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and Diabetes

eWholebody hyperthermia improves glucose homeostasis in mice and human type 2

diabetes.

*Hooper PL., Hot-tub therapy for type 2 diabetes mellitus. N Engl J Med. 1999.

*Kokura S et al., Wholebody hyperthermia improves obesity-induced insulin resistance in diabetic mice.
Int J Hyperthermia. 2007.

MRNA is decreased in insulin resistant type 2 diabetic patients.
*Bruce CR et al., Intramuscular Hsp72 and HO-1mRNA are reduced in patients with type 2 diabetes: evidence
that insulin resistance is associated with a disturbed antioxidant defence mechanism. Diabetes. 2003.
eKurucz | et al., Decreased expression of Hsp72 in skeletal muscle of patients with type 2 diabetes correlated
with insulin resistance. Diabetes. 2002.

protein is decreased in insulin resistant type 2 diabetic patients.
eLong-term hyperthermia, muscle-specific HSP72 Tg, or BGP-15 ameliorate insulin

resistance in the mouse model of type 2 diabetes.
*ChungJ et al., HSP72 protects against obesity-induced insulin resistance. Proc Natl Acad Sci USA. 2008.
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Hooper PL. N Engl J Med. 1999 Sep 16;341(12):924-5.

TaBLE 1. CHARACTERISTICS OF THE EIGHT PATIENTS AND RESULTS OF THREE WEEKS
OF EXPOSURE TO A HoT Tus.

FASTING GLyco-
PLasma SYLATED
Hot-Tub thera py: Booy WEIGHT  GLucose  HEMOGLOBIN

. (BEFORE/ (BEFORE/ (BEFORE/
*30 min a day AFTER AFTER AFTER

*6 days a week Exposure)  Exposume)*  ExpOSURE)t

*3 weeks kg mg/di %
eWater temp. 37.8~40.5 °C Glzb:rr::;l m.e:;fonnin 83.2/809 190/186 13.6/12.7
o v oride
Oral temp. 0.8 C Glyburide, troglitazone, ~ 201.8/199.1  109/66 8.6/7.7
insulin
Glyburide, metformin 175.0/168.2  231/181 12.2/11.1
Results: hydrochloride, insulin

eBW 1.7 + 2.7 kg, (p=0.08) M&;ﬁﬁin hydrochloride, ~ 60.9/61.8  207/156 17.4/14.8

*FBS 182 + 37 mg/dL Glipizide, metformin 645/645 1977155 11.0/11.1
_ hydrochloride

> 159 £ 42 mg/dL (p=0.02) 3 Glyburide, troglitazone 75.0/73.6  165/162  8.6/7.6

*HbA1c 11.3+3.1% Glipizide, metformin 91.8/91.8  158/160  9.1/8.1
hydrochloride
+ 9 —
> 10.3 £ 2.6 % (p=0.004) Glyburide, metformin 85.5/84.1  197/203  95/89
hydrochloride, troglita-
zone

*To convert the values to millimoles per liter, multiply by 0.05551.

tThe normal range was 4 to 8 percent.

Blood flowf* ——— Glucose uptake

Heat (Baron AD. Am J Physiol. 1994)

stimulation




ABD: ATP-binding domain
PBD: peptide- binding domain

Chaperone
binding activity binding

binding
*Inducible upon exposure to environmental stress that causes
protein misfolding in the cytosol, such as heat shock, exposure to
heavy metals and ischemia
*Strong cyto-protective effects and functions as a molecular
chaperone in protein folding, transport, and degradation
*Protects against ischemic cerebro and cardio vascular disease
Inhibits JNK by several distinct mechanisms
->physical interaction, activation of MAPK phosphatase-1 and -3,
inactivation of DLK-1, and suppression of MAPK kinase-1 and -7




Heat shock :
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attenuation and insulin resistance
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MES with hyperThermia (MET)

in vivo (muscle)

Calnexin » F
- T -[ Ventilated chamber ea
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Morino S, Kondo T et al. PLoS ONE 2008.




Body Weight and Food Intake in HFD mice

Body Weight Food Intake
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Morino S, Kondo T et al. PLoS ONE 2008.




Blood Glucose Levels in HFD mice
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Morino S, Kondo T et al. PLoS ONE 2008.




Metabolic Parameters in HFD mice

Fasting Insulin Adiponectin leptin

(ng/mL) p=0.024 p=0.041 p=0.18

1.0 | | |
e | (ng/mL)

20.0 |

0.8 '
0.7 - 16.0 16.0 -
0.6 - ﬁ
g : 12.0
0.4 - I ol
03
o2 I - 4.0 I
01
) —

0.0
HFD+MET HFD HFD+MET HFD HFD+MET

Morino S, Kondo T et al. PLoS ONE 2008.




