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Through the structure-activity relationship study of cyclic Bentapeptide
CXCR7 ligands, a number of potent and highly selective ligands were identified. The binding modes
and structural requirements of some representative ligands were revealed by molecular modeling
studies. Efficient synthetic approaches for alkaloid scaffolds were developed, which can be
applicable to medicinal chemistry studies. Furthermore, several inhibitory molecules with unique
biological and/or functional properties were identified against sphingosine kinases, CK2 kinases and
NK3 receptor via the structure-activity relationship studies.
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NERET DY T ROSHNS TR
T - HERER ETH D, IR EED
L. CXCR7 BRIV > R ORI % Ji B
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CXCR7 e AAE A BL VS VE O FEAR < BRIk~
F R [25 mM HEPES-Na (pH 7.4), 250 mM
sucrose, 5mMMgCl,, 1 mMCaCl,, 140 mM NaCl,
0.5%BSA] 24U = /LIZIRIN L7z, SPA E—
2 (0. 25 mg/well) 35 J TN CXCRT %6 Hi o s
B4y (100-120 1 g/well) DIEAIAIEZ N Z
721512, HENE SDR-1 ik (0.25 nM) %
Mz TRAE L, RIETI1IERA Fa2X—
g %%, TopCount NXT % FHVNT 1 min/well
THEHEM:ZHIE L, SDF-1 OfaMHER%
HHL,

NK3 52 A A PR TS T O FHM : SB223412 7%
AR . RSP [His3, MePhe7]-NKB 35 &
TV NK3R ZEBLAMAafsEE 5y (10 1 g/well) Z %
&% A [50 mM HEPES (pH 7.4), 5 mM MgCl,,
1 mM CaCl,, 0.1 % BSA] A v Fa—
3y L, ZORAEWEEZ 0.3% polyethyl-
eneimine THIAH L7~ GF/B 7 4 )L X — %@
L7z, 7 4 V& — %k E#KE B [50 mM HEPES
(pH 7.4), 500 mM NaCl, 0.1 % BSA] T¥e
L. 55°CCHEIER L 7=, Z 4T MicroScint—0
VR L7T-%%. TopCount NXT % T ki
PEZHIE L, SDF-1 OfEALER A EH LT,

AT 4 AR —VHEEMEO AL
Jaspine B AR T 4 I FF—F
FLEEMEE, TV T 40—V 7 R T vEAIT
KV EHIG U7z (v F 31 A%t QuickScout®
P—t R), FEEHRE [20 mM HEPES (pH 7.5),
0.01% Triton X-100, 2 mM DTT] T# L 7=
ICEWIRG 2 A L. USRS & BRI
ZWMLTEHERTIRHA v F2—X— kL
77 [luM A7 4> =32, 5 mM MgCl, ATP
(25 uM for SphK1; 600 uM for SphK2)].
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T, 6 AEAA RZHME (DOR) OV H
VRTCHBEAF A= T 7 )
1K BAM22 A3, CXCR7 ~DfE A& 2142 &
DG SN, £ T, PFRAREES DR
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CXCR7T Z &K Y H v FFC313 (1) IZ2oW\WT, 3
FEFEOA A A 2RI % FC313 DA
WEM R 21T > 72 (R 1),

%1 :FC33 DA EAA FEEKITHT 2EMEM

ICs0 (UM)*
DOR MOR KOR

Met-Enk 0.0002 0.24

PF4455242 - 0.27

FC313(1)  >30 >30 >30

HHEE diprenorphine & VW72 B4 BHE
FERIZ X 0 EWIEEERME L2 2 A, W
NOF A A RZREITH LTHHEEEE
AR &3, FC313 1% CXCR7 &EIRAN Y Ho R T
BHDH I EDIRE ST,
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NFERT I ERICER LTS R B L
KR EREN Y v 1 —EOWREIT-
7= (F2), 205 b, Arg2 KX MeArgd D%
NZIUZHOWT, BRI KFREN R VAT
TILX =2 (Har) ICEHLT7-FER Qe &
N 3e) 3. FC313 LV &8 )1727E %2~ LT,
F7-. Arg2 & Cys (ZZ# L7=3F8E (K 2f 13,
NSO B L I=~TF RO Tl
LRSI IRIEMEAR L T2, 20O Cys OrfE
WITIEEREATE RN ATRE /R B RE AR X 72V b
DD, ZHREEOHFREFT-BMAER %
R L TWaA R+ ) v 7ick
VIR I N7,

£ 2 : FC313 M Arg2 £ & U MeArg3 D ;a1

Sequence 1Cso (uM)
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Pro-) (FC313, 1) 0.86
cyclo(-D-Tyr-Gln-MeArg-Nal(2)-Pro-) (2a) 9.5
cyclo(-D-Tyr-Cit-MeArg-Nal(2)-Pro-) (2b) 3.6
cyclo(-D-Tyr-Orn-MeArg-Nal(2)-Pro-) (2¢) 2.6
cyclo(-D-Tyr-Nar-MeArg-Nal(2)-Pro-) (2d) 2.6
cyclo(-D-Tyr-Har-MeArg-Nal(2)-Pro-) (2e) 0.59
cyclo(-D-Tyr-Cys-MeArg-Nal(2)-Pro-) (2f) 0.25
cyclo(-D-Tyr-Arg-MeGln-Nal(2)-Pro-) (3a) 5.8
cyclo(-D-Tyr-Arg-MeCit-Nal(2)-Pro-) (3b) 13
cyclo(-D-Tyr-Arg-MeOrn-Nal(2)-Pro-) (3¢) 1.3
cyclo(-D-Tyr-Arg-MeNar-Nal(2)-Pro-) (3d) 1.5
cyclo(-D-Tyr-Arg-MeHar-Nal(2)-Pro-) (3e) 0.68

