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WAL, A AR K % AT GLP-IRA-F4) B o fiifz 53854, AT HH LI, GLP-IREA 3F
2 HLE A AL AR, A % Sk F 11 (angiotensin 11, Angll) ¥ %5 X A7 #r i, /2GLP-1RA 4% % F- 7
JL4m fig(vascular smooth muscle cells, VSMCs)S % 3 74 i 4% 49 B e - F AU i RBA# . A5 B &
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GLP-1R Nuclear Export Promotes the Proliferation and Migration
of Vascular Smooth Muscle Cells via the C140rf166-GSK3p Signaling Axis
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Abstract The cardiovascular protective effects of GLP-1R (glucagon-like peptide-1 receptor) have been
documented, and most studies have focused on canonical cell-membrane signaling pathways mediated by GLP-1R.
The previous study revealed that GLP-1R exhibited a non-classical nuclear localization, and Angll (angiotensin II)
induced its nuclear export. However, the molecular mechanism by which GLP-1R regulates the abnormal prolifera-
tion and migration of VSMCs (vascular smooth muscle cells) remains unclear. This study aimed to explore the mo-
lecular mechanism underlying the proliferation and migration of RASMC:s (rat thoracic aortic smooth muscle cells)

mediated by GLP-1R nuclear export. Cell proliferation, cell migration, as well as the expression levels of cyclin D1
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and PCNA, were detected by MTT assay, wound healing assay and Western blot. Immunofluorescence staining was
used to observe the subcellular localization of GLP-1R, and co-immunoprecipitation was applied to verify protein-
protein interactions. Bioinformatics analysis and yeast two-hybrid assay confirmed the nuclear interaction between
GLP-1R and C140rf166. To further clarify their intranuclear functions, an Angll-induced injury model of RASMCs
was established. The results showed that under resting conditions, GLP-1R binded to C/40rf166 in the nucleus,
and inhibited its transcriptional activity. Upon Angll stimulation, GLP-1R undergone nuclear export, leading to its
dissociation from C14o0rfl166. The dissociated free C140rf166 inhibits the activity of GSK3p (glycogen synthase
kinase 3f), consequently activating the signaling pathways that promote proliferation and migration of RASMCs,
and ultimately mediating pathological vascular remodeling. In conclusion, this study elucidates a novel molecular
mechanism of vascular remodeling mediated by GLP-1R nuclear export: GLP-1R nuclear export-activating the
transcription of C/4orf166-inhibition of GSK3p activity-promoting RASMCs proliferation and migration-vascular

remodeling. These finding expands the functional scope of GLP-1R, provides new perspectives for understanding

the cardiovascular protective effects of GLP-1R.
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TE K BRI =5 80 Jik P45 IL4H Bfd (rat thoracic aortic smooth
muscle cells, RASMCs)H € iz T4 g #%1", HAEAngll
RUBCR 2R A B R Y, SR T gl i
B9 RESE NEREARTFE. A1, GLP-1R[Y
k28 Bk e A 5 A% i HH 7 RASMCs 3 i 1Y L 7%
MIFER , DA R o1 PR AL i AR BB, AR ORRR
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BT EREEE R SRR, AHETCR K
Anglli55 5 RASMCsH FE 241 B Asi AL, $R 78 40 i 57 5 38
A SIER 0T AL, FSEGLP-1REZHiH . GLP-1R
L Cl4orfle6 HAE IRV . IEIT A IhRESLE . f
P HLYTIE (co-immunoprecipitation, Co-IP). FEARAR
BERR, B GLP-1REZ i % Angll /3 RASMCs
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PEAZ HERASMCs 3 G T R8I 544 (1) 43 4318
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Eppendorf/A & ; Synergy Mx % I REBEFR XA H 3
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1.2 753k
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RASMCs4Hi fifd 24 h; Cl4orfl166id 71k % m % +Angll
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C140rf166 24 hji, T LLAngllHI 24 h; 4741 57+Angll
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HRIL80% L BN, BEATAHM AL . % AL BHZH 37 °C,
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W FL4 he /ANOWE FIEWE, LI 150 uL
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AN BRI 2 P e Rl T 6FLIG R IR, BT 37 °C. 5%
COBEFRM R BT 7% o FEdm Ml & FE 1A 5190% DL _E B,
KM TCHE 200 pLAg Sk, 78 & L5 557 [ de 2 B )
—IE¥ SRR, R #5521 (phosphate buffer
saline, PBS)f 4 i 20, ZBREI N Ao ws v,
AT AT A AERIRAL R 510 hfl124 h,
i FH 80 B AH 22 B A0BE (1015 488 ) (8 A — AL R 40
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Table 1 Primer sequences
HE[H] 1EF 51 SR 514
Gene Forward primer Reverse primer
Cl4orf166 5'-TGT TCC GAC GCA AGT TGA-3’ 5'-CGC TGC TGT GGA TGT TTC T-3'
GAPDH 5'-ACA GCA ACA GGG TGG TGG AC-3' 5-TTT GAG GGT GCA GCG AAC TT-3’