UCP-1 mRNA Expression in BAT of HFD mice

UCP-1 mRNA
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Morino S, Kondo T et al. PLoS ONE 2008.




Glucose Tolerance and Insulin Resistance
in HFD mice

Glucose tolerance test Insulin tolerance test
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Morino S, Kondo T et al. PLoS ONE 2008.




Intra-Abdominal Adiposity in HFD
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Reduction of liver and adipose tissue weight
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Morino S, Kondo T et al. PLoS ONE 2008.
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Morino S, Kondo T et al. PLoS ONE 2008.




te Size in Mescenteric Fat of HFD mice

HFD HFD+MET Morino S, Kondo T et al. PLoS ONE 2008.




Activation of HSR by MET in MING6 cells

HSP72 protein expression MET or HSP72 regulates stress and apoptotic signal

cont MES

HS TNF-o.(-) TNF-a(+)  TNF-a(-)  TNF-o (+) TNF-o. (+)

HSP72

a-tubulin

Hsp72 plasmid __ MET
cont MET cont MET (+) (- cont s-si Hsp72 si

cont MES HS MET Cleaved

Kondo T et al. Diabetes 2012.

casp-3

MET or HSP72 activates Akt upon insulin stimultaion

TNF-a (-) TNF-a (+) TNF-a (-) TNF-a (+) TNF-a (+)

Hsp72 plasmid __ MET
cont MET cont MET (-) (+) (-) (+) cont s-si Hsp72si

Insulin stimulation (+) Insulin stimulation (+) Insulin stimulation (+)

p-Akt



Metabolic impacts of MET in db/db mice
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The effects of MET in 3-cells of db/db mice
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IMIET attenuates signal In di
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MET increases PDX-1 and attenuates stress signals
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MET decreases insulin secretion accompanied
by AMPK activation in MING cells

10 h

insulin (ng/mL)

Kondo T et al. Diabetes 2012.




MET regulates molecular markers of
pancreatic 3-cell integrity and function
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Modality

MET

Target

Diabetic model mice

BW
* Abdominal fat

*Insulin resistance

“JNK

"Inflammatory
cytokines
*B cell failure

N.D. -

(PLoS One, 2008) (AM J PHYSIOL-ENDOC M, 2010) (ORCP, 2009)
(Diabetes, 2012)




12 weeks 12 weeks

Group |

n=20

i

*HT, BW, Wc, %BF, BP, HR,

eAbdominal CT (Visceral fat, subcutaneous fat),

¢75g-OGTT (Blood glucose, IRI, CPR),
*Blood chemistry, Blood count,
*HbAlc,

eLipid profile,

eAdipokines, Inflammatory cytokines.




Background characteristics of the subjects

Group I

Group II

p value

Male/females

Age (years)

Body mass index (kg/m?)

% Body fat

Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats/min)

Current smoking (yes/no)
Fasting plasma glucose (mg/dL)
Fasting insulin (uWIU/mL)
HOMA-IR

QUICKI

composite WBISI

Insulinogenic index

HOMA-B

Blood glucose AUC on OGTT (0-2h) (mg/h/dL)
Insulin AUC on OGTT (0-2h) (mIU/h/mL)
HbA1lc (%) (IFCC units)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglyceride (mg/dL)

WBC (/uL)

RBC (104/uL)

Hb (g/dL)

PIt (104/uL)

BUN (mg/dL)

Creatinine (mg/dL)

AST (GOT) (IU/L)

ALT (GPT) (IU/L)

LDH (IU/L)

Adiponectin (ug/mL)

Leptin (ng/mL)

Interleukin-6 (pg/mL)

Tumor necrosis factor-o (pg/mL)
High sensitivity C-reactive protein (ng/mL)

20/0
53.5+1.5
26.1£0.5
26.7+£0.9
92.8+1.1
136.8 £ 3.3
86.6 £2.4
69.2 £2.1
7/13

107.7 £ 2.7
10.0 £ 0.9
2.61+£0.2
0.34 + 0.01
3.46 £0.2
1.02 £0.2
92.9+12.3
270.3 +£8.7
138.3 £ 14.1
5.29 +0.11 (5.69)
138.0 + 5.0
51.6+1.8
182.1+£2.1
6009.1 +317.9
485.7+7.9
15.2+1.2
24.1+£0.9
13.9+0.7
0.78 £ 0.02
20.8+0.8
25.3+1.8
149.0 + 4.9
3.15+0.3
5.51+0.9
1.48+0.2
1.64 £0.2
907.14 + 259.9

