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Abstract—Novel highly potent CXCR4 inhibitors with good pharmacokinetic properties were designed and optimized starting from
the naturally occurring B-hairpin peptide polyphemusin II. The design involved incorporating important residues from polyphem-
usin II into a macrocyclic template-bound B-hairpin mimetic. Using a parallel synthesis approach, the potency and ADME prop-
erties of the mimetics were optimized in iterative cycles, resulting in the CXCR4 inhibitors POL2438 and POL3026. The inhibitory
potencies of these compounds were confirmed in a series of HIV-1 invasion assays in vitro. POL3026 showed excellent plasma sta-
bility, high selectivity for CXCR4, favorable pharmacokinetic properties in the dog, and thus has the potential to become a ther-
apeutic compound for application in the treatment of HIV infections (as an entry inhibitor), cancer (for angiogenesis suppression
and inhibition of metastasis), inflammation, and in stem cell transplant therapy.

© 2006 Published by Elsevier Ltd.

1. Introduction

The a-chemokine stromal-derived factor (SDF)-1a (also
known as CXCL12) binds to the transmembrane G-pro-
tein coupled receptor CXCR4. CXCR4 was first discov-
ered as a co-receptor, with CD4, for the entry of T-cell
line-tropic (X4) HIV-1 into T-cells.! Another chemo-
kine receptor, CCRS, also acts as a co-receptor for
HIV, but for the cellular entry into macrophages of
(M)-tropic HIV-1.+7 The CXCR4-SDF-1 interaction
is also a master regulator of normal and cancer stem cell
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trafficking in the human body,®!'! and so plays a key

role in the progression and metastasis of various types
of cancer cells to organs that highly express SDF-1.!2-16
Moreover, CXCR4 in combination with granulocyte col-
ony stimulating factor (G-CSF) has been implicated in
hematopoietic stem cell mobilization.!” In view of these
important biological functions mediated by CXCR4,
inhibitors of the SDF-1a-CXCR4 interaction'®!° hold
great promise as future therapeutics for the treatment
of diseases such as AIDS, cancer, inflammation, and
arthritis.

There are to date relatively few small-molecule antago-
nists of CXCR4 known. In this respect, the SDF-1a-
CXCR4 interaction appears to resemble more a
protein—protein interaction, where the design of small-
molecule inhibitors is notoriously difficult, than a typical
GPCR where medicinal chemists have traditionally had
greater success in finding small drug-like molecules as
receptor ligands. One of the first CXCR4 antagonists
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described was polyphemusin II (Fig. 1), a naturally
occurring 18-amino acid peptide isolated from the
American horseshoe crab (Limulus polyphemus),?*?! as
well dS closely related synthetic analogues such as T22
([Tyr>'? Lys’]-polyphemusin II) (Fig. 1).22 The group
of Tamamura and Fujii investigated the solution struc-
ture of T22 by NMR spectroscopy and found that it
adopts a B-hairpin conformation stabilized by two disul-
fide bonds.?* The same group subsequently synthesized
shortened analogues of T22, such as T140, TC14011,
and FC131, which showed improved biological activity
and stability.>* Apart from T22 and related derivatives,
other known small-molecule CXCR4 inhibitors include
AMD3100,>527 AMDO070,'3?% and KRH-1636.?° How-
ever, there is an urgent need for the discovery of new po-
tent and selective CXCR4 inhibitors having improved
pharmacokinetic and pharmacodynamic properties,
and with a safety profile suitable for human clinical use.
The B-hairpin motif, as seen in T22,?* is one of the most
important and abundant supersecondary structure mo-
tifs found at protein interfaces. B-Hairpins are found
in surface-exposed loops of many protein families and
frequently contain key residues important for protein—
protein interactions. Recently, B-hairpin protein epitope
mimetics (PEM) in the form of template-bound macro-
cyclic peptides have been described (Fig. 2) that can
adopt stable hairpin structures and inhibit protein—pro-
tein interactions.’® In this context, a convenient tem-
plate comprises the dipeptide PPro-*Pro, which adopts
a relatively rigid type-1I’ B-turn, and so can effectively
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Figure 1. Structures of protegrin-I, tachyplesin-I, polyphemusin-II,

T22, and TC14011.

