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ABSTRACT Objective: To investigate the effects and mechanisms of a-Arrestin-domain-containing-3 (ARRDC3) deficiency on
PI3K/AKT signaling pathway and cell proliferation in clear cell renal cell carcinoma 786-O cells. Methods: Crispr-Cas9 system was used
to construct the ARRDC3 deficient 786-O cell line. The effect of ARRDC3 deficiency on AXL protein was detected by Western Blotting
analysis. The effect of ARRDC3 deficiency on the ubiquitination of AXL was investigated by Immunoprecipitation. Effects of ARRDC3
and AXL expression on PI3K/AKT signaling pathway were detected by Western Blotting, shRNA interference and established ARRDC3
deficient cells. CCK-8 technology was utilized to discovered the effect of ARRDC3 and AXL expression on proliferation in RCC cells.
Results: Compared with wild type 786-O RCC cells, the protein of AXL was elevated. Further examination of ubiquitination indicated
that ARRDC3 deficiency significantly reduced the ubiquitination of AXL in 786-O cells. The results of Western blotting and CCK-8
analyses showed that ARRDC3 deficiency increased the phosphorylation of AXL/PI3K/AKT signaling pathway and cell proliferation
ability. Moreover, knocking down AXL protein expression in ARRDC3-deficient cells leaded the activity of AXL/PI3K/AKT signaling
pathway and cell proliferation back to the levels similar to wild type, which suggested the effects of ARRDC3 deficiency on the activity
of AXL/PI3K/AKT signaling pathway and proliferation of RCC cells is AXL-dependent. Conclusions: ARRDC3 deficiency in 786-O
cells up-regulates AXL protein level and activity of the PI3K/AKT signaling pathway and promotes proliferation of cells via reducing the
AXL ubiquitination mediated by ARRDC3, which may provide a kind of potential therapeutic taget and new idea for individualized treat-
ment of RCC.
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" 41 ffe 9% (Renal cell carcinoma,RCC), faj FR B8 , K %
o 15 10k iR (Klidney cancer ) G 501 90 % LA M. AXL j& TAM
(TYRO3-AXL-MER )7 A lif &2 W 4l Z2 M 9 i B 2 — , Tl i A
KAZ R M8 1 6(Growth arrest-specific protein 6, GAS6 )i
5 R AR BEIR A , 2k MG TE LR il PIBKVAKT 454 JC 41 i
PRI , SR IR 0 ML 5 AR5 R8I b Bz H) T % Ak (Ep-
ithelial mesenchymal transformation, EMT ) FllfiHf 2455 — 2R3 A4
AT NP, JEAESR 2R T E T R ENZ R A T
B EZEE S W, IRATHT A5 & I ARRDC3 (o-Ar-
restin-Domain-Containing 3 ) 75 5 96 vh 25 35 B & W48, 3T B vl 3
TR Z ALY Iy U T Hippo-YAP {5 5@ i, 7= A 40
RN W, HERARE, EFR RN RATE IR YAPL Z4),
ARRDC3 A A RE 5 AXL [ L AAHEAEHS, FRATHEN : 5F
YAPI fE AL, ARRDC3 1] GE 7 B ¥ 410 it N 38 20 38 58 AXL
HEARNZ R, 3 AXL 2 R LR I8 AKT {5515
TEPE A A G VR . AN TR B ZE R Crispr-Cas9 £
A&7 ARRDC3 BFERIAN 786-0 B i W4 fusiatk, JEAIH
GREENTE G BEUTIE FHAR i — 20458 ARRDC3 X 5 i i 41
JfL g i B i ggg I A B