IR S A XA AL B BE F7 5 woe: O iRk X I8 26 fr K1) e
JEE (RRBIAERIIR 55 B ); wage: 24 b S256 20 1 R 58 75
(B b B 5 XIIR 56 ) o

124 RERA  FEAEKIHRASMCsH#EM T
TS B TE W e B A B SR LA AT IR Fr o A5 4H
J Rl FE S 40%~50% 0, EATAH R AL BE . 48 fifd b
HSER G, B bRiE IRk, FAIPBSE VLRSI 3K,
PA—20 °CTi#A H BELE 2 400 20 min, FLL0.3% Tri-
ton X-100% %A 10 min. BEJE, F 5%JIA 2 L35
F-37 CCHEIR 130 mino I RIEGLP-1R— P (Fi
FELLH M 1:250), 4 CHEH IR . KH, APBSHEH
3R (BEIXRS min) 5 I S0 R 2 6 AR D =E 4t
HalgG —HLFBEELBI N 1:1 000), 37 °CHF B2 h. H
XPBSPES G, FIDAPIYL 37 °CH# & 10 min, $T
PV R E P FE Fr . KA DeltaVision & 73 # %
1% R G M EEGLP-1RE S A% I -

1.2.5 Z& &P ik(Western blot) W HE & HALFE
S5 BIAH, 0N B R IR R R ) &
4% F SR 0 T4 4 M ZRAR VA, UK E 2% 20 min.
ZUEY)T-4 °C. 12 000 r/min 0215 min, B Ei, %
FA BCARFI G & & e . 2548 A DAAH A A
(50 pg) AT 1 e F R R B — R T U R S F
JK(SDS-PAGE). HLUKZSHE, K PVDF A F i
WS s. BEGTEIEMN. JE4L. PVDFRE. B,
4R SRR A 2 R = 0y, B L E T A
LG VR ) TS op AR H R B2 T iR E A Y
SR, BATIRIERE R . R 5E R B PVDFRR, &
I 20/ TrisZ2 % (Tris-buffered saline with Tween
20, TBST)EBE G, LL5%/Bi G 0k =R 2 he 3
W25 RS, TBSTHEMR 3UX (BER S min), HIAK B KSR
) cyclin D1(FiRE ELIA 1:1 000)F1 B-actin(H F LL 1
N1:10 000)—4i4 °CHE A R, 7725 —Pi, TBSTHLME
3R (BER S min), DI BRI AR bR 10 1) E TR
IgG(FFE L 1:1 000) P14 C B Id R . TG 1E
I 2 R ECLAL 22 R ek il il &, &2 X i
W B RS TERE ARIAKTI o

1.2.6 %KyaEEwiE B4l ER oL, frai
ICA FEIR 0%, 45 TAHRZGW)T-Ti. WUER 4=,
FIUK L 2# 20 min. RfETERUG , 54 °CEAE T LA
12 600 r/minf 0y, YAE FIEOFI B R . HL
20 pL BB A inputh i, FIRPE R BEWE,
SR AN B2 S a6 40 IR IIN2 pg TgG, SEIG
AIMA2 png GLP-1R$UiK, T4 °CREIKIF B IR, 1
ik SPUR RS A KA SRS A
CL P4 (1) Protein A+GERIRFEER T, T4 °CREIR b4k
BRuh L 4~8 ho SRJE I PBSYEIR 37K, VLA R
MEEEREE . TR WG, IIA20 pL PBSFFH# H
S FEMEHEST, BN _ERE MR SR, e 4R
HEAT ER 5 B A DU

1.2.7 %HERAXZ=EPCR 3 3 5% j ) 1)
cDNA(100 ng)fF N PCREER , K FH 20 pL sk s S A%
AR, UL UINEN10 uL SYBR Premix Ex Taq™.
0.8 uL B NUFSI IR &M 2 pLBitk . 7.2 puL
DEPC/K. ¥ & AW PCRE , IR EE T
P68 mPCRAY, B3N AL, FIR %2 A X
o P IGFEF 95 CCTALPESO s, B J5 31740416
Y195 °CAEMES s 65 °CiBKIEH30 s). 37
W2 oG, I R RS BT it 2 A AR
it 26 DU UE S 3 = R e v, SR 2R T H
P J2 (R R 6 R0 &, SEI0 R 3 IRL S F A LR 1.
12.8 #dELRIT AT LRI ML 3R,
P80 U (PR HE T (o) R R o G5 TR
FAPFR O 1 2 20 18] LU A SR R R 5 Z2 40 M, .
] LA FH Student’s i 58 . i 258 1) 22 2L 5
Fx |18 IS Origin 8.5 F5E . LAP<0.05 87 5
HA Guit 2 2 A E bRt

