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Molecular mechanism of Golgi retention of RTK mutant and establishment of a new
strategy for inhibition of tyrosine phosphorylation signaling
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Most gastrointestinal stromal tumors (GISTs) develop due to gain-of-function

mutations in the tyrosine kinase, KIT. We recently showed that mutant KIT mislocalizes to the
Golgi/trans-Golgi network (TGN) and initiates oncogenic signaling. However, the molecular mechanisms
underlying its Golgi retention remain unknown. In this study, we found that protein kinase D2
(PKD2) is activated by the mutant, which causes Golgi retention of KIT. In PKD2-inhibited cells, KIT
migrates from the Golgi/TGN to lysosomes and subsequently undergoes degradation. Importantly,
delocalized KIT cannot trigger downstream activation. In the Golgi/TGN, KIT activates the PKD2-PI14KB
pathway to generate a Pl4P-rich membrane domain, where the APl 1s aberrantly recruited. Disruption
of any factors in this cascade results in the release of KIT from the Golgi/TGN. Our findings unveil
the molecular mechanisms underlying KIT mislocalization and provide evidence for a new strategy for
inhibition of oncogenic signaling.

/TGN KIT (GIST) PKD2 PI4KB



XL Cc—19, F-19—-1, 2—-19 (@)

1. BB S WO E =

WFZEBR LG H) £ CTIZ, RWFFE 7 v — 71, ~ A MHIIRE - |, E A0S EE
(gastrointestinal stromal tumor: GIST) DFIED K ERFKD—>ThH LT —Frni o FF
—-E (receptor tyrosine kinase: RTK) T& 5 KIT DOIEMALAERESC, 2B HIF (acute
myelogenous leukemia: AML) @ FLT3 Z RN, 2 E TIZE X b TW Iz MifaEEIZ /TET 5 D
TR, = RV —2Ah « U Y Y=L, =)V /trans-Golgi network (TGN) Z5(2/ERE L, 25
EARAMEGE S 7PV ERET A 2 2 R Lic, PIRMFETC, A (BidsA, B REIE, shkk
FIE, FURIRIESZ) ICBWTIHARZIRY 1L, ZRRTK 3, ANVT AR T ~OREREXET 52 &
ITEEMICEZZE ) THDH, BRRTK OV T FADOERRFLTND Z b, (ERHEL T
DNNTT D Z &L, T O A T B REIHE 1A OGN D vREMEZ RO TR 0 | A
MFHIDORI2 BT AR T b BRIBRVIEE 2D LB BND,

2. WROBEW

AWFFEIL, BAKINLDOZEE RTK DA N TR TIEFEDIRN E D~ F ) —2W\EnT L, £h
A=y e LieTa v vy 7kt 5 Eig R E ko BB R A B &
LTV, TOE 70 R LT, RIFFES V—7TTF—2NER L T\ % GIST O KIT O =
NAER DR Gy T-OFA 7 V) — =0 T HIEORE L R 2l h 0, b2, /vy 7 XU
WL BTz /) ab—RE, ¥ T EMMEAEHORITICEY AT 42— 2Bl T7 =7 ¥
—ZB LML, M TR OB T 5, 2O N A O RTK (v A M ifiahE - H
My D KIT, AML @ FLT3, ‘B#fED FGF L& 7% —3 5) O A/ TR FEZBICHEE LW 50
EIOMuaWmErT 2, £, ANTRIE-OMERN ., BUFO 2 FEERFICK LERE 2642
RTK ZRAKD 2 7 F VRG22 WT 2008 9 D EAMIZT 5,

3. RO IE

KIT ®IZNVEE ORI~V —DRA 7 J—=27" GIST-T1 fijd (= A€/ A1 4) 12, W5
TN—TIBNAT DY 7T IRZENGECE T 26 a4 (30 FREEFRAED) 2 8 R L, 4%/37
FIVLT T B RCHIERIC KIT 20t Uz, OGS F . KIT OREICHEL 52
DHDODE =y N2 RTEN AFFEORFIK~ T U — Oy 1 & LT, BERefRir 27—
WZHED T,

A L) TayT 47 fifa% SDS-PAGE ¥ 7NNy 77 —TIM L, %37 Btk %z
YESRL L 7=, SDS-PAGE JERH#%, # /X2 E% PVDF A2 7 L AZHRE L, 5% AF LI NI £z
I BSA TV ryX o 7%, —RPUK, HRP- kUK & 22 1 A v FaX—T 3 L,
Peidrtzlo N RERIE LT,

