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Seung Joon Oh: New Treatment for Type 2 Oiabetes: GLP-1 Analogue
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Table 1. Actions of GLP-1.

1. Insulin secretion
(a) potentiates glucose-induced insulin secretion
(b) enhances all steps of insulin biosynthesis
(c) upregulates insulin gene expression
(d) upregulates expression of genes essential for B cell function
(e) mitotic for B cells
(f) promotes differentiation of duct progenitor cells
(g) inhibits apoptosis
. Inhibits glucagon secretion
. Inhibits gastrointestinal secretion and motility

N

Inhibits appetite and food intake
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Figure 1. Amino acid sequence of GLP-1 and of incretin mimetics under development as antidiatetic drugs. Amino acids identical

to the same position in the GLP-1 sequence are shown in light grey, amino acids different from the native molecule are displayed

in darker grey.
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Figure 2. Structures of DPP-IV inhibitors.
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Table 2. Comparison of dipeptidyl peptidase-IV antagonists with glucagons-like peptide-1 and glucagons-like peptide-1 agonists.

43)

Property

DPP-IV antagonists

GLP-1/agonists

Route of administration

Effect on weight
Adverse effects

Glycemic control

Dosing schedule

Experience

Mode of action

Patient compliance
Natural homologues
Associated hypoglycemia

when used as monotherapy
Lingering concerns

Prospects for clinical utility

Oral

Appears at least weight neutral. May be
ssociated with mild weight loss

Pruritus, diarrhea, dizziness and diaphoresis

re notable

Has demonstrable efficacy in controlling fasting
and postprandial hyperglycemia

Twice daily and three times daily dosing
schedules so far tested

Still limited. Multiple studies underway

Inhibition of endogenous, ubiquitous
plasma enzyme DPP-IV

Excellent, side effects infrequent and
generally tolerable

None thus far identified

Probably no but even if so uncommon

and generally mild

DPP-IV is a ubiquitous enzyme that in vivo
degrades over 20 different endogenous

human peptides. The consequences of all these
peptides on a long-term basis in humans and
even animals is yet unclear

Good, two agents (from Novartis and Merk)

in phase 2 and 3 trials

Subcutaneous and intravenous.
Oral preparations are in rudimentary stages
of development
Clearly demonstrated to be associated with
weight loss
Nausea, vomiting, anorexia, and eatly
satiety are notable
Most dominant effect appears related to
controlling prandial hyperglycemia.
Long-acting analogues with greater effect on
fasting hyperglycemia are also being tested
Preprandial multiday dosing schedules well
tested. Potential for less frequent dosing
including once daily, 2~3 times weekly or
even once weekly are the subject of ongoing
trials.
Fairly extensive human experience from several
different pharmaceutical groups
Enhancement of endogenous incretin hormone
effects
Good, for subjects who are not needle phobic.
The side effects are generally mild when present
and largely tolerable
Exendin-4 from the Gila monster
No

Physiologic effects and consequences of GLP-1
fairly well understood and extensively studies
in animals and humans

Good, several different agents in phase 2 and
3 trials

T} FALE FojdlE GLP-1 fAMAS} g, AR
F o3t DPP-IV YA A= DPP-IVEtE &47F 9 o
OEA EA6ls €42 B HAgE 32827 #yo]
9l 7] W&ol F7)17+e] DPP-IV A7} Eof] ojwl 3k
A= oA EWA| ¢hth DPPIVE oF 20471A] o] e
T}eF3l 3 E] =(substance P, IGF-1, neuropeptide Y, GLP-2,
GIP 5)¢] 9 & H3stal Utk &7|7te] Fofd o5t
of o]E EA9 TGl ofd ARE HYA = oFF
REG @7 AFdAM e A4 78S e
o, Ao MYS HuF dw kY 2o, o
g FAEL JIEdS HET HEQAAE AMESl=
71&9] 28 I A5AdA wEs & AJD ATt

L mlo

1. Holst JJ. Glucagonlike peptide 1: a newly discovered gastro-
intestinal hormone. Gastroenterology 1994;107(6):1848-55.
2. Fehmann HC, Goke R, Goke B. Cell and molecular biology
of the incretin hormones glucagon-like peptide-I and
glucose-dependent insulin releasing polypeptide. Endocr Rev

1995;16(3):390-410.



Seung Joon Oh: New Treatment for Type 2 Oiabetes: GLP-1 Analogue

11.

12.

13.

14.

15.

16.