| AR T i

1.1 #Ft

375 W 40 987 786-O At A 22 W B v [0} B 4 B %2 ; RP-
MI-1640 157754 FH Gibeo /4] ; BCA 5T & . & M BRI L
g H e A 3 KA ; EHA GAS6 & 1l A T R&D
system 2\ 7] ; ARRDC3 . GAPDH $i & l)) B F Abcam 2\ ] ;
AXL,p-AXL AKT .p-AKT (T308) .p-AKT (S473) 4§t (K 1 [ T
Cell Signaling Technology /A )
1.2 Fik
1.2.1 4paEsR  786-O MM R U5 10 %fR4- Mig (FBS)
RPMI-1640 335355 . A0MIACE7E 37 °C .5 % CO, 4l RIS
Firh AL A REIK 70 %-80 Y%l HEA TANMIfL AR, A 2-3 K e
—RIEFRE
1.2.2 ARRDC3 AN R 3L £ FE R[] ARRDC3
R 4 SHME T sgRNA B R BE2EA Crispr/Cas9 #if4k , 3
PP Y D07 IR 2R 5 puromycin Hi e A —ii
YL AN, 24 b 5 BEATIHALIERERE A puromycin i 2
RIG A IE #3035 2 J8 AR s o e A KR AR Y 2
e ARRDC3 Bkt e Ep 4347, RIS 58 2R3
ik ARRDC3 [ I FRITREAM A , TRAF , T8 KB . iR s
RN Y B (K 2H DNA, ##47 B ARIX I PCR 473, 4% PCR 7
YrAEA TN , LA B AR S A B I B S H .
B2 A sG55 R ARRDC3 #8455 puromycin $it4: 484k — 5%
Yt ARRDC3 it i B0 8 MM , 24 h dEAT AL AR, A
puromycin ik 2 J& , A5 55 2 5 FRAG Y R o e A A
BRATUAR AT S0 BT 434 , SRR 0] & 3RaR B AR i 58 AR
A1 ARRDC3 [/ FTERELAIML , PR AT, T4 R BEFR

12.3 & ENi#( Western blotting)  JHALIFUSCHEAFM B A 4A i
Jei s TN 200 P AR 1 T 2 £ Tt AT o 0 4 F 4t B 2
FHEFH BCA S S0 R i AR P A T A o 7R AR LR
PRI REZE s, BENR AT AE 98 'CA& W 10 min, FEIK %
JEIS FH S YolbiR 2415 -TBST ¥k (R I PR Ik 2 T (i S %
BSA-TBST %) 3514 45 min, 7£ 4 CREIRIEE —Prd . W H
F TBST ¥ PR =K, &K 10 min, R E —41 1 h, TBST
VIR LU, AR T ming Jin BCL Ab2E KGRI RS 70T
1.2.4 P& iiE (Immunoprecipitation) [ AR H 194 8% 57
EENMA MG132 LABHWTEE HIFEAR (20 wM), 6 h J5 USSR .
WA B A A A S A RO AR A B . S oe )R, Je R
2) 30 WL AE input, B[R4 24 30 pL Preotein A/G
agarose beads, B F 4 CH £ [IERIRS) 20 min, R I5 A TE
12000 rpm, 4 ‘C F#.0> 10 min, BE_LVEW , 375 000¢ . sl
B AR P INAZY 30 pL i) Flag-beads, 7E 4 CHe it 218
FEIF R 3 . Y H L3000 tpm, 4 C 5.0 3 min J5 5 F WL VE
U beads 3 WK, VEMSEEE)E TR S LI, I UTIE A 50 wL
2% FAEZE P, 98 CaE A ME 10 min, B0 5 7 K4 ARIT
T, I 1375 B U S Gl B S SO TE -80 CARAEAS H o

1.2.5 CCK-8  JHALFERIIY H i i, 45 20 40 Moo . F4n
R AT ARG A T, AR 96 FLANRRRT TR N HEA T
PR M RLN S 100 IR AR HIFE 100 puL.
AN S 3 A5 AL o 5 SRR O [ ] A5 Ak B W g%
6 Ko A, W i s g AL A 10 %[ CCK-8 JEifil
AL 100 L5 10 pL CCK-8 3K ). [RIE 26 AS & 41 i
MALIN I AZ R BE  H HLE R 2s OV IRFL . PR 4 s R
JCEAE 37 °C 5 % CO, $5 3548 BOGIFF A 2 h, fFE S8k
J  FHBERRASCIN 5 AR K 450 nm Ab A G RE (1 . 25 A6 Ik
PEIEATGETT24 oM 22 1 A0 084 i 2%

