
Comments for Toxicological Review 
of Ethyl Tertiary Butyl Ether 

(External Review Draft)-2 

For Japan Petroleum Energy Center  

Shoji Fukushima 

Research Advisor 

Japan Bioassay Research Center 

 

 

 

1 

The Public Meeting of the Science Advisory Board  
Chemical Assessment Advisory Committee 

Augmented for the Review of EPA’s Draft Ethyl 
Tertiary Butyl Ether(ETBE) and tert-Butyl 
Alcohol(tert-butanol;TBA) Assessments    

 
 

August 15-17, 2017 
The Residence Inn Arlington Crystal View 

Arlington VA, USA 



 

Mode of Action (MOA) of ETBE Hepatotumorigenicity 

in Rats: 

MOA which induces centrilobular hypertrophy of 

hepatocyte and tumor of the liver 



Group 

1 (20) 

2 (20) 

3 (20) 

4 (20) 

ETBE, 300 (150×2) mg/kg/day 

Phenobarbital, 500 ppm 

ETBE, 2000 (1000×2) mg/kg/day 

Weeks 0 2 1 
 
Animals: 6-week-old F344 male rats; 
ETBE was administered at dose levels of 0 (control), 300 and 2000 mg/kg/day by gavage in olive oil 
for 1 and 2 weeks.  Animals in group 4 were fed diet containing 500 ppm phenobarbital sodium 
(PB) . Liver perfusion was performed in all rats. 

  
: 

•  Formation of oxidative stress (OH , P450, 8-OHdG) 
•  DNA repair  
•  Alteration to protein expression,  
•  Changes in cell ultrastructure,  
•  Alteration to apoptosis and cellular proliferation 
 

Objectives of the study 
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Test Material 

Chemical name: Ethyl tertiary-butyl ether (ETBE), or  

2-ethoxy-2-methylpropane  

Experimental design 
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Generation of hydroxyl radicals in the liver (ESR) 
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CYP2B1/2 and 8-OHdG coordinated elevation in hepatocytes 

Control  ETBE,  

300 mg/kg/day 

ETBE,  

2000 mg/kg/day 

PB, 

500 ppm 

Week 2 



ETBE,  
2000  

mg/kg/day 

PB, 500 ppm 

Signal transduction  
MARK3, M 

TOR, RAB3IP 

Protein  post-translational 
modification, folding, 

ubiquitination 
PDIA6, HSP90AA1, HSPA2 

Xenobiotic  
metabolism 

CYP2C11, CYP2C12, 
GSTT2/GSTT2B, UGT1A6,  

Transporters 
APOE 

Xenobiotic metabolism 
CYP2B1, CYP2B2, CYP3A1, CYP3A2,  

CYP2C6, CYP2C55, CYP2A2,  
GSTA1, GSTA3, GSTA5, GSTM5,  

GPX1,UGT1A1, UGT2B1, UGT2B3, 
UGDH, SOD1 

  

Lipid metabolism 
 ACOX1, ECH1,  

SLC27A2,  
SLC27A5 

Xenobiotic  
metabolism 

CYP2E1, CYP2G1,  
FDX1,SOD2 

 Aminoacid and carbohydrate 
metabolism 

ALDH1A1, ARG1, ASS1,  

Transcription 
TERT, RUNX1,  

YWHAB 

Cytoskeleton 
ACTN1, PLEC,  

MARCKS 

Aminoacid and 
carbohydrate 
metabolism 
KHK, PDK2,  
PGD, PNP,  

 

Lipid metabolism 
 PON1, APOE 

Cytoskeleton 
SPTBN2 

Aminoacid and 
carbohydrate 
metabolism 

PGK1, SUCLG1, DLD 

Proteome analysis  
Week 2 

Control ETBE,  

2000 mg/kg/day 

Induction of peroxisome proliferation in hepatocytes 
Week 2 



Groups Treatment 

duration (days) 
No. of rats 

BrdU  

labeling index in 

hepatocytes (%) 

Control  3 3 16.94±1.51  

ETBE 3 3 23.82±3.05*  

Control 10 5 4.08±2.38  

ETBE 10 5 5.48±3.14  

Control 17 5 2.12±1.68  

ETBE 17 5 3.03±1.79  

Control 28 5 0.89±0.33  

ETBE 28 5 2.21±0.99*  

Rats were administered ETBE by gavage, 1000 mg/kg b.w. twice a day 

with a 6-hour interval.  

