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Abstract

CXCR4 dimerization has been widely demonstrated both biologically and structurally. This paper
mainly focused on the development of structure-based dimeric ligands that target SDF-1a-CXCR4
interaction and signaling. This study presents the design and synthesis of a series of [PEG]n ([-
CH5-CH»-0-]n) linked dimeric ligands of CXCR4 based on the knowledge of the homodimeric
crystal structure of CXCR4 and our well established platform of chemistry and bioassays for
CXCRA4. These new ligands include [PEG],, linked homodimeric or heterodimeric peptides
consisting of either two DV3-derived moieties (where DV3 is an all-D-amino acid analog of N-
terminal modules of 1-10 (V3) residues of vMIP-II) or hybrids of DV3 moieties and SDF-1a.1_g.
Among a total of 24 peptide ligands, four antagonists and three agonists showed good CXCR4
binding affinity, with 1Csqg values of <50 nM and <800 nM, respectively. Chemotaxis and calcium
mobilization assays with SUP-T1 cells further identified two promising lead modulators of
CXCR4: ligand 4, a [PEG3] linked homodimeric DV3, was an effective CXCR4 antagonist (ICsq
=22 nM); and ligand 21, a [PEGg3], linked heterodimeric DV3-SDF-1a4_g, was an effective
CXCR4 agonist (ICsg = 407 nM). These dimeric CXCR4 modulators represent new molecular
probes and therapeutics that effectively modulate SDF-1a-CXCR4 interaction and function.

Keywords
CXCR4; PEG,; dimeric ligands

1. Introduction

The CXC chemokine receptor 4 (CXCR4) is a G-protein-coupled receptor. It consists of 352
amino acid residues that comprise an amino (N)-terminus, three extracellular and
intracellular loops, seven transmembrane (TM) helices, and a carboxyl (C)-terminus [1-3].
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CXCR4 transmits signals from extracellular ligands to intracellular biological pathways
upon binding with its natural ligand, stromal-cell derived factor (SDF)-1a. [4-6]. The
SDF-1a-CXCR4 axis plays an important role in the regulation of leukocyte chemotaxis,
angiogenesis, cancer metastasis, and HIV-1 infection [7-11].

Recently reported crystal structures of CXCR4 have revealed the importance of CXCR4
homodimerization or heterodimerization (with other GPCRs) in CXCR4 functions [2]. A
two-site model for separation of binding and signaling is assumed, based on chimeric,
mutational, and crystal studies [2, 12]. The binding pocket of CXCR4 is located close to the
extracellular surface, as indicated by the co-crystal structures of CXCR4 bound to an
antagonistic small molecule (IT1t), a cyclic peptide (CVX15), and vMIP-I1 [2, 12]. This
pocket includes the acidic residues Asp87, Glu288, and Asp®’, which are critical for SDF-1a
binding [2, 13, 14]. The importance of Glu288 for inhibition of SDF-1a signaling and HIV
entry mediated by synthetic CXCR4 antagonist ligands (e.g., DV1) was also demonstrated in
our previous research [6, 14, 15]. The N-terminus of SDF-1a may use the sequence motif
that occurs immediately after the first two cysteine residues to interact with the extracellular
loops of CXCR4, thereby reaching deeper into the transmembrane domains of CXCR4 for
signaling. Conjugation of low-affinity peptides derived from the N-terminal sequence of
SDF-1a with the stable and high-affinity CXCR4 antagonist confers agonist properties to
the hybrid peptides, which retain high binding activity [16]. Further deciphering of the
structure-function details of CXCR4 with its synthetic ligands will generate new
opportunities for drug discovery efforts that target specific functional residues of this
receptor.

