé

?ÿǜ?dz~-4W̲YţƜLU5(; Gutzeit ʖ?č˗;&4���z~�

z�rf��§YØ ŋͰ˛ðYίLĹT˛ðA RGB Ρɓ-4̼ɕ2B ç%ʿ

ɴ�̳ʹǑ<˵Д%х'$8ŋͰǢAϟͰO“P$;�U*<YΛć-4� 

�� ���}¤Ͼ�~�_�Pw¤ir|¤Ͼ�~�_�Yķǭʥ?ʨĘLU*<

?RT2�Ͼ;OĚˎR'ŋͰ;&4� 

�� Gutzeitʖ;ʿɴ�̳<ń.R!?ŋͰLÙğˈ?8 :B2ȉćʴƏ?ϮϾğ

ʇ̳Y˗ ȉć±?Ͼğ,1U*<;ǆʪ%ȅĎ;&4� 

�� l�±A²Κ>ɇɴ�̳;�Uq�y \ p¤Ͼ?8 :B2ƝТAňɇʹǑ

RTƃǅ?х 0.4 mg/kg˵ǛAʨĘΩт?# :OŋͰŶά;&>$74�

���y \ v¤ϾяMMAѐ?8 :Ońɮ?Ωт-4̼ɕ2ńʹǑA�Ͼ

A 7Ĕ˵ǛAŋͰY­"4� 

�� Ƃ̎Al�ΩȫY˗ :Ʌϳğ-4̤ȸĈɓʖ?8 :2άΧˈω?RU˷ǑA
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̂ά2ʨĘŝĸΩтяl�±ʿɴ�̳ʹǑ 0.1 mg/kgĴE 0.4 mg/kgѐ;Aŝĸˎ

<̪ǑÂάY#*> 2мŒ±AЂư?ДLUΩтʖAƉǛǰΨÜe^��^

¤A˳ɯç;�U˷Ǒ2ŝĸˎ 80 – 110%2RSD10%ɋʱYʱύ-: U*<Y

̂ά-4� 

 

ј� ͑Ƥ 

� Ɍ̤ȸĈɓʖB 1ĈɓǛ4T 100ÿďǢ;Ĉɓ;&2ȉćǢB 1ȼГ̍Ǒ;Ĉɓ̼ɕ

%ǥSVU�MMA;OŋͰLU%l�±?BI<Z=ňKV:#S0ŗж?>U*<

Bʿ �ʿ ɴ�̳̤ȸĈɓ˗<-:ƿρ,V: Ufz~O�U%2l�ȉćʥ?2A

KKƥǭ;&UOABI<Z=ʿ'2l�±ʿɴ�̳Arh�§�¤i?č˗;&U<

ŵŌ,V: Ufz~OʂǰAх ʇЇPϼϾЅY˗ :#T2ķǭơśOˉɻ>OA

Yč˗-: U�̄ ?ÅǈǑʇâɐ̰%˪Ě-ÅǢʇЇYØ74ĈɓB¨ƱШ- OA

?>U*<$S2Ɍ̤ȸĈɓʖAɇĚǰ%,S?хKU<͑"SVU�ÅǢBƞГûń

ΩтYϤ.:ɴśĈɓʖ<AÊɄļ͝ǰYɩΧ-4 � 

 

Simplified and Low-cost Analysis of Inorganic Arsenic in Rice 

 

Koji Baba1, Akira Kawasaki2, Kaoru Abe1, Tomohito Arao3 
1Institute for Agro-Environmental Sciences, National Agriculture and Food Research 

Organization (NARO)  
2Advanced Analysis Center, NARO 

3Central Region Agricultural Research Center, NARO 

 

We introduce a simplified and low-cost analysis of inorganic arsenic in rice. The analytical 

method is based on Gutzeit method without mercury bromide, which is often used in Gutzeit 

method but highly toxic.  Inorganic arsenic was extracted with diluted hydrogen peroxide 

solution.  In the extraction process, sulfide ion, which is a major interference in Gutzeit 

method, was oxidized.  There was no significant difference between our method and 

