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We describe here the identification and properties of SCH-C (SCH
351125), a small molecule inhibitor of HIV-1 entry via the CCR5
coreceptor. SCH-C, an oxime–piperidine compound, is a specific
CCR5 antagonist as determined in multiple receptor binding and
signal transduction assays. This compound specifically inhibits
HIV-1 infection mediated by CCR5 in U-87 astroglioma cells but has
no effect on infection of CXCR4-expressing cells. SCH-C has broad
and potent antiviral activity in vitro against primary HIV-1 isolates
that use CCR5 as their entry coreceptor, with mean 50% inhibitory
concentrations ranging between 0.4 and 9 nM. Moreover, SCH-C
strongly inhibits the replication of an R5-using HIV-1 isolate in
SCID-hu ThyyLiv mice. SCH-C has a favorable pharmacokinetic
profile in rodents and primates with an oral bioavailability of
50–60% and a serum half-life of 5–6 h. On the basis of its novel
mechanism of action, potent antiviral activity, and in vivo phar-
macokinetic profile, SCH-C is a promising new candidate for ther-
apeutic intervention of HIV infection.

Despite the tremendous progress that has been made over the
past decade in antiretroviral research and therapy to reduce

morbidity and mortality in HIV-1-infected individuals, there
remains a need for more potent and less toxic therapies. The
emergence of viral resistance to protease and reverse transcrip-
tase inhibitors, combined with the difficulty of adhering to
complicated dosing regimens that have associated side effects,
has meant that an increasing number of patients are now failing
to achieve sustained suppression of viral replication (1–4).

The process of HIV-1 entry into target cells is an attractive
target for antiviral intervention (5–7). Inhibitors that target this
stage of the viral life cycle are highly unlikely to share cross-
resistance with the existing protease and reverse transcriptase
inhibitors, which interfere with later events in viral replication.
The receptor-mediated events that drive membrane fusion are
increasingly well understood from a molecular perspective, and
several individual stages have been identified as being suscep-
tible to pharmacological intervention (7). The potential for entry
inhibitors to be useful drugs has been established by the T-20
peptide, which blocks the conformational changes in HIV-1 gp41
that are necessary for virus–cell fusion (8). This peptide can
cause reductions in plasma viremia when delivered i.v. or s.c. to
HIV-1-infected individuals (9, 10). Other entry inhibitors are
also in preclinical or early clinical development (5–7, 11).

One stage in the HIV-1 entry process that is a particularly
plausible site for pharmacological intervention is the CD4-
dependent interaction between HIV-1 gp120 and the CCR5

chemokine receptor, which serves as a viral coreceptor (12–16).
The CCR5 receptor is a member of the G protein-coupled
receptor superfamily. The natural genetic absence of CCR5 from
humans (the CCR5-D32 homozygous genotype) has little impact
on health while being strongly protective against HIV-1 infection
(17). The reduced expression of CCR5 due to heterozygosity for
the defective CCR5-D32 allele is associated with a reduction in
the rate of disease progression in HIV-1-infected individuals
(18–20). Furthermore, the experimental knockout of CCR5 in
mice has a benign phenotype with only a subtle impact on
immune function (21–23). Hence, an antagonist that is specific
for CCR5 may cause few, if any, mechanism-based side effects.
From an antiviral perspective, CCR5 is the coreceptor used by
the most commonly transmitted HIV-1 strains, which predom-
inate during the early stages of HIV-1 infection—the so-called
macrophage-tropic viruses (now designated R5 strains) (24).
Several inhibitors of CCR5-mediated HIV-1 entry have been
shown to prevent R5 virus infection in vitro. These include
modified chemokines (25, 26), monoclonal antibodies to CCR5
(27, 28), and a small molecule antagonist, TAK-779 (29), that
binds within a cavity in the transmembrane domains of
CCR5 (30).