In addition to its endogenous ligands, CXCR4 can be recognized by an extraneous viral
derived antagonistic ligand, named viral macrophage inflammatory protein-11 (vMIP-11)
[13]. This vMIP-II ligand is encoded by the Kaposi’s sarcoma-associated herpes virus and
displays a broad spectrum of receptor-binding activities when compared to native
chemokines, as it binds with high affinity to a number of both CC and CXC chemokine
receptors, such as CCR5 and CXCR4 [17-19]. In the past several years, we have
successfully transformed vMIP-I11, a very nonselective chemokine, into a series of new
analogs with significantly enhanced selectivity and potency for CXCR4, through
modifications of only small N-terminal modules of 1-21 (V1) and 1-10 (V3) residues [20—
22]. An all-D-amino acid analog of the V1 peptide, DV1, displays higher binding affinity
than V1 for CXCR4 [23]. The turn-like, hydrophobic structure of DV1, consisting of Trp®,
His®, and Pro® residues, which is critical for selective CXCR4 binding. Leul exhibits
hydrophaobic interactions with His113, Val114, and 11e259 of CXCR4; Ser4 forms a
hydrogen bond with Tyr28 of CXCR4; and His6 undergoes van der Waals interactions with
116269 of CXCR4 [22, 24]. We conjugated DV1 with its 10 N-terminal D-amino acid
residues (named DV3) and generated a new dimeric ligand DV1-K-DV3. This new dimeric
analog showed higher affinity for CXCR4 and effective anti-HIV activity [25]. It also
selectively lost its capability to bind to other receptors (e.g., CXCRS5). The use of unnatural
D-peptides can be advantageous for molecular probe and therapeutic development, because
these D-peptides are highly stable under physiological conditions [21-24].

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.
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In the present study, we used knowledge of the homodimeric crystal structure of CXCR4 [2]
and Fmoc solid-phase chemistry to design and synthesize a series of PEG linked
homodimeric or heterodimeric peptides consisting of either two DV3-derived moieties or
hybrids of DV3 moieties and SDF-1a.(1-8), according to the methods published previously
[26-30]. We developed two promising modulators of CXCR4: one homodimeric peptide that
was an effective antagonist and one heterodimeric peptide was an effective agonist. The
process for synthesizing these new dimeric CXCR4 modulators was simpler and more rapid
than that for the DV1 dimers, but they showed considerable biological activity. They
represent new probes and drug candidates for regulation of CXCR4 function.

2. Results and discussion

2.1. Identification of high affinity dimeric ligands for CXCR4

We synthesized a series of new dimeric CXCR4 ligands using PEGn as a linker (Chart 1,
Schemes 1 & 2). The two wild-type (DV3), linked by PEG3, PEGs, and PEG+7 had similar
ICsp values: (DV3-PEG3),K (4) (IC50=22 nM), (DV3-PEGs),K (5) (IC50=23 nM), and
(DV3-PEG7)2K (6) (IC50=25 nM) (Figure 1, Table 1). This finding suggests that the length
of PEG3 is optimal and that any length longer than PEGj is redundant for the function of
dimeric DV3. We calculated the distance between two binding sites of dimeric CXCR4 as 40
angstroms. The linker of peptide 4 in the modeling analysis has nearly the same distance of
40 angstroms. The (DV3-PEG3),K (4) had similar CXCR4 binding affinity to that of
AMD3100 (IC5¢=65 nM); but its binding dramatically higher than the following controls:
the DV3 monomer (1) (IC50=2 uM); the short linker lysine linked DV3 dimer (2) (IC50=462
nM); and the monomer DV3-PEG3-K (3) (IC5q = 2.2 UM). The lowering or reduction of
CXCR4 binding affinity caused by the deletion of amino acids of DV34_19 (7-14) indicated
the importance of these amino acids. An increase in the length of the PEG linkers (10-14) to
compensate for the deletions of the C-terminal DV34_19 (to keep the total linear length of
dimer peptide unchanged) did not restore or increase the CXCR4 binding affinity (Table 1
and Figure 1). The importance of the last four C-terminal amino acids of DV3 was further
confirmed by synthesizing new analogs using an alanine scanning mutagenesis strategy.
Single amino acid mutations of DV37_1 (15-18) showed that DV37 and DV31¢ mutation
resulted in a decrease in the CXCR4 binding affinity, DV3g and DV3g mutation did not show
significant change of CXCR4 binding affinity (Table 1) and cell migration (Table 2, see 3.3.)
activity.

