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ABSTRACT

AMD3100 was found to inhibit HIV-1 and HIV-2 withithe 1-10 nM concentration range
while not being toxic to the host cells at concatibns up to 500 uM, thus achieving a
selectivity index of approximately 100,000. Thegtrof action was initially thought to be the
viral envelope glycoprotein gp120. It appeared dolye the indirect target. The direct target
of action turned out to be the co-receptor CXCRddusy T-lymphotropic HIV strains (now
referred to as X4 strains) to enter the cells.idhifphase 1) clinical trials undertaken with
AMD3100, as a prelude to its development as a datelianti-HIV drug for the treatment of
AIDS, showed an unexpected side effect: an increaséhe white blood cell counts.
Apparently, AMD3100 specifically increased CD34+rtadopoietic stem cell counts in the
peripheral blood. Stromal derived factor 1 (SDF4hyough its interaction with CXCR4,
retains the stem cells in the bone marrow (a psoceferred to as “homing”), and AMD3100
specifically antagonizes this interaction. AMD31id0Ocombination with granulocyte colony-
stimulating factor (G-CSF) resulted in the collentiof more progenitor cells than G-CSF
alone. At present, the major indication for clinicese of AMD3100 (Mozobil") is the
mobilization of hematopoietic stem cells from tlenb marrow into the circulating blood for
transplantation in patients with hematological gréincies such as non-Hodgkin’s lymphoma

or multiple myeloma.
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The start: an impurity showing anti-HIV activity
When evaluating a number of commercially availadylelam preparations for their potential
inhibitory effects on the replication of human immodeficiency virus (HIV), all these
preparations (i.e. JIM1498 (Fig. 1)), as expectadl,ndt show marked anti-HIV activity [1].
However, one of these preparations proved quitectife, and, on further exploration, this
activity appeared to reside in an impurity, whichsweharacterized as a bicyclam in which the
two cyclam rings were tethered by a direct carbanipen linkage (i.e. IM1657 (Fig. 1) [1]. As
it did not prove feasible to re-synthesize JM16&frogram was launched to synthesize a
bicyclam derivative with the cyclam rings tetherlbyg an aliphatic bridge, the bicyclam
derivative with the propyl bridge (i.e. IM2763) hgiabout as active as IM1657 (Fig. 1).

A 100-fold increase in potency was noted uponagph the aliphatic (i.e. propyl)
bridge by an aromatic [i.e. 1,4-phenylene-bis(mieth)] bridge, as in IM2987 (Fig. 1) [2].
This compound proved inhibitory to the replicatiminHIV-1 and HIV-2 at an E¢ of 0.001-
0.007 pg/ml, while not being toxic to the host selt a concentration of > 500 pg/ml, thus
achieving a selectivity index of > 100,000 (Fig. Surprisingly, we did not detect any activity
with JIM2987 against the simian immunodeficiencyusil(SIV) strains tested, which at that
time (1994) was an enigmatic observation [this em@gvas resolved, when several years later
(1997) we demonstrated that the bicyclams spetifitarget the CXCR4 coreceptor of the T-
lymphotropic X4 strains, while not being active iagh the M-macrophage tropic R5 strains
(SIV strains apparently belong to this categor@ging equipotent as the bromide salt
(IM2987), the chloride salt (JM3100) (Fig. 1) whsrt used in all further experiments. The
“JM” (for Johnson Matthey) designation was replabgd’AMD” (for AnorMED) when the
further development of JM3100 was transferred fihnson Matthey to AnorMED. From
the beginning it was clear that the bicyclam dénes (including AMD3100) interfered with
an early process (viral entry) of the HIV replicatticycle that had to be situated after the virus
had been adsorbed to the cells but before ther@ey&anscription of the RNA genome [1,2].
It proved difficult to generate HIV strains resistdo AMD3100, and, on further analysis,

these bicyclam-resistant HIV strains carried migtipnutations in the viral glycoprotein
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(gp120), pointing to gp120 as the putative targettie antiviral activity of AMD3100 [3]. As
it turned out, the viral glycoprotein gp120 wasyoah indirect target, the direct target being
CXCR4, the receptor for the CXC chemokine SDF-to(stal derived factor), which also
functions as the co-receptor (the principal receptng CD4 (“CD” standing for “cluster of

differentiation”) for the T-tropic X4 HIV strains.

