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Non-standard Abbreviation and Acronyms  
 

 
ACE, angiotensin converting enzyme  

APS, ammonium peroxodisulfate 

APs, adipocyte progenitors  
AREG/Areg, amphiregulin 
AREG-Tg, Areg transgenic  

ATF, activating transcription factor 2 
BAT, brown adipose tissue 
BMI, body mass index 

BMPs, bone morphogenic proteins 

BPB, bromophenol blue 

BrdU, 5-bromo-2’-deoxyuridine 
Brown like adipocyte (Brite adipocyte) 
cAMP, cyclic adenosine monophosphate  

CCR2, C-C chemokine receptor type 2 

cDNA, complementary deoxy ribonucleic acid  

DAI, disease activity index 

dH2O, distilled water 

DMEM, dulbecco’s modified eagle medium 

dNTP, deoxynucleotide triphosphate  

DSS, dextran sulfate sodium 

DTT, dithiothreitol 

EDTA, ethylenediaminetetraacetic acid 

EGF, epidermal growth factor

EGFR, epidermal growth factor receptor 

Egr, early growth response protein 

Emr-1, EGF-like module-containing mucin-like hormone receptor-like 1 

EtOH, ethanol 

eWAT, epididymal white adipose tissue 

FBS, fetal bovine serum 
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FFA, free fatty acid 

FGF, fibroblast growth factor  

GTT, glucose tolerance test 

HFD, high fat diet 

IBD, inflammatory bowel disease 

IGF-1, insulin like factor 1 

IL, interleukin 

IL-6, interleukin-6 

INF-γ, interferon gamma 

LPS, lipopolysaccharide 

MAPK, mitogen activated protein kinases  

MCP-1, monocyte chemotactic protein 1 

MEFs, mouse embryonic fibroblasts 

MMLV-RT, moloney murine leukemia virus reverse transcriptase 

MSC, mesenchymal stem cells 

Msr-1, macrophage scavenger receptor 1 

ND, normal diet 

PAI-1, plasminogen activator inhibitor 1 

PBS, phosphate buffered saline 

PCR, polymerase chain reaction 

PDGF, platelet derived growth factor 

PGC1-α, peroxisome proliferator-activated receptor gamma coactivator 1α 

PGE2, prostaglandin E2 

PPAR, peroxisome proliferator activated receptor 

PRDM16, PRD1-BF1-RIZ1 homologous domain containing 16 

PTX3, pentraxin 3 

RT, reverse transcription 

SC, subcutaneous fat  

SDS, sodium chloride/sodium citrate (buffer) 

STAT, signal transducer and activator of transcription 

SVF, stromal vascular fraction 
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TACE/ADAM17, TNF-α converting enzyme 
TBE, Tris borate EDTA buffer 

TEMED, N, N, N’, N’-tetramethylethylenediamine 

TG, triacylglycerol 

TGF, transforming growth factor  

TGF-β, transforming growth factor beta 

TJ, tight junction 

TLR, Toll-like receptor 

TNF-α, tumor necrosis factor-α 
TR, thyroid hormone receptor  
Tris, Tris (hydroxymethyl) aminomethane 

Tween 20, polyoxyethylenesorbitan monolaurate 20 
UC, ulcerative colitis 
UCP1, uncoupling protein 1 
VF, perirenal visceral  
WAT, white adipose tissue 
WT, wild type   
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20 [1]

1987

[2]

Body Mass Index

BMI

BMI

BMI

[3]

[4]  
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[5]

[6]  

white adipose tissue, WAT

brown adipose tissue, BAT

40-50 g

[7]

[8,9]

[10]
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[11]

mitochondrial uncoupling protein 1 UCP1

[12]

 

 

 

90%

stromal vascular fraction, SVF

hypertrophy hyperplasia

[13] 60

90 μm 140 150 μm

[14]

300

9 10

10%

[15]
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5%

[16]

10

[17]

F4/80

[18] monocyte chemotactic protein-1 Mcp-1/CCL2

[19,20] Mcp-1

C-C chemokine receptor type 2 CCR2

[21] MCP-1 CCR2

[19,22] Mcp-1 Ccr2

interleukin-6 IL-6 tumor necrosis 

factor-α TNF-α

[22]

2

interferon gamma INF-γ lipopolysaccharide LPS Th1

M1

TNF-α IL-6

interleukin-4 IL-4

interleukin-13 IL-13 Th2

M2 IL-10

[23,24]
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[25]

M1

M1

[26] M1

IL-6 TNF-α

free fatty acid, FFA

[27,28] M1 M2

adiponectin M2

[29] adiponectin
M2 TNF-α IL-6

adiponectin  

BMI

[30]

 

  

 

adipocytokine

[31] leptin adiponectin TNF-α

FFA plasminogen activator inhibitor 1 PAI-1 MCP-1

leptin 1994
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ob/ob
[32] leptin

[33,34,35] leptin

[36] TNF-α

1975

T

[37]

TNF-α

[38,39] adiponectin
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1.

amphiregulin AREG

AREG

AREG-Tg

 
 
2.

db/db

amphiregulin Areg  

 

AREG

AREG

AREG-Tg AREG-Tg

AREG

Areg db/db AREG

AREG-Tg

AREG

dextran sulfate sodium DSS AREG-Tg DSS

AREG  
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Areg
 

 

1-1.  

