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Abstract: Type 2 diabetes is a complex metabolic disease, accompanied by insulin resistance and elevated
blood glucose. As the disease progresses, hyperglucagonemia will occur. Glucagon has a significant effect on
glucose increase and energy expenditure. In recent years, several glucagon receptor (GCGR) antagonists were
developed. They lowered blood glucose in clinical studies, along with side effects, such as increased blood lipids
and elevated liver transaminase. In order to solve these problems, glucagon like peptide 1 receptor (GLP-1R)/
GCGR co-agonists were developed, which not only lower blood glucose, but also reduce weight and promote
lipolysis. In this review, we will focus on the biological effects of glucagon, the treatments of GCGR antagonists,
and GLP-1R/GCGR co-agonists on type 2 diabetes.
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Figure 1 Biological function of glucagon. Glucagon binds to glucagon receptor (GCGR) and leads to conformational changes that activate
Gqg and Gas coupled proteins. Gq activates phosphatidylinositol 4,5-bisphosphate (PIP2)-phospholipase C (PLC) signaling, which then
phosphorylates inositol trisphosphate (IP3) and promotes endoplasmic reticulum Ca? release. Intracellular generated Ca?* therefore activates
calcium-dependent protein kinase 11 (CaMKII) and then phosphatase forkhead box protein O1 (FOXO1) and promotes its nuclear transloca-
tion and gluconeogenesis. Gas increases cyclic-adenosine monophosphate (CAMP) levels, which activates CAMP response element binding
(CREB) and protein kinase A (PKA). CREB is then translocated to the nucleus to induce the transcription of grape-6-phosphatase and phos-
phoenolpyruvate carboxykinase (PEPCK) and gluconeogenesis. Activated PKA leads to a series of pathways related to glucose metabolism.
Firstly, it phosphorylates the phosphofructokinase 2 (PFK-2)/fructose 2,6-bisphosphatase (FBPase2) and promotes FBPase2 activity, leading
to an increase of fructose-6-phosphate levels, which will promote gluconeogenesis. At the same time, reduced level of fructose-2,6-diphos-
phate will cause glycolysis decrease. Secondly, PKA phosphorylates pyruvate kinase and reduces its activity, leading to reduction of pyruvate
and glycolysis. Lastly, PKA activates phosphorylase kinase and inhibits glycogen synthase, which in turn induces a series of glycogenolysis
reactions and glycogen synthesis reduction respectively
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Rl D ot e A 3R AR BB R T R VR IE R AT . R
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.
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IF R T — R 544 GCGR 254, 1545 GCGR $5
U .GCGR P A GCGR Jx L HAZHIRE (£ 1).
SR PR ARG 3R B, B AR IX L 254 0] A A A 2 AL B
PRI 58 3 A 1 R4 Jig 1) I OB Ak 1L 21 2 11 (hemo-
globin Alc, HbAlc) /K-FI, EA R AR AR B &, tb
1 11375 1 %5 2 G 2K 11 (low-density lipoprotein, LDL) Al
JFF T 3 2 Il 2 B PR v, DA RS B o 200 i 64 A A o
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Table 1 GCGR antagonists (data from ClinicalTrials.gov)

Number of clinical Stud
Compound Structure . y Condition Company
trial (NCT) number  phase
GCGR antagonist
CHy
PF-06291874 NCT02554877; Phase IT Type 2 diabetes mellitus Pfizer
i NCT02175121 P
MK-0893 NCT02004886; Phase IT Type 2 diabetes mellitus Merck Sharp & Dohme
NCT00631488 M Corp.
Merck Sharp & Dohme
MK-3577 NCTO00868790 Terminated Type 2 diabetes mellitus Corp P
F
F. o b
F}\l 'I/ﬁ ANA\/J i
“i”L"" Chronic renal failure,
LY2409021 OT:\_ - NCTO01241448 Phase IIb  chronic renal insufficiency, Eli Lilly
Ti\[ﬂj and type 2 diabetes mellitus
s
¢ ]
QLN
LGD-6972 N NCT02851849 Phase 1T Type 2 diabetes mellitus Ligand Pharmaceuticals
H
M LT
o oH o
GCGR antibody
REGN1193 NCT01933763 Phase I Type 2 diabetes mellitus Regeneron Pharmaceuticals
RN909 (PF-06293620) NCT02211261 Phase I Type 2 diabetes mellitus Pfizer
REMD 477 NCT02455011 Phase IT Hyperclycemia and type 2 REMD Biotherapeutics, Inc.
diabetes mellitus
GCGR antisense oligonucleotide
IONIS-GCGRRXx NCT02824003 Phase ITa  Type 2 diabetes mellitus lonis Pharmaceuticals
(1S1S 449884)
ISIS 325568 NCT00519727 Phase I Type 2 diabetes mellitus lonis Pharmaceuticals
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Table 2 GLP-1R/GCGR co-agonists (data from ClinicalTrials.gov)