HPLC-ICPMS.  
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À�ϾYɂЬ-4MDM2-/-HEK̶͜?#(U PMLA̶͜ɜþĜǸ 

 

1ǇЀЭľϹ¦Ɨ˘ƹ˓¦Ʃɔǘ˕¦Ę·͂ͽ 
Ť̗˔Ź˽̔Ȁ, ˔Ź�rh¦èǓ˽̔t¤w§�   

 
1ѓB.N?  
À�ϾB2ШʒǰAǯǰďуфǰˬΌˤ(APL)?ƥ-:з΀>ʒ˩ĚɕỸL*<%˺

SV: U%22AɴǏB2À�Ͼ% ProMyelocytic Leukemia (PML)?Õ˗-: PMLA

SUMO (Small Ubiquitin-like MOdifier)ğYßϩLU4N;�U<͑"SV: U�PML

B2p53 A E3 ��fy¤�e§u;˨ϴÎƑ˖ˈ;O�U Mouse Double Minute 2 

homolog (MDM2)YĎǦLU*<?RT2ГȘ˭;B�U% p53YƙƜğ,1UÕ˗Y
ɇ-: U*<$S2PMLͬÓB˨ȅĎϴÎƑ;�U<͑"SV: U�Ɍ˽̔;B2
̶͜þ?#(UÀ�ϾA PML?ƥLUÕ˗?MDM2%=AR!?Д­-: U$ȷS

$?LU4N2k��ͅХ?RT MDM2 Y�zh\_~,14̶͜Y˗ :2À�Ͼ

YɂЬ-4 HEK̶͜?#(U PMLAɜþĜǸ?8 :αH4� 

2ѓȮʖ  
� PMLAþŪǰ?µ- HEK293̶͜2 PML-VIYƙƜ˪ˑ,14HEK293̶͜

яHEKPMLѐ2CRISPR/Cas9 pr|�Y˗ :MDM2Yknockout-4HEK293̶͜ 

(293-MDM2)2293-MDM2̶͜?PML-VIYƙƜ?˪ˑ,14̶͜(-MDM2+PML)Y˗ 

4�*VSј̎A̶͜Aźɽ͝2>SE?À�ϾA̶͜УƠǰY2WST-8ʖY˗ :ʮ

Ɯ-4�K42 pan-caspase inhibitor ;�U zVADP2 caspase-3 inhibitor;�U

AcDEVD-CHOƓŪ«?À�ϾYɂЬ-:̶͜˕ƓˎAſğYαH4�  HEK2932

HEKPML2293-MDM22-MDM2+PML̶͜?À�Ͼ (3 µM, 100 µM)YɂЬ-2̶͜Aw

¤�hωYRIPAļʴǰ<RIPA¬ʴǰ˛Ĉ?Ĉ(22V3VAĈ˛?#(UPML2

SUMO2/32MDM22p53AſğY_`rw¤�¢z~ʖY˗ :αH4�À�ϾYɂЬ

-4HEKPML<-MDM2+PML̶͜?#(UPMLA̶͜þƮŪǰ?8 :B2Ίö÷ˣɗ

Ͱʖ;αH4� 

3ѓ̼ɕ  
MDM2Y knockout-4 293-MDM22-MDM2+PML̶͜B2HEK293P HEKPML̶͜?