The potential for CCR5 antagonists as antivirals for HIV-1
infection motivated our group to establish a drug development
program for this target. Here, we report on SCH-C, a small
molecule antagonist that is specific for CCR5 and displays potent
antiviral activity against HIV-1 strains from multiple genetic
subtypes in vitro. Moreover, SCH-C strongly inhibits HIV-1
replication in the SCID-hu ThyyLiv mouse model and has
excellent pharmacological properties in rats and primates.

Materials and Methods
RANTES Inhibition Assay. Membranes from Chinese hamster ovary
(CHO) cells expressing human CCR5 (Biosignal, Montreal)
were incubated with SCH-C (10–0.3 nM) or MIP-1b in the
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presence of 50 pM 125I-RANTES (NEN) in buffer (50 mM
Hepes, pH 7.4y5 mM MgCl2y1 mM CaCl2y0.2% BSA) for 1 h at
25°C. Reaction mixtures were filtered through GFC filters
(Packard) and washed six times with cold wash buffer (10 mM
Hepes, pH 7.4y150 mM NaCl). Bound RANTES was quanti-
tated by liquid scintillation counting. Ki values were calculated
from the experimentally determined IC50 and KD values by using
GRAPHPAD PRISM software (Intuitive Software for Science, San
Diego).

Saturation Binding Analysis. A murine cell line, BayF3, was trans-
fected with a pME185neo-CCR5 expression plasmid and stable
transfectants selected by resistance to G418 (B550 cells). B550
cells (5 3 105) were incubated in binding buffer (PBSy1 mM
CaCl2y5 mM MgCl2y0.5% BSAy0.02% NaN3) with serially
diluted [3H]SCH-C (43.4 CiymM) 1y2 unlabeled SCH-C (10
mM) for 2 h at room temperature. Cells were isolated by using
a TOMTEC (Wallac, Gaithersburg, MD) and washed twice with
PBS containing 1 mM CaCl2 and 5 mM MgCl2. Radioactivity was
measured, and dissociation (KD) and maximal binding (Bmax)
values were calculated by using an EXCEL-based program written
by W. Gonsiorek (personal communication).

Calcium Flux Assay. B550 cells were washed and resuspended at
1 3 107yml in RPMI 1640 medium with 10% FBS and then
loaded with 3 mg of Fura 2AM (Sigma) for 1 h at 25°C with
gentle shaking. The cells were centrifuged and resuspended in
Hanks’ balanced salt solution supplemented with 1% FBS,
transferred to a cuvette where 1.6 ml of warm flux buffer
(HBSSy10 mM Hepesy1.6 mM CaCl2) was added. The cuvettes
were placed in an LS-50B luminescence fluorimeter (Perkin–
Elmer) preequilibrated at 37°C. SCH-C was added at 0.01, 0.1,
and 1.0 mM and before addition of RANTES at a final concen-
tration of 10 nM. Changes in intracellular calcium over time were
measured as the ratio of fluorescence intensities at 340 nm and
380 nm.

Chemotaxis Assay. Chemotaxis buffer (1% FBSy15 mM glycylg-
lyciney140 mM NaCl) containing 0.01 nM MIP-1b was added to
the bottom compartment of a 24-well 5-mm Transwell plate
(Costar). About 5 3 106 B550 cells, pretreated with SCH-C (1
mM–0.01 nM) or 0.01% DMSO in RPMI 1640 medium, were
seeded into the top well. The plates were incubated at 37°C for
1.5 h, the top chambers were removed, and the number of cells
migrating to the lower chamber were counted.

[35S]Guanosine 5*-[g-thio]Triphosphate (GTPgS)-Binding Assay.
[35S]GTP[gS]-binding assays by using CHO-CCR5 cell mem-
branes (20 mg, 200-ml reaction volume) were performed as
described by Fawzi et al. (31).