Agonist NCT number Study phase Condition Company
MEDI0382 NCT03596177, NCT03550378, Phase Ila Type 2 diabetes mellitus, chronic renal Med Immune LLC
NCT03745937, NCT03444584, insufficiency, and obesity
and NCT03645421
SAR425899 NCT02973321 Phase 11 Type 2 diabetes mellitus and non-alcoholic ~ Sanofi

steatohepatitis

JoR B 2R 4y Wb AR 3k T PG IR 55— I, BRI
1% GCGR, {2k i i A1, PRk B 522, i k2
WA R A2 8 1 2 L B AR 41R A7) o A4 0 )
OETFEE.
4 GCGRHEXZMIMIGK XL

R AR 2 ROWE R i 5B e B, 7235 20 4
KT — R 54E K GCGRKIZ5 ). R4 GCGR i #it
FIRZLE B PR SRR b, (R R D SN T |
ARG RS, BB — A NG RIS . 78
GCGR FHX AW K EAT A 1R 2 R 75 5l
4.1 $t%t GCGREY/NFHE#5 FE%E GCGR ffA
SERII R I, AATTXE GCGR B ARAS 2] T 33— B iR,
Rl SEIT K 1T — 250456 GCGR /N4y T5 L7, 1%
FA P Fa e MR AT, T BB R, DR, AU AR R
X GCGR I AR BT AT 7 b A0 K 1) 40k

Bay 27-9955 (Bayer /A ) /& & MR 6T AR
R GCGR 58 4+ M5 P57 . 7E 2001 4F [ — % 14 47
e e 53 1k B A AT HOE e T, &R A DIk Bay
27-9955 Jii ] ek % £h T~ IR FH A/ U5 IR v IR 26 91 R AT
AR P AR RS P B T =, (HOG T4 FAERE
PRI LT B3 PR3 F8 2 v 1 254K 3) 7 2 AK A
Hd H & A FF . Bay 27-9955 1F A 1 AN H T I AR /)N
5> 7 GCGR se 4+ MEHE 4171, TSt~ T GCGRTE 2 Y
B PR e 33 e v ) B AR SR T AT T
R 2 A ) GCGR # il

MK-0893 & H Merck 2 ] JF & th K 1) GCGR f #7t
A, S NEE X 2 BUOBE R 1 1R R IR . 7E
2013 4 ¥ — 00} 18 for 4k f 55 P 5 I 2 AT 1 XU i
56, IR D IR MK-0893 i R 7 5 44 i 1 by 4 e
T A5 v i 2R 5] A ) I e P R — T
X AR AE I 1) 2 B PR B R RS R T, R
AR IR 1 7% MK-0893 (20~80 mg), 4E$F 12 J& 7] LL 7
AR 77 2 R 2 e IR R4 S LB AT HbALe 7K
SR S AL, AT S 5K T MK-0893 5 L FE XU K,
P Ath 51T Bk A 0 FH R0 RN 22 At . S AR GE R — H W
- P8 At 370 97 4 A B, 8 — HBUDICER 75 At 51 9T o s
MK-0893 ) [ Ifi % R0 R B 4729, {HJ, 76— LB AJF 55 o,
Z AR 1 ML LDL R0 T % S B /K 1 T i, [ B 4 2 AT

MR I T T e, X R R R 45 3 MK-0893
TIF 9 [ 28 112520,

MK-3577 J& Merck 2 &) FF & [1] 75 —Fl GCGR 4% 4t
7, 5 MK-0893 A LL, -3 T Ji . 7EAF 7T IR, B T
FEOR T — PSR, ) F A5 B ml 45 380 g8 ey R 2% 7 4
R DA R I8 I AR S PR IR B 3 /KT R S it 4 . 1%
BT FH T 2 B0 PR B8 8 N BE, JF mT $ 43 AT 55 1 73
0Ly Bh 7 B R, T Na AR T AT —
TSI R WE 704 118 42 L E A7 4 £ 5 il 1) 2 b R
I3 %2 LR T AR R AR 11l MK-3577 X I
BRI P 52, 45 SR R oR 22 5 3% 1 25 I LB (fasting
blood glucose, FBG) HiFL 1 i3 FEAK. (H T — LA 04
HHIG R A K, Merck & 1E T %40 & P I & 2