Template

\/O + x1 X2 x3 x4 x5 x6 X7 x8 X9 x10 X11 x12

€N’ : hairpin loop sequences
D-Pro | @

. /x1\ /x\ /xs\

b X2 x4 X8

oY 10

x12 X 8 ’

E N 11 N g/x\

L-ProO0 R!' (0] 3 (0] 5 H

Figure 2. In PEM design, the hairpin sequence of interest (in the case
illustrated, 12 residues) is appended to a template (as illustrated,
D-Pro-L-Pro) to form a backbone macrocyclic peptide. The template
should influence the backbone conformation and help stabilize
B-hairpin conformations.

stabilize B-hairpin conformations. Moreover, this tem-
plate can be incorporated into cyclic PEM molecule con-
veniently using solid-phase peptide chemistry. The
approach to B-hairpin PEM design®*3¢ then consists
of transplanting a loop sequence from the protein or
peptide of interest onto the synthetic template’’-38
(Fig. 2). Additional stabilization of B-hairpin conforma-
tions may come by introducing disulfide bonds between
cysteine residues located at opposite, non-hydrogen-
bonded sites of each B-hairpin strand. Such B-hairpin
PEM molecules are readily available by parallel
combinatorial synthesis,?*3° and in several cases stable
B-hairpin conformations have been confirmed by
NMR -spectroscopy in aqueous solution.3*3° The cyclic,
conformationally constrained backbone of PEM mole-
cules provides a scaffold onto which side-chain groups
can be appended to favor binding to a target receptor,
and parallel library synthesis and screening provides a
powerful handle to optimize both receptor affinity and
other pharmacologically relevant ADME properties.
Examples of the successful application of this PEM-
technology so far include the discovery of mimetics of
protegrin 13> showing good antimicrobial activity, po-
tent inhibitors of serine proteases,>? as well as inhibitors
of the Tat-TAR?® and p53-HDM2 interactions.?®

B-Hairpin PEM molecules based on natural products
like polyphemusin II, and related antimicrobial peptides
such as protegrin 1, tachyplesin*® (Fig. 1), and RTD-
1, represent an ideal starting point for the design of
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novel antibacterial and antiviral agents. Using this
approach to PEM molecule design, we describe here
the discovery of novel, potent and selective CXCR4
inhibitors, based on the natural product polyphemusin
1L

2. Results
2.1. Design of mimetics

The design of template-bound macrocyclic mimetics
started from the truncated polyphemusin-II analogue
TC14011, previously reported by Fujii and Tamam-
ura?>* (Fig. 1). In a first step, the two residues °Cit-
Pro at the turn position in TC14011 were replaced by
a PPro-*Pro dipeptide template, to give POLI1638
(Fig. 3). In the next step, a macrocyclic structure was
generated by linking the N- and C-terminal residues.
This was expected to constrain the conformation, in par-
ticular, of the termini and so also to improve resistance
to proteolysis. This was achieved by inserting two addi-
tional amino acids into the sequence, thereby giving a
loop of 14 residues attached to the °PPro-*Pro template,
as shown in Figure 3. Libraries of such macrocyclic pep-
tidomimetics were synthesized, having various combina-
tions of amino acids in the linker region, and their
biological properties were assayed (see below). After
several iterative rounds of optimization, the mimetics
POL2438 and POL3026 were obtained, which showed
significantly improved activities in a Ca**-flux assay
(Table 1), and were considerably more stable in plasma
and in the presence of liver microsomes (Table 2).
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Figure 3. Design of POL2438 and POL3026. See text for discussion.

Table 1. Activity of the PEMs at the CXCR4 receptor

Compound 1Csp (nM)
Ca®" flux SDF-1a displacement
TC14011 17.3 nd
POL1638 15.5 100
POL2438 1.9 2
POL3026 1.2 1.2

ICso determination in the Ca®* flux assay and the SDF-1lo displace-
ment assay.