CXCR4 as the direct target for the action of AMD310

That the bicyclam AMD3100 interacted with CXCR4i&sdirect target was unequivocally
shown in a series of papers published in 1997-1998. More specifically, AMD3100 was
demonstrated by Schols and colleagues [5] and Dlarezed colleagues [6] to inhibit T-tropic
HIV strains by selective antagonization of the SDEhRemokine receptor CXCRA4. In fact, a
nice correlation was found between the inhibitoffeds of AMD3100 on {i HIV-1
replication, (i) binding of CXCR4 monoclonal antibody and )(isDF-1-mediated signal
transduction (SDF-1-induced €dlux) (Fig. 2), as reviewed by De Clercq [7].

Inhibition of SDF-1-induced Caflux actually allows a very rapid (within 1-2 min)
measurement of the blockade of CXCR4 by AMD3100 T8jus, within the HIV-1 replicative
cycle AMD3100 interferes with the binding of the\Hyp120 to the CXCR coreceptor after it
has first been bound to the CD4 receptor, and bdft HIV gp41 initiates the fusion of the
viral envelope membrane with the cell membrane. (8){9,10].

As reviewed previously [11], AMD3100, akin to SDFsbecifically blocks those (T-

tropic) virus strains using CXCR4 as the co-receputereas neither AMD3100 nor SDF-1

exhibit any activity against the M-tropic virusaitrs using CCR5 as the co-receptor (Table 1)

[5]. Vice versa, RANTES (the natural ligand of CCR5) effectivehhibited the M-tropic R5
virus strains, while not being active against th&rdpic R4 virus strains. AMD3100 is a
highly specific CXCR4 antagonist inhibiting SDF-lediated C& flux in a number of cells
expressing CXCR4, but has no inhibitory effect drerookine-induced signalling from
CXCR1, CXCR2, CXCR3, CCR1, CCR2, CCR3, CCR4, CCRER6, CCR7, CCRS8 or

CCRS9 [12]. The principal interaction points of AMDE with CXCR4 may be the aspartic
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acid residues (particularly at positions 171 an@)2Bcated at the extracellular side of
CXCR4 (Fig. 4) [13]. Thus, AMD3100 is a specifictagonist of CXCR4, is not cross-
reactive with other chemokine receptors, and isanchgonist of CXCR4 [14].

AMD3100 has shown antiviral activity (as measubgdo24 production) in SCID-hu
Thy/Liv mice infected with a CXCR4-using clinicalWisolate (reduction of viral load by 0.9
logip HIV RNA copies/ml) [15], and proof of concept (PDthat AMD3100 is also effective
in a patient infected with an X4 HIV-1 strain haseh provided [16]. This was the only patient
in this study that had a purely CXCR4-using virOserall, the average change in viral load
across all patients was + 0.03 {pfL7]. AMD3100 has the ability to suppress both t@pic

and dual (X4 and R5) tropic variants that effedtivese CXCR4 to enter the cells [18].

Stem cell mobilization by AMD3100
When AMD3100 was submitted to phase | clinical I$rign normal volunteers (before
embarking on the phase Il clinical trials to evédu#s antiviral activity in HIV-infected
patients), an unexpected side effect was note@pal rincrease in white blood cell (WBC)
counts peaking at 6 hours following the intravenimfission of AMD3100 [19] (Fig. 5). The
WBC response was clearly dose-dependent over thagdorange used (10, 20, 40 and 80
pna/kg) (Fig. 5B). These results were later confilrbg Lack et al. [20] over a dosage range of
40, 80, 160 and 240 pg/kg (Fig. 6B). On closer@atipn, the white blood cells mobilized by
AMD3100 appeared to carry the marker CD34, and thasld be characterized as
hematopoietic stem cells [21]. The kinetics of nliabtion of CD34 cells into the peripheral
blood (Fig. 7) [21] with a nadir at 6-9 hours fallmg intravenous administration of
AMD3100 was almost identical to that noted for tbil white blood cell counts (Fig. 6B).
Circulating CD34 cells increased 5-fold after administration of ABIDO at 80
pa/kg and 15.5-fold after administration of AMD31@0 240 pg/kg, both at 9 hours after
injection. Myeloid progenitor cells-colony formingit granulocyte-macrophage (CFU-GM);

CFU-granulocyte, eosinophil, monocyte, megakary@q@FU-GEMM); and burst forming
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units-erythroid showed similar increases in mokhitiian to the blood with increasing doses of
AMD3100 [22].