ʃHn^s%ƃ&'2̶ ͜źɽϥǑOÑ«-: 4�293-MDM22-MDM2+PML̶͜B2

HEK293 P HEKPML ̶͜?ʃH2À�ϾA̶͜УƠǰ?ƥ-:͓ǰỸ-4�À�Ͼ

YɂЬ-4 293-MDM22-MDM2+PML ̶͜;B2caspase-3/7 ʞǰ%ªȶ-: 4%2

À�ϾA̶͜УƠǰ? caspase inhibitors AĚɕ%ΛSV>$74�À�ϾYɂЬ-4

HEKPML ̶͜;B2*VK;?OŵŌ-:&4R!?2PML % RIPA ?¬ʴǰ<>U

<<O? SUMOğ%ΟƤ,V4�-MDM2+PML̶͜?# :O2HEKPML̶͜<ńɮ2
À�ϾYɂЬ?RT PML A¬ʴğ< SUMO ğ%ΟƤ,V4�PML Bɜþw¤�hω
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;�U%2̈ ϺɜƁ?OΟƤ,VU*<%Ίö÷ˣɗͰ?RT̂ά,V4�À�ϾYɂ

ЬLU*<?RT2HEKPML̶͜?#(UɜƁ PMLAĔłBªȶ-4�ϤǄAűпɐ
Ì«?# :B2-MDM2+PML ̶͜AɜƁ PML AĔłB HEKPML ̶͜?ʃϖ-:х

$74%2HEKPML̶͜<Bˡ>T2À�ϾAɂЬ?RTɜƁ PMLAĔł%ſğLU

*<B>$74� 

4ѓ͑Ƥ  
PMLB2ɜþA NB (Nuclear Bodies)?ƮŪLU*<%˺SV: Uw¤�hω;�U�

K42pr|^¤?ƣM RING �]¤e§��^¤Yɇ-:#T2À�Ͼ<ķǭ-:

SUMOğ%ϋ*U*<O˺SV: U� MDM2B p53Y��fy¤ğ-:ĈΡYßϩ

LU*<%˺SV: U%2PML B MDM2 YȅĎLU*<?RT p53 AÕ˗YхN2

˨ȅĎÕ˗ỸLA;B> $<͑"SV: U�À�ϾYɂЬ-4̶͜?# :2

PML% RIPAļʴǰ$S¬ʴǰG<ſğLU*<Y*VK;?OȷS$?-: U%2

ÅŝA MDM2Yɵȝ-4̶͜Y˗ 4˽̔;B2MDM2B PMLA¬ʴğP SUMOğ

>=2À�Ͼ?RU˕ğƕ˭ſğ?B�KTǞа-: > *<%Ĉ$74�-$-2

MDM2 Yɵȝ-4̶͜;B2PML AɜƁƓŪĔł%Ƃ'>7: U*<$S2̶͜þ

?# : PML< MDM2<AÔS$A˵¾Õ˗B�UOA<șʮ,VU�Åŝ˗ 4̶

͜A caspase-3 ʞǰ%À�ϾAʨĘ?RTªȶ-4*<RT2\�~§pr%ˢXV4

%2caspase ИƠĒ?RU̶͜УƠϕʬĚɕBΛSV>$74�-4%7:2À�Ͼ?

RU̶͜ɹB\�~§prËƁAɴɭ?ŞUOA<͑"SVU%2HEK ËƁA̶͜Y

˗ :*VSA*<ŶάLUǬΚ%�U� 

 

Intranuclear dynamics of PML in MDM2-/- HEK cells following exposure to arsenite.  

 
Seishiro Hirano, Osamu Udagawa, Yayoi Kobayashi, and Ayaka Kato  

National Institute for Environmental Studies 
 

HEK293, HEKPML (stably transfected with PML VI), 293-MDM2 (MDM2-/- HEK293), and 

-MDM2+PML (MDM2-/- HEK293 cells stably transfected with PML VI) cells were used in the 

present study. The MDM2 knockout decreased the growth rate of both HEK293 and HEKPML 

cells. However, the MDM2-/- cells were more resistant to arsenite than parental cells. The 

solubility changes in RIPA and the SUMOylation of PML were induced by arsenite in 