Virus Stocks and Reagents. Luciferase reporter viruses (ADA,
YU-2) were generated as described by Connor et al. (32).
Primary HIV-1 isolates were obtained from the National Insti-
tutes of Health AIDS Reference and Reagent Program, Division
of AIDS, and the World Health Organization, with the exception
of HIV-1 Ba-L, YU-2, ADA-M, JR-Fl, P-17, and 2067cl 3, which
have been described (33). Viral stocks were propagated in
phytohemagglutinin (5 mgyml) and IL-2 (50 unitsyml)-
stimulated peripheral blood mononuclear cells (PBMC) ob-
tained from healthy donors. For in vitro antiviral assays, the Ba-L
(Gladstone) stock was prepared in PBMC from a seed stock of
Ba-L passaged exclusively in macrophage cultures that was used
in the mouse infection study.

Infection of U87 Astroglioma Cells. U-87 astroglioma cells express-
ing human CD4 and CCR5 or CXCR4 were obtained from Dan
Littman (New York University, New York). Cells were seeded

into 96-well plates (7 3 103ywell) and pretreated with com-
pounds or media (DMEM, 10% FCS) at 37°C for 1 h in 100 ml.
The medium was aspirated and replaced with 20 ml of fresh
medium containing compound. The cells were infected with
5–20 ml of luciferase virus supernatant for 3 h at 37°C, then
washed with PBS and incubated in culture medium containing
SCH-C for 3 days. Luciferase activity was measured in cell lysates
by using the luciferase assay system (Promega). For replication
assays, cells were treated with 1 mM SCH-C or AMD3100, then
infected with the R5X4 viruses HIV-1 P17 or HIV-1 2073cl.3 as
described above. Viral replication was measured on day 4 by
using a p24 antigen ELISA (DuPontyNEN).

HIV-1 Replication in PBMC Cultures. Ficoll-purified PBMC were
stimulated in vitro with 5 mgyml phytohemagglutinin and 50
unitsyml IL-2 for 3 days. The cells were resuspended at 4 3
106yml in complete medium (RPMI, 10% FBSy50 unitsyml
IL-2), seeded into 96-well plates (2 3 105ywell), incubated with
inhibitor for 1 h at 37°C, and infected in triplicate with 25–100
tissue culture 50% infective dose (TCID50) per well of an HIV-1
primary isolate for 3–4 h. The cells were washed twice in PBS to
remove residual virus and cultured in the presence of inhibitor
for 4–6 days. HIV-1 replication was quantitated by measure-
ment of extracellular p24 antigen by ELISA. The IC50 and IC90
values for each virus were determined by using GRAPHPAD PRISM
software.

SCID-hu ThyyLiv Mouse Model. Homozygous C.B-17 scidyscid mice
were implanted with human fetal thymus and liver as described
(34, 35). Groups of seven mice were dosed twice daily by oral
gavage with SCH-C in vehicle (0.4% methylcellulose) at 3, 10,
and 30 mgykg per day, or with ddI at 50 mgykg per day by
twice-daily i.p. injection of 200 ml per dose. Implants were
inoculated with 2,000 TCID50 of HIV-1 Ba-L 1 day after the
initiation of dosing. Mice were dosed daily until the implants
were collected 28 days after inoculation for analysis of cell-
associated viral RNA by branched DNA assay and p24 by ELISA
(34, 36). Thymocyte subpopulations were analyzed by flow
cytometry by resuspending 3 3 106 implant cells in 50 ml of an
antibody mixture containing allophycocyanin-conjugated anti-
CD4, peridinin chlorophyll protein-conjugated anti-CD8, and
FITC-conjugated anti-HLA-ABC antibody, W6y32, or a similar
mixture containing isotype control antibodies. The cells were
incubated for 30 min, washed with 2% FBS in PBS, fixed with 1
ml of 1% paraformaldehyde, and analyzed on a FACSCalibur
instrument (Becton Dickinson). All results are expressed as the
mean 6 SE for each group. Nonparametric statistical analyses
were performed by using the Mann–Whitney u test (STATVIEW
5.0, Abacus Concepts, Berkeley, CA). P values , 0.05 were
considered statistically significant.