2.2. Synthesis of mimetics

The synthesis of POL1638 was performed using Fmoc
solid-phase peptide synthesis on highly acid labile chlo-
rotrityl chloride resin. The disulfide bond was installed
on the resin, and the product was released by treatment
with TFA and purified by reverse-phase HPLC. The
synthesis of POL2438 and POL3026 and related ana-
logues was performed in a parallel format also using
2-chlorotrityl resin, as shown in Scheme 1. The disulfide
bond was again introduced on-resin, but the macrocyc-
lization was performed in solution. This proceeded effi-
ciently to afford the products typically in 50-80% yields
after purification by reverse-phase HPLC. The mimetics
were characterized by MS and high resolution 'H NMR.
The 'H NMR spectra were fully assigned by standard
2D methods. Although it is beyond the scope of this
article to describe fully the conformational properties
of all three mimetics, NOESY plots revealed networks
of cross-strand NOE connectivities, which show that
B-hairpin conformations are significantly populated by
all three molecules. Full details of the NMR and MD
analyses will be reported elsewhere.

2.3. Biological assays

All compounds were analyzed in a Ca>* flux assay using
CXCR4 over-expressing cells, in an SDF-1a (CXCL12)
displacement assay (Table 1), as well as for inhibition of
chemotaxis (Fig. 4). In addition, in vitro ADME prop-
erties, particularly plasma stability, protein binding,
and metabolic stability (Table 2), were measured. Inhibi-
tion of Ca?" flux, stability in human and rat plasma, and
metabolic stability were the main criteria used in opti-
mizing the mimetics.

As shown in Table 1, POL1638 compared well with
TC14011 in the Ca** flux assay. However, not unexpect-
edly, both compounds showed a limited half-life of 15
and 12 min, respectively, in human plasma. On pro-
gressing from the monocyclic disulfide bridged
POL1638 to the bicyclic, conformationally constrained
POL2438 and POL3026, a factor of 10 in potency was
gained (Table 1) as well as a significant improvement
in plasma stability (Table 2).

The activity of POL2438 in an assay measuring inhibi-
tion of SDF-1a-induced chemotaxis was also performed.
Shown in Figure 4 is the inhibition of CEM-SS cell
migration as a function of increasing concentrations of
POL2438. Using these data, an IMCs, value could be
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Table 2. In vitro ADME properties of TC14011, POL1638, POL2438, and POL3026

Assay TC14011 POL1638 POL2438 POL3026
Protein binding Human (% bound) 71 72 83 54
Rat (% bound) nd nd 76 44
Plasma stability Human ¢, (min) 12 15 223 >300
% remaining at 240 min (human) 0 0 51 88
Rat ¢y, (min) 9 15 220 >300
% remaining at 240 min (rat) 0 0 59 75
Liver metabolization Human ¢/, (min) nd nd >60 53
Human % metabolized at 60 min nd nd 40 59
Rat 7/, (min) nd nd >60 55
Rat % metabolized at 60 min nd nd 0 31

nd, not determined.

Q-c

l i. FmoC-Pro-OH, iPr,EtN, CHoCly

ii. Fmoc peptide synthesis, using HBTU in DMF for couplings, and 40% piperidine in DMF for deprotections

Tyr(tBu)-Arg(Pbf)-Cit-Cys(Trt)-Arg(Pbf)-Gly-°Pro

O-O-Pro-DPro-Lys(Boc)-X-Tyr(tBu)-Cys(Trt)-2NaI-Arg(be)-Arg(be)

i lo in DMF

Tyr(tBu)-Arg(Pbf)-Cit-Cys-Arg(Pbf)

-Gly-PPro

(Q)-0-Pro-Pro-Lys(Boc)-X-Tyr(tBu)-Cys-2Nal-Arg(Pbf)-Arg(Pbf)

i. 1% TFA in CH,Cly
ii. HATU, iProEtN, DMF

iii. TFA, iPrsSiH, HoO (95, 2.5, 2.5)

LPro-Tyr-Arg-Cit-Cys-Arg-Gly-PPro

DPro-Lys-X-Tyr-Cys-2Nal-Arg-Arg

POL2438 X= Cit
POL3026 X= Gin

Scheme 1. Synthesis of POL2438 and POL3026.

calculated corresponding to the concentration of
POL2438 that inhibits cell migration by 50% in a 1h
period at 37 °C after induction by 1ng/ml SDF-la.
The IMCso value obtained for POL2438 was 1.2 nM,
whereas a selective CCRS5 inhibitor showed no inhibi-
tion of SDF-la-driven chemotaxis under the same con-
ditions (data not shown).