12.6 &itZ A% R SPSS 19.0 X sz 5 B #4745 34>
Br, FP B8 bRk 223 H ok, W a] BLA Rl S AR
1 Student's t K5, P<0.05 I\ N 22 H HA G458 L

2 5R

2.1 BB ARRDC3 i1 AXL ZEHKF

FATTH H CRISPR-Cas9 H A4 352 5E mif ik ARRDC3 [
786-0 4fiffitk ARRDC3-KO, F AT T4 X ARRDC3 E[K]
5095 5k i1 (Exon 4) 5] 5 RNA(sgRNA ) : 5-GAGGTACA-
GAACCAGCAACA-3', Fi ¥ sgRNA 4 @t & pX335-U6-
Chimeric_BB-CBh-hSpCas9n g4 K¢ il T4 7 1) 2 4 ks
BEL 786-O AN, 38 i<k B v A O 98 0 FH G0 BRI B8 1 , e A3k
277 ARRDC3 fitfi/ 786-O 4iififikk ARRDC3-KO, DNA i J5
45 SR B B E A A0 MR 7E ARRDC3 38 00 540 g Tk 14 A4
BRELST, #% T ARRDC3 RS54 (& 1A),

AT K KG 7 ARRDC3 BfA4: B4 it ARRDC3-WT
F1 ARRDC3 $lFE T2l bk ARRDC3-KO, | FH S B3l 77 i
B UE ARRDC3 (1 @B 15 LA AXL 2 K. 4553 iR AR-
RDC3-KO #1% AXL % 17K V-4 ARRDC3-WT £ &} 2 14 &
(l 1B),
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A
sgRNA . .... GAGGTACAGAACCHEENY® . . .. .. .. ...
WT GGCCTGAGGTACAGAACCHINSIPGAGTGTCTTIT
KO BGCC.....coonvuunn Xel9 ¥\ CAGTGTCTTTT
B &
ARRDC3- & ©
— ARRDC3

- .| AXL
Wy w—

GAPDH

B 1 &k ARRDC3 3fn AXL ZHKF:A. ARRDC3-KO Sk K ARRDC3 X EE ZH DNA jilfF E;
B. ARRDC3-KO 4 BE AT AXL EHKEREEM
Fig.1 ARRDCS3 deficiency increased AXL protein: A. Sequencing of ARRDC3 gene in ARRDC3-KO cells; B AXL protein significantly increased
in ARRDC3-KO cells

2.2 Bk ARRDC3 B&{R AXL B9iz & WK TE

TERIA ST ARRDC3 Al YAPL (52, FRA1A B AR
RDC3 fig i YAP1 Z& [ [ fiff 23 1 3958 YAPL ()32 R AL & i
KA. AR ARRDC3 381 AXL & (/K RIHLE
4117 ARRDC3-WT I ARRDC3-KO 4 Jifd b 4 %% Y 45 1 14
HA-Ub 1 AXL-Flag JFoh , 38 o Sl iiie A w2 i H AXL
DR I225 . LHEEREN], 5 ARRDC3-WT 4L,
ARRDC3-KO A 40fi i AXL 77 Z Ak BRI (B 2),3X
$#&7% ARRDC3 il {2 ik AXL 17 R ALFEAR AXL 18 F7KF-

ARRDC3- & ©
AXL-Flag + +
HA-Ub
IP:Flag
IB:Ub
Flag
Input E " ARRDC3

& 2 Ftkk ARRDC3 B&{R AXL §0iz RW K F : R iUiE i ELiR
ARRDC3 3t AXL iz R Wk TR0
Fig.2 Immunoprecipitation was performed to investigate the effect of