20/0
51.3+1.6
27.6 £ 0.7
26.4 £ 0.6
95.6 £ 1.5
133.9+2.6
84.8+2.3
68.7 £1.6
8/12

104.7 £ 2.9
129+ 1.6
RIRE ]
0.33 £ 0.01
3.04+0.2
1.15+0.2
116.5 + 14.4
274.2 £ 11.6
165.4 £ 14.6
5.19 + 0.14 (5.59)
124.5+ 6.9
48.7+1.8
163.4 £12.1
6026.3 + 343.7
502.3 + 8.0
15.7£0.2
22.6 £0.7
13.0 £ 0.7
0.82 £ 0.03
24925
35.4 £3.7
163.8 +4.5
2.36 £ 0.3
5.77 £ 0.5
1.40 £ 0.1
1.23 £ 0.1
607.9 £ 107.1
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Modality

MET

MET

Target

Diabetic model mice

S [F11441Y
males

BW
= Abdominal fat

*Insulin resistance

*JNK

" Inflammatory
cytokines
“B cell failure

—>

9
9
N.D.
|
9

e
]

N.D.

|

Protective (?)







95

90

26 85

25 80
ow 12 w 24w ow 12 w 24 w

@ Vis Fat Area w  SubQ Fat Area

210 210

190

180
180 170

190

170 » 160
150
140
130

160

150




.

|
e

)

oOw 12 w 24 w oOw 12 w 24 w

wiy  F-IRL  HOMA-IR

Py
18

14




Hs-CRP  ®™

-

4

oOw

(ng/mL) I I (ng/mL)
w/mi - Adiponectin ¥




AST/ALT

7.0

6.5 |

\
\
6.0
%....+
\

5.5

5.0
12 w 24 w oOw 12 w 24 w

— d (mg/g=Cre)
30 1(ng/ 3 Cre 450 U-MA

1.6 400
1.4 350
20 1.2 300
1.0 250
0.8 200
0.6 150
0.4 100
(1 ] 50

0 0

25

15




mg/a)  HDL-C
(10)




cytoplasm

Proteasomal
degradation

nucleus

NF-xB
binding site




TABLE 1 Effects of different dietary and exercise interventions on plasma levels of CRP and TNFa from recent studies

Subjects and design Treatment Design CRP TNFx Time Weight loss Reference

15
16
26
17
19

3 ND? 4y
ND 8 wk

41 diabetic patients Soy protein Randomized, parallel
6 men and 6 women {n-3) fatty acids Longitudinal

12 wk
12 mo
13 men with low back pain Exercize Longitudinal 8 wk
11 healthy 11 multiple sclerosis Exercise Paral lel ND B wk
87 Obese subjects with knee pain Hypocaloric diet Paral gl 6 mo
44 women Polyphenols in grapes Randomized, cross-over 4 wk
12 men and 12 women Polyphenols in raisins Longitudinal 6 wk
16 obese subjects Exercise Paral lel 12 wk

28 overweight men Carbohydrate restriction + eggs Randomized, parallel
210 men and women Exercise Randomized parallel

1
|
15 overweight men Low fat/ low carbohydrate Cross-over i1 12 wk
|
|

ZFEEEEEFE|TF R

18
30
28
AN
Y
27

' All decreases and increases indicated by the arrows are significant.

2 ND, not determined. 2008 American Society for Nutrition. J. Nutr. 138: 22932296, 2008.
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BW = FBS 4 hs-CRP 4
Wec 1 F-IRI 4 Adiponectin

CPR 4 Leptin 4
VFA HOMA-IR{ TNF-o i
SFA =

VFA+SFA QUICKI T WBC 4
cWBISI T LDL-C 4

SBP

DBP [ Insulinogenicindex ]

HR =




PBMC (Peripheral Blood Mononuclear Cells)

CD14(+): Monocytes
CD14(-): Non-monocytes, i.e. T cells, NK cells,
B cells, dendritic cells and basophils

MACS : magnetic labeling selection

Lk Monocyte isolationcl

CD14(+) D14(-)

CD14




Summary

eSuppression of chronic inflammation
is one of the principal mechanism of
MET action to improve glucose
homeostasis in MS and T2DM.

e Activation of HSR may promise a
novel therapeutic alternative to
treat life style-related diseases.
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