. Xu G, Stoffers DA, Habener JF, Bonner-Weir S. Exendin-4

stimulates both beta-cell replication and neogenesis, resulting
in increased beta-cell mass and improved glucose tolerance in
diabetic rats. Diabetes 1999;48(12):2270-6.

. Stoffers DA, Kieffer TJ, Hussain MA, Drucker DJ, Bonner-

Weir S, Habener JF, et al. Insulinotropic glucagon-like pepti-
de 1 agonists stimulate expression of homeodomain protein
IDX-1 and increase islet size in mouse pancreas. Diabetes

2000;49(5):741-8.

. Perfetti R, Zhou J, Doyle ME, Egan JM. Glucagon-like

peptide-1 induces cell proliferation and pancreatic-duodenum
homeobox-1 expression and increases endocrine cell mass in
the pancreas of old, glucose-intolerant rats. Endocrinology
2000;141(12):4600-5.

. Orskov C, Holst JJ, Nielsen OV. Effect of truncated gluca-

gon-like peptide-1 {proglucagon-(78-107) amide} on endocrine
secretion from pig pancreas, antrum, and nonantral stomach.
Endocrinology 1988;123(4):2009-13.

. Wettergren A, Schjoldager B, Mortensen PE, Myhre J,

Christiansen J, Holst JJ. Truncated GLP-1 (proglucagon
78-107-amide) inhibits gastric and pancreatic functions in

man. Dig Dis Sci 1993;38(4):665-73.

. Nauck MA, Niedereichholz U, Ettler R, Holst JJ, Orskov C,

Ritzel R, et al. Glucagon-like peptide 1 inhibition of gastric
emptying outweighs its insulinotropic effects in healthy hu-
mans. Am J Physiol 1997;273(5 Pt 1):E981-8.

. Holst JJ. Enteroglucagon. Annu Rev Physiol 1997;59:257-71.
10.

Flint A, Raben A, Astrup A, Holst JJ. Glucagon-like peptide
1 promotes satiety and suppresses energy intake in humans.
J Clin Invest 1998;101(3):515-20.

Naslund E, Barkeling B, King N, Gutniak M, Blundell JE,
Holst JJ, et al. Energy intake and appetite are suppressed by
glucagon-like peptide-1 (GLP-1) in obese men. Int J Obes
Relat Metab Disord 1999;23(3):304-11.

Gutzwiller JP, Drewe J, Goke B, Schmidt H, Rohrer B,
Lareida J, et al. Glucagon-like peptide-1 promotes satiety and
reduces food intake in patients with diabetes mellitus type 2.
Am J Physiol 1999;276(5 Pt 2):R1541-4.

Nauck MA, Kleine N, Orskov C, Holst JJ, Willms B,
Creutzfeldt W. Normalization of fasting hyperglycaemia by
exogenous glucagon-like peptide 1 (7-36 amide) in type 2
(non-insulin-dependent) diabetic patients. Diabetologia 1993;
36(8):741-4.

Nauck MA, Sauerwald A, Ritzel R, Holst JJ, Schmiegel W.
Influence of glucagon-like peptide 1 on fasting glycemia in
type 2 diabetic patients treated with insulin after sulfonylurea
secondary failure. Diabetes Care 1998;21(11):1925-31.
Nauck MA, Holst JJ, Willms B. Glucagon-like peptide 1 and
its potential in the treatment of non-insulin-dependent dia-
betes mellitus. Horm Metab Res 1997;29(9):411-6.
Toft-Nielsen MB, Damholt MB, Madsbad S, Hilsted LM,

870 IEECEER

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hughes TE, Michelsen BK, et al. Determinants of the im-
paired secretion of glucagon-like peptide-1 in type 2 diabetic
patients. J Clin Endocrinol Metab 2001;86(8):3717-23.
Rachman J, Barrow BA, Levy JC, Turner RC. Near-normalisa-
tion of diurnal glucose concentrations by continuous admi-
nistration of glucagon-like peptide-1 (GLP-1) in subjects with
NIDDM. Diabetologia 1997;40(2):205-11.

Larsen J, Hylleberg B, Ng K, Damsbo P. Glucagon-like
peptide-1 infusion must be maintained for 24 h/day to obtain
acceptable glycemia in type 2 diabetic patients who are poorly
controlled on sulphonylurea treatment. Diabetes Care 2001,
24(8):1416-21.