ARRDCS3 on the ubiquitination of AXL

2.3 BB} ARRDC3 1858 AXL/AKT {5 S i@ B EIBEER L 7K T
T Wl ARRDC3 4§ AXL iz AL G5 AXL &K

S0 A B SC, T A AR ML AXL/AKT {55 18 B Y i 7R

PARF-HEAT 1RSI EIMLFYLIR 12 h 5, ATl H] GAS6

43 BI4b 3 ARRDC3-WT 1 ARRDC3-KO #H 4fifif1 (200 ng/mL,
30 min ) LAECE AXL, USSR 4 M 336 5 e 8 B3 1) Jy v 43 A
PIZAZ0 M AXL R IEA5 538 i P OCHE 431 AKT IR 1k /K
o B BIR A GAS6 FHHMYEHZ T, ARRDC3-KO 2 4fififs
H) AXL [ B @R kK AKT iR LK 5 ARRDC3-WT
ZHAH FLAREA 358 (%1 3)

N ©

+ -

ARRDC3-

Gas6 -
[== o

[ e 0 | AL
| S s | p-AXL

[ - - -

| s s s p-AKT-T308

| ARRDC3

[*5 w s @ p-AKT-5473

[ &S &S @S| G/rDH
3 BiFk ARRDC3 1858 AXL/AKT {5538 B A RSB L 7k T
Fig.3 ARRDCS3 deficiency enhances phosphorylation of the AXL/AKT

signaling pathway

2.4 B ARRDC3 SRFEZHAE M B AXL A1 E AKT BEER K
KFE

e K& BBk ARRDC3 7] L) #4558 AXL/AKT {553 % 0916
V25, FRATARSLIEA THE— 25 A S50 DARR ST 7 AR X — 4508 [ 43
FHLE . 75 ARRDC3 #itff (1) ARRDC3-KO 4 fifd rfvid o % e
shRNA [ 5 7E R IE AXL 2 I FRSAKCOF G, FATIEH] AXL
TR AKT BRIk S 21 5 B A BUAR AR LR KT (1 4).
XS5 R LW, Ak ARRDC3 §:50 AXL/AKT {5 53 kiR
A HG RS T AXL,
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By
ARRDC3- © ©
Gas6 - + - + - +
| e | ARRDC3
e seampE . | A

[ w s @B | pAXL
[ - - - - o AT
[v wme o g o w9 p-AKT-T308

@ . ww| p-AKT-5473

| -
- - e o o cron
& 4 BUE ARRDC3 SRBAZRAAME) AXL ZERE AKT BiERIULAK T
Fig.4 Knocking down of AXL protein in ARRDC3-deficient cells restored
the phosphorylation of AKT

2.5 BB ARRDC3 {2 i# & 4 B sa ik i AXL

AT CCK-8 R 7 &#:1 ARRDC3-WT , ARRDC3-KO
F1 ARRDC3-KO+shAXL = ZH4HMU7E 6 R IHEFATS oL, ARYE
fT51 ODA450 nm (A , 22 H AN s i 2 (1B 5) . 453R B
7%, Wik ARRDC3 A I S 358 786-O AN AYIETY , 1% 25 R HA
GihaE i (4, P<0.001) 5 T 78 @Bk ARRDC3 f)SE Al 1 F-
& AXL 515319 ARRDC3-KO+shAXL g & v, Hogn s
K B W T 5 PR B ARRDC3-WT, {HiZ 22 R0 G125 %
SL(NS, P=0.2526).

-- ARRDC3-WT
ARRDC3-KO
ox ARRDC3-KO

™ +shAXL
NS

2 3 4 5 6
Day
B 5 @ik ARRDC3 1@ i 1578 AL JE K i AXL
Fig.5 ARRDCS3 deficiency promoted proliferation in 786-O cells,which

(-]

-]

Relative cell growth
N L

o

-

was dependent on AXL
Note: ** P<0.001, compared with ARRDC3-KO group; NS P=0.2526,
compared with ARRDC3-KO+shAXL.