D-Tyrl & Nal(2)4 |22\, D BEFHET
BB~ OEHIC L DS R L& AT
(#3), D-Tyrl ML, HEFET7 2= LT T
S UFEERONEIEWEFEREATHT I
JBE~DEHIZ LY | DT 72D HIEMED
RO NI, —J7, Nal(2)4 A, &
IR LTz 3 RFELIAMC L 2500 7 2/ i~
DB 2RI T b DO DN b IEMITET
L. Nal Q) i T D 2 & BRI S iz,

%3 : FC313 0 D-Tyr1 # & U Nal(2)4 Dy E 4R

Sequence ICso (UM)
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Pro-) (FC313, 1) 0.86
cyclo(-D-Phe(2-F)-Arg-MeArg-Nal(2)-Pro-) (4a) 0.37
cyclo(-D-Phe(4-Cl)-Arg-MeArg-Nal(2)-Pro-) (4b) 0.79
cyclo(-D-Phe(4-Br) -Arg-MeArg-Nal(2)-Pro-) (4¢) 0.72
cyclo(-D-Bpa-Arg-MeArg-Nal(2)-Pro-) (4d) 0.72
cyclo(-D-Nal(2) -Arg-MeArg-Nal(2)-Pro-) (4e) 0.69
cyclo(-D-Ala(3-Bzt)-Arg-MeArg-Nal(2)-Pro-) (4f) 0.54
cyclo(-D-Tyr-Arg-MeArg-Trp-Pro-) (5a) 4.9
cyclo(-D-Tyr-Arg-MeArg-Ala(3-Bzt)-Pro-) (5b) 52
cyclo(-D-Tyr-Arg-MeArg-Ala(3-Bztz)-Pro-) (5¢) 3.1

Abbreviations: Ala(3-Bzt), 3-(3-benzo[b]thienyl)alanine;
Ala(2-Bztz), 3-(3-benzo[b]thiazolyl)alanine.

FC313 @ Pro5 |%. CXCR7 Z&{KRICKHT A1
PEIZIN 2T CXCR4 2 AR & 0D @ VSR (2 %

HLTWLEERT I JBEETHL, —H.

Z D ProfllgEE & 0 F S BUKMEEAR T v MK
ERLOTHLZENDTFET IV 7T
DRIBINTVW, ZOFH, ZOENICHE

EHRENCHFEG T 2 ol EE T DT I/
[l & NIV 2= a2 = NN (5 A PN Y i
L7z, 2D bB, A2 KU U HIVR R
Ide 24 5X7F K 6b L MeNal (1) 24
T AXTTF K 6e iR IpIEMNE R LT, T
F R 6e X5\ 7208 & CXCRA~DFEA Z R LT
HLOD, ~XTF R 6b 1% 30uM TH CXCR4 ~
DOFEBRIEEZ R ST, BOh ORI 72
CXCR7T ZRIKU T RTHHZ LZRH LT,

% 4 : FC313 @ Pro5 O#&i&E 44868

Sequence 1Cso (uM)
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Pro-) (FC313, 1) 0.86
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Oic-) (6a) 0.35
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Idc-) (6b) 0.19
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MePhe-) (6¢) 0.60
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MeTrp-) (6d) 0.52
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MeNal(1)-) (6e) 0.17
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Ac4c-) (6f) 23
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MeAc4c-) (6g) 8.0
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Ac5c-) (6h) 17
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MeAc5c-) (6i) >30
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-Ac6c-) (6j) 8.7
cyclo(-D-Tyr-Arg-MeArg-Nal(2)-MeAcb6c-) (6k) >30
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ECso (uM)

CXCR7 SDF-1 1 6e
WT 0.014 0.091 0.49
DI79N 0.043 22 0.11
S198R 0.034 0.27 1.9
D275N 0.021 0.36 5.5
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compound R R R? R* ICso (nM)
SB223412 H H H OH 8.4
Ta H H OMe OH 1527
7b H OMe H OH 965
Te OMe H H OH 44
7d H H OH OH 6.0
Te H OH H OH 390
7t OH H H OH 245
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0 /\©/ 0
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ICs0 (SphK1) = >30 uM ICso (SphK1) = 4.0 uM
ICs0 (SphK2) = 2.2 uM IC50 (SphK2) = >30 uM
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10 13

ICso (SphK1) = 3.6 uM
ICso (SphK2) = 2.7 uM

ICso (SphK1) = 18 uM
ICso (SphK2) = 4.6 uM
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fifi 2 et L7,
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CCsq (A549) = 8.5 uM
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N N .
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s X
15 16 o//\\Ar /@:
Ar = CgHy(4-OMe) MeO,C R

Sn = Sn(n-Bu); 17
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N
[ D—nw
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19a
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