15

3234



300 300

14 4 22

1-(1)

Polypeptide consisting of 53 amino acid residues (C267H404N72078Ss;
molecular weight: 6062.89), which is a human insulin analogue with substitution
of Asn at position 21 of the A chain by Gly and addition of two Arg at carboxyl
terminal of the B chain, obtained from a human insulin derivative precursor

produced from a recombinant cell by expression of a human insulin derivative

precursor gene originated from a cDNA derived from MRNA
MRNA cDNA
A 21 B C
2 53
C267H404N72078Ss 6062.89

@@@@@@@@@@@@@@@@@@@@@

10 11 12 13 14 15 16 17 18 19 20 21

32 31 30 29 28 27 26



15 7 24

300 300
14 4 22
IDDM 293 1 4
NPH 1 1 1 3
28 HbA1c
16 HbA1c HbA1c
0.15+ 0.66% + SD NPH 0.00+ 0.79%
NPH p<0.0001 t-
NIDDM 335
NPH 28
HbA1c 1.10+ 0.93% NPH 1.05+ 0.91%
NPH p<0.0001 t-
IDDM 4
NPH
NPH
2
NIDDM
2 IDDM
1
IDDM IDDM NPH 1
2



80



21

15
1
300 300
14 4 22
1
300
1 1 2 20
1 2 80
B C 2
pH5.5 pH6.7
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DNA

1 1
40
pH5.5
pH
1)
E.coli
HOE901
HOE901
21
WwCB
DNA
WCB

pH

24
2000 4 2000 6
14 4
A 21
B C 2
pH6.7
A 21
HOE901
DNA
E.coli
MCB
WCB
DNA
MCB

EU

A 21

WCB

DNA
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7
USP
0.03638mg
2)
(2)
pH
m

(1)

pH

0.0347mg
EP
USP

pH

®)

PBS

enmol 1
1.0

PK/PD

1008

6nmol



pH PBS invitro

in vivo 2 125]
125] NPH
NPH
24 1)(5)
B9-Asp,B27-Glu 12)
NPH 3)
NPH
NPH
B9-Asp,B27-Glu
NPH
1
2 1020
5 1 NPH 0.3 /kg
22.8
NPH 138 1015 6
20
1) Kang S, et al. Diabetes Care 1991; 14: 942
2) Brange J, et al. Diabetes Care 1990; 13: 923
3) Owens DR, et al. Diabetes Care 2000; 23: 813
pH mg/mL mol/L
in vitro
pH PBS
nm
nm



CD

1008

) PK/PD

PK/PD

pH
pH pH

PK/PD

PK/PD
NPH

1 (5) PK/PD

pH
pH

NPH



PK/PD

©)

PK/PD

NPH
PK/PD

@ ®

(4)

HOE901

10

125]

PK/PD
PK/PD
AUC
NPH
RP-HPLC

NPH



14%
Riggin et al. Analytical Chemistry of Therapeutic Proteins, Analytical
Biotechnology, American Chemical Society, 1990: 125 Olinger International Meeting

on Insulin Specifications, 1995

®
2D-1H-NOESY
- X
3)
RP-HPLC
A C
B N
Brange, et al. Acta Pharm Nord 1992; 4: 209 A C
HOE901

11



4)

m-

pH
RP-HPLC m-
pmg/mL 3
M g/mL
pH4
pH

NPH

12

pH

pH

pH

RP-HPLC

%



5)

RP-HPLC

RP-HPLC

RP-HPLC

RP-HPLC

13

RP-HPLC
USP
RP-HPLC
RP-HPLC
95%
RP-HPLC
RP-HPLC
RP-HPLC



RP-HPLC

Fisher,
et al. J Pharm Biomed Anal 1986; 4: 377 Riggin et al. Analytical Chemistry of
Therapeutic Proteins Analytical Biotechnology American Chemical Society, 1990: 125

