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Advances in small molecule inhibitors of ACK1
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Abstract: ACK1 (activated Cdc42-associated kinase) is a non-receptor tyrosine kinase, originally identified
by its binding to the GTP-binding small GTPase Cdc42. It is widely expressed in human tissues and activated by
various extracellular growth factors such as EGF, PDGF and TGF-4. The activated ACK1 mediates the signaling
cascade by interacting with downstream effectors followed by their phosphorylation. In recent years, researchers
have investigated the biological functions of ACK1 and its roles in cancer research. The gene amplification and
overexpression of ACK1 is associated with a poor prognosis and metastasis in a variety of cancers including lung,
ovarian and prostate cancers. Therefore, the development of small molecule inhibitors of ACK1 provides promising
opportunities for cancer-targeted therapy. In this review, we briefly describe recent advances in understanding the
activation and biological function of ACK1 and introduce its novel inhibitors with potential therapeutic activities in
preclinical studies.
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AR~ . @ ACKLE:FY 1 T3 H mRNA K& A
ISP T v, A 3 SR AT B0E ACK L. af s 5 R 41
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Jifr g 3045 ACKL 5 R /K P I 7 111, L 3 i 3R 08 3
I0T TR (4R 22 RO, 55 e 1 e B AN TS AN RAH K
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Table 1 Summary of somatic mutations associated with ACK1 aberrant activation in human cells

Serial Mutant

No Mutation domain Wild type Mutant Tissue origin Reference
1 R34L SAM Arginine Leucine Lung [1,19]
2 E346K Kinase Glutamic acid  Lysine Ovary [1,2,19]
3 R99Q SH3 Arginine Glutamine Ovary [1,19]
4 M4091 SH3 Methionine Lsoleucine Stomach [1, 19]
5 R127H Kinase Arginine Histidine Colon [21, 22]
6 AB34T Proline-rich Alanine Threonine Stomach [21, 22]
7 S699N Proline-rich Serine Asparagine Hematopoietic and lymphatic system [21, 22]
8 pP731L Proline-rich Proline Leucine Thyroid [21, 22]
9 R748W Proline-rich Arginine Tryptophan Prostate [21, 22]

10 G947D Proline-rich Glycine Aspartic acid ~ Brain [21, 22]

11 P725L Proline-rich Proline Leucine Bladder, bone and soft tissue, brain, breast, cervix and vulva, [21, 22]

colon, head and neck, hematopoietic and lymphatic system,
kidney, liver, lung, ovary, pancreas, prostate, skin, thyroid,
normal control samples

12 M393T SH3 Methionine Threonine Colon [21, 22]

13 S985N UBA Serine Asparagine Kidney [21, 22]

14 H37Y Other Histidine Tyrosine Skin [21, 22]

15 E111K Other Glutamic acid  Lysine Skin [21, 22]

16 R1038H  Other Arginine Histidine Hematopoietic and lymphatic system, pancreas, skin, stom- [21, 22]

ach, normal control samples
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Figure 1 ACK1 activation and its role in cancer progress
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PI3K &5 . 55 e 19 R 2 B9
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051 2 FA 0 TS HE BT 1 A1) IR S R R AR A BT,
[ I AIM-100 32 7 41l 22 Ffr s 48 Jfd b AKT () Tyr176
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HoH ACKL & 1 /KPR #6 T E2/ER . DAAth B8 25 Ak 2
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FACPE AR SZ B4 H], 2 K s B 0, @t
FLR Ui R A P 0 LR R R X RT AR — N A
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JE R A T BE AN, ACKL 1) 771 76 18 % 5 At 5 38 25 it
2y M EAEEEM. Fik, AIM-100F4 32N T
LRI 70 2 e i e R0 R V6 9T
42 EvER