Pharmacokinetic Analysis. Groups of three fasted male Sprague–
Dawley rats were dosed with [3H]SCH-C at 10 mgykg by either
i.v. injection or oral gavage. For the monkey studies, three fasted
male cynomolgus monkeys were dosed at 2 mgykg. The com-
pound was dissolved in 0.4% methylcellulose for oral dosing and
in 20% hydroxypropyl-b-cyclodextrin for i.v. dosing. After com-
pound administration, plasma samples were collected periodi-
cally over 24 h. The plasma samples were subjected to protein
precipitation, and the supernatant was injected into the HPLC-
MSyMS system. Parent compound was quantitated against a
standard curve, area under the curve (AUC) was calculated from
the concentration vs. time profiles, and the pharmacokinetic
parameters were calculated by using the Watson LIMS system.
Total radioactivity in the plasma samples was measured by
scintillation counting and a concentration equivalent vs. time
profile was determined. Absorption was calculated from the
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relative AUC ratios of the i.v. and oral gavage total radioactivity
concentration equivalents vs. time profiles.

Results
Identification of SCH-C. Because the natural ligands for CCR5
include the CC-chemokine RANTES, we used a high-
throughput screen to identify inhibitors of RANTES binding to
CCR5, on the assumption that such compounds also might be
able to block HIV-1 binding to the same receptor. In the
screening assay, [125I]RANTES binding to CHO cell membranes
expressing CCR5 was measured in the presence and absence of
test compounds. Leads from the initial screen were optimized by
medicinal chemistry to increase their antiviral potency, receptor
specificity, and pharmacokinetic parameters (37). The result of
this structure activity relationship study was the synthesis of
SCH-C, a small nonpeptidic molecule with potent antiviral
activity and high affinity, specific receptor binding. SCH-C is an
oxime–piperidine compound with a molecular weight of 557.5
(Fig. 1A). The tartarate salt of this compound is a white,
amorphous solid with a solubility of .200 mgyml.

Receptor-Binding Properties of SCH-C and Determination of Antago-
nist Activity. In the standard assay used to screen compounds for
RANTES-blocking activity, SCH-C inhibited, in a dose-
dependent manner, the binding of [125I]RANTES to the CHO
cell membranes expressing human CCR5. The Ki value for
SCH-C in this assay is 2.9 nM (Fig. 1B). To determine the
maximal binding (Bmax) and KD of SCH-C, a saturation binding
analysis was performed by using B550 cells, a BayF3 murine

pro-B cell line that stably expresses human CCR5. This analysis
showed that SCH-C binds with high affinity to CCR5, with a KD
of 9.27 nM and a Bmax value of 1.98 3 1024 fmolycell (Fig. 1C).
A counterscreen was performed with SCH-C against a panel of
over 80 different human receptors to determine the compound’s
specificity for CCR5. The results of these studies revealed that
SCH-C did not show significant binding or inhibition of ligand
binding to any of the receptors tested. These included the closely
related chemokine receptors CCR1, CCR2, CCR3, and CCR7,
which were inhibited by 0.0%, 12%, 2.0%, and 0.0%, respec-
tively, by SCH-C assayed at concentrations of 1.8 mM or higher
in a ligand-binding assay.

To determine whether SCH-C is a receptor antagonist, several
functional assays were used, including measurements of calcium
flux, GTPgS binding, and chemotaxis. In the calcium flux assay,
B-550 cells were loaded with the calcium-sensitive dye Fura-
2AM before addition of the CCR5 ligand, RANTES. Com-
pounds with CCR5 agonist properties induce an intra-
cellular calcium increase, whereas antagonists do not them-
selves induce signaling but block induction by natural ligands
(RANTES, MIP-1a, MIP-1b). The results clearly show that
SCH-C is a CCR5 antagonist (Fig. 2A).