Olinger, International Meeting on Insulin Specifications, 1995

RP-HPLC
RP-HPLC
95%
RP-HPLC
6)
20+ 5 24
5+ 3 24
25+ 2 /60+ 5%RH 6 120 Lx hr 200w

hr/mz2

14



%- %
20+ 5

2
5+ 3 24 25+ 2 /60+ 5%RH 24 37+
2 1 120 Lx hr 200W hr/m2
+ / + %RH + + /I + %RH
+ +
+ [ £+ %RH +
2 8 2
36
1)
1)
2 1 1,000 kg
36.38mg/kg 2 1
24 2 1,000 kg
M g/mL
1,000 kg 3 M g/mL
1,000 kg 2 M g/mL

15



500
M g/mL
M g/mL
M g/mL
M g/mL
1,000 kg
0.364mg/kg
1/4
1/2
)
1,000 kg 36.38mg/kg
1 2 5
1,000 kg
3
2
10 kg 5
30%
4
6

1,000

16

kg

10
10

1,000  /kg 1

M g/mL 10 kg
5

10

3 8
20

/kg

20 /kg 0.728mg/kg

kg

M g/mL
M g/mL

24%

10 kg



NPH

2)
)
5 10 20 Ikg/ 3
5 kgl 2 20 kgl 3 10
kgl 1 5 kgl
2 10 20 kgl
10
20 /kg/ B 3
5 /kg/
®)
Asp(B10) 1
1
Asp(B10) 192 4885 NPH
192 4885
100 kgl NPH 40 kgl

17



NPH 1 2

50 Ikg/ 20 /kg/
NPH
192 4885 B
3 40 Ikg/ 1.455mg/kg/
12.5 /kg/  0.4547mg/kg/ 4 kgl
0.1455mg/kg/
NF 3.8% 12.5 /kg/ 0.4547mg/kg/
Bacillus piliformis 2 3 5
40 /kg/ 11 7 Bacillus piliformis 1
NF 2 1
NF
40 kgl
40 kgl
NF
12.5 40 kgl
NF B
4 12.5 Ikg/ 2 2 1
4 12,5 kgl 2 1 40 kgl 6
4 Ikg/
6 3
2 6.3 20 /kg/ 0.073 0.230 0.730mg/kg/
20 /kg/ 6 3

18



20 kgl

B
Cmax AUC
2 Ikg/
12 SD
1 111 40 kgl 1.455mg/kg/ 112 12
20 /kg/ 0.728 mg/kg/
20 14

B
6)

3 1 5 Ikg/
0.036mg/kg/ 0.182mg/kg/

1 /kg/

6 1 3 Ikg/

0.036mg/kg/ 0.109mg/kg/ 3
1
kgl 3 /kg/ 3 kgl
13 79 20 69
1 /kg/ 1 3 kgl 3
3 kgl 1
1 3 Ikg/ B
3 kgl 1 3
1 1
1 kgl

19



@)

Bacillus piliformis

AG
1974 1997
Tyzzer 7 18
5 15 1998
Tyzzer Tyzzer
GLP
GPL

®

6 3

2 /kg/ 1 Ikg/ 1 Ikg/
©

20

Tyzzer

GLP



Caz+ Caz+

3 6
6
B
125]
3)
(10)
10 /kg/ 0.360mg/kg/ 1
Ikg/ 0.036mg/kg/ 3 Ikg/ 0.108 mg/kg/
NPH
10 kgl 3
1 NPH 3 kgl 1
1 / F1
F1 NPH
10 kgl 3 Ikg/ 10
/kg/
2 6.3 20 Ikg/ 0.072 0.227 0.720mg/kg/

NPH

155 62.4%

20 Ikg/

21



(11)