IAYP# JE (Dasatinib) £ #)# /x ILA Src £ Ablgi
SR, AT 0] 22 Folt 2 R AN A A2 R R R R U, TR 3L
AT 1] Ber-Abl S (L35 AR AR M RAR T ), dott ik
FH 3677 07 5 8 JE I 24 14008 R 2 (9 1M (CMIL)Eel,
HRIER I, 1LV # e v LLAIH Sre FAK A 3 115 5
B, T2 5 60 51 B 40 M RS B RS AR B
Fproa ik ybE Je ik v H ] CaP fAE K, i B B
55 Src 5 ACKL X} AR [RIA 551 4 7 ML T S BR R PR AL A 0%
BRI R AR AR A P AR K31, B CR (CWR22) iR i 1 &
TR, 2 0 e B PRI AT 0 TRt 245 9 785 Y8t P 400 At 751 B
RIIEVE Je 5 ACKL BA SHEEA 77 (Ky =6 nmol-L1)Hs],
IR L ACKL £ Jii Jet 20 i v 1 ] 1 D 5 £ 1) 245 W e
s, BB RIRIT & FEACKL I 44 3 2 A R
A7 5 (Tyr284. Tyr518. Tyr857 Al Tyr858) ) Tyr-fi ik
AT T TN
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IEVDE RN ACKLIAER 1L (1C5, N 1 nmol-L™Y),
A ACKL Y AR [ Tyr-267 iR AL . iA70 % 2
PE 48 v] #1 heregulin 75 5 1) ACKL s 15 74 AR 1)
Tyr-267 ff B2 AT AR M PE 1) i 25 JE RV 1, 1870 B
JE & AT $01 1] heregulin 5 5 (17 P4 Y5 14 AR B JE K] (1) %
Ko BV B R 2 B ACKL R P R V% TR T
JS R T A0 B S B R A AR AR K . B 2, ACKL B
Src @K BT IA V& Je A EGF % 5 11 AR | Tyr-267
T R 1k 5k EGF M35 11 AR V& 1, 3 /R A7 1EH Tyr-267 11
RUZ AN AR BERR AL, 2 IR T 1Y I 2 R T 0 A
5] ) AR 7 5 i R Ak . TA VD B JE 1T Bl i #0i ACKL
T Y T TE 50 51 B R R B R i
4.3 KRCA-0008

KRCA-0008 X 44 3 -40-Jt S8 Bk -%f -k e AU 4 R-2,4-—
TGS E, & —Fh = SO PRI, X ALK FTACKL
) B AT e B AN B, 1C, M8 20 1 9 12 F14 nmol-L L.
KRCA-0008 7F H3122 A JiiliJi /N R B v BoR T 5 50
W 5 8 A 224 P A P 3 PR

KRCA-0008 A [ U (19 5 24 14 R 4 (1 7K 3 14
(5% DMSO-7K H i fi# 5 A 54 pmol-Lt, 5% DMSO-PBS
22 PR VAR 9 150 pmol-LY); A BT L 2
S5 (KB 939%) ANLE N 1 28 #5422 (Corain Cotasma =
~0.02); ‘B B AT — & M I foRi A Fe e v (30 min J5 4 &
EE A5 23 531 s /N BR R 52%, KRR H 89%, A H 72%), 4
Jit €5 2% P450 [A] T & (cytochrome P450 proteins, CYP)
JUFRA MG . &L A2 S8 hERG M, J HAE
Ames SE I8 | Gy 844 W AR 5258 A B A% SE S TR 35 D )
PEBE, KRCA-0008 7 /) B A1 K B A 55 s HE 34T 1
253 I3, O IR AE VIR FH EE D 66%~94.5%1¢],
7E N it H3122 /)N RS B AT — 5 (1) i 2B K 4
YEHIU, KRCA-0008 & —Ffi 7 25 1 326 5 14 1 F 11 i
A= I 5 7 F ACKL U1 71, B A e R I AR
F AT
44 GNF-7REFTEY

GNF-7 X4 N-(4- F 5 -3 (1- F KL -7-((6- FF ALt g -
3-3E) B HE)-2- AR -1, 4- — e I I [4,5-d] W i -3(2H-
BE) IR FE)-3- (=50 ) 2K F B A, 2 — b 2 B e S
I35, A N ACKL A1 GCK ) X0 EE 4 B4 1] 571, 1C, 8.
4351 24 25 F118 nmol- LB, GNF-7 i it %} ACKL/AKT
A GCK HIIk A #f, o 80F Hk#5 b # ) T NRAS
RAPE AML A ALL A ) AR K. TER R A NIRR
ik €725 9 NRAS (1) MOLT-3-luc+ 4 il ) NSG /s i,
GNF-7 (15 mg-kg?, p.o.) &3 i N [ 1w R B, 4E
KT BRI # o o HLom 20 #0411 P-AKT fil P-RPS6
I 7KFe,