The antagonist properties of SCH-C were further confirmed
by using a second membrane-binding assay that measures re-
ceptor activation by CCR5 ligands, specifically the binding of
[35S]GTPgS to receptor-coupled G proteins that occurs in
response to receptor activation by an agonist. In this assay,
SCH-C causes no CCR5 activation itself but inhibits the func-
tional response to MIP-1b in a concentration-dependent man-
ner, with an IC50 of '16 nM (Fig. 2B). Similarly, SCH-C
inhibited RANTES induced GTPgS binding with a similar IC50
concentration (data not shown). Using a functional chemotaxis
assay in which B550 cells migrate across a membrane in response
to compounds or chemokines (e.g., RANTES, MIP-1b), we
found that SCH-C-inhibited MIP-1b induced chemotaxis with
an IC50 value of less than 1 nM (Fig. 2C). Furthermore, the
compound had no chemoattractant activity itself (data not
shown). Collectively, the data from these studies clearly dem-
onstrate that SCH-C is a CCR5 receptor antagonist.

In Vitro Antiviral Activity of SCH-C. The ability of SCH-C to inhibit
HIV-1 entry and replication was determined in vitro using
several different assays. In the first of these, the entry of
envelope-pseudotyped HIV-1 into U87 astroglioma cells ex-
pressing CD4 and CCR5 (U87-CD4-CCR5) was measured in a
single-cycle infection assay with a luciferase reporter-gene read-
out. SCH-C inhibits the entry of two different HIV-1 R5
envelope-pseudotyped viruses (HIV-1ADA and HIV-1YU-2), with
an average IC50 value of 0.69 nM (Fig. 3A).

The specificity of SCH-C for the CCR5 coreceptor was then
tested by using U87-CD4-CCR5 cells or U87-CD4 cells express-
ing CXCR4 (U87-CD4-CXCR4). The cells were treated with 1
mM SCH-C or the CXCR4-specific inhibitor, AMD3100, and
then infected with the dual-tropic (R5X4) primary isolates,
HIV-1 P17 or HIV-1 2073cl.3. SCH-C efficiently inhibited the
replication of both viruses in the cells expressing CCR5 but had
no effect on viral replication in the CXCR4-expressing cells (Fig.
3B). The converse was observed with AMD3100. Thus, the
antiviral activity of SCH-C requires cell-surface CCR5 expres-
sion, as expected.

The breadth and potency of SCH-C was also assessed in
replication assays using PBMC cultures and a panel containing
21 genetically diverse, primary, R5 HIV-1 isolates. The average
IC50 and IC90 values derived from multiple experiments using
cells from at least two different donors are summarized in Table
1. SCH-C inhibited the replication of most isolates with geo-
metric mean IC50 values ranging from 0.40 to 8.9 nM and IC90
values from 3 to 78 nM. This potency range is similar to that

Fig. 1. Structure and receptor-binding properties of SCH-C. (A) The structure
of SCH-C. (B) SCH-C inhibits RANTES binding to CCR5. SCH-C was titrated over
the concentration range indicated in the presence of [125I]RANTES, and the
binding of RANTES to human CCR5 expressed on CHO-cell membranes was
measured (■). (C) SCH-C binds with high affinity to CCR5. [3H]SCH-C was
titrated over the concentration range indicated; the amount bound to human
CCR5 on B550 cells was measured, and the Bmax and KD values were calculated
from the Scatchard plot (Inset). The value of each assay point is an average of
triplicates (F).
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observed with other antiretroviral agents (e.g., AZT, indinavir)
in this assay system (data not shown).

Only one of the 21 test isolates (RU570; subtype G) was
resistant to SCH-C; its IC50 value was '200 nM, and its IC90
value was .1,000 nM. The relative resistance of this isolate to
SCH-C may be due to its use of an alternate coreceptor, such as
CCR3, or alternatively to a naturally occurring variation in its
envelope glycoprotein that allows it to interact with CCR5
despite the presence of SCH-C.