05 1 2 Ikg/ 0.018 0.036 0.072 mg/kg/

6 18
1.0 /kg/  NPH
1 2 Ikgl

2 Ikgl

1 Ikg/
05  /kg/

NPH

2)
TA100 TA1535 TA1537 TA98

22

2

NPH

WP2uvrA

Ikg/

NPH



3)
2)
125 kgl
5  Ikg/

2 kg

Ikg/

2
125  /kgl

5  /kg/

MFH

MFH

V79

V79
2
24

12.5

12.5

2

24
125  [kg/

23

in vitro
HGPRT

750  /kg

2 kg

/kg/  NPH

MFH

pH

Ikg/

2 kg

5 /kg/ NPH

MFH



pH4.0 NPH

MFH
(3) MFH
MFH
pH4
pH
MFH
MFH
MFH
MFH
MFH
pH3 MFH
3 6
MFH
4)
(2)
100 /mL Lot No.29 29a
0.5mL
2

24

pH

pH7.3

NPH

0.1mL



(MCP) HOE901 21A-Gly-
21A-Gly-des-30B-Thr-

ASA
PCA
ASA HOE901 21A-Gly- 21A-Gly-des-30B-Thr-
21A-Gly-des-308-Thr- +
MCP PCA ASA
BALB/c C3H/He 20 kg
Alum MCP 1mg/kg  Alum
1 3 14 PCA
+Alum MCP+Alum
MCP 5
GLP
5)
pH
MFH
1)
1)
NPH 0.15

25



030  /kg 0.30

kg 4.13+ 0.05 -»3.14
+ 0.10mmol/L 8 0.96+ 0.11mmol/L 4.41+ 0.05 212+
0.09mmol/L 2 1.87+ 0.08mmol/L 4.30+ 0.09 - 2.80+
0.15mmol/L 4 1.33+ 0.14mmol/L
0.30 kg
4,28+ 0.35h >8.31h 0.31+ 0.03h >4.05h
NPH 1.52+ 0.37h 6.02+ 0.52h
3 1.2 /kg/
8.28mg/kg/ 8.29mg/kg/
-1 IGF-1)
Hep G2 125]-
1Cso 1.9nM
3.3nM  125]-|GF-I IGF-I1 ICs0
236nM 1,400nM 6
10B-Asp- Asp (B10) 925nM 4
IGF-I1
2 Vastus lateralis muscle
125|_
ICs0 1.07+ 0.29nM 1.59+ 0.62nM
0.72+ 0.26nM 0.71+ 0.16nM 10nM
2 2nM
IGF-I
I1GF-I B10 I1GF-I
ICso 140nM 1,100nM 7.6

26



1)

Cmax 31.1 /mL
IGF-I
IGF-I1 H9C2 1Cso0
101nM Asp (B10) 44nM 125]-1GF-I1
500nM 2
500nM
IRS-1 2 Asp (B10)
IGF-1 IRS-1
Asp (B10)
Rat-1
HIR A HIR B
A
HIR B
-1 IRS-1
Asp (B10) A
IRS-1
Asp (B10) 3H-
IGF-1
IGF-I
GLUT4
A
C
cAMP
ECso 0.12 1.00nM

27

0.2nM

70nM

Asp (B10)

2.5

IGF-I

cAMP

3T3



0.05 0.61nM

()

(©)

M1

/kg(0.022mg/kg)

M1
M2

M2

IGF-I

(4)

M2

M1

K+
39 66%

M1 M3
M2 1)(3)

6

57:43
ML M2
B10 M1 M2
M1 M2

28

0.6

M1

0.29 0.56

kg

IGF-I



30 /kg 6 1

0.3 1 kg

3 kg
3 /kg
1y mol
3 30 /kg 30 60
10 kg 40% 30 kg 42%
0.3 3 kg
3 kg 240 85%
dp/dt max
QTc
10 /kg
Na* Cl Na+/K+
2)
(1)
IGF-I
in vitro
in vitro
2

29



NPH

M1 M2
M1 M2 3
3
M1 M2 2 /Kg
3
55 kg 2mg/kg 1 4 M1

M2 5 14 1

A
100% 20 120

16 24
4

IGF-I
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Gly (A1) GIn (A5) Tyr (A19) Asn (A21) Val
(B12) Tyr (B16) Gly (B23) Phe (B24) Phe (B25)

A 21 Asn  Gly
B C 2 Arg
IGF-I
Asn (A21)
() QT
QT
3
15 6 16
QT
QT QTc
QT
QT
QT
(6)
1 M1 M2 5
B C 1 3
in vitro