GNF-7 5 ik A 57 4= A1 58748 7Y Ber-Abl (1) Ba/F3
M R I T AR P B E P, L IC E /N T
11 nmol-L*. 75 N YR &5 9 40 g & Colo205 F1 SW620
W, GNF-7 R B 7 i A= K P 5 M, L 1C 20 1
95811 nmol-Lt. [F] I GNF-7 76 /) B ot 547 1
2903 J1 R e . fE R HE A T3151-Ber-Abl-Ba/F3 i
IR 11 ¢ /N AR R GNF-7 (10 mg-kg't, po) 43 &k it
)T bR ) AR KB
4.5 75 EMEEHIEIE = fE

Kopecky 51 5o 73 7 B AU B 1 5 i 1 N3,N6-
TS B IH- I R IR [3,4-d] W e -3,6- R AE N AR 2 AR T
SRR ACKL A RUFE B A 7)o X 9 26 ik
R R IZA S YR SR X A EAS
Thr205 [ ¥4 5= 50 1) — /> ZUHEBE ) 1] ATP 45 A 47 5%,
R ZAL AN R R B W 5 i ACK L 11571 2 — (ICs,
“9 20 nmol- L), {0 & 253l 77 R AR5 22, B il % i
FAE BRARR, Tz &R O IR AE R A
BRFENSGE. ZRVAE B TR TIRR SR .
46 MBIEHR-_RRLE

Miduturu ZEB4%t X 353 Fhig g 1) 118 P4k & 4 1)
IE A AP PRI, R BT M IR R AR B Rk
Ptk ACKL M7, FeAR4h Ky 15 nmol-Lt. 4R, 75
TR X} A7) B P MR E R 2K U & (10 pmol- L) A
AE 0 1) HEK293 40 il ' EGF % 5 1) ACK1 B & i 2
fbo YL GTP B T Cded2 (Cdcd2Q61L FRAFK),
WOE T ACKLB, & T &6/ #0HI1EH, B Cded2 5
ACKL [1) 254 1] e 5 B0 G4k, DT a1 e e 2R
TRIRE R AE, 10 pmol- L IE I TR Ak
AbBR 7 I () it e 240 R E S sk 4 A, 2R BHAZ AW i) 7 400 1)
SR AE K A R . H AT AL T I PR AT SC IR B
4.7 WRNEFH 0 UE FAA % H 12 0E

I I ST IE /N A A Y ) v T R R I e
T HZEHI ACK LM, 4,5,6- =B HIMRIEH:[2,3-d]
WA I -4- i (WK TR 185 ) i1 4,5,6- = HUAR 1) 7TH- ML g
[2,3-d] 5 Wi -4-fi (MHE P S e i ) 190

o, R IR JEmE g 7R 4R 4 (K = 70 nmol-L2, 1Cs, A
5.6 umol-LY) RE05 A5 A M ] ACKL ¥ . {H 55— 4l
) 751 bk 1 5 e W Tt AR A I b B AR, FEAR AR (1G5 9
10 nmol-L) R It B 5 f 4 1) 1%, 6 ACKL B
WAF R B (K = 0.03 nmol-LY). Rk &WE
4 i 7K 5 R RS A ACKL $01 I 4 D DA R, B 4 ) 38
Pifg 326 B 1 AR AMR TR AE, (H 254030 2= i s 22, 1
JI AR P FH AR, LA 2R 38 e S b, BRI T A
P PR eSS X Rl A E A 35 4 T I R AT

KA B .
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4.8 BKREFE[1,5-a]WERGTE D