Antiviral Activity of SCH-C in SCID-hu ThyyLiv Mice. The in vivo
antiviral potency of SCH-C was investigated in the SCID-hu
ThyyLiv mouse model of HIV-1 infection (34, 35). Severe
combined immunodeficient (SCID) mice were implanted under
the left kidney capsule with human fetal thymus and liver from
a single donor 20 weeks before inoculation with HIV-1. SCH-C
was administered by twice daily oral gavage at 3, 10, and 30
mgykg per day, beginning 1 day before direct inoculation of each
implant with 2,000 TCID50 of the R5 isolate HIV-1 Ba-L.

Another group of mice received 50 mgykg per day of ddI by
twice-daily i.p. administration, also beginning 1 day before virus
inoculation. Mice were dosed twice daily until the implants were
collected 28 days after inoculation for determination of cell-
associated p24, viral RNA, and the level of MHC class I
expression on immature (CD41 CD81) thymocytes.

SCH-C had potent and dose-dependent antiviral activity in
this SCID-hu model (Fig. 4). No p24 antigen was detected in the
implants of the seven mice treated with 30 mgykg per day of
SCH-C, and viral RNA was reduced by 3.6 log10 compared with
untreated mice. Because HIV infection can up-regulate MHC
class I expression on immature thymocytes in this model system
(38), we measured HLA-ABC levels with the mAb W6y32 on
implant cells from treated and untreated mice by FACS analysis.
As shown, MHC class I expression on implant cells from
SCH-C-treated mice was reduced in a dose-dependent manner
compared with cells from untreated mice, which confirms fur-
ther the inhibition of viral replication by SCH-C.

Pharmacokinetic Studies in Rats and Monkeys. In exploratory phar-
macokinetic studies, an amorphous tartrate salt form of
[3H]SCH-C, formulated in 20% hydroxypropyl-b-cyclodextrin
for i.v. studies and 0.4% methylcellulose for oral studies, was
administered to fasted male Sprague–Dawley rats (10 mgykg)
and cynomolgus monkeys (2 mgykg). Plasma samples were
collected periodically up to 24 h after administration for quan-
titation of the parent compound by a liquid chromatography and
mass spectrometry assay. The profile of total radioactivity across
the time course was also determined and is expressed as the
AUC. In these studies, SCH-C was found to be well absorbed and
highly bioavailable in both species based on AUC determina-
tions (Table 2). The maximal plasma concentrations (Cmax) of
SCH-C after oral administration were 2.5 mM in the rat and 0.76
mM in the monkey. The compound half-life (t1/2) and clearance
rate (CL) after i.v. administration were 5.4 h and 12.8 mlymin per
kg for the rat and 6.0 h and 4.28 mlymin per kg for the monkey

Fig. 2. SCH-C is a CCR5 antagonist. (A) SCH-C antagonizes the calcium
response to RANTES but does not itself induce a calcium signal. SCH-C at the
concentrations indicated was added to B-550 cells loaded with the calcium-
sensitive dye FURA-2 before addition of RANTES (10 nM). (B) SCH-C inhibits
agonist-induced [35S]GTPgS binding to the CCR5 receptor. SCH-C at the con-
centrations indicated was added to membrane preparations from CHO cells
expressing hCCR5 in the presence (F) or absence (E) of MIP-1b (10 nM), and the
amount of membrane-bound [35S]GTPgS was determined. (C) SCH-C inhibits
chemotaxis induced by MIP-1b. SCH-C (Œ) at the concentrations indicated, or
the equivalent concentration of DMSO (■), was added to B550 cells in the
presence of MIP-1b (0.01 nM), and the extent of cell migration was deter-
mined. Spontaneous migration in the absence of chemokine was also mea-
sured (F).

