21 [13,14]
2 A (A chain)
B (B chain) 30 disulfide
5l 5802
il proinsulin
1
P
\J human insulin
al
CHAINA
GIn-?s-Cth S? lie.- C?s Leu TG)(U ?N -Leu-Glu-Asp-Tyr-Cys-Asn
I5-Leu-Cys- Hls - Leu-Val la-Leu- {-er u—Val -0ys
! CHAIN B
Asn GIu
i/al o
he —+ys—Pro—ii -Tyr-Phe-Phe-Glv
2.2 [13-16]
preproinsulin -~ proinsulin 2

(storage)



221 Preproinsulin
preproinsulin
rough endoplasmic reticulum (RER) (translation)
preproinsulin -~ RNA preproinsulin 4 domains

(NH2terminal) 24 signal



peptide 2 B-chain ( 0 ) 3 C-peptide 4 A
chain ( VI
preproinsulin signal peptide
RER signal peptide signal-
recognition-particle (SRP) SRP
RER SRP SRP receptor RER
signal peptide preproinsulin
" RER signal sequence receptor (SSR) RER
SSR preproinsulin RER signal
peptidase RER signal peptide proinsulin

preproinsulin translation

2.2.2 proinsulin
Proinsulin 12 B-chain, A-
chain  C-peptide B-chain  A-chain disulfide 2
A-chain disulfide 1 A-chain proinsulin
2 Arg, Arg B-chain C
peptide 2 C-peptide ~ A-chain Lys,
Arg A-chain B-chain

disulfide 2 C-peptide 1 3



3 proinsulin

CONNECTING 5|
PEPTIDE A

NH2 : S~ 1

-

proinsulin :
(neurotransmitters)
1 2 4 [SEVRSES S 4 !
0 2 (180 216 [ )
proinsulin
15 (2710 [ )
20
proinsulin 60 proinsulin 10
proinsulin (basal rate)
1
proinsulin translation
( 4 ) proinsulin

transcription



leucine,
succinate, pyruvate, inosine, guanosine, adenosine, ribose, sulfonylurea, long chain
fatty acid, growth hormone, glucagon glucagon-like peptide-1 (GLP-1)
proinsulin Mg2+1
islet hyperplasia
epinephrine,
interleukin-1,  diazoxide, somatostatin,
proinsulin RER lumen ( 4 ) proinsulin cis-
Golgi medial-Golgi trans-Golgi COP-coated
vesicles proinsulin trans-Golgi network (TGN)CT proinsulin
clathrin } ((3-granules)
immature granules proinsulin
mature granule C-peptide

4
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granule 5
Lys6d-Arg6d
carboxypeptidase-H (CP-H)
PC3
des-31,32 proinsulin
intermediate form
PC2 CP-H

C-peptide

C-peptide

PC2 (Typ<HI) Endopeptidase

fifjpm?anmmaog

+Xo0 CjCeSoCDOOOCACr: §

CjirboxypéptidaseH

10

proinsulin C-peptide
proinsulin conversion (PC) PC2
split 65,66  proinsulin
des 64,65-proinsulin
Arg3l-Arg32 CP-H

des-64,65 proinsulin des-31,32 proinsulin

granule PC3 CP-H
mature granule
1 1]
1 2
lysosomes crinophagy

proinsulin [14]

fosevaviosecosesosovol
& izl 3 PC3 (Type-1) Endopeptidase
; 3
I l
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[18-21]
portal vein pulsatile

2 (biphasic) 1 first phase
1 3-5 10 2

second phase

22 ( 6)

Nucleotides
TCA - \essis ATP
cycle : GTP

¢ cAMP

| NADPH
188 Metabolites
4 | Reducing Glutamate
equivalents | Malonyl-CoA

L glucose transporter 2 (GLUT2)
glucose-6-phosphate (G-6P)
glucokinase (GK)
2 glucokinase
' sigmoid curve
G-6P
3 glycolysis

pyruvate pyruvate
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lactate

dehydrogenase (LDH) pyruvate lactate
onocarboxylate transporter lactate

pyruvate pyruvate
pyruvate dehydrogenase (PDH) pyruvate acetyl coenzyme A
(Co A pyruvate carboxylase pyruvate
oxaloacetate acetyl Co A

