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Regulation of Hepatic Gluconeogenesis
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Tsinghua University, Beijing 100084, China)

Abstract Gluconeogenesis in the liver maintains glucose homeostasis, while enhanced gluconeogenesis
is one of the hallmarks of type 2 diabetes. Here, we review the molecular mechanisms controlling hepatic
gluconeogenesis and assess the current drugs to treat type 2 diabetes, focusing on the therapeutically targeted
pathways that are associated with hepatic gluconeogenesis.
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] %] BE -6-BE R I (glucose-6-phosphatase, G6PC). H
B -1,6- LI (fructose 1,6-bisphosphatase, FBPase)
DL B st 8 s P =X A ) B2 2 YA 188 1 (phosphoenolpyruvate
carboxykinase 1, PCK1)& # 5 AF /1 (1) = AN FR Ik flg, 17y
O I (hexokinase, HK)«  6-1 1R S BH 5 1(6-phos-
phofructokinase 1, PFK 1)L Az TA il 2 B (pyruvate ki-
nase, L-PK)& FH I Ao Bz e £) PR g 757, ORI
it 6-TotE TR SR Tl 1 A A A R PR A R A ) = e
PR 7K e B, A e LLSEAT (R RERE, DRI
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L-PK

Fructose-1,6-bisphosphate

PFK1

Fructose-6-phosphate

Glucose-6-phosphate
HK

Glucose

W AR R AT = A PR, 3 T3 Tt s o I P PR IR (PCIK L), A T 2 A2 (7 B 2 A 12 T . o A P2 T 6 A L M
TPIRE; RAE-1,6- - WEEL I (FBPase), fiEHLAE-1,6- BERRIYL CRAE-6-BEAR; ] &1 #5-0-WERRAR(GOPC), b7 %1 Bl -o- B R T S 0l . H I
FER R P AT = ARG IS (1 R, 20 59 BRI BRE CHIK), i 7 260 A2 S 46 - 0- R AR - R AU BB 1 (PRI, HEAL RUBE-6- B AR T B SR
HE-1,6- - BERR; T IS S5 28 1 A T VA (L- P, A ATt R 0 e X AT T T P P R

In gluconeogenesis, there are three rate-limiting enzymes (blue) to control the flux. Oxaloacetate is generated from pyruvate by pyruvate carboxylase

and further converted into phosphoenolpyruvate (PEP) by PEP carboxylase (PCK1). Fructose-1,6-bisphosphate is converted into fructose-6-phosphate

by fructose-1,6-bisphosphatase (FBPase). Finally, the phosphate on glucose-6-phosphate is removed by glucose-6-phosphatase (G6PC) to generate

glucose. In glycolysis, there are also three rate-limiting enzymes (red). The first is hexokinase (HK), which adds a phosphate group to glucose and

generate glucose-6-phosphate. Phosphofructokinase 1 (PFK1) converts fructose-6-phosphate into fructose-1,6-bisphosphate, while the liver-specific

pyruvate kinase (L-PK) generates pyruvate from phosphoenolpyruvate as the last step of glycolysis.
Bl ERY SHEREMRRLLER

Fig.1 Comparison of gluconeogenesis and glycolysis
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FPGCloL [FMEH, [Eif#EPCKIFIGOPCH)ZRIAN,
cAMP/E SR T FOXO1 1 J: R R Ab N 21 A% s 4,
M & 215 5 8 i AK T R (FOXO 13 45 B4 7
G T RS2 BRBER AL B M A1, FOXO1 Ik 5
HeAE i L S im M A B2 HI s . 2 IR LR
i, PKA T 3SIK3 (1) 23, & T HDAC, i FOXO1

T I HDACHEE B 1L 45 B 7R 40 J o Hh, ok 2 e
1k A OFEFOXO01554, FOXO1-PGC Lo i) I fig 3k
RS HFPCK I FIGOPC & 1 /K “F AL BE A 55 35 52
MEs1o3-560 FOXO1 [ AT i Bk /) BRUBE S5 26 RE T 2 3%
IS, TFOXOT 13 Rk BEAR 7 19 5 2 0 #5726 1)
FOHIE FEH(E2B)