3 itig

NENFAELE ZMEARPIEE RS, Kbz & - BAM
A 2 4t (ubiquitin-proteasome system, UPS ) J2& & #5524 [ /i 1) fiE
AfEM RGN EZ MR — 51, SCHRIRGE , 2975t 80%
T A UPS YA EREAG , 12 2R AR 28 1 09 98 ML) A
ZF I RS R S R T ER AR,

a-Arrestin 2B AR ZE N FZIKNE . Z EZ M
ek, ARRDC3 2 AR I KRR A Z— ¥, ARRDC3
W A - 25 # AL 35 Arrestin-N ¥ | Arrestin-C 35 DA 2 PPXY
PRI =45 R, ARRDC3 2 1] LUl T PPXY BAZS &

IRZFEA WW S5H5AY B3 2 RGN, ERENE G,
IR RRE BRI T R AL, Sz R Ak
S, RS E ARRDC3 7E A4 FL M (T8 s | R e
2R R P Ik 3 R B ARRDC3 Al 343 %) 4l In-
tergtin 4 PAR1 S5 H H BIZ RN, IFS 5 RIS H %
fifpid B2 Hh>*, Soung YH 25 AITHIRBIESE K B, B il Fi e
HEBH 7 R ISR, ARRDC3 if 5 miR-200b 2 8] /775 I )X
Tl , X — L7 R B ) SE SR A A DNA 455511
AT TR 2577 ThT L A % T SRBER A IR

AXL J&— Rl L B SZ AR IR, Lo T4 3t e
FEAH AP X Ik (B8 WS S e BR A 1 DX IR A 5 27 2 e 1
I P5E 7 o A D ) B2 X Sl A 4 Y A A DX (45 3 1>
FRAGAL A Y779 Y821 Fil Y866 )3t = Fft 43, A R A5 i S 1k
HH 6(GAS6)Hl it [l 73 W st 55 73 s i 77 5, 15 AXL g oh
DIREE A0S AXL BB , IF QRSN TR S id ik, ™
Az — R GRS e R RN, PIBK/AKT Jg&: AXL R
MEE(F S EZ —, % AXL EH G PBK #3806 , 7 2E 1
PR CBRAR LR ™ M R 8 S AL AKT, JFiE—2 5
W] S 9 R 5 )6 AR , XoF 2 b 58 A T R P, BRI
ZHN AR 25036 )7 B MR 2R b, AXL 5538 S Y 55 %
PSSOV A SR 25 A T2 3T HIL B2, it ml W, %
ABRFE T AXL 2058 B A HLEL A 3 R AR

AHIFSEE S H] Crispr-Cas9 H AN HI8 1o P 7 A1 G 22
B A4 77 12 R 42 5E HY ARRDC3 B[ 345 ) ARRDC3-KO 4
MZ . #8573 ARRDC3-KO @A Ny AXL #H, K3
ARRDC3 5 AXL MR FI/KP-12 AR o S5 B 3Kk
FIBRFSE 455, FoAi1HIM ARRDC3 Al G 76 5 9 40 L P4 & 15412
AXL iz ZALREM I DIRE . 25 T SCHEAT S e T I 552 6 AT iy
TRk ARRDC3 72 AXL 2 RAKF-BEAR A AP435 0 1%
SESgG 5 R AR R , ARRDC3 W] 3 i fie 1k ¥ 9 N AXL 2 12
FALBM TN AXL (8 K Z R # TR AKT 5
1 R AR A K PR 240 D HE FER 0 ) S 5 SRAT X N, 471
sk ARRDC3 AT A EUE 41 A AXL/PISK/AKT {55
R B ) S R R, 3 R I (2 A2 R A A 3 7, O ELIX
PARRBONARAS T AXL 1. SR, ABFRARIRA RGEHRDT
ARRDC3 il AXL f3E4R/ERIFLH] & ARRDC3 i %5 AXL &
FURS XS T B e ) 259y e 25 . aE 6k (EMT S5 e 07 i 2
Wi, ok TARLRIRAT N — P S i) EE A

L LRIk, 7E 786-O 4 N FR ARRDC3 i F#{ik AR-
RDC3 XI AXL i1z 2 6 B fi, L3 AXL 2K 11K 7 #i
AXL/PI3K/AKT {5 Sl B HOE A , JF et B A i A3 . X
— B Y 5 BT Sy R R A TR T R 3L P AT A 9 A R AR
.
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