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Extracellular Adenosine Inhibits Liver Gluconeogenesis via Adenosine
Transporter ENT1 by Blocking of cAMP/p-PKA Signaling Pathway
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Abstract Diabetes mellitus, which is characterized by disorders of glucose and lipid metabolism, has
become a heavy global disease burden. Increasing evidences suggest that the adenosine system plays a key role in
regulating insulin and glucose homeostasis. Adenosine is an important regulator of cellular metabolism and is in-
volved in several physiopathological processes such as energy metabolism, immune regulation, and oxidative stress
through activation of G protein-coupled receptors and nucleoside transporters. However, the role of adenosine in the

regulation of hepatic gluconeogenesis has not been elucidated. This article verified the regulatory effect of adenos-
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ine on glucagon stimulated hepatic gluconeogenesis pathway after its transfer into the cytosol via ENT (equilibrative
nucleoside transporter) at multiple levels. The results showed that exogenous adenosine inhibited blood glucose
elevation in mice. In a cellular model, adenosine inhibited hepatic gluconeogenesis and thereby reduced glucose
output in a dose-dependent manner with minimal cytotoxicity. The ENT was widely expressed in liver tissues and
cells, and the ENT1 mediated the hepatic glucose output inhibited by adenosine. Furthermore, adenosine-mediated
inhibition of gluconeogenesis was not dependent on activation of the AMPK pathway. After extracellular adenosine
stimulation, the intracellular cAMP concentration was significantly reduced, the expression of phosphorylated PKA
downstream proteins was significantly inhibited, and the cellular glycolytic output capacity was significantly re-
duced, and this inhibition could be attenuated by ENT inhibitors but not by adenosine kinase inhibitors. The results
showed that the transfer of extracellular adenosine into the cell via the nucleoside transporter ENT inhibited adenyl-

ate cyclase activity, which in turn inhibited cAMP synthesis and the expression of phosphorylated PKA substrate

proteins, inhibited hepatic gluconeogenesis, and ultimately reduced glucose output.
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Table 1 Primer sequences for RT-PCR detection of indicated genes expression

FE R 44 7 LiE519(5'—3")

Gene Forward sequence (5'—3")

NS -3
Reverse sequence (5'—3")

ADORA1 GTG ATT TGG GCT GTG AAG GT AGT AGG TCT GTG GCC CAATG
ADORA24 TGC AGAACG TCA CCAACT TC CAAAAC AGG CGA AGA AGA GG
ADORA2B GGC TAT GAT TGT GGG CAT CT GAC AAC TGAATT GGC GTG TG
ADORA3 TCC CTG ATT ACCACG GACTC TCC TTC TGT TCC CCA CAT TC

ENTI CTT GGG ATT CAG GGT CAG AA ATC AGG TCA CAC GACACC AA

ENT2 CAT GGA AAC TGA GGG GAA GA GTT CCAAAG GCC TCA CAG AG

ENT3 TTG GGCT CTG TAT GGG ACT C TTC TTC AGG ATG GGT CCAAG

ENT4 CCT CCT CGC CTT GGG TCC CTTGCT C CTG ATG CCC ATT AGC AGC GAGAAGAC
CNTI TTT GCA GGC ATC TGT GTG TTC CTT GGC CAT GAC AGA GGC TGC GAT TAA
CNT2 AGG CCTGGA GCT CAT GGAAGT C GGC TCC CAT GAA CAC CCT CTT AAG
CNT3 TTG CAT TTAAGA TCC TGC CC CCTATG AGT TTG GCG ACCAT
GAPDH GTG GCAAAG TGGAGATTG TTG CGT TGA ATT TGC CGT GAG TG
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A: effect of in vivo administration of adenosine (60 mg/kg) on blood glucose levels at different times in the PTT (pyruvate tolerance test) (n=4 for
vehicle group, n=6 for adenosine group); B: effect of in vivo administration of adenosine (60 mg/kg) on blood glucose levels at different times in the
GST (glucagon stimulation test) (n=4 per group); C: glucose output results of primary mouse hepatocytes under the effect of different concentrations
of adenosine (0.1 mmol/L, 0.5 mmol/L and 1 mmol/L) (n=3); D: HEK293T cell glucose output results under the effect of different concentrations of
adenosine (0.1 mmol/L, 0.5 mmol/L and 1 mmol/L) (n=3); E: viability of mouse primary hepatocytes under the effect of different concentrations of ad-
enosine detected by CCK-8 (n=3); F: viability of HEK293T cells under the effect of different concentrations of adenosine detected by CCK-8 test (n=3);

