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What is Heat Shock Response: HSR ?What is Heat Shock Response: HSR ?

(Ritossa F. Cellular and Molecular Life Sciences. 1962)



HSR and DiabetesHSR and Diabetes

•Wholebody 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.

•Hsp72 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.

•Kurucz I et al., Decreased expression of Hsp72 in skeletal muscle of patients with type 2 diabetes correlated 

with insulin resistance. Diabetes. 2002.

•HSP72 protein is decreased in insulin  resistant  type 2 diabetic patients.

•Long-term hyperthermia, muscle-specific HSP72 Tg, or BGP-15 ameliorate insulin 

resistance in the mouse model of type 2 diabetes.
•Chung J et al., HSP72 protects against obesity-induced insulin resistance. Proc Natl Acad Sci USA. 2008.
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metabolic abnormalities in type 2 diabetes.
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Hot-Tub therapy:

•30 min a day

•6 days a week

•3 weeks 

•Water temp. 37.8〜40.5℃
•Oral temp. 0.8℃↑

Results:

•BW 1.7 ± 2.7 kg↓ (p=0.08)

•FBS 182 ± 37 mg/dL 

→ 159 ± 42 mg/dL (p=0.02)

•HbA1c 11.3 ± 3.1 % 

→ 10.3 ± 2.6 % (p=0.004)
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Heat 

stimulation

Heat 
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Blood flow↑Blood flow↑ Glucose uptake↑Glucose uptake↑
(Baron AD. Am J Physiol. 1994) (Baron AD. Am J Physiol. 1994) 

HSP72↑HSP72↑ JNK↓, ASK1↓JNK↓, ASK1↓
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•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
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HSR activator / suppressorHSR activator / suppressor
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HSR attenuation and insulin resistanceHSR attenuation and insulin resistance
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MES with hyperThermia (MET)  MES with hyperThermia (MET)  

Morino S, Kondo T et al. PLoS ONE 2008.
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Blood Glucose Levels in HFD miceBlood Glucose Levels in HFD mice
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Metabolic Parameters in HFD miceMetabolic Parameters in HFD mice
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Glucose Tolerance and Insulin Resistance 
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Glucose Tolerance and Insulin Resistance 
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Intra-Abdominal Adiposity in HFDIntra-Abdominal Adiposity in HFD
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Lipid Accumulation in Liver of HFD miceLipid Accumulation in Liver of HFD mice
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Activation of HSR by MET in MIN6 cells
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Metabolic impacts of MET in db/db mice
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The effects of MET in β-cells of db/db mice
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MET decreases insulin secretion accompanied

by AMPK activation in MIN6 cells

6 h 10 h

(-)MET

p-AMPK

AMPK

0.0

0.5

1.0

1.5

2.0

2.5

in
s
u
li
n
 (
n
g
/m

L
)

0

1

2

3

4

in
s
u
li
n
 (
n
g
/m

L
)

(+) (-) (+) (-) (+)

62 kDa

62 kDa

0 h 1 h 3 h

* * * *

*
* *

*

Kondo T et al. Diabetes 2012.



db/db db/db+MET

NFAT

Insulin

DAPI

NFAT

Insulin

DAPI

GLUT2 GLUT2

ba

c

IRS-2 IRS-2

db/db db/db+MET

IRS-2 185 kDa

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

R
e
la

ti
v
e
 e

x
p
re

s
s
io

n
 l
e
v
e
ls

db/db
db/db 

MET
wt

wt

MET

* *

N.S.

GLUT2 60 kDa

0

0.2

0.4

0.6

0.8

1.0

1.2

R
e
la

ti
v
e
 e

x
p
re

s
s
io

n
 l
e
v
e
ls

db/db
db/db 

MET
wt

wt

MET

* *

* 

#

#

α-tubulinα-tubulin 50 kDa 50 kDa

MET regulates molecular markers of 

pancreatic β-cell integrity and function

Kondo T et al. Diabetes 2012.