In contrast to the monomer DV3, the N-terminal SDF-1a derived monomer peptide
SDF-1a1_g (19) showed a very low CXCR4 binding affinity. We employed the same PEG
linker strategy to synthesize a number of PEG linked heterodimeric peptide ligands of
CXCR4: 21 [DV3-PEG3-K-(PEG3-SDF-1a1_g)], 22 [DV3-PEGs5-K-(PEG5-SDF-1a.1_g)], 22
[DV3-PEG3-K-(PEG3-SDF-1a_g)], and 24 [DV3-PEG3-K-(PEG5- SDF-1a41_g)] (Table 1).
Ligand 21 exhibited the best CXCR4 binding and agonist (see 3.2 & 3.3) activity of all the
other ligands, as defined by the calcium mobilization assay and migration assay.

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.
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2.2. Characterization of lead dimeric ligands of CXCR4 that mediate Ca2* signaling

The interaction of CXCR4 with its ligands can trigger a series of intracellular signaling
pathways. Among these, the Ca?* mobilization mediated signaling is very critical and
typically involved in SDF-1a/CXCR4 mediated chemotaxis. We conducted intracellular
Ca?" influx experiments in order to identify lead ligands that had either antagonist or agonist
activity using Synergy H1 with a Ca2* indicator, Fura-2/AM. Based on CXCR4 binding
studies, we performed a series of primary Ca2* influx assays for both peptides and their
analogs; these showed good CXCR4 binding activities in the absence and presence of
SDF-1a, respectively. We selected the following candidate peptide ligands: 4-7, 16, and 17,
which were homodimeric CXCR4 ligands and 20-22 and 24, which were heterodimeric
ligands. We found that ligand 4 had only antagonistic activity and ligand 21 had only
agonistic activity (Figure 2). Ligand 4 at 1 uM and 200 nM, inhibited approximately 90%
and 50% Ca2* influx caused by 100 nM SDF-1a stimulation, respectively (Figure 2A).
Other homodimeric ligands, including 5-7, 16, and 17, showed weaker or slightly
antagonistic effects on the SDF-1a-induced Ca?* influx.

In contrast, ligand 21 at 2 uM triggered a Ca2* influx as strong as that seen in response to
100 nM SDF-1a. Under the same experimental condition, ligand 21 at 400 nM was
sufficient to trigger 50% of the Ca2* influx induced by 100 nM SDF-1a (Figure 2B).
Ligand 20 showed a weaker agonistic effect on CaZ* influx, while ligands 22—24 showed no
significant effect (data not shown).

2.3. Evaluation of CXCR4™" cell migration mediated by dimeric ligands

We further confirmed the antagonist and agonist activity of these lead CXCR4 ligands by
performing cell migration assays in the presence or absence of SDF-1a. Ligand 4 showed
the highest inhibitory activity against migration of CXCR4" SUP-T1 cells: at 100 nM it
inhibited more than 65% of the cell migration triggered by 10 nM SDF-1a. By contrast,
Ligands 6, 7, 10, 16, and 17 inhibited cell migration in response to 10 nM SDF-1a. treatment
by less than 50%, indicating that the PEG3 linked dimer DV3 (ligand 4) is the lead
antagonist candidate for CXCR4 (Figure 3A). We checked the effects of these peptides on
cell viability at 100 nM; none of the peptides showed any cytotoxic effects on these cells.

The reduced antagonist activity of ligands 6, 7, 16, and 17 suggests that the full sequence of
DV3 (1-10 amino acids), the (PEG3) linker, and the 8t and 9" amino acids are all critical
for the antagonist function of ligand 4. Ligand 5 showed similar anti-migration activity to
ligand 4, but the ligand 6 with longer linker (PEG7), showed weaker anti-migration activity
than ligand 3 (Table 2) and therefore made it less ideal for future modification and
application.

Among the heterodimeric ligands 20-22 and 24, the PEG3 linked heterodimeric ligand 21
showed good activity for promoting CXCR4* SUP-T1 migration (Figure 3B), which is
consistent with its CaZ* influx assay results.