Jin SEESR B T 25 W 45 M W v AN e 2 W Ak 2
J7 i, I T AR U IR R I T — R BRI [1,5-a]
M R A37 25 9 mT A S ACKL 41 770, MR 4 LR A= 9
B RGE B AR W AR R AR A2
R3h 712 (PK) Rt . X w5 [1,5-a] bk s A7 A= 7 it
1T %58, AR R B A0 42 SR 75 8 TR T 5% Ik 1
216 Fhafi A 2 B BEEIEAT oA, LRI R 4P Py PK
FEVEAIE FEVECS, 25 R B, B — Rl R ACKL )
#Hil5), 7E M N 1.0 pmol-Lt R, xF ACKL I3 i) £ i 7o
1% 100%, i Hofth 12 Figi s (= LR HESZ RIS YES.
FRK.FYN.HCK.LCK.SRC.LYNB.BLK.SRMS.TEC.
TXK F1 FGR &) B0 4E K T 80%.  E Ak % i F1
ADMET Hff ¢ 1. 3 B Ik W I [1,5-a] b R AT AE M A R
UFHIRZG PR, 8 B e — P A R e B v ACKL AT
TR, RR A= R FH o), B A AR e PR K DA S FH T 5% o
49 B ACKLANEHIEMRHE b5
49.1 Vemurafenib (PLX-4032, RG7204 8 RO5185426)
Vemurafenib, t 5 A4 PLX4032.RG7204 5f RO5185426,
T RA T HiG, BoA ATP 3754+ £ BRAF (V600E)
ANy T4 ), 1Cs 0N 31 nmol-LY, A B E T
iR vE M . Vemurafenib T+ 20114 8 A 17 H 3:158 FDA
L FH T i 3 SR 60 2R YR TT B, Vemurafenib i £
P 45 & BRAF (V600E) W i (1) ATP &5 & 4% 55 1 417
FLUE T, AN 5 25012 A e 2 Ak 1 e 4 A R R B
15 1 MAPK 7 45 5 30 2% 110 S0 i, 33k 1f s 2> ik 98 4
Ji ) 38 458591 . \emurafenib 2301 — 26 3E-RAF i i,
35 ACK1.KHS1 F1 SRMS, JL A5+ T ACKL ] IC,, A
19 nmol-L1 0, {1 Vemurafenib 5& FDA L7 1)/~ 73
THNHIFR, 0T ACKL = 3R 1A I i 7T g J& — P 4F
I TE R TT MG o SR, FLAE AR N 3 ACKL BBl Vs
PE ) DhRE 1 AR AT VP4
4.9.2 Bosutinib Bosutinib (SKI-606) #& H1 /% %t 4\ 7
TF R A8 = AR A SRC-ABL BB 771, 4 26 &
i A 2597 B R (FDA) fitdE F TR 97 CML i &1L,
ICs, 73 51 N 1.2 1 1 nmol-Lt. Bosutinib /% Fj - Src Lt
3 Sre ZK g B 1% B 14 =1, 1Cs 4 1.2 nmol LY, B AT 4%
1] Src 45 #8114 40 BB ¥E 5, 1C4, >4 100 nmol-L1 61, [
I 2 4, BT KRAS 58745 1 9E /s 41 Jfa it s+ Jd ik
ACKL fiill 3 # F42 28, BETE 2.7 nmol-L* (19 ICy, 25
A IR IR ACKL [ H W ER Ak . 70 i 40 i R FHBE 1 1
B R B RS T Wi %2 3], Bosutinib 42 8 i ACK1 LA KRAS
A P 7 2R A 1 e 1 P SR R AR 28164,
4.9.3 AZD9291 (Osimertinib) AZD9291 & — Ffi [
RS 25 (R AN AT T 1 | R AR e B 1 28 = AR R AR KA

T2 AR R R B (EGFR-TKI) 01 #1] 771), A 1 356 4 417
il EGFR-TKI B A1 EGFR T790M it 24 1k 5 Aplessel,
%} L858R F L858R/T790M 7 4% ] EGFR 7ifi 4 4111 1] 1)
ICso 27 514 12 11 1 nmol-LY, 322 T34 77 B 3R /N 4m
M i (NSCLC)E), AZD9291 %f EGFR T790M %45 7Y
A /N 20 e it e L A v 3k R P81, AZD9291 1 4 Ah
AR N AT 5 5 B, FEACEGFR /K P, JEilid PI3K/
Akt {5 5 38 1% % NSCLC 2= Bl H 45 214 1 410 ] £ e,
e Ah, AZD9291 S I At 22 Fol Il A 5 A 1 0 k) RUR
1 ErbB2/4. ACK1. ALK, BLK.BRK.MLK1.MNK2,
Hd %} ACKL I 1Cs, A4 71 nmol-Lt.  H AZD9291 H. 47
RO AEPRI B, Tz o0 An T, I RIE R
AL, /N BRI 3 B 24 0 3 hiol,
49.4 PD158780 PD158780 /& — ff% X} EGFR % jit
) BA R B304 7, % EGFR.ErbB2.ErbB3 #11 ErbB4
[ 1Cgo H 4 %1 4 8 umol-L*. 49 nmol-L*. 52 nmol-L*,
52 nmol-Lt, PD158780 £ A431 A\ 3 Ji ke o ] 1 1
EGFR ) H & # &1L (1Cy, = 13 nmol-LY), i 1] LL 31 41
SK-BR-3 fl MDAMB-453 . i 7 heregulin [ & 1k,
ICyo 143 51 J9 49 F152 nmol- L2, 35 B4k & Y% EGFR
SR G ) F AR R DR B B A TR PR, k4, PD158780
7] DA i) ACKY, 7E 44 41 1C5, £ 24 200 nmol-L2, H
PD158780 X ACKL [ I il /E I 5 77 & A i 1 . (HAE
P P 1) ACK L 8BV PE 1) T R e A 1R AT VP A, A0 TR
B2 IR NI R BT 72124