*P<0.05.
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Fig.1 Adenosine inhibited liver glucose output and glucagon-induced gluconeogenesis
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(10 pumol/L) for 1 h, respectively, and then adding adenosine (0.5 mmol/L) to continue the incubation for 6 h (n=3); E: glucose output of HEK293T
cells was detected after pretreating the cells with Dipy (10 pmol/L) or NBTI (10 umol/L) for 1 h, respectively, and then adding adenosine (0.5 mmol/L)
to continue the incubation for 6 h (n=3); 8-CPT: selective adenosine Al receptor antagonist; Dipy: non-selective ENT inhibitor; NBTI: specific ENT1
inhibitor; “P>0.05, *P<0.05.
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Fig.2 Adenosine took hypoglycemic role through ENT related pathway
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Fig.3 Adenosine regulated glucagon signaling through ENT related pathways
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B4 BRE RSN FAMPKA R Z 5B B =48 AL

Fig.4 Adenosine suppressed liver gluconeogenesis via a pathway independent of AMPK
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Fig.5 Adenosine inhibited adenylyl cyclase activity via equilibrative nucleoside transporter related pathways



414

BRI

2 6 5 12

ENTs 3 ZA45 1~4PUFOE AL, Hoef ENT1 25
i FRTAMRMAL T 2R BT RiE R,
BEAE % T #3814 2 1 ENT RO 78 85 A -1 b £ 40 it A
o JULZH L Hh ot B TR X ) B a8, T 0 A AR AR 2%
B RGEEE W . AR, Bk ENTI] 3305
ARV bR AR b R TR AL, S R IR
B WP, SUAREZZE PRI, JE By 250 ENT275 1t
()R A S0 PR B N BRI AR S A O . BT I
— I A AE7R, ENT1Z 5 T i 7 40 1= #0627 B
A E R 7 AR A, 1 ANZRENT 1) 9748 5 BMIH
WA KLY, FEARFUH, RT-PCRES R WoR,
WEVE MRS A e E B 28 F R BERIAZF ik
ENT1. BXEis HENTHMIA G, BB H0 s 5 A4 1
VEF BB IES , XA IR M 1 0 B e A 1
1 AT BEAR S T 4% 1 e 4 AR AR A% G i IR 52 4
IR R, ENTH] RELE TR 5 25 (1 WE 4 RE A5
SR AT A O A €, T AR N R IR BT 2 R
eI

TERFRE A, Fof s TR R 05 17 R Ui (1 AMPKAI
cAMP/PKAE Sl il , 5 50l A2 B2, okl %
HIWF7E R, cAMP/PKAE Sl EKE T 2N RS
1) R 5P AR R AR T B A R OB, e R

R A, A0 BSOS cAMP/PK AE B, i
— 5% S HR W7 = A 0 B, J ] PK A BE % 4E 2% 45
[ /> BRI HE 5 22 48 B3, 7R N Rt 38 b
YR, Wom cAMP/PKAE Sl i, nl DLSGE & i &)
B 55 S 10 20 0 8 AR T B0, R ARIE , A
ABT702 0] LA 48 A 9 g 51X P37 28 AT AMP (1)
P T AMPK R SR 3. BT
T, AR LA B AR IR B ENTHI #1771 Dipy
R SV ENT 177 ABT 7025 , 40 i 8 5 4=
P AR 52 B ggmm , i — P PR I 3N G0 LA Y
MRFFER M T ACTEYE, B THRE., KES
R ACTH] 75 Jik =y B 25 R R &AL, 15 288 A5 A0
cAMPHI = A 3800, HF— R AL T HE SPKA, i
ST R S22 B8 GNADZEPIR I, 78 g 105 4
M rp, A IR R R A [ 52 AR 0E B A AC,
W1 cAMP/PKATE S o FRATTAEANMOAR T A i B, i
92 2 PR YH I Y 59 cAMPZK T, FH30] PKA ()
B AL . ASHIF A0 J5 B2 33— 0 P 40 4R 70 40 B o0 iR
wHrr 2 M ACHIMLA, BLR R ek e A2 e s R 1 1Y)
W

Zx b FTR, 4 A R I A s B HENTLEA
Y, HHIACTE 1, it B e AMPAR 2 FIPK A2
b, $ I RERE A, S b (B 6). AT

NBTI Extracellular
Ade Dipyridamole Forskolin
/ \ SQ22.136 Glucagon
® { g
l ACDY
AIAR = ENTI <\
/‘ Ade ,/\
cAMP
cAMP ATP
8-CPT AdeK) l
=
ABT 702 / \
P P [ 1 P
___.--(CREB9 [ PFKFBI1 g—> IP3R
1—®
A CRIC2 J CREB (O s
Gene @ PEPCK
G6PC
Nucleus Intracellular

AR R EF 8 I is B T ENT LN P, 00 JB5 v U 2/ c AMP/PK A 5 8 %, 32 17 3/ T B 111
Extracellular adenosine entered the cell via the adenosine transporter ENT1 and inhibited the glucagon/cAMP/PKA signaling pathway, resulting in he-

patic glucose output reduction.

Ele RREIET AIZMRS MYER/cAMP/PKATS SiB B NHI BB HE 4+ AR X E
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