Tt O R L — Y — 2 % v VEAMEEIC K D RTEMENT: Mfa% poly-L-lysine = —
ML7eHNR—=HT A IR L, 2 BZIZETE L7z, PR =2 T, 3% BSA TV av¥x 7
%, —IRPUR, ZRPUE (HETZ L) EERER LR VU F 2 _X—Ta L, WRKRICAT
A RHT A~ b LT, o7 Aol r — 9 —BMEE Tt L, koo 1
A= 7R, BLRSE T OO HR B B R L ASBHSE L 72 SCLIM T3 L 7=,

& X7 BB - #EG O BUROXG L LTWD ¥ 7 A HUR CREZRE L, It
T B2 T EaA N7 vy NCHNT Uz, AEERZE U 2MENERALIZ DUV, i
oA —a VIETHER LTz, S L RRRIC, A= T X LoMfac 2o 2 37 g
IZRT DHURZEL L, T8 L CO DA IRPURICZ 7 L Ch DM E T A 77— a > -l
RLEAZHTHD T, Tz RSBt ol L,



4. BFSTAR

(1) ZRRIK DA NT R TEBOFR~FV—DAT ) —=F

XL OIZ, GIST D ANVEHDFRA =X LN THDIC, AbEMA T ) —= 7
Tk ATz, S TAEER (<~ F = 7)) EZVED KIT BRI Z A9 % GIST-TL IS, /NERETIX

8.';) E) Zﬁ N ZIKH%E 7/I/~ 707»’“??%‘?‘ %) 'ﬂfA/EI\LF@ A  GIST-T1 cells immunostained with anti-KIT antibody C

No treatment ATMWATR inhibitor  DAPK Inhibitor

ZAHL L, KIT OREZZLSEL D%
R LIz, ZEAEDOBDIEE y R LAan
ST, ME— KIT O DV Y RFEEHD S pKiT
¥ %=z /37 2 K Protein Kinase D (PKD) i CR10066101 AKT
£ > b B4 — (CRT0066101: CRT) % R.H P
L7z (M 14,B), BiH, ZDa "y Ro
H—7y NN TE TS PKD DOiEE
(B2 KIT O TV AERE DJRIK TH 5D 2 & A
TRIND, AL THE LT REZELE
U—R7o LR ) —=2 0%, =
VRN ROV I NY A XEPT T, 1. GIST 25173 KIT Z2AOT L UER(E PKD (RENTH D,

AKITOITLCEBORESFORY)—=2F  BHEECLEMEREL,
277 RE LT A AFEDM RTK (AML | KIT 0B&EE#AL=, B,C. PKD 42 5— CRT0066101 (CRT) % 8~16 i
MLz, B. KIT ATLIMEEMNGEEN, BID)YY—LIZBITL. HEShD,

@ FLT3, filinAA D MET Z5) 1Zxf L., i | scalebars, 20 ym. C. Z20BDSt— DAL/ TOYE . ZRERDYLEIE
JA—LE. PKD EHETORAD:LHIZ, BHILBILERLL,
HFTh D,

CRT(uM): & &

KIT

STATS

pSTATS

(kDa)
pS/pT PKD 150

substrates

i

~
100

(2) GIST @ KIT @ Z/V I AZRE DJHF & LT PKD {E AL

PKD /%, TGN TOHEX v U 7RO X —43 7 CTh 503, Fexld, EOIEHALFREAREIZ 72
52 LT EED T OWMSICADORELY 52 5 L P LT, GIST I CRT 24U L 720 KIT &
T I & RAE~DRE A FEINC TR, BV Z &2, CRT CKIT @ =V 2/TGN JRHTE % b
SH7-BE, KIT 7 /b (AKT, STATS {EPEAL) (XBEEICH Lz (X 1C0), Z DFF, KIT O—43

PKD3 [ e =

(kDa)
150

— L DO—HEMER Iz, BlG . KIT 13 PKD &Mk
IEF L CEA VTGN IZERE LTEBY A e B X
—IZ X o> TPKD B™ARIE(LEIND &, TG/LVU/TGN 2> | ma kiT i PKD2 £ HEL. 2h A BSOS LS EEORREES,
A. GIST-T1 #ifatk M PKD1,2,3 2—23F D/vo58HL, (4L/78Y

HUU—AZ N, HWONIZY VY —AIZBIT L. 43 | FLk. B. GIST-T1 @BIZAF=7 (IMA: KIT 4VEE 5— ) £REL.
N SAE—hDAL/TOVEB o1z,
fRENDZ ENHLMNIR ST,

pS/pT PKD
substrates

100

T4720 OIEHEIE T LAad o 72—FH T KIT 0¥ [ 4 ___ B »