In view of the excellent plasma and metabolic stability,
POL3026 was selected for further biological studies
and for pharmacokinetic (PK) profiling in three male
beagle dogs (Fig. 5). After subcutaneous administration
of POL3026 at a dose level of 1.5 mg/kg body weight,
the mean C,, values (1201 ng/ml) were reached 1h
after dosing (Tmax). After 1h, plasma levels decreased

with an elimination half-life of 3.4 h. The AUC(0-00)
amounted to 4941 ng/h/ml. POL2438 and POL3026
showed excellent selectivity for CXCR4 and showed
no significant inhibition of any of the other chemokine
receptors tested, including CCRS (see Section 4).

The high selectivity for CXCR4 versus CCRS was also
confirmed in the deCIPhR assay format, where
POL2438 potently inhibited only the T-tropic R4 viruses
derived from clinical isolates and not the M-tropic RS
viruses (Fig. 6 and Table 3). The inhibition curves for
T-20 (also known as Fuzeon or Enfuvirtide) (Fig. 6b)
confirm that recombinant viruses carrying Env-gene
taken from patients’ viruses present quite a broad range
of susceptibility to T20; ICs, values reported in Table 3
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Figure 4. Inhibition of SDF1-a-induced chemotaxis by POL2438.
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Figure 5. Bioavailability of POL3026. The serum concentration of
POL3026 (average of three male beagle dogs) versus time following
subcutaneous (open circle) bolus injection. The inset shows the
logarithmic concentration-versus-time curve.

are across a range of nearly 20-fold. In sharp contrast,
inhibition curves for POL2438 (Fig. 6a) distinguish
two populations of viruses: a ‘sensitive’ population, for
which the ICsy value is tightly grouped near 10 nM,
and a ‘non-sensitive’ population, for which POL2438
shows only minimal activity up to a concentration of
1600 nM. The env genes of the tested viruses were fur-
ther analyzed, and a prediction of the respective co-
receptor tropism was made by employing the heterodu-
plex tracking assay.*’” The assay revealed that all
‘non-sensitive’ envelopes in clinical samples belonged
to viruses utilizing CCR5 as co-receptor (QXR value
>0.76-0.95) (Table 3).

3. Discussion

Inspired by the B-hairpin conformation adopted by the
natural product polyphemusin II and the closely related
analogues T22, T140, and TC14011%* (Fig. 1), the design
of macrocyclic template-bound B-hairpin mimetics was
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Figure 6. Inhibition of virus entry by POL2438. Viral inhibition curves
are shown for 8 recombinant viruses. The ICsq values and the co-
receptor usage (QXR) determined for each of the 8 virus types are
reported in Table 3, along with a key to the symbols used in this figure.
(a) Inhibition by POL2438; (b) inhibition by T20.

undertaken to discover novel potent, selective, and met-
abolically stable inhibitors of CXCR4 having small mol-
ecule drug-like ADME properties. POL1638, a close
analogue of TC14011, served as a logical structural link
to polyphemusin IT and a useful starting point for PEM
library design. In iterative cycles, PEM libraries were
designed, synthesized, and tested, with the aim of
improving CXCR4 inhibitory activity as well as meta-
bolic and plasma stability. After synthesis and testing
of several hundred analogues, POL2438 and POL3026
were found to be highly potent and stable inhibitors of
CXCR4 and were selected for further profiling. It is
noteworthy that POL3026 binds at least a thousand fold
better to CXCR4 than does AMD3100,** a current
CXCR4-antagonist in clinical development for stem cell
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Table 3. Viral inhibition assays for 8 recombinant viruses; ICs, values and co-receptor usage (QXR) are shown