(citric acid cycle) adenosine triphosphate (ATP)

4,
glycolysis
mitochondrial

dehydrogenases ATP

ATP | adenosine diphosphate (ADP)
) ATP | ADP (K+- ATP channel)
depolarization

(voltage dependent calcium channel)

K+ATP  channel

independent  Ca2-dependent pathway K+ATP  channel-independent Ca2+
independent  pathway

phospholipase, protein kinase C adenyl cyclase protein
kinase A vasoactive intestinal peptide (VIP),

PACAP, GLP-1  GIP

24 3

A
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12 arginine
13

2. Neural stimuli

insulin receptor

13

21 Cholinergic pathway vagus
(fasting state)
2.2 Adrenergic pathway catecholamines
C(2-adrenoreceptors
|3-adrenoreceptor
3
GLP-1, leptin adiponectin somatostatin
4,
growth hormone, prolactin, placental lactogen
GLP-1
0.25-15
fasting 50
24 portal venous system
60
3-15 miU/L (18-90 pmollL)
2.5 ' [23-26]

insulin receptor ( 0
4 (Ot subunit) 2
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((3 subunit) 2 a (3 subunit a-(3 dimer
a-(3 dimer disulfide bond  tetramer insulin receptor
7 insulin receptor
= sunit- O O
Pormme by DS
’t mrran n
it feated A
e b WTd

jS subunit

(ATP-binding and
tyrosine kinase

domains) Wj\/[‘

insulin receptor receptor Insulin like growth factor-1
(IGF-1) receptor insulin receptor-related receptor (IRR)
insulin receptor ~ IGF-1 receptor

a subunit tyrosine kinase (3 subunit
a subunit phosphorylation (3
subunit tyrosine kinase
insulin responsive substrate (1RS)
(7
IRS IRS-1, IRS-2, IRS-3  IRS-4  RRSL1  IRS2
IRS-3 Coh IRS-4
fibroblasts embryonic
1RS phosphorylation src-homology-2
(SH2) phosphatidylinositol 3-kinase (PI 3-kinase) phosphotyrosine
phosphatase (PTP2) Grb2
rat sarcoma protein (Ras)
PI3-kinase IS phospholylate serine  threonine
kinases Akt/protein kinase B (PKB), protein kinase C (PKC) R

dependent protein kinase (PIPD) 1 2 (PIPDL1 PIPD?2
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GLUT4
Grb2 Ras

Glucose

Glucose i
transport f
’ MAP kinase
p7Gsk PRPL GSK3 [ 7 Rt f
Vo ] Cell growth General gene
Glucose metabolisr Differentiation expression
Glycogen/lipid/protein synthesis
Specific gene expression
26 23
(membrane transporters) 2
Na+dependent transporters
Na+K+ATPase membrane transporters

Na+independent transporters
ATP membrane transporters  glucose transporter proteins (GLUT)

GLUTL-7 GLUT1
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? GLUT4

basal state GLUT4

GLUT4
2.1 (Insulin resistance) [27,28]
[29]
physiologic
[29]
receptor [30] receptor (prereceptor)
receptor receptor
receptor
serine phosphorylation receptor
receptor (post receptor)
receptor
humoral
theory [31]



17

9 humoral theory [31]
Obesty Inflammation
L\-} I
Adipocyte Innate immune Hepatic

hypertrophy activation steatosis

[1,32]
[6],
[33]  plasminogen activator inhibitor-1 (PAI-L)  fibrinogen
c-reactive protein (CRP) [34] [35]
[36]
[33]
polycystic ovarian syndrome, (fatty liver),
(cholesterol gallstones), (asthma) (Sleep
disturbances)
2.8 (Metabolic syndrome) [37-41]