AMD3100 (administered at 160 pg/kg on day 5) wantfound to act synergistically
with granulocyte-colony stimulating factor (G-CSéanistered at 10 pg/kg/day on days 1-4)
[23]. Addition of AMD3100 (to G-CSF) resulted in tepling of circulating CD34 cells
within 10 hours after administration (2.7-fold irese, range: 1.1-6.9-fold) while no
mobilization occurred of B cells, tumor cells, aataral killer T-cell subsets such as CD2,
CD3, CD4 or CD8 [24].

For the collection of CD34cells to be used for autologous transplantatioa target
number of CD34cells is 4.0 x 10kg. With G-CSF (10 pg/kg/day for 5 days) the numife
CD34 cells collected was 3.73 x ¥Rg; with AMD3100 (240 pg/kg on day 5), the numbér
CD34 cells collected was 3.02 x %Rg; with both G-CSF (10 pg/kg/day for 5 days) and
AMD3100 (160 pg/kg on day 5) combined, the numde€ED34 cells collected was 9.88 x
10°kg [23]. Broxmeyer and colleagues [25] confirmdthtt AMD3100 induced a rapid
mobilization of hematopoietic progenitor cells (H}@nd synergistically augmented G-CSF-
induced mobilization of HPCs. Flomenberg et al] f26ther ascertained that the combination
of AMD3100 plus G-CSF is generally safe, effectiamd superior to G-CSF alone for
autologous HPC mobilization.

Furthermore, the CD34peripheral blood progenitor cells (PBPCs) mobdizey
AMD3100 in combination with G-CSF express signifittg higher amounts of genes that
potentially promote superior engraftment after rogélative therapy than G-CSF-mobilized
CD34 PBPCs [27]. Indeed, AMD3100 mobilizes a populatadrhematopoietic stem cells
with intrinsic characteristics different from tholsematopoietic stem cells mobilized with G-
CSF, suggesting that the mechanism of AMD3100-ntedishematopoietic stem cell
mobilization is fundamentally different from G-C3fediated hematopoietic stem cell
mobilization [28].

The ability of AMD3100 to mobilize hematopoieticogenitor stem cells from the

bone marrow has been demonstrated in a humberpafriexental model systems: i.e. both
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autologous and allogeneic peripheral blood monaaucicells (PBMCs) in dogs [29];
hematopoietic progenitor stem cells (from the femhdoone marrow) in mice and humans
[30]; and hematopoietic stem cells in Fanconi aagmiockout mice [31].

Holtan and colleagues reported that AMD3100 notydnkcreases the autograft
absolute lymphocyte counts (4.16 X’ Igmphocytes/kgrersus 0.288 x 18 lymphocytes/kg),
but also that with a median follow-up of 20 monthes, relapses occurred in the AMD3100
group (compared with 15 of 29 in the control groappon-Hodgkin lymphoma patients after
autologous stem cell transplantation [32]. Calaradra colleagues [33] found that AMD3100
when given with G-CSF mobilized a sufficient numlmdérCD34 cells in non-Hodgkin’s
lymphoma, multiple myeloma, and Hodgkin's diseassigmts who could not deliver
sufficient cells for autologous transplant follogiother mobilization regimens [33]. With one
dose of AMD3100 (240 pg/kg) by subcutaneous inpectiwo-thirds of the donors collected
an allograft with a number of CD34ells sufficient for transplantation [34], and tivis sense,
AMD3100 may provide a more rapid and possibly tesic and less cumbersome alternative
to the traditional G-CSF-based CD32ll mobilization in normal donors.