Strain/isolate Symbol 1Cs5o T20 (nM) 1Cso POL2438 (nM) QXR (R5/X4)
pNL4-3 O 915.8 10.7 <0.05
Env-B [ 66.9 9.7 <0.05
Env-14 <& 69.8 8.7 <0.05
Env-15 A 510.2 >1600 >0.95
Env-11 | 195.3 >1600 0.76
Env-6 g 303.3 13.7 <0.05
Env-C A 190.4 10.2 <0.05
Env-17 v 586.0 >1600 >0.95

The symbols refer to those used in Figure 6. The isolates showing high ICsy values (Env-15, Env-11, and Env-17) correspond to R5 specific virus

types and so should not be inhibited by POL2438 (as observed).

mobilization. POL3026 constitutes to our knowledge the
most active CXCR4 inhibitor described to date.

The high activity of POL3026 and POL2438 was further
confirmed in several anti-HIV tests, including in vitro
cell fusion assays (FIGS), virus replication assays (deC-
IPhR), and acute CEM cell infection assays. A compar-
ison was also made to the cell fusion activity of the
well-known HIV entry inhibitor T20, which is now mar-
keted under the tradename of Enfuvirtide. It should be
noted, however, that T20 is not a chemokine receptor
antagonist, but rather blocks a different stage in cellular
invasion by HIV. Whereas viruses from a clinical
context varied significantly in their response to T20,
POL2438 inhibited with high potency all viruses tested
utilizing CXCR4 as a co-receptor. Indeed, during the as-
says, the only viruses in these clinical isolates that
showed resistance to the actions of the mimetic were
subsequently shown to be M-tropic R5 viruses. These
results highlight the high specificity of POL2438 for en-
try inhibition of T-tropic R4 viruses versus M-tropic RS
viruses. This result may be of clinical relevance as X4
viruses, which replicate best in T-cell lines, often pre-
dominate in later stages of HIV infection and may be
associated with rapid progression to AIDS and death.**
In contrast, HIV-1 isolates of the R5 type have been
implicated in most cases of sexually transmitted HIV
infection. Several selective CCR5 antagonists'>*> have
reached the clinical stage for use in co-receptor HIV en-
try inhibition. As clinical isolates may contain mixtures
of R4 and RS viruses, or dual-tropic R5R4 viruses, and
RS viruses can switch to R4 viruses, especially at a late
stage of disease progression, there is a concern that
CCRS5 inhibitors may exert a selection pressure favoring
X4 viruses. Therefore, it is currently believed that effi-
cient HIV therapy utilizing a co-receptor blockage strat-
egy will require the dual actions of a CCRS5 and a
CXCR4 antagonist.

Most important, it was possible to significantly im-
prove the initially rather poor in vitro stability and
ADME properties of TC14011 and POL1638. The
group of Tamamura and Fujii improved the bio-sta-
bility of TC14011 through N- and C-terminal modifi-
cations such as acetylation or 4F-benzoylation.*¢#
POL3026 showed excellent stability to proteolytic deg-
radation in human plasma, a good plasma protein
binding profile, as well as excellent bioavailability fol-
lowing subcutaneous injection in an in vivo PK exper-
iment in dogs. POL3026 thus has the potential to

become a novel CXCR4 inhibitor candidate for devel-
opment as an anti-HIV agent, as an inhibitor of angi-
ogenesis and metastasis, as an agent for the
mobilization of hematopoietic stem cells, and to treat
inflammation.

4. Experimental
4.1. Peptide synthesis

Peptide synthesis was carried out employing the stan-
dard fluorenylmethoxycarbonyl (Fmoc) strategy and
the following side-chain protecting groups: Pbf for Argi-
nine, tBu for tyrosine, trityl for cysteine, glutamine and
tBoc for lysine. After manual loading of the first amino
acid (Fmoc-Arginine(Pbf)-OH for POL1638, and Fmoc-
Proline-OH for POL2438 and POL-3026) onto 2-chloro-
trityl chloride resin, the linear peptide assembly was
performed on a MultiSynTec Syroll peptide synthesizer,
typically in a 96-reactor parallel format. At each cycle,
40% piperidine in DMF was employed for Fmoc depro-
tection followed by coupling of the corresponding ami-
no acid (5 equiv.) using HBTU (5 equiv.) and 'Pr,EtN/
NMP in DMF. After removal of the final Fmoc group,
the resin was swollen in DMF and disulfide bridge for-
mation was carried out using iodine in DMF on the res-
in. For POL1638, cleavage from the resin and full
deprotection was performed using TFA/triisopropylsi-
lane/H,O (95:2.5:2.5).