31



IGF-I

1
23.9 12
Crnax 1.62ng/mL in vitro
Crmax 1.1x103
in vivo
1)
1)
0.5mg/kg 14 kg
2
(t12) 0.2 1.2
0.05 mg/kg 1.4 kg
2 ti 0.2 1.8
2mg/kg 55 /kg
2 (Cmax) 134.3ng/mL 4.3 tue
0.05mg/kg 1.4 /kg
4 Cmax 8.36ng /mL 54 ti2
1 kg 0.036mg/kg 5 /kg 0.182mg/kg 1 1
87 8 52 87
3 AUCo-20hr
8
)
[1251] 1.5mg/kg 41 kg
5
1

32



24
[1251]
4 24
48 1
125]
18 [2251]
1 4
[1251]
Sephadex G-75
3
2mg/kg
0 8

[1251]

1.5mg/kg 41

3%

1.5 mg/kg 41 kg

24

55 kg

M1 des-31B-Arg-des-32B-Arg

des-31B-Arg-des-32B-Arg
M3 des-32B-Arg

M1 M2 M3
4)
0.05mg/kg
0.37%
[1251]

HPLC
M1 M2
3
1.4 kg
0.9 1.6mg/kg

4 6

33

18%

M2 des-30B-Thr-

1/5 1/20

24

25 44 kg
0.3%



8 0.9%
7 14 [2251] 50 /kg 1.8mg/kg
2 6 10
24
7.8% 125] 125]-
®)
18 0.1 0.2 0.3 /kg
1101
6 2
15 3
0.4 Ikg NPH
1019 30
GIR NPH GIR
2 6 GIR NPH
GIR  AUCo-30hr NPH 90.9%
NPH 25 15
NPH
56%
NPH Crax
31.1x 106 /mL 34.1x 106 /mL  AUCo-30hr 602.4x 106
‘hr/imL 618.7x 106 ‘hr/mL
15 1019 1018
2 GIR
4 NPH
GIR 2 6 15
GIR  AUCo-30hr NPH 85.8%
NPH

34



56%
Crmax
AUCo-30hr 508.2x 106
20
kg
7
0.5

82.9 100% AUCo-6hr

56%

x 106 /mL AUCo-6hr

NPH
23.8x 106 /mL 32.8x 106 /mL
-hr/imL 590.0x 106 -hr/mL

2 0.1
30 1008
6
GIR
3 GIRmax 90%
90% 84.6 96.7%
Cmax 151.2x 106 /mL 202.2

86.6x 10-6 -hr/imL 107.2x 106 -hr/imL

36 NPH
0.4 kg 1012
4 24
3 1 2
CcVv GIR 12
NPH
NPH AUCo-12hr CV
66% 20% 37% 12
NPH
AUC12-24hr CV 23% 29% 55%
NPH
Cmax CV 28% 15% 67% AUCo-24hr CV
14% 16% 70% NPH
12 3 [2251]
0.2 kg
1010 19
25% T75%
11.9 15.3 13.2 24
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47.7% 56.3% 57.2%

24
90%
24
AUC Cmax
AUC
4 0.6 /kg(0.022mg/kg)
6 1016 16
M1 M2
57:43 M1
M2 M3
NPH 1 2 CSllI 1
1 15 11
1020 5
11 7 21
15 23.9 1 4
11
Crmax 1.38ng/mL  1.24ng/mL 1.62ng/mL 24
0.51ng/mL  0.50ng/mL 0.55ng/mL  AUCo-24nr
19.5ng-hr/imL  17.7ng-hr/mL 20.3ng-hr/imL
1
1 20 2
NPHO0.3 kg 1015 6
24
20 50%
200mg/dL
24
GIR NPH
22.8 NP 13.8
20 14 24

36



24 NPH 14.5 NPH
5 6
56%
NPH
Cmax 19.3x 106 /mL 27.4x 106 /mL AUC 224x 106
‘hr/mL 228x 106 -hr/mL
2 14 2 [1251]
[1251] NPH 0.3 kg
1017 20
NPH
T75% 15.0 6.5 Ts0% 26.3 134
Tas% 42.4 26.6
24 36 48 NPH
NPH 5
56% NPH
Cmax 16.1x 106 /mL 29.1x 106 /mL  AUCo-24nr
290x 106 -hr/imL 391x 106 -hr/imL
4)
PK/PD
1019 1018
BMI
GIR
GIR
NPH PK/PD
BMI
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1)

@)