VORI LASVERD LT, ot T, = s SRS 'mﬂﬁij

IR D KIT 134 SIS L, AL 3T~ wrSE S

DBATBBE SN, TAVEEROANLTFT & T SeTe I:,:.I

KIT D4 282 B LV DRb £\ 9 F— 2 b —— a9

YUY A OBATE TR, Sl kDR A srars [ rare 8w o

RAf, ZOFEE. CRT AEMEICIE. KIT O =L e — ps:::lzl

VITGN REDWRA, Tz Eo U Y VY —Lh~—7 P02 |- WWE%%
E:

(3) GIST @ KIT @ =)V AFRIZ I8 5 PKD2 D W B

B RD PKD (X, 3 AU NRN—0OERENDZ E0D, RIT, FFEA LV AN—REERONE D
MEMRF LT, £D7=®HIZ, siRNA T PKDI, PKD2, PKD3 %#—2>7>/ v 7 #7 . L, CRT 4L
HO7x/)at—%2RRLE, EERZ LI, PKD2 %/ v 7 Xy LRI, (DKIT O Iy
158 DRFER, (2) RIS V7 F AR T, Q)KIT D U Y Y — A~DRAT - i vidd bz (1K




24), ZDKIT DJFIE « ¥ 7 FNA~DEEIL, PKDI1, PKD3 ® / v 7 X7 UHIFTIEERD S
Mmole, ERIRTRBEE 2D A ~F=7H\,HM KIT] %F7T 5 GIST-R9, GIST430 (22T
t . KIT O IV AEEIZE1T 5 PKD2 OB A2 RIR T 57 — X 2157, EE/LZ iz, Gy
SN LDV V=20, A ~F=7IWHH KIT OV T F N EEKFSELEZ LD, V7LD
SINORATE D 2 LA, SRR S 7L OREICEN D Z LR E D,

(4)KIT (%, PLCG2 #Jr L C PKD2 #{&ME(k9 2%

WIZ, PKD2 28 KIT Fit CIEMEIL SN TV D0 E D EREt L7-, GIST-T1 Mgz, KIT A >
EEX— A~ F =T H B LTS, PKD2 OIEMALOFEEE TéHh 5 S876 (autophosphorylation site)
DV AR ABEIET Lz (M2B), & 52, HIEBIEIC L 0 KIT 1 B & OIEMEKFIIIC PKD2
Mﬁﬂ’ﬁﬁﬁ?‘é ZENRHLMNTR 5T, BB, GIST @ KIT 28 R{K1% PKD2 215 LT, B
T AV UREIRICIER S5 Z ERNRB D,

PKD OREREIZIE, IV U/TGNIZBIT A TN T Ut — L L~YLNEETHDH Z & PRRE

EhTHY, ?ﬂa/z T, ZOEAMBETHDLHRARY A B

/X—¥ C #~ (PLCG) IZ%&H L7z, PLCGl £7- GIST-T1 oo e

IXPLCQ2 &/ w7 X w v Lizk 24 BIRRNC & sinna: s siRNA: &

iZ. PLCG2 % / v 7 47+ L=k 7, PKD2 {5 T - oL

{2 S, 512, PKD2 JLERFO 7 = / 2 ' — pkIT | oiiT | ¥

Llpole (¥ 34), S BT, A ~vF =7 0PI PLCG2 AKT [ e o pzz I?l

OIEPEALAHH S 7z, Bl PKD2 (%, KIT-PLCG2 PAKT [ STATS [l

ODTiﬁT“?ﬁéﬂ:éhé CEBTRIRENG, FEMTRT STATs [www|  pSTATS [
IR & 7208, GIST (123517 % PKD2 D=7 = 7 pSTATS El AP1GT [ - |

Z—i%, PUKBTHY, THICLY. GOALAPL L 3.PLCG2, AP1G1 D /v94™9v(E, PKD2 /y95 ™

WO T2 EAZIED F— 3 T2 REIZY 71— h LT, | o7z/aE—ens,

KIT B30 TGN IR LT U 5 = & i | AGTLCE2 A APEI 18725 70

HT =2 TS (K38, X 4),

(B)PKD2 BLOZEDT T =7 Z—F, S AFED RTK DJFERY 7 F vz Tl & iz &
pANA

BT MK HS A D IE R KIT R85 KIT, AML @ FLT3 ZEBAKD JB{ERR S 7 F L3132, PKD2
NEE L THWDE0E 20 Bt Lz, 1Z U2, HMC-1.1, HMC-1.2 (= A hlfa A M, 2 5% KIT),
Kasumi-1 (AML, Z85 KIT), M-07e (BVEERSFERME A IS, B4 KIT) O PKD2 %/ v 7 2
VL7l 2 A, KIT LB IO VIV ERE) -, S 512, AML O 20 Dl
B9 5 FLT3 BREIZOWTEH, PKD2 2/ v 7 X7 LThH, RFEICYH Y 7 b 28