LY 2409021 & H Eli Lilly 24 & Jf & i) GCGR # it
7, WL N 60 ho 7F 23 44 i B T 1 32 R
LY2409021 28 K J&, =% I A& Ja B #5A B 2 R B%,
17 %% S B KT R BT AR A D 7R 2 AR 2 1 T
AR, FE— T Ha S B AL, 0 R B RE
%) B A A s 51 A 1 ORI YA 7 1Y) 2 B R A R
&, IR R R B LY 2409021 5, Wigg 128524 . 5
HT I 78— FE, LY2409021 1 35 [ A 1 I 9% A HbAlc
K, BRI 52 M R AF, B b R B . RIS, W
SPGB L TG FE AT B e, (E R — T
X 2 BB R B OUCE R0 45 R BoR, 52 BN A
RGBT A0 L, 11 AR LY 2409021 6 AN H 23 38 i i
U 16 S5 HE AR R S g 7K T, [N LI A ) LDL 7K
AT,

PF-06291874 #& 1 Pfizer /& & JF & 141 %} GCGR
FLEPEMERE DR, LN 19.7~22.7 h, 1E— T4t
X 2 TR BE PR 00 I PR 56 o, R AR 3 4 D 11 AR PF-
06291874 ml % B A4, 52l # M s8R AT 2/ 6
JEAE R R — B XU = 1 000 mg B4 55 A 12 A — FT AL
FTC AN Hk Tk JOR 25 245 9 1 B N, X 36 1) 11 il PF-06291874
o R, FREE i 9E 14~28 K. (E 14 KIE, AR PF-
06291874 2 1) 2 Jm A1 2 I L A% #8A WI 2 Til. fEVR
A IR Sz 0 S R 3 1 ik PF-06291874 4H (1) Jik
e I B 22 A1 GLP-1 7K 7 2 9 55 &= Ak as PR 36 n . )
I, LDL 7K P 50/ 2 5 1 70) 2 40t 1k 3, 5 2 Tl
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AP BT AT R . AR5 2 K0 14 K, A5
B BE A SR KT T =™ 17— T X K
R Ak OUAICI 2 28 0% PR s 26 3 10U 36
Y5 F g R [R VR B 1 PF-06291874 4 1F 12 )&, 7 Wl &2
2| FBG 1 HbALc 1) %k & BEALK, {H [R] B £ A F A e 2 1
Al 7] B AR P ) LD L 7K SF 38 0 i - v A0 6 S i K
IR R N,

LGD-6972 #2 i1 Ligand Pharmaceuticals 2 & JF &
HIEE AT GCGR HI/N oy FH5 P o 1E— TUEE X fi R 3
N2 BURE PRI B 1) 22 A 2R BN ) N2 3
I PR 3% ) 32 R 4 T AN A7 & B LGD -
6972, FFLl 14 K. 14 KB 0] 75 19 21 A UL 5% 21551 1 4 i
) 4 I N I R B AIG o 2 O I v I AR 2R 2 ISR A
A S 0, (TR 2 R PR R IR B S, e I
BE R K P B AR LR B 2 KF38 in . LGD-6972 75 Fir &
TR R A RAF R 52 1 B A 5] AR iR,
— T St A e R FH = FROXUIC ) 2 BB SR 93 K R XUE
TRI6 R, o 2 A R e R 4H AN AN [H] 57 2 1 LGD-6972
M, JRIH LRI 4eRe 12 8 o 167 B 1R AT W5
F| HoALc /K1 58 3 B A . 7F 11 AR A 25 0 i == 1K 6
(oral glucose tolerance test, OGTT) [, Jir 4 7 & 1
LGD-6972 5 & & [ AR S IR M bE . [F] B, LGD-6972 74
J7 I A 25 B R v IS X LS GLP-1 AIE 1% GLP-1 7K °F
A BARFEFE (38 0, I ) W 5% 31 4% 2 Bl 7K 1 B FE 1) mp
WPE T