Thus, in conclusion, AMD3100 is a rapid and effitiestern cell-mobilizing agent
[35]; once in the circulating blood, stem cells ¢@ncollected for use in autologous stem cell
transplantation in patients with haematological igrencies such as multiple myeloma or
non-Hodgkin’s lymphoma [36]. There is no increasist that in the patients with multiple

myeloma or non-Hodgkin’s lymphoma AMD3100 may itsabbilize tumor cells [37-39].

Any potential of AMD3100 in the treatment of arthritis, ischemia, cancer or virus
infections (other than HIV) ?

To the extent that in the pathogenesis of any gdisease the CXCR4 interaction with SDF-1
plays a critical role, AMD3100, as a potent anesive CXCR4 antagonist, may be expected
to interfere with the clinical course of this diseaHence AMD3100 has been found to inhibit
collagen-induced arthritis in mice, concomitantlyittwthe inhibition of SDF-1-elicited

intracellular C&' flux in Mac-1" cells harvested from the spleens of these mice [40
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Several human breast cancer cell lines have besrftw express CXCR4 [41], and it
is therefore surprising that the potential of AMDBI1in the treatment of breast cancer has not
been further followed up in recent years.

Studies of Rubin et al. [42] have shown that sygtemiministration of AMD3100
inhibits the growth of intracranial glioblastomadamedulloblastoma xenographs. CXCR4 is
apparently critical to the progression of diversaib malignancies, thus providing a scientific
rationale for clinical evaluation of AMD3100 in threatment of malignant brain tumors [42].

CXCR4 has proven to be essential for the transttetlal migration of Waldenstrom
macroglobulinemia (WM) cells, and this processnisibited by AMD3100 [43]. AMD3100
may be useful in future clinical applications irettegulation of trafficking of WM cells and
increasing sensitivity to therapeutic agents.

Furthermore, AMD3100 has been shown to effectiveuce tumor growth in nude
mice inoculated with anaplastic thyroid carcinoAa&C) cells and may well represent a novel
potential strategy in the treatment of ATC, a rdéngroid cancer with extremely poor
prognosis [44].

CXCR4 and SDF-1 are overexpressed in human piyugdenomas, and as CXCR4
activation may contribute to pituitary cell prolié&tion, and, possibly, adenoma development
as well, AMD3100 could play a role in suppressihg growth of pituitary adenomas in
humans [45].

AMD3100 has also been reported to decrease invasidruman colorectal cancer
cells in vitro [46]. Thus, blocking the interaction of CXCR4 wiBDF-1 (CXCL12) may
provide a novel means of preventing the invasiahraetastasis of colorectal cancer.

AMD3100 is a potent and rapid mobilizer of angidgenells [47], which may
stimulate angiogenesis at sites of ischemia throaigraracrine mechanism [48], including
ischemia in a diabetic environment [49].

Recently, McCandless et al. [50] reported that ANID@ promoted the entry into the
CNS parenchyma of CD8T-lymphocytes specific for WNV (West Nile virusgduced viral

load within the CNS, and significantly improved\dual after WNV infection.
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What about anti-HIV activity of CXCR4 antagonists ? From AMD3100 to AMDOQ70.

Guided by AMD3100 as the prototype, several smallecule CXCR4 antagonists (i.e. based
on two aromatic amine moieties connected tpa-xylylene group) were synthesized, the
most effective congener inhibiting the interactadfCXCR4 with SDF-1 at a concentration as
low as 1.2 nM [51].

The identification of AMDO70 as a potent, orallyohvailable CXCR4 antagonist
which strongly inhibits HIV infectivity (at an Egof 1-10 nM) dates already from more than
5 years ago, but has so far only been communi@ataistract form [52]. AMDO070 was found
to inhibit X4 HIV replication in 5 different CD4T-cell lines, CXCR4-transfected cell lines
and peripheral blood mononuclear cells (PBMs). AMDOakin to AMD3100, had no activity
against R5 HIV-1 variants. Unlike AMD3100, AMDO7@rmot be considered a bicyclam
(Fig. 8). The structure of AMDO70 was revealed bgzKierski et al. in their report [53].
Proof of concept that AMDO70 (originally referrenl as AMD11070) can selectively inhibit
X4-tropic virus in HIV-1-infected patients was pided by Saag and colleagues [54] and
Moyle and colleagues [55]. Like AMD3100, AMDO70 unzkd a dose-related elevation of the
WBC counts, which can be attributed to CXCR4 blaekaNhether AMDO070, which, unlike
AMD3100 (which has to be given parenterally) canadeninistered orally, has any future
potential as either an anti-HIV agent, or a stetirrnebilizing agent, or, possibly, an agent
inhibitory to any other CXCR4-mediated process,a® subject of further study.