Fig. 3. SCH-C inhibits HIV-1 entry and replication in vitro. (A) SCH-C inhibits
the entry of Env-pseudotyped HIV-1 into U87-CD4-CCR5 cells. SCH-C at the
concentrations indicated was added to the cells immediately before infection
with HIV-1 pseudotypes containing the envelope glycoproteins of the ADA (})
or YU-2 (F) isolates. The extent of infection was determined by measuring
luciferase expression 3 days after infection and is plotted as a percentage of
that occurring in the absence of inhibitor. (B) SCH-C has no effect on HIV-1
entry via CXCR4. U87-CD4-CCR5 cells (Left) or U87-CD4-CXCR4 cells (Right)
were infected with a dual-tropic primary virus, HIV-1 P17 (solid bars) or HIV-1
2073cl.3 (hatched bars), in the presence or absence of SCH-C (1 mM) or
AMD3100 (1 mM) as indicated. The extent of infection was determined by
measuring p24 antigen production and is plotted as a percentage of that
occurring in the absence of inhibitor.

Strizki et al. PNAS u October 23, 2001 u vol. 98 u no. 22 u 12721

M
IC

RO
BI

O
LO

G
Y



(Table 2). More important, plasma levels exceeding the mean in
vitro IC90 inhibitory concentrations can be obtained and sus-
tained at least 12–24 h after oral administration. In addition,
metabolic studies demonstrated that SCH-C did not show sig-
nificant inhibition or induction of the major P450-metabolizing
enzymes (data not shown).

Discussion
The compound we have described here, SCH-C, is a potent and
specific small molecule inhibitor of HIV-1 infection, both in vitro

and, in a murine model system, in vivo. SCH-C is clearly a CCR5
receptor antagonist, a feature that is important for its planned
use in humans. SCH-C also has favorable pharmacokinetic
profiles in animals, including good oral bioavailability and
absorption. As such, SCH-C has properties that are entirely
suitable for its advancement into the clinical stages of a drug-
development program.

Most primary, R5 HIV-1 isolates tested in this study were
sensitive to SCH-C, with IC50 values typically in the low nM
range. This potency is comparable with or greater than that of
TAK-779, a small molecule inhibitor of CCR5 that has previ-
ously been described (29). However, unlike TAK-779, SCH-C is
orally bioavailable and has no cross-reactivity with CCR2 or
other chemokine receptors.

SCH-C was a potent inhibitor of a broad panel of diverse
HIV-1 isolates from different genetic subtypes and geographic
regions with the exception of one virus, the Russian subtype G
strain, RU570, that was insensitive to this compound. This
insensitivity may reflect an unusual coreceptor usage profile of
this virus or an atypical interaction between its envelope glyco-
proteins and CCR5 that causes the binding event to be unaf-

Table 1. SCH-C inhibits infection of PBMC by genetically diverse, primary, R5 HIV-1 isolates

Virus Cladeyorigin # expts.*

IC50 (nM)† IC90 (nM)

Mean 95% CI Mean 95% CI

ASJM 108 ByUSA n 5 5 0.76 0.40–1.6 9.2 6.0–17
ASM 80 ByUSA n 5 6 0.40 0.17–0.95 3.0 0.76–13
ASM 57 ByUSA n 5 10 7.8 3.5–18 72 38–170
301657 ByUSA n 5 8 1.9 0.78–5.1 25 9.8–64
302056 ByUSA n 5 6 0.61 0.29–1.4 6.1 3.0–14
92US715 ByUSA n 5 6 0.41 0.1–1.7 8.5 3.9–18
US91005 ByUSA n 5 6 0.71 0.22–2.3 8.3 3.9–18
Ba-L ByUSA n 5 6 1.7 0.51–5.9 19 5.8–52
YU-2 ByUSA n 5 7 0.46 0.14–1.5 9.3 2.5–35
QZ4589 ByTrinidad n 5 10 2.1 1.0–4.4 37 13–98
ADA-M ByUSA n 5 10 3.2 1.6–6.6 44 22–91
JR-FL ByUSA n 5 17 1.2 0.58–2.5 14 6.3–29
Ba-L (Gladstone) ByUSA n 5 7 8.9 3.2–25 70 25–204
JV1083 GyNigeria n 5 11 7.1 7.7–20 78 36–170
G3 GyNigeria n 5 4 3.9 0.98–15 61 10–360
RU570 GyRussia n 5 3 200 150–250 .1000 ND
93MW959 CyMalawi n 5 2 0.64 0.46–0.91 7.8 4.7–13
93MW960 CyMalawi n 5 2 0.68 0.65–0.74 15 4.2–58
92UG035 AyDyUganda n 5 2 1.4 0.43–4.3 14 6.9–30
93UG082 DyUganda n 5 3 0.71 0.1–3.2 8.2 0.8–79
BCF01 0yCameroon n 5 3 1.2 0.1–30 16 0.5–490
Overall average 1.8 1.3–2.4 20 15–26