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.
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3. Conclusions

In conclusion, we used a dual-motif strategy to design and synthesize a series of new PEG-
linked dimeric DV3 [e.g., (DV3-PEG3),K] analogs. We demonstrated potent binding
activities of PEG-linked homo- or heterodimerized DV3 analogs that were dependent on the
DV3 dual motif, the amino acid sequences, and the length of PEG linkers. We confirmed
that these novel CXCR4 modulators have extremely potent activity at low nanomolar
concentrations and can block (homodimeric analogs) or promote (heterodimeric analogs)
Ca?* influx-mediated signaling and the chemotactic migration of CXCR4-expressing cells.
Two promising modulators of CXCR4 were identified: one homodimeric peptide 4 (DV3-
PEG3)oK was an effective antagonist, and one heterodimeric peptide 21 DV3-PEG3-K-
(PEG3-SDF-1a1_g) was an effective agonist. These dimeric CXCR4 modulators may be
valuable in developing new probes and experimental therapeutics that target SDF-1a.-
CXCR4 interaction and function.

4. Experimental section

4.1. Chemistry

All crude peptides were purified by RP-HPLC with the gradients of acetonitrile in water
containing 0.01% TFA. The purity (>95%) of all peptides was checked by analytical HPLC
through a C18 reverse-phase column (Figures S1 and S2), while the molecular weights of
peptides were determined by MALDI-TOF-MS (Table S1). The monomer peptides 1, 19,
and dimer peptide 2 were synthesized according to a common Fmoc solid-phase peptide
synthesis method published previously (14, 21, 23). The peptide 3 was purchased from
Crefu Peptides (Shanghai, China).

4.2. Synthesis of homodimer peptide 4-18

The Rink amide resin (1 equiv) was added to the reaction container, washed with DCM and
DMF, and deprotected twice with 20% piperidine in DMF for 10 min each time. The Fmoc-
Lys(Fmoc)-OH (5 equiv), HOBLt (5 equiv) and DIC (5 equiv) were added together with 2 mL
DMF and reacted for 4 h, The two Fmoc groups of lysine were deprotected and coupled with
different linker (10 equiv) together with HOBt (10 equiv) and DIC (10 equiv) in 2 mL DMF
for 6 h. Fmoc-NH-(PEG),CH,CH,-COOH (MW=443.50) was used to synthesized peptides
4-18. Different lengths of the DV3 sequence, from the C-terminal to the N-terminal, were
then coupled onto the PEG linker through Fmoc-D-aa by the same method used for coupling
of the linker. For peptides 15, 16, 17, and 18, the amino acid of DV3 at position 7, 8, 9, and
10 was mutated into alanine, respectively.

The Fmoc groups of last amino acids acid was deprotected, and the peptide was then cleaved
from the resin with the cocktail cleavage solution (TFA:H,O:Thiophenol = 90:5:5). The
crude peptide was precipitated and washed twice with cold ethyl ether.

4.3. Synthesis of heterodimer peptide 20-24

The Rink amide resin (1 equiv) was washed with DCM and DMF in the reaction container,
and deprotected twice with 20% piperidine in DMF for 10 min each time. The Fmoc-

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.
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Lys(dde)-OH (5 equiv), HOBLt (5 equiv) and DIC (5 equiv) were coupled with resin in 2 mL
DMF for 4 h. For peptides 21-24, one PEG linker was coupled to the N-a position of the
first lysine using Fmoc-NH-(PEG)3CH,CH»-COOH (MW=443.50). The DV3 sequence
from the C-terminal to the N-terminal was coupled onto the PEG linker with the last D-
amino acid protected by Boc group. After the coupling of the DV3 sequence was complete,
the dde group of the first coupled lysine was deprotected with 2% hydrazine in DMF. Then,
the other PEG linker was coupled onto the e-amino group of the first coupled lysine and the
sequence of SDF-1a.1_g from the C-terminal to N-terminal was coupled onto the PEG linker
through Fmoc-L-aa (5 equiv), HOBt (5 equiv) and DIC (5 equiv) in 2 mL DMF. For peptide
20, the DV3 and SDF-1a.1_g sequences was directly coupled to the a and e amino groups of
the first lysine, respectively. The Fmoc groups of last amino acids acid was deprotected
before washing with DMF and DCM, then the peptide was cleaved from the resin with a
cocktail cleavage solution (TFA:H,O:Thiophenol=90:5:5) for 2 h. The crude peptide was
precipitated and washed twice with cold ethyl ether.