What is for sure, is that if CRIs (coreceptor ititdls), whether CXCR4 inhibitors or
CCRS5 inhibitors, are used as anti-HIV agents, tileguld be used in combination regimens,
S0 as to prevent selection of CXCR4-using T-tra@idants if only CCRS5 inhibitors are used,
and to prevent selection of CCR5-using M-tropidasats if only CXCR4 inhibitors are used

[56,57].
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The immediate future use for AMD3100, now known a#lozobil™: hematopoietic stem
cell mobilization

Genzyme Corporation announced on 17 June 2008 ithdias submitted marketing
applications in both the United States and the femo Union for Mozobil" (plerixafor
injection) (previously known as AMD3100), a producandidate intended to enhance
mobilization of hematopoietic stem cells for coflen and subsequent autologous
transplantation in patients with non-Hodgkin’s lyonte and multiple myeloma. On 15
December 2008 Genzyme Corporation announced teatth FDA had granted marketing
approval for Mozibil™. European approval is expected in 2009. Additiogtbbal
applications in up to 60 countries are expectefdltow [58].

Genzyme plans to launch Mozobil in the U.S. andoparin 2009. Upon commercial
launch, Mozobil will be marketed and sold by Geneignexisting Transplant sales force,
which has a commercial presence in more than 5%tdes worldwide. Approximately
55,000 stem cell transplants are performed each fgeanultiple myeloma, Hodgkin's and
non-Hodgkin’s lymphoma, and other conditions in ke#s where Genzyme has a commercial
infrastructure, including the United States, Europatin America and the Asian Pacific
countries [59].

Numerous Genzyme and investigator-sponsored teedsplanned or underway to
study Mozobil's use in other settings such as alh@jc hematopoietic stem cell transplants.
Genzyme is also studying the use of Mozobil to ionprthe efficacy of chemotherapy and/or
immunotherapy in various types of hematologic nraitcies such as chronic lymphocytic
leukemia and acute myelogenous leukemia, and isumg preclinical work to explore the
role that Mozobil may play in cord blood transphtitn, solid organ transplantation,
cardiovascular disease, renal ischemic diseasea aadety of additional types of solid tumor

malignancies [59].
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Conclusion

The bicyclam AMD3100 represents a typical exampiet® meandrous path of drug
discovery, hopping from one unexpected (“serendigst) observation to another, ultimately
leading to the clinical use for which originally was neither conceived nor developed.
Bicyclam JM1657 (JM standing for Johnson Matthegswriginally identified as an impurity
in a (mono)cyclam preparation evaluated for iteeptal inhibition of the replication of HIV
(human immunodeficiency virus). While most of themmnmercially available cyclam
preparations were virtually inactive against HIViegparticular preparation showed a marked
anti-HIV activity, apparently due to an impurityhi§ impurity was purified and identified as
the bicyclam JM1657 (with the 2 cyclam rings tedukrithrough a direct carbon-carbon
linkage). While re-synthesis of this compound f&il@& was the onset of a large synthetic
effort leading first to the synthesis of IM2763ttwihe 2 cyclam rings tethered by an aliphatic
bridge), and, then to the synthesis of JM3100 r(ldésignated as AMD3100, AMD standing
for AnorMED) (with the 2 cyclam rings tethered bg aromatic bridge). AMD3100 was
found to inhibit HIV [both HIV-1 and HIV-2, but ndBIV (simian immunodeficiency virus)],
within the 1-10 nM concentration range while notinige toxic to the host cells at
concentrations up to 500 puM, thus achieving a sglgcindex of approximately 100,000.
The target of action was initially thought to bee thiral envelope glycoprotein gp120. It
appeared only to be the indirect target. The ditedet of action turned out to be the co-
receptor CXCR4 used by T-lymphotropic HIV strainsenter the cells (the primary receptor
being CD4). Consequently, the anti-HIV activity AMD3100 was confined to those HIV
strains (now referred to as X4 strains) using CXGR4co-receptor [the normal ligand for
CXCR4 is the chemokine SDF-1 (stromal derived fgctoow also referred to as CXCL12].
Initial (phase I) clinical trials undertaken witiVlb3100, as a prelude to its development as a
candidate anti-HIV drug for the treatment of AlD&owed an unexpected side effect: an
increase in the white blood cell (WBC) counts. COnser inspection it appeared that
AMD3100 specifically increased CD34+ (hematopoietiem) cell counts in the peripheral