DL b LR 25935 B A — € i3 il ACKL v& £, {H
g B Z 0 i A VR IR NAIE AT, DA B AR N T BRI
PR, B A SRt AT 5 Sy ACK L f 3k 42 44 40 1l 751 o
DA R 510
5 RBE

4 2R T T 20 Fh 5 ACKL A BAE A 1 &
H, EE N E A, £ ElL FHERY AKTE ARMA
KDMB3ARSSE ot FE BTG, 7 2 Bl i Rk A2 K e rh ok
FEHEEMEH . (2 ACKL 2 A7 18 FL AR 42 289 240 i
AR ST REZLHATEE, B2 ACKLAHHAE
F 2 BRI R AR 45

T JA I 7T 2% BHUS, ACKL 4101 i) 71 75 22 Fh ik g o ]
080 e A K A% LA TR TR I R S FH BT S, [ B
ACKL ] T284-B B A0 A Ay b E W)t B A B 2 I IR
LW E. BT H A R B9 ACKL #1771 K 2 A7 75 1
HEIR R T AR VR AR PR B 22 5 i) 1S3,
I, X BN R I PR B A 200 ACKL i) 7517 K 5 K
FIRLIE B -

Y24 M1k, SCHR H R IE [ ACKL 1 51 41 & ATP
AU, K 2 BN 53 - S ) 70 #8 DL R 1) ATP &5
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Table 2 Summary of small molecule inhibitors of ACK1

Chemical name

Chemical structure

I1C,, Clinical application

Reference

AIM-100 ((S)-5,6-diphenyl-N-((tetra-
hydrofuran-2-yl)methyl)furo[2,3-d]py-
rimidin-4-amine)

Dasatinib (N-(2-chloro-6-methylphe-
nyl)-2-((6-(4-(2-hydroxyethyl)pipera-
zin-1-yl)-2-methylpyrimidin-4-yl)ami-
no)thiazole-5-carboxamide)

KRCA-0008 (1,1'-((((5-chloropyrimi-
dine-2,4-diyl)bis(azanediyl))bis(3-me-
thoxy-4,1-phenylene))bis(piperazine-

4,1-diyl))bis(ethan-1-one))

GNF-7 (N-(4-methyl-3-(1-methyl-7-
((6-methylpyridin-3-yl)amino)-2-oxo-
1,4-dihydropyrimido[4,5-d]pyrimidin-
3(2H)-yl)phenyl)-3-(trifluoromethyl)
benzamide)
N3-(2,6-Dimethylphenyl)-1-(3-me-
thoxy-3-methylbutyl)-N6-(4-(pipera-
zin-1-yl)phenyl)-1H-pyrazolo[3,4-d]
pyrimidine-3,6-diamine

2-((2-Methoxy-4-(4-methylpiperazin-
1-yl)phenyl)amino)-11-methyl-5,11-
dihydro-6H-benzo[e]pyrimido[5,4-b]
[1,4]diazepin-6-one

(S)-2,3-Diphenyl-N-((tetrahydrofuran-
2-yl)methyl)furo[2,3-b]pyridin-4-
amine

N-((1,3-Dithiolan-2-yl)methyl)-5-phe-
nyl-6-(4-(2-(pyrrolidin-1-yl)ethoxy)
phenyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-amine