4.4. Competitive CXCR4 binding assay

CHO cells stably transfected with CXCR4 (over 98% CXCR4-positive cells) were cultured
in RPM11640 medium with 10% (v/v) FBS, 100 IU penicillin, 0.1 mg/mL streptomycin and
2 mM L-glutamine. Cells were collected and washed twice with FACS buffer (0.5% BSA,
0.05% sodium azide in phosphate-buffered saline). Competition binding experiments were
performed using anti-CXCR4 MADb (1:2000, mouse anti-human CD184 antibody, BD
Biosciences, USA) in a final volume of 100 uL FACS buffer containing 4 x 10° cells in V-
shaped 96-well plates in the presence of various concentrations of peptides. After incubation
for 40 min at 4°C, cells were washed twice with FACS buffer, and then were stained with
anti-mouse IgG-FITC (1: 1000, Sigma, St. Louis, MO) for 30 min at 4°C. As a negative
control, cells were stained only with the secondary antibody. The cells were washed with
FACS buffer and resuspended in 100 pL of FACS buffer before the fluorescence (485gx/
528g\) was analyzed on a Synergy 2 microplate reader (BioTek, USA). At least three
independent experiments were performed. The binding data were analyzed using GraphPad
Prism 5. All data are shown as means + S.E. from at least three independent experiments.

4.5. Calcium mobilization assay

SUP-T1 cells were collected and washed twice with Hank’s balanced salt saline solution
[140 mM NaCl, 5 mM KCI, 10 mM Hepes (pH 7.4), 1 mM CaCly, 1 mM MgCls, 1 mg/mL
glucose, and 0.025% BSA]. The cells (107 cells/mL) were then loaded with fura-2/AM (2
UM, Molecular Probes, USA) and probenecid sodium (5 uM, Sigma, USA) in the same
buffer for 30 min in a 5% CO5 incubator with gentle vortexing every 5 min. After
incubation, the cells were washed and resuspended at a density of 2 x106 cells/mL. A 200
uL volume of cells were then added per well to a 96-well opaque black plate. Fura-2
fluorescence was measured on a Synergy H1 microplate reader (BioTek, USA) using
excitation wavelength of 340 and 380 nm and an emission wavelength of 510 nm. The
antagonist activity was evaluated by pre-incubating the peptides with cells for 2—-3 min,
followed by stimulation with 50 nM SDF-1a.. The agonist activity was evaluated by adding
the peptides to the cells after recording the base line for 2 min.

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.
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4.6. CXCR4 chemotaxis assay

SUP-T1 cells were cultured in RPM11640 medium with 10% (v/v) FBS, 100 IU penicillin,
0.1 mg/mL streptomycin, and 2 mM L-glutamine. On the day of experiment, the cells were
collected and washed twice with assay buffer (RPM11640 medium with 0.5% BSA) by
centrifugation. For antagonist assay, a sample containing 1 x 10° cells was first incubated
with peptides of various concentrations for 2 h, and then were seeded at 100 ul per well in
the upper chambers of HTS transwell 96-well plates with 5 pm pore size (Corning, USA).
The upper chambers were placed into the lower chambers, which contained 200 L assay
buffer and 10 nM SDF-1a as chemoattractant. Background groups were run by adding only
assay buffer to the lower chambers. For agonist assay, peptides were added into 200 L
assay buffer in lower chamber at different concentrations and 10 nM SDF-1a was used as a
positive control. The transwell plate was placed in a 37°C cell culture incubator for 3 h
while the cells were allowed to migrate. After incubation, the upper chambers were removed
and SUP-T1 cells that had migrated to the lower chambers were quantified by Cell Titer-
Blue reagent (Promega, USA).
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Figure 1.
A. Comparison of the CXCR4 binding activity of PEG linked DV3 homodimers. B.

Comparison of the CXCR4 binding activity of PEG linked DV3 and SDF-1a_g
heterodimers. The ICsq values of these ligands were determined by 12G5 antibody
competitive binding assays (Table 1). All data are presented as mean + S.E. from at least
three independent experiments.
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Figure 2.