 

leptin [40]

adiponectin adiponectin

TNF-α IL-6

[41,42,43]

endocrine

TNF-α

adiponectin

insulin-like factor 1

IGF-1

[44-46]

BMI

adiponectin
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non-alcoholic steatohepatitis, NASH

adiponectin

[47]

 

[48]

60-90 μm 140 μm

[49,50]

[51]

15 5-bromo 2’-deoxyuridine BrdU 6

BrdU

[52]

adiponectin promoter doxycycline

β-galactosidase doxycycline
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β-galactosidase

β-galactosidase

[53] in vivo

 

db/db
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11-2.  

C16-16-2

29-282  
 

1-2-1.  
1-2-1-1.  

Nacalai tesque Sigma

 

 

1-2-1-2. Polyacrylamide gel  

30% acrylamide  

29.0% acrylamide 

1.0% N, N’-methylenebisacrylamide 

Q 0.45 μm filter Millipore

 

 

10×TBE  

0.89 M Tris 

0.89 M Boric acid 

0.02 M EDTA 

 

 

Polyacrylamide gel  

5.0% acrylamide 

1×TBE 

0.1% APS 
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0.01% TEMED 

Q  

 

DNA  loading dye 

50% glycerol 

1 mM EDTA 

0.2% BPB 

 
  
1-2-1-3. DNA  

T7 promoter primer  

5×First Strand buffer 

0.1 M DTT 

10 mM dNTPmix. 

MMLV-RT 

RNase OUT 

4×Transcription buffer 

NTPmix. 

50% PEG 

Inorganic pyrphosphatase 

T7 RNA polymerase 

Cyanine3 

Cyanine5 

Agilent Technologies  

 

1-2-1-4.  

Fetal bovine serum (FBS) (BIOLOGICAL INDUSTRIES) 

10,000 units/ml Penicillin 10,000 μg/ml Streptomycin (SP) (Invitrogen) 

Minimum Essential Medium (MEM)  

PBS(-)  (COSMO BIO) 1L  

PBS(-)  



17 
 

trypsin-EDTA (TE) (Invitrogen) 

100 mm×20 mm cell culture dish (CORNING) 

60 mm×20 mm cell culture dish (CORNING) 

35 mm×10 mm cell culture dish (CORNING) 

6 well cell culture plate (BD Falcon) 

12 well cell culture plate (BD Falcon) 

  

1-2-1-5.  
AIN-93G

HFD-60  
 

1-2-2.  
1-2-2-1. db/db  

9 db/db +Leprdb/+Leprdb db
db/+ +Dock7m/+Leprdb

12 8:00 21:00 21:00 8:00 24±1

1

 

 
1-2-2-2. HFD  

5 ICR 12

8:00 21:00 21:00 8:00 24±1

1 2

60%  HFD-60

ND AIN-93G

 

 
1-2-3.  
1-2-3-1. total RNA  

6

15 ml QIAZOL reagent (Qiagen ) 2 ml

30 total RNA −80°C
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total RNA RNeasy Lipid Tissue 

Mini kit Qiagen −80°C

chloroform 500 μl

15 vortex 3 4,000 rpm 4 °C

15 1.5 ml

70% 12,000 rpm 4°C

15 RW buffer

700 μl 12,000 rpm 4 15

RPE buffer 500 μl

12,000 rpm 4°C 15

12,000 rpm 4°C 2 total RNA

1.5 ml RNase free water

100 μl 12,000 rpm 4°C 1 total RNA

−80°C  

 

11-2-3-2. cDNA  

RevaTra Ace RT TOYOBO cDNA Total RNA

RNase free distilled water 10.5 μl total RNA 500 ng 1 μg

Random Primers 3 pmol/μl invitrogen 2 μl

65°C 5 1 1

cDNA  

RevaTra Ace RT TOYOBO                        1.0 μl 

5×First-Strand buffer                           4.0 μl 

10 mM dNTP mix TOYOBO            2.0 μl 

Recombinant RNase inhibitor Takara Bio          0.5 μl  

30°C 10 42°C 60

95°C 10 1 100 μl dH2O

cDNA  

 

1-2-3-3. RT-PCR  

cDNA Go-Taq DNA polymerase Promega
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Quick-Taq DNA polymerase Takara Bio PCR Go-Taq 

DNA polymerase Quick-Taq DNA polymerase mater mix

dye 5% PAGE 1×TBE

 200V 50

gel ethidium bromide 15 UV DNA

 

PCR  

PCR 1

PCR 8  

 

GoTaq Green master mix (20 μl scale) 

Green master mix                                           10.0 μl 

Nuclease free water                 8.0 μl 

cDNA                            1.0 μl 

sense primer                       0.5 μl 

antisense primer                    0.5 μl 

 

QuickTaq master mix (20 μl scale) 

QuickTaq master mix              10.0 μl 

Nuclease free water           8.0 μl 

cDNA                                 1.0 μl 

sense primer                   0.5 μl 

antisense primer               0.5 μl 

 

95 2 95  40 58  40 72  1

30 PCR 72 3

 

primer 100 μM

primer  
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mouse Areg 

sense primer               5’-GGAGGTGGTGACATGCAAT-3’ 

antisense primer           5’-GTCCCGTTTCTTGTCGAAG -3’ 

 

mouse Mcp-1/CCL2 

sense primer               5’-GGTCCCTGTCATGCTTCTGG-3’ 

antisense primer           5’-CCTTCTTGGGGTCAGCACAG-3’ 

 

mouse Msr1 

sense primer               5’-TCAAACTCAAAAGCCGACCT-3’ 

antisense primer           5’-ACGTGCGCTTGTTCTTCTTT-3’ 

 

mouse Emr1 
sense primer               5’-ATTGTGGAAGCATCCGAGAC-3’ 

antisense primer           5’-GTAGGAATCCCGCAATGATG-3’ 