For POL-2438 and POL-3026 the disulfide bridged pep-
tides were first cleaved from the resin (1% TFA in
CH,Cl,) and then cyclized using HATU and ‘Pr,EtN
in DMF. The fully deprotected peptides were finally ob-
tained employing the same deprotection procedure as
described for POL1638.

All the peptides were purified by preparative reverse-
phase HPLC (Vydac, 218MS103015, 10 p_C18, 300 A
and Phenomenex, Jupiter, 10 p CI18, 300 A) and were
recovered by lyophilisation. The purity was assessed
by  analytical reverse-phase = HPLC  (Vydac,
218MS5215, 5 C18, 300 A; solvent A (H,O + 0.02%
TFA) and B (CH3;CN) and gradient: 0 min: 92% A,
8% B; 8 min: 62% A 38% B; 9-12 min: 0% A, 100% B)
and was >95%.

POL1638, retention time 4.35min, MS, m/z 1004.2
[M+H]/2; POL2438, retention time 4.68 min, MS m/z
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1071.7 [M+H]/2; POL3026, retention time 4.45 min, MS
m/z 1057.4 [M+H]/2.

4.2. Ca**flux assays

CXCR4 transfected 300-19 murine pre-B cells were
used according to 48. 300-19-CXCR4 cells were la-
beled as a batch with Calcium3 Reagent (Molecular
Devices, Sunnyvale, CA) in HBSS buffer for 60 min.
After dispensing 2.5 x 10° cells in each well of black
96-well plates, a concentrated solution of compound
in HBSS + 0.1% BSA was added to the cells. The en-
tire plate was centrifuged and placed in a Flexstation
II (Molecular Devices) automated plate reader. After
reading a 20s baseline, the Flexstation dispensed
SDF-la  (Peprotech) at a final concentration of
10 nM in HBSS + 0.1% BSA onto the cells and calci-
um flux was measured for an additional 70s. The
maximum signal was determined from control wells
without inhibitor. Percentage of inhibition was calcu-
lated from a range of compound concentrations,
which were subsequently used to calculate 1Csq values
(Softmax Pro, Molecular Devices). All steps were car-
ried out at room temperature.

4.3. Inhibition of SDF-1a-induced chemotaxis

A Boyden chamber-assay format was used to assess
the activity of POL2438 in inhibiting SDF-1a-induced
chemotaxis. As starting conditions, a concentration of
1 ng/mL SDF-1a in the lower chamber was selected as
chemoattractant for the lymphocytic cells CEM-SS,
plated in the upper chamber. After a 1-h incubation,
cell migration into the lower chamber was assessed
using a colorimetric cell viability assay. Data normal-
ization was performed using the readout of any cells
that had migrated in the absence of POL2438. This
value was taken as 100% (no inhibitory activity).
The graph shown in Figure 4 displays the inhibition
of CEM-SS cell migration as a function of increasing
concentrations of POL2438 added to the upper cham-
ber at time zero. Using a curve fitting algorithm,
which takes into account the standard deviations with-
in the data series, a IMCsy value could be calculated
as the concentration of POL2438 inhibiting the migra-
tion of CEM cells by 50% in a one hour period at
37 °C after induction by 1 ng/mL SDF-la. As control,
a selective CCRS5 inhibitor showed no inhibition of
SDF-la-driven chemotaxis under the same conditions
(data not shown).

4.4. SDF-1a-AlexaFluor(R)647 displacement assay

CXCR4 competition binding studies with POL1638,
POL2438, and POL3026 were carried out using the Flu-
orokine SDF1-a kit (R&D Systems). Labeled chemo-
kine was incubated with CEM cells and then displaced
by increasing concentrations of unlabeled chemokine
or inhibitor. Fluorescence was measured by flow cyto-
metry. Maximum (label alone) and minimum (cell
autofluorescence) mean histogram fluorescence was
adjusted to 100% and 0%. The binding obtained with
SDF-1la was 3 nM.