W 50 & P, LGD-6972 15 45 #4 I 5 HoAth /oy 7
GCGR#EHL A [F], J5 & 1 & % & 2 (sulfonic acid
tail, SAT) 1M A~ /& R R & 2 (carboxylic acid tail, CAT).
Xt 5 GCGR 45 & 1) LGD-6972 i 47 @ i i I 5
GCGR 45 & 11 MK-0893 1) X 5} £& 4 2% B 4 3t 17 Eb
5, 45 RIEIR, LGD-6972 [1) SAT 7 GCGR i Jif 25 1) 13,
W6 AN 7 ST 2 B T — MK 48, IR AR
T 8 S MEHERI T 1A . 3 Ab, I8 I T R I R R
CAMP 1 £ | p-arrestin 25 52 F1 52 4 P4 £ 1 240 fifa A5 B o
12 LGD-6972.MK-0893 Fl1 H: 4l SAT 1 CAT 28 GCGR
U RS, 45 50 BoR, B 20 GCGR #5417
# A& CAMP B 54 (> 95%) $5 P17, CATJEGCGR
F5 4077 /& p-arrestin (= 96%) 1324k A1k (= 94%) (1) 5¢
S FEPUH . MR, SAT 25 GCGR 5 1 77 B A% 1 %t -
arrestin (58%~87%) F1 52 & P {k. (6%~52%) 1)+ Bt
PER o T IX Se S [ S 1A 1A Ul B A BT 2 BTN o 7
GCGR #1771, LGD-6972 1t 5¢ 4= # il cAMP Iy ¢ f [
W, IR 58415 U f-arrestin A 5 1 32 4K 4 165 R,
B 52 Rl ) PRI A 5 A% 5, DR 3L BT s SR I A R Bi A
b - ek 550

42 $t3 GCGRMEEMEMA [E%E GCGR /M T
FEHUIG PRAR GG 1K 28 11 LA K 6 GCGR &5 [ 45 14 1)tk —
R, NIFR W T % GCGR k. HTlEdT
A2 B A BRALAE A8 — PR 5 5 PR 45 A0 S I 4
A PR B AN RN /N T AU 3 SR AR 6 2R 5 B
5P S A, A AT R I AR S A

LY2786890 j& — Fi A U5k 19G #. 3 [ GCGR #it
f#, X N GCGR B A i . —HIMWE K% 5 [
BT 5 LY 2786890 7E fg 5 57 1 % 1 2 BUHE R F8 3
[ 22 A RN R0k . LY 2786890 2515 /1 2- F1 2534
SRR SRR B R A2 1k, B R R R e x4
VIR F B 298 50%, 132 HADh 4~26 K, H 25302 i
) =A< BE AR PR 1) o 7 2 B8 PR 3 Ko+, LY 2786890
T 2 3% (54K FBG, 78 46 2 JOKt I i i 1 ks 257K F T+
3 A A . LY2786890 A B Ut it 52 M, 18 /K H Bl 4%
FEAR A R AR, T 7E 2 BURE PR3 FR R W B T R
Pl 7P 55 AR e P T

PF-06293620 72 — # A i 1k 19G20a ik, ol 5
GCGR &5 & - BH W il s b R A5 5 4% 3 72— T4 xS
TSR T IR 2 2R PR SR 1 | B R RS R St
HE T 5 R [ 77 1) PF-06293620, DLVl 322 4 1k
i 52 1% 25 4R 80 I R0 45 30 o BB 2 — Pk PF-
06293620 B, 22 /& 77 4, Bl 17 12 il J5, T W% 5 FBG
FTHDbALC (14771 5 40 i 1 PR AR

REMD-477 /& i REMD Biotherapeutics 24 & JT &
RIE X GCGR HIHLAA, ML) N T7T~10 k. BHHLEL
R R 95 sh P 4 2 v F 5 T REMD-477 (1) GCGR 4
PUER . fER B R Z/NR A, AR AR R, HiZ
e A% BEL U 168 = 00 B 2% 1) A P A B8 A8 If R K P 4 R
100 mg-dL™ LA R, HbALc 7K V- 4k F: 7 4% LA RB, 78
B S ) R b, 3 — TR 1 BB R A AT
I ARIRES . —TBENL W E 2B FI IR AR R T
21450 1 BORE PRI BB . AR T 5 R A B W
82, 1E b 1 1) 36 0 OB R A 0 S8 i i A e R I 3ok
YR L AP EAERERIEE 2K, B 10 4 B H 8
% 1 70 mg ) REMD-477 H.IX 7 R4, 1 11 4 B3
s 7 BRI R RS . 5 B A AR, 4 B
[i] 5 77) B REMD-477 ¥ 5 nf {4 H R 5 218 &k
220k 26% (12 M H47) (P = 0.02). B4k, SR
AH Et, REMD-477 41 58 35 76 W Bt i AT 3 J& Ifi 4 B T
20~31 mg-dL™ (P < 0.05), I H.¥& £ 5| A A% i bk .
I, IX T 745 R R, B B REMD-477 3 55 A i 2
> L RRE R AR R B R R R =, JREA SR
I P47 00 5 o AR R FH KPR e It 5 A i
B2 A BN .
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REGN1193 /& — I tH Regeneron Pharmaceuticals
AR TE A N B S BE LA, AT AE AR A 4 A S )
GCGRE 51 7. H YL+, REGN1193 {#
B R 95 /0N BSURH A 14D B T A, ELPE TE 5 IR A A
ASPEAAR S, — T X 12 AN A2 R 3 R BE AL
WUE 56 45 B B or, REGN1193 B A R I 1) 22 4 1tk Al
T 52 4, {EL ] At A0 %5 1) 1 i A B I e, DA
GLP-1.GLP-2 il fif &y i % 2% 771 &2 A0t vk (v 384 m 2.,
43 $%I GCGRMIR X E#ZEBE Hui s —FEt Xt
T GCGR 512K 25 & GCGR X L E TR, iX
259 & O i [ GCGR mMRNA [ 3 1K S 411 ) J5 125
MpEREER