 

mouse adiponectin 

sense primer               5’-TGGAGATGCTCACTTTGACG-3’ 

antisense primer           5’-AGAGCTGCACATTGGTGATG-3’ 

 

mouse Fgf-13 

sense primer               5’-CTCGGAACATTTCACACCTG-3’ 

antisense primer           5’-GGTTTGGGCAGAAAATGTGC-3 

 

mouse Fgf-21 

sense primer                 5’- TGGGGGTCTACCAAGCATAC-3’ 

antisense primer             5’-CCCAGGATTTGAATGACCCC-3’ 

 

β-actin (mouse, human) 

sense primer               5’-TTGGGTATGGAATCCTGTGGCATC-3’ 

antisense primer           5’-CGGACTCATCGTACTCCTGCTTGC-3’ 
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mouse L-19 

sense primer               5’-GGCATAGGGAAGAGGAAGG-3’ 

antisense primer           5’-GGATGTGCTCCATGAGGATGC-3’ 
  
1-2-3-4. Real-time PCR  

Real-time PCR THUNDERBIRDTM SYBR® qPCR Mix TOYOBO

Primer cDNA Primer sense

antisense 5 μM primer set 5 μM primer set  

Nuclease free water       6.6 μl 

5 μM primer set                    2.0 μl 

ROX                 0.4 μl 

THUNDERBIRDTM SYBR® qPCR Mix       10.0 μl 

cDNA                   1.0 μl 

cDNA 

StepOne

PCR Applied biosystems 95°C 2

95°C 15 60°C 1 1 40

65°C 90 melting curve  

 

1-2-3-5.  

C57BL

M-CSF DMEM culture dish

24 3 7

M1

 IFN-γ 20 ng/ml lipopolysaccharide LPS

100 ng/ml M2  

IL-4 10 ng/ml 24  

 

1-2-3-6. SVF  

collagenase type  
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collagenase type І Worthington 1 mg/ml PBS -

collagenase type І  

 

SVF  

db/db 0.5 g 60 mm dish

50 ml 1 mg/ml collagenase 

type Ⅰ 15 ml 37 1 stroke 88/min cell 

strainer 100 μm BD Falcon

300 g 10 100 μl

1 PBS 100 μl 300 g

5 stromal vascular fraction, SVF

QIAZOL Reagent 500 μl SVF 900 μl 30

total RNA 80  

 

total RNA  

SVF total RNA RNeasy Lipid Tissue

Mini kit Qiagen chloroform 200 μl

SVF 100 μl 1-2-3-1 total RNA Nano drop 

2000 Thermo total RNA SVF

100 ng total RNA  

 

cDNA  

1-2-3-2 cDNA  
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11-3.  
 

1-3-1. Areg  

1-3-1-1. db/db
 

db/db +Leprdb/+Leprdb db
db/+ +Dock7m/+Leprdb total RNA

DNA microarray Areg Fgf13 Fgf21
8 HFD

total RNA real-time PCR

Areg 10 [Fig. 1]

db/db db/+ Areg db/+

db/db Areg mRNA 80

[Fig. 2] Areg mRNA

 

 

1-3-1-2. HFD Areg mmRNA

 

Areg mRNA 1 3

5 9

cDNA real-time PCR Areg mRNA

Areg 
mRNA

[Fig. 3]  

Areg mRNA

Emr-1 Msr-1 Mcp-1 mRNA

[Fig. 4,5] Areg
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11-3-1-3. M1 M2 Areg
 

M-CSF 24

1

LPS IFN-γ M1

M1 IL-4 M2

M2 [Fig. 6A] 24

total RNA cDNA RT-PCR Areg mRNA

M1 Areg mRNA

M2

[Fig. 6B]  

HFD Areg mRNA

M1

Areg mRNA Areg mRNA

M1

Areg mRNA  

 

1-3-1-4. SVF  

db/db
adipocytes SVF cDNA Areg Fgf13 Fgf21
adiponectin mRNA

adiponectin Areg mRNA Fgf13 Fgf21 SVF

mRNA EGF EGFR

SVF [Fig. 7] Areg M1

mRNA M1
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11-4.  

AREG FGF21 FGF13

AREG epidermal growth factor, EGF

epidermal growth 

factor receptor, EGFR

1993 Hauner

0.01-100ng/ml EGF EGF

EGF

EGF

[54] EGF STAT

[55,56] EGF

FGF

[57] FGF21

FGF21

[58]

[59,60]

β Ucp-1

[61] Pgc-1α mRNA

[62] 3T3-L1 FGF21

GLUT1

[63] ob/ob
FGF21

FGF21

[63,64] FGF13 FGF21 db/db



26 
 

FGF21

[65,66]

Ⅱ [61,67]

AREG

AREG

 

Xuyounian

iv vitro DNA Areg M1

M2

[68] Areg
Areg mRNA

Areg
M1

M1 AREG

AREG M1

M1 Areg TNF-α

[69] TLR4

M1 [70]

TLR4 MAPK M1 Areg
IL-1β Tnf-α [71]

Areg
Areg

AREG [72]

AREG IL-6 IL-8 GM-CSF

[73,74,75]  

AREG

AREG

[76] AREG

AREG ERK AKT
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[77] AREG

[78,79]

3T3-L1 AREG

BrdU

AREG

[80]

[81] T

AREG

RAW264.7 AREG

AREG
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11-5.   
 