*P<0.05 vs control group 

Control 

ETBE,  

2000 mg/kg/day 



OGG1 

CAR 

CYP2B1 CYP2B2 
CYP2C6 

Production of oxidative stress, DNA damage 

ROS generation P450 total content 

CYP1A1 Ugt2b5 

CYP3A1 

RBP4 ECH1 

CYP2E1 

8-OHdG 

Cell cycle arrest, apoptosis 

Peroxisome proliferation 

CYP3A2 POR 

Ugt1a1 Activation of fatty acid metabolism 

PXR PPARs 

Activation of nuclear receptors 

CYP3A1 CYP3A2 

ACOX1 

Promotion of carcinogenesis 

Regenerative cell proliferation 

ETBE 

Graphically illustrated MOA for ETBE hepatotumorigenicity in rats 



Conclusion and Discussion (1) 

 Short-term treatment of ETBE: 

1. Activate CAR and PXR nuclear receptor and PPAR 

2. Induce centrilobular hypertrophy of hepatocytes 

3. Led to increase in cell proliferation activity  

4. Induce regenerative cell proliferation, which      

contributes to hepatotumorigenicity 

5. The MOA data are adequate for ETBE 

tumorigenicity 

 



Conclusion and Discussion (2) 

1. In general, centrilobular hypertrophy develops in early 

stage, but not in late stage of 2-year carcinogenicity study 

2. This is adaptive response (not adverse response) 

3. MOA due to activation of CAR and PXR, and PPAR is 

accepted for hepatocarcinogenesis of Phenobarbital and 

PPAR proliferators in rodent (not relevant to human) 

4. Phenobarbital and PPAR proliferators do not induce tumor 

in human 

5. Therefore, liver tumor induced by ETBE is not relevant to 

human 
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A Rat Medium-term Liver Bioassay   
for Carcinogens 
 
     
 



Carcinogenic chemicals 

IARC Monographs, Supplement 7, 1987 
E. Zeiger, Cancer Res., 1987 

Liver as a Target Organ for Carcinogenicity 

Data source 

No. of 
Chemicals 
evaluated Total Liver 

IARC 587 147 87 (59%) 

NCI/NTP 224 149 80 (54%) 



  

  

0 2 3 8 Weeks 

Rat Medium-term Liver Bioassay for Carcinogens 

: Animals 6-week-old, F344 male rats 

: DEN, 200mg/kg, i.p. 

: Saline, i.p. 

GST-P Positive Liver Cell Foci :   End-point marker 

  : 2/3 Partial Hepatectomy 

  : Basal diet 

: Test compounds 



IARC Scientific Publication 

No. 146 

１９９９ 





A Medium-term Multi-organ Bioassay 



  

   : DEN, 100mg/kg, i.p.  

   : MNU, 20mg/kg, i.p. 

   : DMH, 40mg/kg, s.c.  

 : BBN, 0.05% in drinking water   

 : DHPN, 0.1% in drinking water, 2 weeks  

Rat Multi-Organ Bioassay (DMBDD Methods) 

DMBDD treatments 

0 4 28~36 Wks 2 

 : 6-week-old, F344 male rats  Animals 

 : Basal diet  

 : Test chemicals  



Endpoint Markers Available for the Rat Medium-term 
Multi-Organ Bioassays for Carcinogens 

Organ Marker Lesions 

Nasal cavity 

Lung 

Tongue, Esophagus 

Forestomach 

Glandular stomach 

Intestines 

Liver 

Pancreas 

Kidneys 

Urinary bladder 

Thyroid 

Prostate 

PN hyperplasia, Papilloma, Carcinoma 

Hyperplasia, Adenoma, Carcinoma 

PN hyperplasia, Adenoma, Carcinoma 

Hyperplasia, Adenoma, Carcinoma 

PAPG, Hyperplasia, Adenoma, Carcinoma 

ACF, Adenoma, Carcinoma 

GST-P positive foci, Adenoma, Carcinoma 

Acinar cell focus, Adenoma, Carcinoma 

Altered tubulus, Adenoma, Carcinoma 

PN hyperplasia, Adenoma, Carcinoma 

Adenoma, Carcinoma 

Dysplasia, Carcinoma 

PN, papillary or nodular;   

PAPG, pepsinogen 1 altered pyloric glands 



CONCLUSIONS 

The rat medium-term liver bioassays for 
carcinogens and the rat multi-organ 
bioassays for carcinogens are useful and 
reliable methods to detect carcinogenic 
or modifying potentials for screening of 
chemicals. 



Positive Results of Medium-Term Bioassay 

Based on initiation-promotion carcinogenesis theory,  

Positive results  promotion (promoter or carcinogen) 

In a case of ETBE:  

   The bioassay  liver, forestomach, colon, kidney,  

          urinary bladder, thyroid 

*Two-year carcinogenicity study  liver 

 

Conclusion: Carcinogenicity in liver 

    Promoting activity in forestomach, colon, 

        kidney, urinary bladder, thyroid 
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