) , HDOL-C
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[42]

World Health Organization (WHO) [11], European Group
for the Study of Insulin Resistance (EGIR) [43] NCEP ATP Il [10] International
Diabetes Federation (IDF) [44]

1 WHO [11] 2
L( ) 2
110 / . (61 [ )
2 75 (impaired glucose tolerance)
hyperinsulinémie euglycemic clamp
2 0.9 0.85

3 50 (17 /

6. microalbumin 20 /
albumin  creatinine 0 /.
2. EGIR [43] 2
L () 2

2 0 80 .
3 mol /

) WLC 1% J (0 )
4 140/90

5 10 [/ .

3. NCEP ATP Ill [10] 3
L 110 J .
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2 102 (40 ) 88 (3B )
3. 150 J .
4, HDL-C 0 | .1 5 /.
5 130/85
4. IDF [44] 2
L () ( )
90 . 80
2 150 [ (L7 /
)
3 HDL-C 0 J (10 [ )
5 /(13 [ )
4, 130
85y
o) 100
I
2.9
[45-48] (gold

standard)  hyperinsulinémie euglycemic clamp
Homeostasis ~ Model
Assessment (HOMA) [49-51]
29.1 Homeostasis Model Assessment (HOMA) [49-51]
Matthews [50]
(basal state)

29.1.1 HOMA
(basal state)

(hepatic glucose output)
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BRAIN

FAT AND
MUSCLE

URINE

10)
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[} 5 100 15 20
Plasma glucose (mmoll)

g Glucose = 20 mmoll
TS5 Giucose = 15 mmot
E 4 Gucose = 10 mmol)
E 3 Guccse = 5 mmoll
~ 2
g 1

0

0 100 200 300 400 c

Insulin (prmolT)

[51]

Uptake (mmol/min)

3 s ulin = 220 pmoid
2
1 s ulin = 70 pmo¥l
s ulin = 30 pmol!
0 o ulin = 0 pmolt
0 5 10 15 2
Glucose (mmoll)

(mmol/min)

|

0 10 20 30 40
Glucose (mmol/l)
LIVER BETA-CELL
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§%5° : GLUCOSE —» |:.
EEE 2 g SEW
— 0
o % 3% <— INSULIN fEw
¢ S 3
géza 700 2 0
‘6=v 410 50 100 0 5 10 15 20
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o <0 ‘ 0
0 100 200 300 400 | 0 5 15 20
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basal state 10A

basal 10 mlu/min (74 pmol/min)
4 [ (72 I ) 10B

(glucose efflux
glucose uptake) 10C 10D

basal
( 10E) basal 50
10 [ (180 / )(
10F)
( 104)
I (108, 10C, 10D) glucose insulin
basal
29.1.2 HOMA
HOMA Beta-cell
Beta-cell 100
1
HOMA 2 HOMAL (Original HOMA)
HOMA Matthews [50]
( 11) HOMAL 2

L HOMAL - IR = (FPI x FPG) / 225
2. HOMAL - %B - (20« FPI) / (FPG - 35)
- HOMAL-IR  HOMA
HOMA1-%B  HOMA
FPI /
FPG |
2 HOMA2 [52] computer model .. 19%
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29.13 HOMA

pulsatile
3 5
1 3
[51] HOMA2 - %B  HOMAZ - % Coefficients of variation
(CVs) 4.4 58 1
CVs  HOMA2-%B  HOMA2 - % 1.7 10.3
[48]
2.9.1.4 validation of HOMA
HOMA
(gold standard) euglycemic clamp hyperglycemic
clamp
R (Correlation) 088 087 (p0.0001) [49-
Sl
29.15 HOMA
HOMA
500 [51]
7 50
HOMA
[51] HOMA-R

HOMA-IR
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