— TR0 T fi JE A2 K I BE AL L BUE | 2 B
R R I &5 IR BoR, 5 BRI A M T, £ 57 & 1SIS-
GCGRRXx (ISIS 449884, lonis Pharmaceuticals 2> &) VA
I7 A R I 2 1, JF B 51 A ar R fE e 5 o
i L HFECE ThRe I IR B . 5 4h, TEIRIT7
HATR) AR W EZ BRI . A 255 26 15 KITFUE, I 4
Y4 1) A GLP-1 /K P33 2 35 3 m, B 23R )7 )5 we A
TE — TR % 52 Fa e B0 = U 97 16 2 B4 JR 9 A
FHRE A, 523 B AL 2 i %2 100 % 200 mg
ISIS-GCGRRX VL K R4 . 25 F iR, 7R3 4T 1S1S-
GCGRRX 11 J& irf, 2 4B PR 55 (1) FBG A1 HbALc 7K
5 2 B AR B B R s, AR, A GLP-1 A1
CHRtEH B 7 B3 M3 me, 5 — X <&t
BRI N G RIS R 5 7 79 2 R AR e i) —
XUICF = > 1 500 mg f 2 T8 fRp B, 455 17k 50 Al
75 mg IONIS-GCGRRX %5 #j 14 #1127 J& ¥ 7] ¥4 HbAlc
KB S B A . R A %% 31 IONIS-GCGRRX fif #4 2
Pt 7K S HE 30700 2 0360 12 T 1 o, R 5 AT AR I DA
& LDL 8 fh A= dr R E 1 46, GCGR 4t
A Z A RN R S . B0, 765 GCGR 454 1/
SRR, BT R GCGR LM Hidth G 25 (A (B B 52
& (L H 25 GCGR m FE RV 1) GLP 32 4K) %R 5 1t
gy, ATRE P AR RS . IONIS-GCGRRX & —
Folr 25 R RR R (1) GCGR 541771, AN K AT i 52 1 45 44 4 46)
PIThEEsE A, B A=A MR RN . BT
IONIS-GCGRRx { #5731 il GCGR (= %72 it), Atk
A BEAS 2 LA 5| HEAE GCGR™ /N BT W 42 21 f) A2 I 42
TGS AR RGN, R AN 2 T & i

ISIS 325568 (ISIS 449884, lonis Pharmaceuticals
oy Al) f— AR BT IE GCGR mRNA % i [f) 2'-0-(2-
FAEUE 0k ROUBERZ IR, — DOV o B 52 135 IR A
16 A 5 PR AL T B R = A 2 7R & (50~400 mg)
ISIS 325568 1] % 4x 14 i 52 14 « 254X 71 25 A2 350 o

TESE 1A 52 04T B2 4T 1S1S 325568, -1 Fifi
S 1405 JE UL 281) L W 9 355 R v LW 2 R I D A A b
A BRI R % B, a3 — 0 SRR T AR X 2 BURE SR R
HEAT GCGR R UL R 1R 71

4.4 GLP-IR/IGCGREIEHzF H T GCGR M
T AR R R T a0, DR R AT R BT B s It AR 2R X ok
RERIVE R o BRTAT, S T Al FE 5] kS 1Y) vy R 0] R, 25 i
B GLP-1 nf i 3t Ji & 2 43 WA I BRAR I B%, AT BE T
GLP-1R/GCGR 3L # 5 7] . GLP-1R/GCGR 3t ¥4 3} 71
ANURT 0 B 5 FE S oD i T A R, 8 T B T A
B =

MEDI0382 (Medimmune LLC 24 &) & — Ff & %t
GLP-1R 1 GCGR My 3Li#ah 7). 1E — T4t 0 {52 52 ik
FH WU FC b, @ % 525 T AN [F A =
MEDI0382 % 8¢ H 2z 4= M it 265 1t » 5 22 i 57 40 A
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