blood. SDF-1, through its interaction with CXCRétains the stem cells in the bone marrow
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(a process referred to as “homing”). One singlepiaral injection of AMD3100 (at a dose of
240 pg/kg) suffices to mobilize the stem cells frdme bone marrow into the bloodstream,
where they can be collected by leukapheresis. AMID3ih combination with granulocyte
colony-stimulating factor (G-CSF) results in thdlection of more progenitor cells than G-
CSF alone. AMD3100 is a more rapid mobilizer of séopoietic stem cells than G-CSF. At
present, the major indication for clinical use dfIB3100 (Mozobil™) is the mobilization of
hematopoietic stem cells from the bone marrow thi circulating blood, from where the
stem cells can be harvested for use in transplantah patients with hematological

malignhancies such as non-Hodgkin’s lymphoma or iplelimyeloma.
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Table 1. Anti-HIV activity profile of AMD3100 cortated with coreceptor use

Strain Coreceptor used Efng/ml)

AMD3100 SDF-1a RANTES
T-tropic
HIV-1 1lIB CXCR4 2 20 > 1,000
HIV-1 RF CXCR4 5 50 > 1,000
HIV-1 NL4-3 CXCR4 3 100 > 1,000
HIV-2 ROD CXCR4 7 55 > 1,000
M-tropic
HIV-1 BaL CCR5 > 25,000 > 1,000 25
HIV-1 SF-162 CCR5 > 25,000 > 1,000 5
HIV-1 ADA CCR5 (CCR2b, CCR3) > 25,000 > 1,000 10
HIV-1 JR-FL CCR5 (CCR2b, CCR3) > 25,000 > 1,000 4

According to Schols et al. [5].
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Legends to the Figures

Fig. 1. Structures and HIV-inhibitory effects of 1888, JM1657, JM2763, JM2987 and

JM3100.

Fig. 2. Correlation between inhibitory effects oMR3100 on HIV-1 replication, CXCR4

mADb binding and SDF-1-mediated signal transductfmtording to De Clercq [7].

Fig. 3. Mechanism of action of bicyclams: inhibgiviral entry by blocking the CXCR4
receptor. During the viral adsorption process,eavihal envelope glycoprotein gp120 interacts
with the CD4 receptor at the cell membrane. b Sylmesetly, gp120 interacts with the co-
receptor CXCR4 for T-tropic (X4) HIV strains, whapon c the viral glycoprotein gp4l
anchors into the cell membrane. The bicyclams blibek interaction between gp120 and

CXCR4. According to De Clercq [9].

Fig. 4. Amino acid sequence and membrane orgaaizati the chemokine receptor CXCR4.

According to Hatse et al. [13].

Fig. BA. Single-dose AMD3100 pharmacokinetics faliog 15-min. intravenous infusion
(median and range). According to Hendrix et al][19
Fig. 5B. WBC ratioversus time compared to AMD3100 concentratiearsus time following

single-dose intravenous AMD3100 administration. @xding to Hendrix et al. [19].

Fig. 6A. AMD3100 plasma concentrationsrsus time in healthy human volunteers. The
points represent the experimental data (mediang inor bars represent the interquartile

range (shown for representative data sets) forgikg(@®), 80 g/kg (O), 160 pg/kdl), 240
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pg/kg (@), and 320 pg/kg<X). The lines represent the population-predictedcentrations
from the pharmacokinetic model. According to Latlle [20].

Fig. 6B. Total white blood cell countgrsus time. The points represent the experimental data
(median). The error bars represent the interqeardihge (shown for representative data sets)
for 40 pug/kg @), 80 ug/kg (O), 160 pug/kdl), and 240 ug/kg<). According to Lack et al.