(1S,3S)-3-(8-Amino-1-(2-methoxy-4-
phenoxyphenyl)imidazo[1,5-a]pyr-
azin-3-yl)-1-methylcyclobutan-1-ol

21 nmol-L* Breast cancer, prostate
cancer, lung cancer,
pancreatic cancer,
melanoma

1nmol-L* Lung cancer, prostate
cancer, chronic
myelogenous leukemia

4 nmol-L*  Lung cancer

25 nmol-L* Chronic myelogenous
leukemia

20 nmol-L* -

- Lung cancer

5.6 umol-L* -

5-10 nmol-L* -

110 nmol-Lt -

[34-37]

[38-46]

[47-49]

[50-52]

[53]

[54]

[55]

[55]

[56]
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Continued

Chemical name Chemical structure IC,, Clinical application  Reference
Vemurafenib (N-(3-(5-(4-chlorophe- 19 nmol-L* Melanoma [57-60]
nyl)-1H-pyrrolo[2,3-b]pyridine-3-car-
bonyl)-2,4-difluorophenyl)propane-1-
sulfonamide)
Bosutinib (4-((2,4-dichloro-5-me- 2.7nmol-L* Lung cancer [61-64]
thoxyphenyl)amino)-6-methoxy-7-(3-
(4-methylpiperazin-1-yl)propoxy)
quinoline-3-carbonitrile)
AZD9291 (N-(2-((2-(dimethylamino) 71 nmol-L* Lung cancer [65-70]
ethyl)(methyl)amino)-4-methoxy-5-
((4-(1-methyl-1H-indol-3-yl)pyrimi-
din-2-yl)amino)phenyl)acrylamide)
PD158780 (N4-(3-bromophenyl)-N6- 200 nmol-L* - [24, 71]

methylpyrido[3,4-d]pyrimidine-4,6-di-
amine)

Bz R R, IR ATP 5 S PRI 77 (1 3240 ) 7))

W AR RLX 7 2 R 1 ATP 4 5 A7 sile, X T)
BE 2 PR W PSS P, 98 T 2EL X1 il 48 5 3 2 28 £ AT

Aetk. BT ACKLE —RZ 4Ky FEA,
VA LA P ot HG Sl P s 22 O EEL 2, R, /N
B2 K5 6 T 20 P P AR R A7 R A i, AT DL
AR PR R TR ke SEE ACK L i g 45 4y 35 1) AE 5%
Ge Ptk P, 5 5 M 48T () Sam. Sh3 5K Crib 45 #4358,
M B 5 ACKL B RSN . AE A —FhAMARAIRTT
SR, ACKL 10 1) 771) 14 R 5 1k A A5t 400 o 26 2 40 25 1)
Tt e AF 5 5, T LG40 1) fieb R A A R A
bk, DA SRR P R S P R 6 SO A, R AR T G M B
afi AR F F ) ) (TR 4 570), °7 o & 1F 3k ACKL
P4 34 0 i 1 1) ) R AL BE A L0 R, H AT A Ik
AT 3RAF ACKL 5 5 M A8 R 410 551, R FH o3 R0 70 ik
PR (AS-MS) J7 15 T BN % 5 L8 75 A8 46 1 1) 551)
() B i i B R U, JF R 3R A58 B AT AR ATP 5% 4+
AR Koy ACKL #1177, FF: e 7> Ao JFE ot 30 2R, 920> 7
Yo WM, BF R ACKL A R #1751, A B8 ji oy — o 24
[¥1 ACKL il 5 o

HAAE BB BHFHAR 1225 K H AR FBLHT R
T, BF A B 2 (038 R v R ACK L 1) 57, 14— 25 52

I TR N R R, KA SRR T IR A R B, IR S
FoAh 2 VB AR T R T Re R AT YT . B, R
KH H AIM-100 Bk 70 8 Je S5 30 77 5 H At 245 1 1 1
& F 25, AT e A% i 55 28 R 9T T IR e T 2 1 K
A363T MR T R R X ACKL ) e Ath 28 L 1) 1 1) 24
Vran A 00 B DRR T 4%, AR R BEOCTE, (HAE AR
CRR AR

B B X ACKL B R 2 B A 251 ACKL 773
FAWEIFR, G BN T IR IR, B A g ot e Al R G
T IRt — 8 R AR YR, B T4 B R
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