 
 

 

 

 
 
Fig.1 

Areg mRNA  
 

HFD ND

Areg Fgf13 Fgf21 mRNA real-time PCR

n=4 HFD Areg mRNA

(* *, P < 0.01) 
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FFig.2 db/db Areg mRNA  

 
db/db db/+

Areg Fgf13 Fgf21 mRNA real-time PCR

n=3 db/db Areg mRNA

(* *, P < 0.01) 
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FFig.3 Areg mRNA 
 

 
Areg mRNA

Areg mRNA
 

B  

A  
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FFig.4 
Areg mRNA

 
Areg

Emr-1 Msr-1 mRNA

Areg mRNA  

 

B  

A  
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FFig.5 Areg mRNA Mcp-1/CCL2 
mRNA  

 
Areg 

mRNA Mcp-1/CCL2 mRNA

Areg mRNA Mcp-1/CCL2 mRNA  
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FFig.6 M1 M2
Areg mRNA  

 

A M1 M2

24 total RNA Areg mRNA

RT-PCR M1

Areg mRNA B  
 
 
 
 
 

A  

B  
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Fig.7 SVF  

 
db/db

SVF stromal vascular fraction RT-PCR Areg Fgf13
Fgf21 EGFR mRNA

adiponectin Areg adiponectin
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AREG 
 

 
2-1.   

2 [82]

TNF- IL-6 free fatty acid FFA

angiotensinogen

PAI-1

AREG

AREG  

AREG EGF EGF EGF
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AREG EGF (Heparin-binding EGF-like growth 

factor, HB-EGF) betacellulin neuregulin

EGFR

[83] AREG

MCF-7 EGF

AREG

[84] prostaglandin E2 PGE2

interleukin-1β IL-1β TNF-α

Areg mRNA [85, 86][Table.1]  

AREG AREG knockout, KO

AREG KO

AREG EGFR

AREG KO

AREG

AREG

[87, 88]  

AREG

[89, 90]

AREG

[91, 92] AREG

AREG

[93] AREG

autocrine paracrine

[94] AREG p53 p21
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Bcl-2

[95] AREG

AREG EGF

AREG

[96] 2-7% Areg 

mRNA

60-70% Areg mRNA [97]

AREG

[98, 99]  

AREG

AREG

AREG-Tg AREG

Areg db/db
AREG

 

AREG
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inflammatory bowel disease, IBD

ulcerative colitis, UC

TJ

[100]

dextran sulfate sodium DSS TJ

[101, 102] TJ

TJ

AREG

EGF EGFR

[103, 104] AREG

[105]

Toll- TLR4 AREG EGFR

[106, 107] AREG

AREG

 

AREG-Tg AREG

DSS DSS
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AREG-Tg AREG
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22-2.  
 
2-2-1.  
2-2-1-1.  

Nacalai tesque Sigma

 

 

2-2-1-2. Polyacrylamide gel  

1-2-1-2  

 

2-2-1-3.  

SDS-PAGE  

Tris                         26.6 g 

Glycine                      130 g 

SDS                          4.5 g 

1 L fill up 5 × 5  

 

(10%) 

30%           6.6 ml 

1 M Tris-HCl pH 8.8      6.67 ml 

10% SDS                     200 μl 

10×APS                     200 μl 

TEMED                      40 μl 

Milli Q                     6.3 ml 

 

30%            625 μl 

0.5 M Tris-HCl pH 6.8      1.25 ml 

10% SDS      50 μl 

10×APS                      50 μl 

TEMED                       5 μl 
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Milli Q                     3 ml 
  

 

Tris              12.1 g 

Glycine           14.4 g 

1 L fill up 5% (w/v)  

 

4% -PBS  

      2 g 

1×PBS      50 ml 

 

 

1×PBS-T 

10×PBS 10 1 L TWEEN 20 Sigma 1 ml

 

 

2-2-1-4. DNA  

50 mM NaOH 

1 M Tris-HCL pH 8.0  

 
2-2-1-5. 1.5% dextran sulfate sodium DSS  

dextran sulfate sodium salt M.W.=36,000-50,000 MP Biomedials, LLC  

DSS 1.5 mg/ml  

 

2-2-1-6.  

AIN-93G

HFD-60  

 
2-2-2.  
2-2-2-1.  

12 8:00 21:00 21:00 8:00 24±1
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4

  

 
2-2-2-2. AREG-Tg  

aP2 Fabp4 promoter

Areg cDNA

AREG-Tg

C57BL 10

DNA transgene

AREG-Tg C57BL F1

4 12

8:00 21:00 21:00 8:00 24±1

 
 
2-2-2-3. AREG db/db  

db/+ Dock/+Lepr aP2 promoter

Areg
AREG-Tg Areg db

db Areg db/db
AREG-db/db 12

8:00 21:00 21:00 8:00 24±1  

 

2-2-2-4. DSS  

2-2-2-2. AREG-Tg F1

DNA transgene AREG-Tg

8 WT

AREG-Tg WT 2 DSS

DSS 1.5% 7

5

12 8:00 21:00

21:00 8:00 24±1  
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22-2-3.  
2-2-3-1. AREG-Tg  
aP2 promoter AREG  

aP2 Fabp4 promoter pcDNA3.1

aP2 promoter Areg
AREG

total RNA cDNA PCR Areg
cDNA cDNA Xho primer

RT-PCR Xho Areg cDNA  DNA

Xho
BAP DNA

plasmid aP2
primer AREG primer

RT-PCR plasmid  

 

primer  

AREG-aP2 -direct-S-primer       5’-TTCAGAGGCTCATAGCACCC -3’ 

AREG-AS-primer                5’- GTCCCGTTTCTTGTCGAAG -3’ 