ML AR MR I 2R 5 M v B 2 B 5 AT
JUE W S A IR DG B DR 2, v BB ) B 5 R/ g v T W 2R
FKHRERA T 78 RRAS, FINHE ST A S HmE. Kk
2, JUDHE S A B BRI TIS) R AW PR R, R S
LA (R FE A 5240, T o s 1 0% 2545 5 (1 38 s gk
— PR T W I A DL RORE S A R R 5, AT 5 2K
R W 1 22 R R B e

JFF R W S5 2 B T 52 ) 1 B 2R R s IR 2R T

LR T O e i s fEE B, AKTE S5 4k, LRI i th T DLAE B SUIRZS N GE cAMP

(A) (B)

Fasting Feeding Fasting
aca. INS acG.
: v

® o J
3 .

v s KA
CALNA >

Feeding

INS

- |

<« AKT

e

PGCla
PCK1, G6PC

A ZSTEYVERISE, 5 e 10 28 (GCG) 45 & i e LB 25 52 14 (GCGR)MUE cAMPIR M PR A TS 5 . PRABEERAL P4 i 1 11 47538 1 25 (11 TPR, 5 545
BT VA R 0 05T PR, A S TR B R B CALNA . CALNA K BRI CRTC2, 3 HICRTC2 AL 45 & 4l PR A B R Ak ) S IR
T-CREB, MM 3 38 #0356 J8 20 T & A CREAL s 5L R 1944 3%, A045PCK 1. G6PCHIPGCLo%s . i & IR, [ i 35 {5 5 Wid AKCT/SIK 233 1 4 2 1k
CRTC2, BB HICRTC245 7 14-3-345 R AE 20N o sl e 22 ARG AR B i B: S IEDLIRIN, PKA S BHDAC A I L MR ALFOXOL, Ml
BRI HE JE B0 T A IRBAL SRS IR (15 5%, A0 F5PCK IRIGEPCY: . PGCLalfi4s &t — b330 T FOXO s g . TERF &SI T, AKT AL
WBEBRHFOXO1, 455 14-3-345 P 7E 0 o sl i 2 A B IR AR B o R 9 2 (5 5t m] DLE S B IR (L HD AC 3 A5 B AE AT ML i o, e
L HALAIEFOXO1 .

A: during fasting, the interaction of glucagon (GCG) with the glucagon receptor (GCGR) activates cAMP-dependent protein kinase A (PKA), which

e
@D cris

OO0 CRE PCK1, G6PC, PGCla

phosphorylates inositol 1,4,5-triphosphate receptor (IP3R), an ER calcium channel protein. This induces calcium release from the ER to the cytoplasm
and activates calcineurin A (CALNA), a calcium-dependent phosphatase. CALNA dephosphorylates the CREB-regulated transcriptional coactivator 2
(CRTC2) and promotes its nuclear location. The dephosphorylated CRTC2 binds to cAMP-response element binding protein (CREB), which is phos-
phorylated by PKA, and promotes the transcription of CRE-containing genes, including phosphoenolpyruvate carboxylase (PCK1), glucose-6-phospha-
tase (G6PC) and PPARY co-activator 1o (PGCla). During feeding, activated salt inducible kinase 2 (SIK2) phosphorylates CRTC2 and thereby restricts
phosphorylated CRTC2 to the cytoplasm via its association with 14-3-3 proteins, or promotes proteasome-dependent degradation of CRTC2. B: under
fasting conditions, PKA enables nuclear translocation of HDAC, which deacetylates FOXO1, thereby promoting the occupancy of FOXO1 on the insu-
lin response element (IRE) of gluconeogenic genes, such as PCK/ and G6PC, and enhancing their transcription. The association of PGCla and FOXO1
promotes FOXO1-targeted gluconeogenic gene expression. During feeding, AKT phosphorylates FOXO1, which sequesters FOXO1 in the cytoplasm
via its binding to 14-3-3 protein or promotes FOXO1 degradation via a proteasome-dependent pathway.

E2 BEREHERETFSHEETFEEREE

Fig.2 Regulation of the activity of gluconeogenic transcription factors and co-activators
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