*n 5 number of experiments for which IC values determined.
†Geometric mean IC values (nM) calculated for multiple experiments; range values represent 95% confidence intervals based on SEM
for all isolates except RU570, for which an IC90 value was not determined.

Fig. 4. SCH-C inhibits HIV-1 replication in vivo. SCID-hu ThyyLiv mice were
treated by twice-daily oral gavage with SCH-C at the indicated doses or i.p.
with ddI at 50 mgykg per day. Mice were treated 1 day before inoculation of
ThyyLiv implants with 2,000 TCID50 of HIV-1 Ba-L by direct injection, and
dosing was continued until implant collection 28 days after inoculation.
Antiviral efficacy was assessed by determining cell-associated p24, viral RNA,
and MHC class I expression on immature CD41 CD81 thymocytes. Asterisks
indicate P , 0.050 compared with untreated mice by the Mann–Whitney u
test.

Table 2. Pharmacokinetic parameters of SCH-C in rats
and monkeys

Pharmacokinetic
parameters

Rat 10 mgykg
IVyPO

Monkey 2 mgykg
IVyPO

Absorption (%) 57 80
Bioavailability (%) 63 52
IV Half-life (h) 5.4 6.0
IV CL (mlyminykg) 12.8 4.28
Vd (ss) (literykg) 5.09 1.89
Oral Cmax (mM) 2.5 0.76
Tmax (h) 0.5 2.0
Oral AUC(0–24 h) (hzmM) 15 6.9

12722 u www.pnas.orgycgiydoiy10.1073ypnas.221375398 Strizki et al.



fected by the inhibitor. Further studies will be required to
determine the basis of resistance of this isolate to SCH-C.

The in vitro potency of SCH-C against HIV-1 replication was
an encouraging finding, but a further validation of its antiviral
activity required use of an animal infection model. SCH-C is
specific for human CCR5 and does not cross-react with high
affinity with the macaque CCR5 receptor (M. Endres, personal
communication), so it was not feasible to evaluate its in vivo
efficacy in a simian immunodeficiency virus or chimeric simian
human virus (SHIV) monkey infection model. We therefore
used the SCID-hu ThyyLiv mouse model because this has
previously proven to be useful for the evaluation of experimental
new therapies (35, 36). In this model system, SCH-C had robust
antiviral activity against a pathogenic R5 virus, HIV-1 Ba-L.

Finally, pharmacokinetic evaluation of SCH-C demonstrated
that this compound is orally bioavailable and well absorbed in
both monkeys and rats. Based on the animal pharmacokinetic
data, a dosing paradigm model predicts that this compound may
be effectively dosed in a once- or twice-daily regimen. Prelim-
inary data from our laboratories and others (M. Hirsch, personal

communication) indicate that SCH-C acts synergistically with
other antiretroviral agents in vitro, suggesting that inhibitors of
viral entry could be used in conjunction with existing therapies
to suppress HIV-1 replication.

In summary, SCH-C is an orally bioavailable small molecule
antagonist of the CCR5 coreceptor with in vivo activity against
HIV-1. We believe from these preclinical studies that small
molecule antagonists of chemokine receptors can be developed
as a new class of potent antiretroviral drugs.
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