SYSNGr 20 {61 G e Sk N ARG N il = 3 ————
otm). BB, PKD2 12 L% KIT O=/Lfary | [ e " [oncogenic signaling |
I, GIST (48312 6D ThH Y, s ARICHH ..
% RTK DAL H F FHEE DJER A = 2 I, PKIT 1 Golgi markor [ A°"";\"°" chez\g ~
PKD2 Tt TE 7, 22k oo = £

e
7)== 7B L OMEM & >3 7 B OB REMRAT

o
Dysregulated PI4P production,
NI TH DL EMP LN 25T, AP1/GGAT recruitment
L =» KIT Golgi/TGN retention
KIT-PLCG2-PKD2-PI4KB #% & 3 il I AR REIZ 7 )
4. GIST O KIT DT LS EZ#EBOETILE
AZLIZELoT KIT7ZITTIERL , DX /X | aBETIE. LBMRIY—=UFER4IZ. GIST O KIT £, PKD2 &%

BISTLORICERTHIEEHALMNICL, E5IT. COFBHRBEZRNEL
7 O).f.lﬂﬂ"‘jlj:] N4 S 4 ﬁ;ﬁééiﬁ;gﬁw—\ %ﬂﬁ; = KIT 7+ )V IBEE#HZERHL=.




GIST ML DHIHRCEENREIZ T 5 L CW D RIREMERH U . A4k, 2O X 5 ZRiEICI Ml 7 iE
Th b, 7=, GIST @ KIT LIS D RTK D FFERFE DK~ > F U —IZ2W\WTh, KRB THE
HLTAZ V== T HEEA L, IO LY, £, V7T ADENED U U —AR, SR
RS S 7 DT a y 7 IZBIIN D Z LD RIERRER 2 5HE L, Hiis PG # SRR o —B)
EL7zuvy,



5 5 2 4

Natsume M, Niwa M, Ichikawa S, Okamoto T, Tsutsui H, Usukura D, Murata T, Abe R, Shimonaka M,
Nishida T, Shiina I & Obata Y

Brefeldin A and M-COPA block the export of RTKs from the endoplasmic reticulum via simultaneous 2024

inactivation of ARF1l, ARF4, and ARF5

J. Biol. Chem. -
DOl

10.1016/j . jbc.2024.107327

Obata Y, Kurokawa K, Tojima T, Natsume M, Shiina I, Takahashi T, Abe R, Nakano A & Nishida T 42

Golgi retention and oncogenic KIT signaling via PLCy 2-PKD2-PI14KINIf3 activation in 2023

gastrointestinal stromal tumor cells

Cell Reports 113035
DOl

10.1016/j .celrep.2023.113035

Teranishi R, Takahashi T, Obata Y, Nishida T, Okubo S, Kazuno H, Saito Y, Serada S, Fujimoto M, 152

Kurokawa Y, Saito T, Yamamoto K, Yamashita K, Tanaka K, Makino T, Nakajima K, Hirota S, Naka T,

Eguchi H & Doki Y

Combination of pimitespib (TAS-116) with sunitinib is an effective therapy for imatinib- 2023

resistant gastrointestinal stromal tumors.

Int. J. Cancer 2580-2593
DOl

10.1002/ijc.34461

Yamawaki K, Shiina I, Murata T, Tateyama S, Maekawa Y, Niwa M, Shimonaka M, Okamoto K, Suzuki 11

T, Nishida T, Abe R, Obata Y.

FLT3-1TD transduces autonomous growth signals during its biosynthetic trafficking in acute 2021

myelogenous leukemia cells

Scientific Reports 22678

DOl
10.1038/s41598-021-02221-2.




Miyazaki T, Chung S, Sakai H, Ohata H, Obata Y, Shiokawa D, Mizoguchi Y, Kubo T, Ichikawa H, 113
Taniguchi H, Aoki K, Soga T, Nakagama H, Okamoto K.

Stemness and immune evasion conferred by the TDO2-AHR pathway are associated with liver 2022
metastasis of colon cancer

Cancer Science 170-181

DOl
10.1111/cas.15182.

2023

KIT PLCy 2-PKD2-PI14KIN1(3

96

2023

M-COPA

96

2023




KIT

45

2022

BFA-like

M-COPA

45

2022

GIST HSP90 TAS-116

31

2022

GIST Sunitinib TAS-116

30

2021