 

AREG BamH1+EcoRV

 

C57BL

 
 

DNA  

3 mm 1.5 ml

300 μl 50 mM NaOH 3 95

10 1 M Tris-HCl pH 8.0 33 μl 3

12,000 rpm 10 4 100 μl

DNA Transgene GoTaq Green 

master mix primer  
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AREG-Tg-check-S          5’-AATGCCTTCTGGCAGTGAACTCTCCAC -3’ 

AREG-Tg-check-AS        5’- CGATGTATCTGCATTCGCCATGAATGC-3’ 

 

 

GoTaq Green master mix 20 μl scale  

Green master mix                           10.0 μl 

Nuclease free water                     8.0 μl 

DNA                                     1.0 μl 

sense primer                                   0.5 μl 

antisense primer                               0.5 μl 

 

95 2 95 30 58 30 72 40

30 PCR 72 3

1×TBE 200 V 50

ethidium bromide 15 UV 300bp

DNA

 

  

2-2-3-2. total RNA  

5

15 ml QIAZOL reagent Qiagen

2 ml 30 total 

RNA −80°C total RNA RNeasy 

Lipid Tissue Mini kit Qiagen 1-2-3-1. total RNA

 

 

2-2-3-3. cDNA  

total RNA RNase free distilled water
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total RNA 500 ng 1 μg RevaTra Ace RT TOYOBO

11-2-3-2. cDNA cDNA cDNA

20  

 

2-2-3-4. RT-PCR  

cDNA Go-Taq DNA 

polymerase Promega PCR 5% PAGE

1×TBE 200 V 50

gel ethidium bromide 15

UV DNA  

PCR  

PCR 1

PCR 8  

 

GoTaq Green master mix 20 μl scale  

Green master mix                   7.5 μl 

Nuclease free water                6.1 μl 

cDNA                             1.0 μl 

sense primer                         0.2 μl 

antisense primer                   0.2 μl 

 

95 2 95  40 58  40 72  1

30 PCR 72 3

 

 

2-2-3-5. Real-time PCR  

real-time PCR THUNDERBIRDTM SYBR® qPCR Mix TOYOBO

1-2-3-4. Real-time PCR Primer

cDNA Primer sense antisense

5 μM primer set 5 μM primer set  
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22-2-3-6. DNA microarray  
AREG-Tg WT

total RNA −80°C total RNA

12,000 rpm 4°C 15 300 μl 70  

50 μl RNase-free water Distilled water DNase RNase 

free Invitrogen 65°C 3 total RNA Nano drop 

2000 total RNA 200 ng total RNA

T7 promoter primer 1 μl RNase-free water 7.7 μl 65°C 10

5 DNA microarray

825 ng Cyanine 3 Cyanine 5 cRNA

DNA

Agilent Technologies 4×44k

Whole Mouse Genome DNA Agilent Technologies

 

 

cRNA cDNA cRNA

 

cDNA  

1 cDNA  

5×First strand buffer                       2.7 μl 

0.1 M DTT                           1.3 μl 

10 mM dNTP mix                       0.7 μl 

MMLV-RT                           0.7 μl 

RNase OUT                            0.3 μl 

40°C 2 65°C 15

5 cDNA  

 

cRNA  

cDNA cRNA  

RNase free distilled water Invitrogen      10.2 μl 

4×Transcription buffer                          13.3 μl 
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0.1 M DTT                                      4.0 μl 

NTP mix                                        5.3 μl 

50% PEG                             4.3 μl 

RNase OUT                                     0.3 μl 

Inorganic pyrophosphatase                       0.4 μl 

T7 RNA polymerase                              0.5 μl 

Cyanine3-CTP

Cyanine5-CTP 1 1.6 μl 40°C 2

 
  
2-2-3-7. Western blot AREG  

 

AREG-Tg WT

RIPA 1.5 ml

1 ml 12,000 rpm

4 15 200 μl  

 

 

Bio-Rad Detergent compatible DC

Protein Assay Kit Bio-ad Laboratories 0.1 0.5 1.0 mg/ml

BSA Reagent A 500 μl Reagent S 20 μl A’

Reagent A’ 25 μl

BSA Bovine serum albumin Sigma 5 μl

Reagent B 200 μl 15

OD750 V-530UV/UIS 

Spectrophotometer JASCO BSA OD750

 

 

SDS PAGE 

2 SDS PAGE
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dH2O 11 μl

5 μl 95 3

24 mA 90  

  

 

100% 5 ml

95 ml

40 V

cm2 2 mA 120  

 

 

4  PBS 2-3

 

 

 

Can Get Signal  Solution I TOYOBO

1×PBS 500

4

PBS T 5 10 10 Can Get Signal  Solution 

I TOYOBO 1000

1 2

PBS T 5 10 10

Western Lightning  plus ECL TOYOBO

Detection reagent 1 Detection reagent 2 1 1

X  

 

2-2-3-8. H&E  

 

10% Nacalai Tesque 24
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70% 70% 

80% 90% 5 95% 

99% 100% 3

Nacalai Tesque 30 3 65

1 3 10 μm

APS

 

  

H&E  

100%  

100% 100% 100% 70% 

1×PBS 5

1

1

80% 95% 100% 100% 

100% 100% 2

 NEW M X MX xylene=1:1

 

 

 

H&E

LabVIEW 2016 soft

2 μm  

 

2-2-3-9. ELISA AREG  

 

6 1 ml TERUMO

25G TERUMO

1 4000 rpm 4 30

80  
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AREG  

AREG Amphiregulin Mouse ELISA Kit abcam

96-well plate mouse AREG 100 μl

ELISA kit OD450  

 