-MDM2+PML cells as well as in HEKPML cells. Immunofluorescence staining analyses 

revealed that extranuclear PML was more abundant in -MDM2+PML cells than HEKPML cells, 

suggesting that MDM2 affects the intranuclear localization of PML. These results suggest that 

the arsenite-dependent biochemical modification of PML occurs irrespective of MDM2 in HEK 

cells, whereas MDM2 interacts with PML in the cells.
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À�Ͼ?RU�y�� f�§̶͜A̶͜УƠǰ?ƥLU 

ȅĎÕ˗AɩΤ�  

1Π ƃǲ 12ʝƲīĢ 12ƩƹɁƑ 12İ˘³͍ 12ƍЀή¨Ϲ 1 
ѕǩƶȪ˓ƃƕΆƕϺ 

 

ѕ� B.N?�  

� ǹǰ˭>�̳ğłˈAɂЬ?RT2Ƃͫś?%Z%˪˕LU*<%X$7:U%22

AɴǏ?8 :BR'X$7: > �̈ Ȯ2%Z÷ǟYȊ!�y�� f�§яNKѐ

̶͜?B̶͜ΑЯ?ȅĎǰĺơÓ>SE?ȤȟǰĺơÓ%˪ˑ-: U*<;2̄ ˡ˭

?%Z̶͜Yάζ-2\�~§pr?ņ$X1U*<%ȷS$<>7: U�*AR!

>ĺơÓYÆ-4%Z̶͜AȤȟÕ˗AÈ? NK ̶͜Bn^~d^¤YȥćLU*<

;2%Z̶͜YȤȟLU*<P2NK̶ͬ͜ϒAʞǰğYßL*<%ȷS$<>7: 

U�Ɍ˽̔;B2�̳ğłˈ?RU˪%ZAɴǏA¨̙YȷS$?LU*<Y˳˭<-

:2NK̶͜%Ȏ8�%Z̶͜GA̶͜УƠʞǰ�?ƥLU�̳ğłˈAǞа?8 :

ɩΤ-4� 

 