Activation of HSR by MET or GGA Improved 

Metabolic Abnormalities in Diabetes
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Background Characteristics of 

the Male Subjects with MS

Background Characteristics of 

the Male Subjects with MS
Background characteristics of the subjects    Group I Group II       p value

Male/females 20 / 0 20/0 -------

Age (years) 53.5 ± 1.5 51.3 ± 1.6         0.332

Body mass index (kg/m2) 26.1 ± 0.5 27.6 ± 0.7 0.093

% Body fat 26.7 ± 0.9 26.4 ± 0.6 0.890

Waist circumference (cm) 92.8 ± 1.1 95.6 ± 1.5 0.120

Systolic blood pressure (mmHg) 136.8 ± 3.3 133.9 ± 2.6        0.562

Diastolic blood pressure (mmHg) 86.6 ± 2.4 84.8 ± 2.3         0.588

Heart rate (beats/min) 69.2 ± 2.1 68.7 ± 1.6 0.862

Current smoking (yes/no) 7/ 13 8/ 12             N.S.

Fasting plasma glucose (mg/dL) 107.7 ± 2.7 104.7 ± 2.9        0.457

Fasting insulin (µIU/mL) 10.0 ± 0.9 12.9 ± 1.6         0.141

HOMA-IR 2.61 ± 0.2   3.36 ± 0.5         0.146

QUICKI 0.34 ± 0.01         0.33 ± 0.01        0.195

composite WBISI 3.46 ± 0.2          3.04 ± 0.2         0.253

Insulinogenic index 1.02 ± 0.2          1.15 ± 0.2         0.670

HOMA-β 92.9 ± 12.3 116.5 ± 14.4       0.231

Blood glucose AUC on OGTT (0-2h) (mg/h/dL) 270.3 ± 8.7 274.2 ± 11.6       0.788

Insulin AUC on OGTT (0-2h) (mIU/h/mL) 138.3 ± 14.1   165.4 ± 14.6       0.203

HbA1c (%) (IFCC units) 5.29 ± 0.11 (5.69)  5.19 ± 0.14 (5.59)   0.578

LDL-cholesterol (mg/dL) 138.0 ± 5.0        124.5 ± 6.9        0.125

HDL-cholesterol (mg/dL) 51.6 ± 1.8 48.7 ± 1.8 0.283

Triglyceride (mg/dL) 182.1 ± 2.1 163.4 ± 12.1       0.477

WBC (/µL) 6009.1 ± 317.9 6026.3 ± 343.7     0.972

RBC (104/µL) 485.7 ± 7.9 502.3 ± 8.0        0.159

Hb (g/dL) 15.2 ± 1.2 15.7 ± 0.2         0.116

Plt (104/µL) 24.1 ± 0.9 22.6 ± 0.7 0.087

BUN (mg/dL) 13.9 ± 0.7 13.0 ± 0.7 0.376

Creatinine (mg/dL) 0.78 ± 0.02 0.82 ± 0.03        0.312

AST (GOT) (IU/L) 20.8 ± 0.8 24.9 ± 2.5         0.117

ALT (GPT) (IU/L) 25.3 ± 1.8 35.4 ± 3.7         0.089

LDH (IU/L) 149.0 ± 4.9 163.8 ± 4.5        0.198

Adiponectin (µg/mL) 3.15 ± 0.3 2.36 ± 0.3 0.094

Leptin (ng/mL) 5.51 ± 0.9 5.77 ± 0.5 0.813

Interleukin-6 (pg/mL) 1.48 ± 0.2 1.40 ± 0.1         0.761

Tumor necrosis factor-α (pg/mL) 1.64 ± 0.2 1.23 ± 0.1         0.278

High sensitivity C-reactive protein (ng/mL) 907.14 ± 259.9 607.9 ± 107.1      0.331 



Reduction of Visceral Adiposity and BPReduction of Visceral Adiposity and BP
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Improvement of Glucose HomeostasisImprovement of Glucose Homeostasis
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Improvement of of Insulin SensitivityImprovement of of Insulin Sensitivity
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Attenuation of Inflammatory CytokinesAttenuation of Inflammatory Cytokines
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What about in Type 2 diabetes ?What about in Type 2 diabetes ?
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Possible Mechanisms of Attenuation in 
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Diet or Exercise Interventions 

Fail to Attenuate Inflammation  
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MET could be Beyond Life-Style InterventionsMET could be Beyond Life-Style Interventions
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PBMC (Peripheral Blood Mononuclear Cells)PBMC (Peripheral Blood Mononuclear Cells)
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SummarySummary

•Suppression of chronic inflammation

is one of the principal mechanism of 

MET action to improve glucose  

homeostasis in MS and T2DM.

•Activation of HSR may promise a  

novel therapeutic alternative to  

treat life style-related diseases.
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