4.5. In vitro ADME assays

4.5.1. Plasma stability. Human plasma (3-5 donors,
blood bank SRK, Ziirich) and Wistar rat plasma (mixed
gender pool >50 animals, Harlan Sera Labs, UK) were
used citrate stabilized. The assay was performed in trip-
licate at 10 pM compound concentration and 37 °C.
Samples were taken at 0, 15, 30, 60, 120, and 240 min
and stopped by precipitation with 2 volumes of acetoni-
trile. The supernatant was collected, evaporated, and
reconstituted in a 5% acetonitrile solution for analysis
by HPLC/MS/MS. The resulting peak area counts were
expressed in percent of the zero value and used to deter-
mine the endpoint stability in percent, and the half-life.
In order to monitor assay integrity, the degradation of
propantheline was assayed with every experimental set.

4.5.2. Protein binding. Purified human and rat serum
albumins were purchased from Sigma. Compounds were
assayed in triplicate for each compound at a 10 uM con-
centration (albumins at 36 mg/ml end concentration)
after an incubation for 1 h at 37 °C. In order to separate
bound from unbound compound, samples were filtered
on a 96-well 10 kDa filter unit (Millipore) by centrifuga-
tion. Filtrates were analyzed by HPLC/MS/MS and the
corresponding peak area counts expressed in percent of
controls that were similarly incubated and either filtered
or not. Propranolol as a reference was assayed with
every experimental set.

4.5.3. Metabolic stability. Microsomes from a human 50
donor mixed gender pool and from Sprague-Dawley rat
single-gender pools were purchased from InVitro
Technologies (Baltimore). The enzymatic reaction was
performed in a buffer containing an NADPH regenera-
tion system and microsomes at the following final
concentrations: 100 mM potassium phosphate buffer,
I mg/ml glucose-6-phosphate, 1 mg/ml B-nicotinamide
adenine dinucleotide phosphate (NADP), 0.65 mg/ml
magnesium chloride, 0.8 U/ml of glucose-6-phosphate
dehydrogenase (prediluted with 5 mM citrate buffer),
10 uM compound, and 1 mg/ml microsomal protein
(all from Sigma). Compounds were incubated at 37 °C
in duplicate and samples taken after 0, 20, and
60 min. After acetonitrile precipitation (2 volumes) and
HPLC/MS/MS analysis, metabolic turnover was ex-
pressed in % of the initial 0 min value, and half-life
was calculated.

4.6. Selectivity of POL1638, POL2438, and POL3026
toward other chemokine receptors

The compounds POL1638, POL2438, and POL3026
were tested for antagonistic activity against a wide
variety of chemokine receptors using the calcium flux
protocol described above. The following receptor/li-
gand combinations were used: CCRl/rantes, CCR2/
mCP-1, CCR3/Eotaxin, CCR4/MDC, CCR5/rantes,
CCR6/larc, CXCRI1/11-8, CXCR2/GROa, CXCR3/
IP10, CXCRS5/BCA-1, and CXCR6/CXCL16. No
significant inhibitory activity was observed against
any of the above receptors up to a concentration of
10 uM of peptide.
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4.7. Pharmacokinetic profile of POL3026

The pharmacokinetic studies were performed in beagle
dogs (n=3) after single subcutaneous administration
of 1.5 mg/kg. The ¢, is roughly 3.5 h and the effective
plasma concentration stays above the ICsq during 24 h
(see Fig. 5).

4.8. Anti-HIV activity of POL2438 on HIV clinical
variants

The replicative format of the cellular deCIPhR assay has
proven suitable for the assessment of replicating recom-
binant virus carrying genes from clinical HIV-1 isolates
from patients naive for treatment with any fusion inhib-
itor.* In the frame of this study, a portion of the enve-
lope gene (from V2 in gpl120 to the end of gp4l) of 7
different clinical isolates was cloned into a pNL4-3 pro-
viral vector, in which the corresponding region had been
deleted. The resulting viruses were tested in the deC-
IPhR system for inhibition by T-20 or by POL2438.
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