Deacon CF, Knudsen LB, Madsen K, Wiberg FC, Jacobsen
O, Holst JJ. Dipeptidyl peptidase IV resistant analogues of
glucagon-like peptide-1 which have extended metabolic sta-
bility and improved biological activity. Diabetologia 1998;
41(3):271-8.

Thorens B, Porret A, Buhler L, Deng SP, Morel P, Widmann
C. Cloning and functional expression of the human islet
GLP-1 receptor. Demonstration that exendin-4 is an agonist
and exendin-(9-39) an antagonist of the receptor. Diabetes
1993;42(11):1678-82.

Egan JM, Clocquet AR, Elahi D. The insulinotropic effect of
acute exendin-4 administered to humans: comparison of non-
diabetic state to type 2 diabetes. J Clin Endocrinol Metab
2002;87(3):1282-90.

Fineman MS, Bicsak TA, Shen LZ, Taylor K, Gaines E, Varns
A, et al. Effect on glycemic control of exenatide (synthetic
exendin-4) additive to existing metformin and/or sulfonylurea
treatment in patients with type 2 diabetes. Diabetes Care
2003;26(8):2370-7.

Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron
AD; Exenatide 113 Clinical Study Group. Effects of exenatide
(exendin-4) on glycemic control over 30 weeks in sulfonylurea-
treated patients with type 2 diabetes. Diabetes Care 2004;
27(11):2628-35.

Fineman MS, Shen LZ, Taylor K, Kim DD, Baron AD.
Effectiveness of progressive dose-escalation of exenatide (exen-
din-4) in reducing dose-limiting side effects in subjects with
type 2 diabetes. Diabetes Metab Res Rev 2004;20(5):411-7.
Agerso H, Jensen LB, Elbrond B, Rolan P, Zdravkovic M. The
pharmacokinetics, pharmacodynamics, safety and tolerability
of NN2211, a new long-acting GLP-1 derivative, in healthy
men. Diabetologia 2002;45(2):195-202.

Elbrond B, Jakobsen G, Larsen S, Agerso H, Jensen LB, Rolan
P, et al. Pharmacokinetics, pharmacodynamics, safety, and
tolerability of a single-dose of NN2211, a long-acting gluca-
gon-like peptide 1 derivative, in healthy male subjects.
Diabetes Care 2002;25(8):1398-404.

Juhl CB, Hollingdal M, Sturis J, Jakobsen G, Agerso H,
Veldhuis J, et al. Bedtime administration of NN2211, a long-



D 2RIH2Y HEIS-1 (GLP-1) SAH

28.

29.

30.

31.

32.

33.

34.

35.

acting GLP-1 derivative, substantially reduces fasting and
postprandial glycemia in type 2 diabetes. Diabetes 2002;51(2):
424-9.

Ribel U, Larsen MO, Rolin B, Carr RD, Wilken M, Sturis
J, et al. NN2211: a long-acting glucagon-like peptide-1 deri-
vative with anti-diabetic effects in glucose-intolerant pigs. Eur
J Pharmacol 2002;451(2):217-25.

Rolin B, Larsen MO, Gotfredsen CF, Deacon CF, Carr RD,
Wilken M, et al. The long-acting GLP-1 derivative NN2211
ameliorates glycemia and increases beta-cell mass in diabetic
mice. Am J Physiol Endocrinol Metab 2002;283(4):E745-52.
Madsbad S, Schmitz O, Ranstam J, Jakobsen G, Matthews
DR, NN2211-1310 International Study Group. Improved gly-
cemic control with no weight increase in patients with type
2 diabetes after once-daily treatment with the long-acting
glucagon-like peptide 1 analog liraglutide (NN2211): a 12-
week, double-blind, randomized, controlled trial. Diabetes
Care 2004;27(6):1335-42.

Kim JG, Baggio LL, Bridon DP, Castaigne JP, Robitaille MF,
Jette L, et al. Development and characterization of a gluca-
gon-like peptide 1-albumin conjugate: the ability to activate
the glucagon-like peptide 1 receptor in vivo. Diabetes 2003;
52(3):751-9.

Holst JJ, Deacon CF. Inhibition of the activity of dipeptidyl-
peptidase IV as a treatment for type 2 diabetes. Diabetes
1998;47(11):1663-70.

Deacon CF, Hughes TE, Holst JJ. Dipeptidyl peptidase IV
inhibition potentiates the insulinotropic effect of glucagon-like
peptide 1 in the anesthetized pig. Diabetes 1998;47(5):764-9.
Ahren B, Holst JJ, Martensson H, Balkan B. Improved
glucose tolerance and insulin secretion by inhibition of dipe-
ptidyl peptidase IV in mice. Eur J Pharmacol 2000;404(1-2):
239-45.