2 4R
2.1 GLP-1RfERENMN EERHERASMCsA RS
HIBEMTR

AR 78 GLP-1RAS [ V.48 fif 5 7. %F RASMCs 2
2B 22 DR IR R M, AT FE AT I T 2% 9% AR A4 %)
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RASMCs4H 38 58 AT (1) 520 o FRATT T HARE 5
CESE, GLP-IRFF ¥ &4 /v T GLP-1RAM % €
L% € ALAF 5 (nuclear localization signal, NLS)/¥
HIUIFIA T GLP-1RAZ M i B9 #% % 15 5 (nuclear
export signal, NES) 41| U, FeT- it AHF5T & Jext
WIRTE GLP-1RAT @bk, B 70 A AE 20 i rp o 5%
i M5 5 A7 28 A8 44 GFP-GLP-1R(ANLS) 5 4% & £ %%
AF4K GFP-GLP-1R(ANES) (K 1A 1B). #t— D
Jt GLP-1RE4H il 5E £ % 7 % RASMCs s E 5 1L #%
IR o 25 BN - i 3RaA M € A7 1) GFP-GLP-
IR(ANLS) A 3458 RASMCs 4 K3 f1. i cyclin
D1. PCNARIEI{E3E RASMCs4l it £ (K 1C~

KIE); T id 2 1A i H A5 5 Bk RAZ & GFP-GLP-
IR(ANES) U 52 IUAH S RN o &5 b, GLP-1RIF )5
SENLA R T 15 S RASMCs S 14 53T
2.2 Cl40rfl1665TRASMCs AR5 FiT 2 A S0
itk — B R 5T Cl4orf166%F RASMCsA: 4
Dhaefsgm, R AT REE T IHE A S 58
Cl4orfl66 /L IEIKN-, 45 R 7R i 3ik Cl4orf166
AR E R RASMCs I TE 51T , R I A4 i
71827 (B12A). cyclin DIFIPCNA % i (12B)
A AT #% fig 13850 (B 2C); TR C14orf166))
PN X RN . 45 E, Cldorfl663iE b ik Xt
RASMCs )3 FE AT F% B A (e FH

[
(=}

(A) (B ©)
DAPI GLP-IR Merge &< 00 <
5 < 150
~ S2 80 g :
£ 28 60 = 100
S £5 40 £ .
10 pm ZC 20 5 50
b— Z 8 =
. 23 e SFoLe
. &
2z = & TR
Z ” v,@ IS &
O 10 um 10 pm * 10 um QS\V' Q%Y‘ Q’\%
. (D) & &
+ — )
x|z ) ’ Cyelin D1 | i o | = NCyclinD1 [PCNA
e 10 10 505 *
é = um . 10 um PCNA | e 2 R | - % o
o~ 2 *
<Zt& n f3-actin |-~--| ;g 0.3
2O £2
3|2 & N IS FE g2 -
<] N . . = o 01
10 pm 10 pm & V"Q\) @\%&\v @\zq.,\v = ;é_’n 0 ._D
SIS 2 S goge
FFO KO § I I
s & C L P
(E) & TS
GhRNA. ShRNA-GLP-1R+GFP-GLP-1R 30 * ¥ SIS
Control ~ GLP-1R ANLS ANES g &

—_
(=)

Cell mobility rate /%

24h

Ar G PETCIEMZZGLP- 1R E N ; B: Gt 42/ 10040 GLP- IRAZ E A7 I BE TR, C: MTTYEVEAG 4075 77; D: Western blotfllcyclin
D1 5PCNAHE FFRIEKN; E: RIPR I STl A me ). 45 R UABMELREZE R IR . *P<0.05, SXF R AHLL .