Diabetes Care 1992; 15; 1484

1015

NIDDM

PK/PD

PK/PD
2
6 1020
24
PK/PD
1982
1999
2 /
1 2
( )
18 ) 0.1
1
2

38

Diabetic Medicine 1993; 10: 736

1

IDDM

50mg/dL

0.2 03  /kg

PK/PD



15

3 2
NPH NPHO.4
kg 7
1 2
1G)
(3] / IDDM NIDDM
3 4
IDDM 3101 IDDM
3
IDDM 293 ) 1 4
1 1 1 3
NPH
28 NPH
98%
NPH 1 1
ITT 282 138 NPH 144
PPS 258 128 NPH 130
HbA1c ( " HbAic
HbAic ) * 16
HbA1c 7.71+ 0.84% + SD
7.57+ 0.95% 0.15+ 0.66% NPH
7.84+ 0.87% 7.83+ 0.92% 0.00+ 0.79%
NPH p<0.0001 t- 95% 0.322 0.036
FBG
176.9+ 69.9mg/dL + SD 139.2+ 58.5mg/dL

37.7+ 83.7mg/dL p<0.0001
169.4+ 75.8mg/dL 173.8+ 78.9mg/dL
4.4+ 94.0mg/dL
p=0.0003 Wilcoxon

39

t- NPH



1 7 BG 0 28
18.4mg/dL 32.8mg/dL
24.8mg/dL 28 NPH
22.4mg/dL
NPH
12.1+ 6.1 + SD 28 125+ 5.7
NPH 135+ 7.2 28 14.2+ 6.7
p=0.0055 signed rank 1
28.8+ 10.5 28 27.9+ 10.5
p=0.0023 signed rank NPH 28.9+ 11.3
28 29.4+ 11.5
40.88+ 13.9 28 40.4+ 13.9
NPH 42.2+ 15.8 28 43.2+ 16.1
p=0.0533 signed rank
4
117 91.4% 2.68+ 0.27 + SE NPH
112 86.2% 3.03+ 0.35 4
99 77.3% 3.71+ 0.42 NPH 75  57.7%
3.04+ 0.41
p=0.0009 Fisher p=0.0127 W.ilcoxon
5 4
5 7 10 12 17 19
NPH
81 63.3% 0.51
+ 0.07 NPH 84 64.6% 0.79+ 0.11
p=0.8969 0.2881 4
26 20.3% NPH 19 14.6%
4 0.07 NPH 0.05
p=0.2533 0.2075
NPH 1
7 7 2
NPH 7 8 2
2
90 65.2% 210
NPH 101 70.1% 206

40



3 NPH

%Bound/Total
HOE901 19.5+ 15.8%B/T + SD 24.1+ 16.2%B/T
NPH 18.8+ 15.7%B/T 18.2+ 14.3%B/T

p=0.0608 Wilcoxon
19.1+ 16.6%B/T  20.2+ 14.4%B/T
NPH 18.2+ 16.1%B/T  17.7+ 15.0%B/T
p=0.6778 Wilcoxon

NIDDM 3102 NIDDM
4
NIDDM (335 )

NPH 28

12 SU SuU a -

NPH
ITT 317 158 NPH
159 (PPS) 275 141 NPH 134
HbA1c 1.10+ 0.93%
+ SD 9.07+ 1.05% - 7.97+ 1.02% NPH
1.05+ 0.91% 9.11+ 0.98% - 8.06+ 1.05%
NPH p<0.0001 t- 95% 0.273 0.166
FPG
204.4+ 52.2mg/dL + SD
-46.3+ 54.7mg/dL p<0.0001 signed rank NPH 200.9+
45.2mg/dL -27.9+ 44.1mg/dL p<0.0001 signed rank
p= 0.0052
Wilcoxon
4.8+ 2.2 + SD
28 11.1+£ 5.9 NPH 5.0+ 2.3 28 10.8+ 6.2
p=0.6499 W.ilcoxon
4
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55 39.0% 0.30+ 0.05 + SE NPH 55
0.33+ 0.08 4
4
5.0% 0.02+ 0.01 NPH 3 2.2% 0.01% 0.01
2 14% NPH 0 0.0%
4
NPH 5
110 69.6% 240 NPH 113 71.1% 252
4
5 NPH 4 NPH 1
HOE901
+ 1.4%B/T + SD 15.6+ 15.6%B/T NPH 7.8+
11.9+ 8.9%B/T 7.0+
12.7+ 13.9%B/T  NPH 7.1+ 2.4%B/T 10.9+ 10.1%B/T
p=0.4888 W.ilcoxon
3
( ) 1
IDDM NIDDM
137 IDDM 74
63 135
73 NIDDM 62 ITT
28 56
7 IDDM 5 NIDDM 2
IDDM
2 IDDM 1 NIDDM 1
HbAic IDDM HbA1c 0
+ SD 4 7.64+ 0.83% 0
56 7.80+ 1.01%
NIDDM 0 8.82+ 0.95% 16
56 7.72+ 0.87%
IDDM 0
6.9 + SD 56 12.6+ 5.9 1