[20].

Fig. 7. Dose-response analysis of AMD3100-induceabilization of CD34 cells into
peripheral blood. Healthy human volunteers receigedingle subcutaneous injection of
AMD3100 at the following doses: 40 pg/kg (n = 3licdine); 80 pug/kg (n = 10; O); 160
pna/kg (n = 5;4); and 240 pg/kg (n = 5V). Peripheral venous blood was withdrawn at time
intervals after drug administration, and FACS asiglywas used to determine the
concentration of CD34cells. Each value represents the mean SEM. Aowptd Liles et al.

[21].

Fig. 8. Structures of AMDO0O70 and AMD3100.
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Anti-HIV activity of bicyclams in MT-4 cells
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Compound Structure EC(UM) CGo (UM)
HIV-1(lllg)  HIV-2(ROD)
JM1498 m 399 150 1248
NH HN
JM1657 0.144 1.01 319
NH HNj—I: NH HN
I:NH HN NH HN:I
JM2763 m /\/\m 0.248 1.00 > 622
NH N  HN
[NU:j [Uj
JM2987 m C m 0.005 0.010 > 500
NH N  HN
I:NH sz I:NH HN:I
8 HBr 2 HO
JM3100 0.009 > 500

m ( : p 0.003

8 HCI 2 KO

Fig. 1

Page 22 of 30



120+ —a — Binding of CXCR4 mAb

—m — SDF-1-induced C&* flux

100 —e — HIV-1 NL4.3 replication

80 1

60 -

% of inhibition

40 1

20

0 1 1 1 1 1 1
0 1000 100 10 1 0.1

Concentration of AMD3100 (ng/ml)

Fig. 2

Page 23 of 30



ACCEPTED MANUSCRIPT

24

Fig. 3

Page 24 of 30



ACCEPTED MANUSCRIPT

25

o@ (11G E IM;
ﬂﬂ@ D XHAYXTIEXE by

o)
FEEHED VTG,

230320 N0 0s
il M I?‘i
] G '!

Fig. 4

Page 25 of 30



AMD-3100 (ng/ml)

10%

2

101 4

AMD-2100 {ng/ml)

Hours

12

14

WEBC Ratio (Baseline Reference)

Fig. 5

W
1

n
L

-
i

80 pgfkg : AMD-3100 —O WBC —@—
40 uglkg : AMD-3100 —- WBC ——
20 uglkg : AMD-3100 —— WBC —&—
: AMD-3100 —— WBC —v—

0 2 4 6 8 10 12 14 16 18 20 22 24

Page 26 of 30

26

600
500
400
E
(=)
300 £
o
{ow
p—
200 9
o
=
100 <
0



27

oe

sz 0z st oL
(Towysi(e) Juno2 DgM

T
0001

008 008 0¥ 00z
(1/69w) uoReRUBOUCD BWISEld 00LEANY

20

15

10

Time (hrs)

24

20

16

12

Time (hrs)

Fig. 6

Page 27 of 30



Absolute Number of CD34+ Cells in
Peripheral Blood (cells x 10%/L)

: —40 pg/kg (n=3)
T % ->= 80 pg/kg(n=10)
B —~ 160 pg/kg(r=5)
! \
N == - 240 pa/kg (=5
//. \ ~ . pa/kg (n=3)

3 6 9 12 15 18 21 24

Time (hours)

Fig. 7

28

Page 28 of 30



ACCEPTED MANUSCRIPT

28

NH N HN
I: w’::l I: NH H N:I
AMD3100 AMDO70

Fig. 8

Page 29 of 30



The AMD3100 story: the path to the discovery of a stem cell mobilizer (M ozobil)
Biochemical Pharmacology, ... 2009
Erik De Clercq

NH N N H
[Uj [NUZ]
AMD3100, Mozobil, Plerixafor
1,1'-[1,4-phenylenebis(methylene)]-bis -1,4,8, ltta@zacyclotetradecane
Originally discovered as an anti-HIV agent, thearfd to specifically act as an antagonist

of the chemokine receptor CXCR4, and finally lioeth$or clinical use as a stem cell
mobilizer.
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