Effects of PEG-linked DV3 analogs on CXCR4-mediated calcium mobilization. CaZ* influx
in SUP-T1 cells was measured in response to the treatment with SDF-1a and/or DV3
analogs. For antagonistic assay (A), peptides were pretreated for 3 min before SDF-1a was
added into the cells; for agonistic assay (B), peptides were added in the same pattern as
SDF-1a.
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Figure 3.
Effects of PEG-linked DV3 analogs on CXCR4-dependent chemotaxis. A. The antagonist

activity of homodimeric peptides (100 nM) in blocking SDF-1a-mediated chemotaxis.
Chemotaxis was expressed as the percentage of SUP-T1 cells initially seeded in the
transwells that migrated into the bottom chambers following stimulation by 10 nM SDF-1a.
B. The agonist activity of chemotaxis induced by heterodimeric peptides that mimics
SDF-1a-mediated chemotaxis. Data were expressed as the fold change of migrated SUP-T1
cells into the bottom chambers following stimulated with 10 nM SDF-1a or heterodimeric
ligand 21 compared with vehicle group. Each experimental data point was generated from at
least three independent experiments and expressed as mean + S.E.
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Scheme 1.

Scheme of solid-phase synthesis of homodimer peptide ligands of 4-18. Reagents and

(DV3-PEG,,).K

4
S

6

O—Nl IFmoc
Fmoc-Rink Amide NBHA resin
l a,b
O_Nl 1-K(Fmoc)-Fmoc

a.c

o—m 1-]]{ —PEG,,-Fmoc

YE o ~
PEG,,-Fmoc

a.d. e

!

m=3
m=35
m=7

!

(DV3,,, -PEG,,)),.K
7 n=8. m=3
8 n=6. m=3
9 n=4. m=3
10 n=8. m=5
11 n=6. m=7
12 n=3. m=7
13 n=4. m=9
14 n=6. m=9

!

[DV3(X)-PEG,,].K

15
16
17
18

X=R7A
N=P8A
X=D9A
X=K10A

m=3
m=3
m=3
m=3

Page 13

conditions: (a) 20% piperidine in DMF. (b) Fmoc-Lys(Fmoc)-OH, HOBt, DIC and DMF. (c)
Fmoc-NH-(PEG)m-CH,CH,-COOH, HOBt, DIC and DMF. (d) Fmoc-D-aa, HOBt, DIC
and DMF. (e) TFA:H,0O:Thiophenol = 90:5:5.
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Scheme 2.

Scheme of solid-phase synthesis of heterodimer peptide ligands of 20-24. Reagents and
conditions: (a) 20% piperidine in DMF. (b) Fmoc-Lys(dde)-OH, HOBt, DIC and DMF. (c)
Fmoc-D-aa, HOBt, DIC and DMF. (d) 2% hydrazine in DMF. (e) Fmoc-L-aa, HOBt, DIC
and DMF. (f) TFA:H,0O:Thiophenol = 90:5:5. (g) Fmoc-NH-(PEG),CH,CH,-COOH,
HOBt, DIC and DMF. (h) Fmoc-NH-(PEG),CH,CH,-COOH, HOBt, DIC and DMF.
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Chart 1.
Chemical structures of dimeric peptide ligands.
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Table 1

The synthesized bivalent ligands and CXCR4 binding data.

L-G-A-S-PEG,

No. | Peptide name Structure®b CXCR4 binding activity(I1Csg)

1 DV3 L-G-A-S-W-H-R-P-D-K 20+£0.2puM

2 DV3 dimer L-G-A-5-W-H-R-P-D-K 462 +30.1 nM

L-G-A-5-W-H-R-P-D-K
3 DV3-PEG;-K L-G-A-S-W-H-R-P-D-K-PEG3-K 22+03puM
4 (DV3-PEG;),K L-G-A-S-W-H-R-P-D-K-PEG ;-K 22+1.2nM
L-G-A-S-W-H-R-P-D-K-PEG;