Ahren B, Simonsson E, Larsson H, Landin-Olsson M,
Torgeirsson H, Jansson PA, et al. Inhibition of dipeptidyl
peptidase IV improves metabolic control over a 4-week study
period in type 2 diabetes. Diabetes Care 2002;25(5):869-75.

36.

37.

38.

39.

40.

41.

42.

43.

Ahren B, Landin-Olsson M, Jansson PA, Svensson M, Holmes
D, Schweizer A. Inhibition of dipeptidyl peptidase-4 reduces
glycemia, sustains insulin levels, and reduces glucagon levels
in type 2 diabetes. J Clin Endoctinol Metab 2004;89(5):2078-
84.

Ahren B, Gomis R, Standl E, Mills D, Schweizer A. Twelve-
and 52-week efficacy of the dipeptidyl peptidase IV inhibitor
LAF237 in metformin-treated patients with type 2 diabetes.
Diabetes Care 2004;27(12):2874-80.

Ahren B, Pacini G, Foley JE, Schweizer A. Improved meal-
related beta-cell function and insulin sensitivity by the dipe-
ptidyl peptidase-IV inhibitor vildagliptin in metformin-treated
patients with type 2 diabetes over 1 year. Diabetes Care
2005;28(8):1936-40.

Ristic S, Byiers S, Foley J, Holmes D. Improved glycaemic
control with dipeptidyl peptidase-4 inhibition in patients with
type 2 diabetes: vildagliptin (LAF237) dose response. Diabetes
Obes Metab 2005;7(6):692-8.

Herman GA, Stevens C, Van Dyck K, Bergman A, Yi B, De
Smet M, et al. Pharmacokinetics and pharmacodynamics of
sitagliptin, an inhibitor of dipeptidyl peptidase IV, in healthy
subjects: results from two randomized, double-blind, placebo-
controlled studies with single oral doses. Clin Pharmacol Ther
2005;78(6):675-88.

Bergman AJ, Stevens C, Zhou Y, Yi B, Lacthem M, De Smet
M, et al. Pharmacokinetic and pharmacodynamic properties of
multiple oral doses of sitagliptin, a dipeptidyl peptidase-IV in-
hibitor: a double-blind, randomized, placebo-controlled study
in healthy male volunteers. Clin Ther 2006;28(1):55-72.
Augeri DJ, Robl JA, Betebenner DA, Magnin DR, Khanna
A, Robertson JG, et al. Discovery and preclinical profile of
Saxagliptin  (BMS-477118): a highly potent, long-acting,
orally active dipeptidyl peptidase IV inhibitor for the treat-
ment of type 2 diabetes. ] Med Chem 2005;48(15):5025-37.
Uwaifo GI, Ratner RE. Novel pharmacologic agents for type
2 diabetes. Endocrinol Metab Clin North Am 2005;34(1):
155-97.



Seung Joon Oh: New Treatment for Type 2 Oiabetes: GLP-1 Analogue

N
A A ) 0% T'EQ Tt MEL o

S2IIDY WEIS1 (GLP-1) QA

S 9% Az SEMAN 60% o] SRSt AL tEPgelete] stadlg B 488 SPUT g4 A=Y gtMA
SORE Ysgests] ABHE BYFAAS. HES e 39 AREYTHWA: 3210-1538, E-mail: kafm@hitel.net).

7F 1), 2), 3) . 1), 3) o 2), 4 2. 4) ol 1), 2), 3), 4)
2. GLP-1& ®3llsle &4 o]F2? (FHA)

3. DPP-IV AAAe EAoZ g RHL&
. Gila monster®] venomol|A] =3} T}
AE 7 297} "oyt

7}

B!

ok GLP-1 frAMAlell Hlsl g Q&d &4 A= a3} Slvt
a}

v}

ey

AT elolth
. Exnatide®} liraglutide7} o 32 & o]t}

M27 # 10 2 SYH=E FEL 9310 USULCE

Z # M
27 11¥ SEX (28 TuTE AT MEL 4N SFIEY BEIS-1 (GLP-1) SAHK)

oAl S T2 ¥S 25 X3
&) = A2HA (M3} OA2HA (E-mail)

1. 7h =) h 2} )
=
W s 2

3 7h h th Zh v

872 EEECE