42

41.0%

7.8
2.3%B/T
1.6%B/T

NIDDM
IDDM

7.89+ 0.88%

7.86+ 0.99%

12.4+



0 29.0+ 11.5 56 27.9+ 11.2
0
NIDDM 0 41+ 2.1 28
9.8+ 4.6 56 12.0+ 6.8
IDDM 86.3% 63/73 NIDDM 87.1% 54/62
86.7% 117/135
IDDM 13.7% 10/73 NIDDM 16.1% 10/62
14.8% 20/135
72.6% 98/135 67.4% 91/135
IDDM
1 1 2
1 2 2 3
1 1 1
NIDDM 10
LDH 1 2
AST 1
ALT 2
56 11 IDDM 9 NIDDM
2 1
IDDM 1 30
5
IDDM HDL Al-P NIDDM
LDH Cl Al-P HOE901
HOE901 IDDM 19.1+ 15.6%B/T + SD
24.6x 15.8%B/T 22.8%

43



16.1%B/T NIDDM 7.8+ 1.8%B/T

14.7+ 14.0%B/T 13.9+ 12.4%B/T
IDDM 18.6+ 15.9%B/T
20.7+ 13.8%B/T 18.8+ 14.0%B/T NIDDM
7.0 2.1%B/T 12.0x 12.1%B/T
10.3+ 9.1%B/T
IDDM NIDDM
IDDM 70/73  95.9% NIDDM
24/62  38.7% 4 IDDM
24 28 48 52 56 41
NIDDM
24 28 14 52 56 4
IDDM 54 74.0% NIDDM 5 8.1% 4
IDDM 18 24.7%
NIDDM IDDM 1 1.4%
1 NIDDM
145
2)
1)
1 1
24
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)

basal-bolus

(6)

IDDM

IDDM 3

NIDDM

NIDDM

©)

45




(6)

@) /

19
0.5%
FBG
4
FBG
16 /22

8 /16

1

NPH 20

12 NPH

140mg/dL

NPH 9 /15
9 /16

NPH 8 /9

IDDM
FBG
4
FBG
15
NPH 3
NPH 1 /9
4

46

NPH

0 24
80%

140mg/dL
11 NPH 8

140mg/dL

HbAic O
HbA1c

NPH 15

0.5%
HbA1c

HbA1c

1 NPH

HbAic NPH



0 4
14 /16
99 77.3% NPH
NPH
2
NIDDM
6%
40% NPH

FBG

HbA1c

4 HbA1c

0.5 1.0%

FBG 140mg/dL

NPH
0 4

75 57.7%

NPH

SuU

60%
NPH

50%

NIDDM

a7

/9

SuU

147

20%

SuU

HbA1c



1) 2
SuU
SuU
SuU
UKPDS?) 3 4 SU
2
2
SuU
SuU
SuU SuU
1) NIDDM SuU
SuU
D SuU
5)
SuU
SU
2
1) 2002-2003

2) UKPDS 57, Diabetes Care 2002; 25: 330-336
3) Combination Therapies With Insulin in Type 2 Diabetes, Diabetes Care 2001; 24:
758
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4) Efficacy of Insulin and Sulfonylurea Combination Therapy in Type Il Diabetes,
Arch Intern Med 1996; 156: 259-264
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