5 (DV3-PEGs),K L-G-A-S-W-H-R-P-D-K-PEG;-K 23+2.2nM
L-G-A-8-W-H-R-P-D-K-PEG;

6 (DV3-PEG;),K L-G-A-8-W-H-R-P-D-K-PEG;-K 25+2.9nM
L-G-A-S5-W-H-R-P-D-K-PEG,

7 (DV3,_5-PEG3;),K L-G-A-S-W-H-R-P-PEG;-K 144 +£14.7 nM
L-G-A-S-W-H-R-P-PEG;

8 (DV3,_6-PEG3;),K L-G-A-S-W-H-PEG ;-K >1uM

L-G-A-S-W-H-PEG;
9 (DV3,_4-PEG3),K L-G-A-8-PEG;-K >1uM
L-G-A-S-PEG;
10 | (DV3,_g-PEGs),K L-G-A-S-W-H-R-P-PEG;-K 110 +14.2nM
L-G-A-S-W-H-R-P-PEG;
11 (DV3,4-PEG7),K L-G-A-S-W-H-PEG-K >1uM
L-G-A-S-W-H-PEG4
12 (DV3,_3-PEG7),K L-G-A-PEG,-K >1uM
L-G-A-PEG;
13 (DV3,_4-PEGg),K L-G-A-S-PEG4-K >1uM

Bioorg Med Chem. Author manuscript; available in PMC 2017 July 05.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Yang et al.
No. | Peptide name Structure&b CXCR4 binding activity(I1Csg)
14 | (DV3,_6-PEGg),K L-G-A-S-W-H-PEG,-K >1uM
L-G-A-S-W-H-PEG,

15 [DV3(R7A)-PEG;],K L-G-A-S-W-H-A-P-D-K-PEG;-K >1uM
L-G-A-5-W-H-A-P-D-K-PEG;

16 [DV3(P8A)-PEG;],K L-G-A-S-W-H-R-A-D-K-PEG;-K 64 +5.6 nM

L-G-A-S-W-H-R-A-D-K-PEG;

17 | [DV3(D9A)-PEG;],K L-G-A-S-W-H-R-P-A-K-PEG;-K 34+42nM
L-G-A-S-W-H-R-P-A-K-PEG;

18 [DV3(K10A)-PEG;],K L-G-A-S-W-H-R-P-D-A-PEG;-K >1uM
L-G-A-S-W-H-R-P-D-A-PEG;

19 | SDF-la;g K-P-V-S-L-S-Y-R No binding

20 DV3-K-(SDF-1a;_g) L-G-A-S-W-H-R-P-D-K-K 502 + 61.1 nM

K-P-V-8-L-S8-Y-R
21 DV3-PEG;-K-(PEG3-SDF-1a_g) L-G-A-S-W-H-R-P-D-K-PEG;-K 407 £31.2nM
K-P-V-5-L-5-Y-R-PEG;
22 DV3-PEGs-K-(PEGs-SDF-1a_g) L-G-A-S-W-H-R-P-D-K-PEGs-K 747 £70.3nM
K-P-V-S8-L-S-Y-R-PEGs
23 | DV3-PEG;-K-(PEG;3-SDF-1a;.s) L-G-A-S-W-H-R-P-D-K-PEG;-K 1.56 0.2 UM
K-P-V-S-L-PEG;
24 DV3-PEG;-K-(PEGs-SDF-1a_g) L-G-A-S-W-H-R-P-D-K-PEG;-K 737 £53.4nM

K-P-V-S-L-S-PEG;

aAII bivalent ligands have an unmodified N-terminal and an amide modified C-terminal.

bAII bold symbols are p-amino acids.
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Migration of CXCR4™* cells mediated by homodimeric ligands.

Table 2

No. | Peptide name Migration activity (inhibition % at 100 nM)
4 (DV3-PEG;),K 67 +8.2
5 (DV3-PEGg),K 66 +9.3
6 (DV3-PEG;),K 48+59
7 (DV3,_g-PEG3),K 28+16
10 | (DV3,-PEGs),K 34+05
16 | [DV3(P8A)-PEG],K | 23+36
17 | [DV3(D9A)-PEG;,K | 21+1.2
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