2-2-3-10. glucose  

 

125 mg/ml 6

1 ml TERUMO 22G TERUMO

2 g/kg BW TERUMO

0 15 30 60 120 min

1 3500 rpm 4 10

20  

 

glucose  

3500 rpm 4℃ 3

C Wako

 

 

2 ml 5 μl 1 ml

2 ml 5 μl

2 ml 1 ml 5

37℃ 1

OD505

 

2-2-3-11. AREG-Tg DNA db/db -AREG  

3 mm 1.5 ml

300 μl 50 mM NaOH 5 95 10

5 1 M Tris-HCl PH 8.0 33 μl
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3 12,000 rpm 4 10

100 μl DNA

DNA PCR  

Primer PCR  

 

Areg-check  S      5’ - AATGCCTTCTGGCAGTGAACTCTCCAC - 3’ 

Areg-check      AS     5’ - CGATGTATCTGCATTCGCCATGAATGC - 3’ 

leptin R    S             5’ - GGTTAGAGATCTTTCATC - 3’ 

leptin R            AS            5’ - CCATAGTTTAGGTTTGTTTC - 3’ 

mutant leptin R     AS            5’ - CCATAGTTTAGGTTTGTTTA - 3’ 

 

PCR  

Go taq green master mix              7.5 μl 

Nuclease free water               6.1 μl 

Sense primer                         0.2 μl 

Antisense primer                     0.2 μl 

DNA                                 1.0 μl 

 

Perkin Elmer PCR

95℃ 2 95℃ 30 58℃ 30 72℃

40 30 PCR 72℃ 3

PCR 30% 

1×TBE 200 V 50

ethidium bromide 15 UV

mutant leptin R AS PCR DNA

db/db leptin R AS

PCR mutant leptin AS PCR PCR

db/+

300bp DNA
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22-2-3-12. db/db -AREG  

 

db/db-AREG

10% nacalai tesque 24

2-2-3-8. H E

 

 

2-2-3-13. DSS total 

RNA  

6 AREG-Tg WT

15 ml QIAZOL reagent Qiagen 1 ml

30 total RNA

−80°C 2 4,000 rpm 4℃

20 65  

total RNA RNeasy Mini kit Qiagen

total RNA RLT buffer 1 ml

β-mercaptoethanol 10 μl 15 ml

RLT buffer 800 μl total RNA

80 80

13,000 g 4 5 1.5 ml

70  

13,000 g 4 15

RW buffer 700 μl 13,000 g 4 15

RPE buffer 500 μl 13,000 g 4 15

13,000 g 4 2

total RNA 1.5 ml

RNase free water 50 μl 13,000 g 4 1 total 

RNA total RNA

total RNA 10 1 3 M 2.5
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80  

  

2-2-3-14. cDNA  

cDNA total RNA 500 ng 1 μg

RevaTra Ace RT TOYOBO 1-2-3-2. cDNA

 

 

primer 100 μM

primer  

 

mouse Areg 

sense primer               5’- GGAGGTGGTGACATGCAAT -3’ 

antisense primer           5’- GTCCCGTTTCTTGTCGAAG -3’ 

 

mouse Tnf-α 
sense primer               5’- CCGATGGGTTGTACCTTGTC -3’ 

antisense primer           5’- CGGACTCCGCAAAGTCTAAG -3’ 

 

mouse Pgc1-α 
sense primer               5’- ATGTGTCGCCTTCTTGCTC -3’ 

antisense primer           5’- TGTCTGTAGTGGCTTGATTC -3’ 

 

mouse leptin 

sense primer               5’- GAGACCCCTGTGTCGGTTC -3’ 

antisense primer           5'- CTGCGTGTGTGAAATGTCAT -3' 

 

mouse EGFR 

sense primer               5’- CCCAAGGACCACTTCACAGT -3’ 

antisense primer           5’- ACACTGCTGGTGTTGCTGAC -3’ 
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mouse Egr1 

sense primer               5’- TAACTTCAGTCGTAGTGACC -3’ 

antisense primer           5’- TAGCCACTGGGGATGGGTAA -3’ 

 

mouse Egr2 

sense primer               5’- TTGGAGTGACAGTCAACTCC -3’ 

antisense primer           5’- TGTGCGGTAACAGCGCCATT -3’ 

 

mouse IL-6 
sense primer               5’- CTGATGCTGGTGACAACCAC -3’ 

antisense primer            5’- TCCACGATTTCCCAGAGAAC -3’ 

 

mouse L-19 

sense primer               5’- GGCATAGGGAAGAGGAAGG -3’ 

antisense primer           5’- GGATGTGCTCCATGAGGATGC -3’ 
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22-3.  
 

2-3-1. AREG AREG-Tg

 

2-3-1-1. AREG-Tg  

aP2 Fabp4 promoter

AREG cDNA

[Fig. 8A] DNA

C57BL

39 F0 DNA PCR

2

[Fig. 8B]  

 

2-3-1-2. AREG-Tg AREG  

AREG-Tg WT

AREG

AREG-Tg AREG [Fig. 