A: subcellular localization of GLP-1R was observed via immunofluorescence; B: the positive rate of GLP-1R nuclear localization was quantified in no

less than 100 cells; C: cell viability was assessed using the MTT assay; D: the protein expression levels of cyclin D1 and PCNA were detected by West-

ern blot; E: cell migration ability was analyzed by wound healing assay. All data are presented as X+s. ¥*P<0.05 compared with control group.
Ell GLP-1R7EHEFR FHIERISTRASMCsHIIEFEFIE# BB RH1EA
Fig.1 Cytoplasmic localization of GLP-1R promotes the proliferation and migration of RASMCs
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B Cyclin D1 || s — _ M Cyclin D1
< g 20 B PCNA
2 5 *
E 100 ERER T W
£ PCNA | S s | © =
3 22 10
=1 P *
2 501 £ B
3 B-actin - - - gn 0.5

- - c 0

’ NEPC I & & &
§ b&°& o & w{‘\ &
Q N W
& GE OB
e & \d
& &
GFP-Cl4orf166 shRNA-C14orf166

(C) Control

0h

24 h

#P<0.05, 5% AHFLE

20

15

10

Cell mobility rate /%

A: cell viability was measured by MTT assay; B: protein expression of cyclin D1 and PCNA was detected via Western blot; C: cell migration ability

was examined using wound healing assay. All data are shown as X+s. *P<0.05 compared with control group.
2 Cl40rf1663TRASMCs4AEIE3EFIT 7 #5200
Fig.2 Effects of C140rf166 on proliferation and migration of RASMCs

2.3 Cl140rf1663 AnglliF SHIRASMCs4Hfa1ETE
FEFZEIFZ M

A WA Fi 4, 20% A GLP-1R 5 Cl4orf166
FEAEA AR M, AR T — 4RI Cl4orf1662 77
%5 Angllifs S RASMCsHE 5B id 2. 4515
7 WK Cl4orf1663%3% 7] i 411 AngllXf RASMCs
A 77 (B13A) JEIHE A cyclin DIFI PCNAFKIL
(E3B) LA 4T ER (EI3C) MR REE T, ez, ik 3RIA
Cl14orf1660) % 1855 Angllff)_FRIEEER . Fikss
FFE W, Cl4orfl66:E AnglliFs 5 RASMCsHbE 51T #2
(PRl S
2.4 Angllifidi5 S GLP-1R#% i B {2 {EC140rf166
5GLP-IREEMLERE

Ntk — 57K Cl4orfl 667E Angllifs F RASMCs
5 SR R RRE A, ABETCE T LIRSS, 1
T AnglIFFURT 5 400 H Cl4orf16611 5 [1 5 mRNA

FILAKPAEN . 2R EIR, AnglIb 3 I A B3 oA
C140orf1661) 4 15 mRNAE L KT (K 4AF1 & 4B),
PEORTE Anglli 5 1 RASM Cs 39 58 AT 7 3 Fe
Cl4orfl66F-AFidEId 1% B B Fik & K EWF Dkt

W, A — P WE TAnglI TR
Cl4orf1665 GLP-1R [ V.4 i 3 5 37 K% & (A AH EAE
FHIE. R AR BN, fEFHEARAE T, Cldorfl66
5 GLP-1REZ I e A T Ak A (B14CHI E14D), H47
ERSE LS A (B 4E); 4 AnglURIG , —H N2
PR, A EAE R R (B4C~E4E). 1245 118
7NC140rf166 1K FIGLP-1RAZ i tHixX — B IA S, 2
5 AnglI/r S HIRASMCs 5t 1 B FE AT

R BIAE FIRGEE, AT T BLIKT GLP-
IRAZ i 5 GLP-1R 5 Cl4orfl66 2 [A] ) HAE . A<
ZH F HARE FEAIE 5K, AnglT ] i3 PI3K/PDK 1/Akt/PKCO/55
S, T Serdl6f7 SRR AL , M2k GLP-1R#%
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(A) (B) O Control
—_— : — Il Angll
X . Angll+shRNA-C14orf166
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= B-actin —‘SE
- > & . 22
&© > N S g =
& & $ N ~35
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\od Q7 =~ .
s & Cyelin D1 PCNA
S
"? y?%
Y&
© < 30
Control Q
- B
2%
= 210
o g
5
@]

24 h

SRR

A: MTTRLIUZI LS 77; B: Western bloth& fllcyclin D1IFIPCNAK R (1R IA T, C: RIlJR 5256 46 0 41 B i 7%

*P<0.05, 5XFIRAAIEL; *P<0.05, 5 AnglIZHA EL

e

A: cell viability was determined by MTT assay; B: protein expression of cyclin D1 and PCNA was detected using Western blot; C: cell migration ability

was evaluated via wound healing assay. All data are presented as ¥+s. *P<0.05 compared with control group; “P<0.05 compared with AnglI group.
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Fig.3 Roles of C140rf166 in Angll-induced proliferation and migration of RASMCs
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Fig.4 Angll induces GLP-1R nuclear export and thereby dissociates the GLP-1R/C140rf166 complex
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Fig.5 GLP-1R nuclear export induces abnormal proliferation and migration of RASMCs

by potentiating C140rf166 transcriptional activity
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Fig.6 C140rf166 promotes the proliferation and migration of RASMCs by inhibiting GSK3p activity
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