і� Ȯʖ 

̶͜ѝ�~ NK˙ɑűп NK92̶͜YØ˗-4��_r NK̶͜ѝC57Bl6J�_r͡

ͫ$S negative selectionʖY˗ : NK̶͜YȖĹ-4�̶͜ʂǰѝalamarBlueY˗ 

:ɩć-4�̶͜УƠǰѝNK92̶͜<�~ˬΌˤ˙ɑ K562̶͜2�_r NK̶͜<

�_rˬΌˤ˙ɑ YAC-1̶͜Yûűп-4Ǣ2УƠYĺ(4 K5622YAC-1̶͜AĔł

Y�¢§n^~�~�§;ɩć-4�mRNA˪ˑЁѝRT-qPCRʖ?:ɩΤ-4�űū

±n^~d^¤ЁѝMultiplex2ELISA?:ɩć-4� 

 
ї� ̼ɕ 

� NK ̶͜?RU̶͜УƠǰB IL-2 ?RTʞǰğ,VU*<%X$7: U�2*;2

IL-2 ƓŪ«;A NK92 ̶͜A̶͜УƠʞǰ?8 :ɩΤ-4��S$.N IL-2 YʨĘ

-4 NK92 ̶͜< K562 ̶͜<Y 1:1 $S 5:1 AĔł;ûűп-2јȼГǢ?УƠYĺ

(4 K562̶͜AĔłYʮƜ-4�2A̼ɕ2IL-2YʨĘ-: > NK92̶͜<ʃϖ

-: IL-2YʨĘ-4 NK92̶͜;B2NK92̶͜AźĘ?Ï K562̶͜?ƥLU̶͜

УƠǰAʞǰğ%ɩć,V4�ɶ?2IL-2?RTʞǰğ,VU NK92̶͜A̶͜УƠʞ

ǰ?ƥLUÀ�ϾAǞаYɩΤ-4�2A̼ɕ2À�Ͼ?ɂЬ,V4 NK92 ̶͜;B2

IL-2?RTʞǰğ,VU NK92̶͜A̶͜УƠʞǰ%ȅĎ,V: 4� 

� IL-2?RUNK92̶͜A̶͜УƠǰAʞǰğ?ƥLUÀ�ϾAȅĎÕ˗AɴǏYȷS

$?LU4N?2K0 IL-2?RT˪ˑ%ſĜLUϴÎƑ͎YńƜ-4�NK̶͜A̶͜



III – 5 
 

 61 

УƠǰ?ДXU 88̎йA mRNAЁYɩΤ-4<*W2IL-2?RT˪ˑЁ%іåËªª

ȶ-4OAB 10 ̎й2ħĈË«?ʬƪ-4OABќ̎й;�74�IL-2 ?RT˪ˑЁ
%ªȶ-4n^~d^¤?B IFN-g2ȤȟŞƑ;�U granzymeB< perforin1%ňKV:

 4�*VSAŞƑA˪ˑ?ƥLUÀ�ϾAǞаYɩΤ-4<*W2À�Ͼ?RT

granzymeB A mRNA Ё%ɇǶ?ʬƪ-4�¨Ȯ2IL-2 ?RT˪ˑЁ%ʬƪ-4ȅĎǰ

ĺơÓ KIR2DL3 ?8 :ɩΤ-4<*W2À�Ͼ?RT KIR2DL3 mRNA ЁBɇǶ?

ªȶ-4�ɶ?n^~d^¤έƨ?ƥLUÀ�ϾAǞа?8 :ɩΤLU4N?2IL-2

?RTűūGAⅤЧЁ%ſĜLUn^~d^¤YńƜ-4�2A̼ɕ2IL-2?RT NK92

̶͜$S2IFN- g2IL-62IL-102TNF-bAⅤЧ%źĘ-4�*VSAn^~d^¤ⅤЧ

?ƥLUÀ�ϾAǞаYɩΤ-4<*W2TNF-bAⅤЧЁ%À�Ͼ?RTȅĎ,V4� 

� NK92̶͜YØ˗-4̼ɕYϐK"2�_r NK̶͜A̶͜УƠʞǰ?ƥLUÀ�Ͼ

AǞаYɩΤ-4�ͫ͡$SȖĹ-4�_r NK̶͜YØ˗-4<*W2IL-2?RU̶

͜УƠʞǰAʞǰğYÀ�ϾBɇǶ?ȅĎ-4�2AɴǏYȗU˳˭;2�_r NK̶

͜$SⅤЧ,VUn^~d^¤?8 : Multiplex ?:ɩΤ-4<*W2IL-2 ?RT

IFN- g2IL-22IL-42IL-52IL-102IL-122GM-CSF2TNF-aⅤЧЁ%з΀?źĘ-4�*

VSAn^~d^¤Ё?ƥLUÀ�ϾAǞаYɩΤ-4<*W2IFN- gAⅤЧЁ?ƥ-

:ALÀ�Ͼ%ȅĎÕ˗Ỹ-4� 

 

ј� ͑Ƥ 

� űп NK92̶͜2�_r NK̶͜Y˗ 4ɩΤ?R7:À�ϾB2ȤȟŞƑPȅĎǰ

ĺơÓA˪ˑЁYſĜ,1U2,S?n^~d^¤AⅤЧЁ?ǞаY­"U*<; NK

̶͜%ɇL̶͜УƠǰYȅĎ-: U*<%̃Ŗ,V4� 

 

 
Inhibitory effects of arsenite on cytotoxic activity to cancer cells  

of natural killer cells 
 

Daigo Sumi1, Hiromasa Tsuyama1, Tomoko Ogawa1,  
Kumi Harada1, Seiichiro Himeno1 

1Faculty of Pharmaceutical Sciences, Tokushima Bunri University 
 
We found that the reduction of cytotoxic activity to cancer cells of natural killer cells by 

arsenite exposure. As its mechanism, we suggested that arsenite decreased the levels of 
granzymeB, the attacking factor, increased the levels of KIR2DL3, the inhibitory receptor, and 
affects the levels of cytokines release.
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