9A] total RNA cDNA

real-time PCR Areg mRNA Areg mRNA

[Fig. 9B] AREG-Tg Areg 

mRNA AREG Areg 

 

 

2-3-1-3. AREG-Tg Areg mRNA  

AREG-Tg Areg mRNA 8

AREG-Tg WT

total RNA cDNA real-time 

PCR Areg mRNA

AREG-Tg Areg mRNA

[Fig. 10] AREG-Tg Areg
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2-3-1-4. Areg AREG  

AREG-Tg WT

cDNA RT-PCR Areg mRNA

Areg mRNA

[Fig. 11] AREG-Tg

AREG 10 AREG-Tg

WT ELISA AREG

AREG-Tg 168 pg/ml AREG

[Fig.12A]  

 

2-3-1-5. AREG-Tg

 

8 AREG-Tg WT

[Fig. 12B]

8

AREG-Tg 10% 

[Fig. 13A] H&E

AREG-Tg

WT 6.3

[Fig. 13B,C]  

 

2-3-1-6. AREG-Tg  

8 AREG-Tg cDNA

real-time PCR AREG-Tg

Tnf-α Pgc1-α mRNA [Fig. 

14A] leptin mRNA WT 60% [Fig. 14B]

leptin mRNA

DNA microarray

AREG-Tg
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diacylglycerol O-acyltransferase 2 Dgat2 monoacylglycerol O-acyltransferase 2

Mogat2 EGF

early growth response protein 1 Egr1 early growth 

response protein 2 Egr2 mRNA [[Table. 2]  

 

2-3-1-7. AREG-Tg glucose GTT  

8 AREG-Tg WT 6

2 g/kg glucose/body weight glucose

glucose glucose

[Fig. 15]  

 
2-3-2. AREG db/db  

2-3-2-1. db/db-AREG  

db/db-AREG [Fig. 16]

DNA PCR Areg
db/db db/db-AREG db/db

total RNA real-time PCR

Areg mRNA db/db-AREG

Areg [Fig. 17]  

 

2-3-2-2. db/db-AREG-  

db/db AREG

db/db db/db-AREG [Fig. 

18] db/db-AREG

db/db [Fig. 19]  

 

2-3-2-3. db/db-AREG  

db/db-AREG

cDNA RT-PCR Areg mRNA

leptin Tnf-α mRNA [Fig. 20]  
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22-3-2-4. db/db-AREG H&E  

db/db AREG

10%

H&E

[Fig. 21]  

 

2-3-2-5. Glucose tolerance test(GTT)  
14 db/db-AREG db/db

6 2 g/kg glucose/body weight glucose

glucose db/db-AREG

glucose [Fig. 22]  

 

2-3-3. AREG-Tg DSS

 

2-3-3-1. DSS  

AREG

DSS

DSS [Fig. 23] 1.5% DSS

AREG-Tg 7 AREG-Tg

WT

DSS AREG-Tg

[Fig. 24]  

 

2-3-3-2. DSS  

AREG-Tg WT

[Fig. 25]  
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22-3-3-3. DAI DSS  

 

1.5% DSS 5 AREG-Tg

WT

[Fig. 26A]

Disease Activity Index DAI AREG-Tg DAI

[Fig. 26B]  

 

2-3-3-4. DSS  

AREG-Tg WT total RNA real-time 

PCR IL-6 mRNA Tnf-α mRNA

AREG-Tg IL-6 mRNA Tnf-α mRNA

[Fig. 27]  
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22-4.  
AREG

AREG

AREG-Tg AREG

AREG-Tg

AREG

8 AREG-Tg

WT AREG-Tg

AREG

leptin

[108] AREG-Tg

leptin mRNA

TNF-

3T3-L1 TNF-α

AREG-Tg

TUNEL

Areg db/db AREG

AREG  

AREG

triacylglycerol TG peroxisome proliferator- 
activated receptor gamma co-activator 1α (Pgc-1α)

AREG-Tg PGC-1α

PPAR-γ co-activator [109]

[110] Pgc-1α
TG
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AREG-Tg Tnf-α
TNF-α

[111,112]

AREG

toll-like 

receptor 4 TLR4 [113]

glycerol

Pgc-1α Tnf-α
DNA microarray AREG-Tg

[table.2] AREG-Tg

TG diacylglycerol O-acyltransferase 2 Dgat2
monoacylglycerol O-acyltransferase 2 Mogat2

DGAT2 acyl-CoA acyl diacylglycerol

TG DGAT2 TG

[114] positional 

cloning chromosomal 11q13 map DGAT2

[115] DGAT2 leptin

TG [116] Dgat2

AREG-Tg

 

AREG-Tg db/db HFD

AREG

AREG

db/db
Ucp-1

M2 arginase-1
IL-10

AREG counter-regulation DNA 

microarray AREG Egr-1
Egr-2 [117] Chandra EGF
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Egr-1 Egr-2
[118] AREG autocrine

paracrine

AREG

AREG-Tg

BrdU

AREG

AREG-Tg

EGF

 

AREG-Tg AREG

AREG

DSS AREG-Tg

DSS

DAI TNF-α IL-8

AREG-Tg

DAI WT

T

TNF-α IFN-γ IL-6 IL-17

[119,120,121]

TNF-α [122,123] TNF-α

AREG-Tg TNF-α IL-6 mRNA

AREG-Tg

AREG 168 pg/ml

AREG
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AREG-Tg AREG-Tg

 

Nam AREG

glucose transporter type 1 GLUT1 sodium /glucose 

cotransporter 1 SGLT1
AREG

[124]

AREG-Tg azoxymethane
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22-5.   
 
 
 
 

 

Table.1 AREG  

AREG  
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Fig.8 
PCR  

aP2 Areg cDNA

A

F0 39 PCR

2 transgene B  

 

 

A  
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Fig.9 Areg  

 
AREG-Tg wild type WT

Western blot AREG A total RNA
Areg real-time PCR B AREG-Tg 

AREG Areg mRNA (* *, P < 0.01) 

 
 

 

A  
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Fig.10 AREG-Tg Areg mRNA  

 
AREG-Tg WT Heart Kidney Liver

Colon Skeletal muscle, SK White adipose tissue, 

WAT total RNA cDNA real-time 

PCR Areg mRNA
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Fig.11 Areg 
mRNA  

AREG-Tg WT

RT-PCR Areg mRNA

AREG-Tg Areg mRNA  
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FFig.12 AREG-Tg

AREG  
ELISA AREG AREG-Tg

168 pg/ml AREG A AREG-Tg

WT

AREG-Tg B (* *, P < 0.01) 

 
 

A  

B  
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Fig.13 

 
8 AREG-Tg WT

H&E A
AREG-Tg

B AREG-Tg
C (*, P < 0.05; * *, P < 0.01) 

 

  

A  
 

C  
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Fig.14 AREG-Tg  

 
AREG-Tg WT total RNA

real-time PCR Pgc1-α Tnf-α leptin mRNA

AREG-Tg Pgc1-α Tnf-α
A leptin mRNA B  

(*, P < 0.05; * *, P < 0.01) 
 
 

B  
 

A  
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Fig.15 Glucose tolerance test(GTT)  

glucose 2 g/kg

glucose  
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TTable.2 AREG-Tg
 

 

DNA microarray AREG-Tg

 

 
  

Gene ID Gene symbol Gene description Fold change P value

NM_009505 VEGFA vascular endothelial growth factor A 2.06 0.000
NM_010512 IGF1 insulin-like growth factor 1 1.57 0.004
NM_010197 FGF1 fibroblast growth factor 1 -0.48 0.000
NM_013518 FGF9 fibroblast growth factor 9 -0.43 0.000
NM_010200 FGF13 fibroblast growth factor 13 -0.35 0.000
NM_008005 FGF18 fibroblast growth factor 18 -0.18 0.000

NM_009692 ApoA1 apolipoprotein A 1 3.41 0.000
NM_013474 ApoA2 apolipoprotein A 2 5.53 0.000
NM_007469 ApoC1 apolipoprotein C 1 1.69 0.000
NM_007470 ApoD apolipoprotein D 2.11 0.000
NM_013475 ApoH apolipoprotein H 5.85 0.000
NM_018816 ApoM apolipoprotein M 2.46 0.003
NM_029419 ApoL3 apolipoprotein L 3 -0.17 0.000

NM_009398 Tnfaip6 tumor necrosis factor alpha induced protein 6 1.89 0.000
NM_007913 Egr1 early growth response 1 5.87 0.000
NM_010118 Egr2 early growth response 2 3.88 0.000
NM_133775 IL-33 interleukin 33 -0.47 0.000

NM_017399 Fabp1 fatty acid binding protein 1 7.99 0.000
NM_146187 Ffar2 free fatty acid receptor 2 1.57 0.003
NM_007988 FAS fatty acid synthase -0.57 0.001
NM_026384 DGAT2 diacylglycerol O-acyltransferase 2 -0.62 0.007
NM_177448 MOGAT2 monoacylglycerol O-acyltransferase 2 -0.34 0.000
NM_145572 Gys2 glycogen synthase 2 -0.39 0.000
NM_008493 Leptin leptin -0.41 0.000

Growth factors

Apolipoproteins

Inflammation and cytokines

Lipid and glucose metabolisms



74 
 

  

 

Fig.16 Areg db/db  

db/+(Dock/+Lepr) AREG-Tg Areg
db db/+ db

Areg db/db db/db-AREG  
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Fig.17 db/db-AREG Areg mRNA
 

db/db-AREG db/db Areg 
mRNA db/db-AREG Areg mRNA

L-19  
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Fig.18 db/db-AREG db/db  
Areg db/db-AREG

db/db

db/db-AREG (*, P < 0.05; * *, P < 0.01) 
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Fig.19 db/db-AREG  

db/db-AREG db/db

(* *, P < 0.01) 

 
 



78 
 

  
 

 
 
 

Fig.20 db/db-AREG
 

db/db-AREG db/db total RNA

leptin mRNA Tnf-α mRNA
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Fig.21 db/db-AREG
H&E  

db/db-AREG db/db
H&E  
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Fig.22 Glucose tolerance test(GTT)  

Glucose 2 g/kg

glucose db/db-AREG
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Fig.23 AREG-Tg DSS
 

 

AREG-Tg DSS

DSS  
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Fig.24 AREG-Tg WT  

1.5%DSS AREG-Tg WT

7 DSS

AREG-Tg WT

(*, P < 0.05; * *, P < 0.01) 
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Fig.25 DSS  

AREG-Tg WT

Quad

(*, P < 0.05) 
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TTable.3 DAI  

AREG-Tg WT

disease activity index DAI  
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FFig.26 DAI DSS  

 
AREG-Tg WT A

DAI

B  

 

 
 

B  
 

A  
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FFig.27 AREG-Tg  
 

 

AREG-Tg WT IL-6 mRNA

Tnf-α mRNA real-time PCR
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db/db

AREG

AREG AREG-Tg

AREG

Areg
db/db DSS  

AREG M1

AREG M1 AREG-Tg

Tnf-α mRNA

AREG-Tg AREG

AREG-Tg

AREG

Areg db/db

AREG in vivo
 

AREG EGF
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AREG

[125] AREG

AREG

EGFR

[126,127] AREG

[128] AREG

p53 AREG

[129] AREG

[130] Areg

[131]

AREG

HME in vitro
EGF [132] AREG

[133] AREG

BMI

AREG-Tg AREG
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