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broad-spectrum inhibition of lethal viral hemorrhagic fevers pathogens, including Ebola, Rift Valley and
Dengue Fever viruses, in cell-based assays. Using mouse models of Ebola virus, we further demonstrate
that FGI-106 can protect animals from an otherwise lethal infection when used either in a prophylactic or
therapeutic setting. A single treatment, administered 1 day after infection, is sufficient to protect animals
from lethal Ebola virus challenge. Cell-based assays also identified inhibitory activity against divergent
virus families, which supports a hypothesis that FGI-106 interferes with a common pathway utilized by

nding
engue Fever different viruses. These fi

. Introduction

Highly pathogenic members belonging to families of Filo-, Flavi-,
rena- and Bunya-viridae are implicated in causing Viral Hemor-

hagic Fevers (VHFs) (Burnett et al., 2005; Hensley et al., 2005; Khan
t al., 2008; Marty et al., 2006). These viruses cause a deadly infec-
ion in humans with high case fatality rates (Zampieri et al., 2007).
onetheless, natural outbreaks of these agents are often sporadic
nd restricted to underdeveloped or isolated pockets of the popula-
ion. A prominent exception is Dengue Fever, which is widespread
hroughout tropical regions, with tens of millions of cases occurring
nnually (Barreto and Teixeira, 2008). The fact that these viruses
re generally prevalent in developing countries has unfortunately
osed a financial disincentive for many large pharmaceutical com-
anies to pursue an effective antiviral therapy for VHFs. The need

or specialized BSL4 facilities with trained personnel has further
estricted research to a few high-security sites worldwide. As a

esult, there are no FDA approved antivirals for Ebola and many
ther VHFs except supportive therapy (De Clercq, 2008). Although
ibavirin is approved for treatment of other pathogens, this medi-
ation has been used to treat several types of VHF, although there
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s suggest FGI-106 may provide an opportunity for targeting viral diseases.
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remains a need to replace this option with a more potent and less
toxic medication (Bray, 2008).

A lack of treatment options is an alarming situation for pub-
lic health officials around the world in light of the potential for
intentional or accidental releases of such agents and thereby poses
national security and economic threats beyond the normal ranges
of these viruses. The need for an effective therapeutic or vaccine for
VHF was painfully reinforced by a deadly reemergence of Dengue
Fever that assumed epidemic proportions in Brazil and caused a
national emergency.

In this report, we present the discovery of a novel broad-
spectrum small molecule inhibitor, FGI-106, with inhibitory activity
against multiple and otherwise unrelated VHFs, including Ebola
virus (a Filovirus), Rift Valley Fever (a Bunyavirus) and Dengue virus
(a Flavivirus). Exploratory testing also revealed potential inhibitory
activity against additional viral pathogens including HIV (a retro-
virus) and hepatitis C virus (a Flavivirus).

2. Materials and methods

2.1. Screening for viral inhibition of GFP-ZEBOV
A focused small molecule library was developed at USAMRIID,
which consisted of compounds sharing chemical scaffolds with het-
erocyclic aromatic structures and possessing two positive-ionizable
amidine or imidazolino moieties. These compounds were initially
screened for antiviral activity in a cell-based high throughput

http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:mkinch@functional-genetics.com
dx.doi.org/10.1016/j.antiviral.2009.06.001
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ig. 1. Structure of FGI-106. Shown is the chemical structure of Quino[8,7-
]quinoline-1,7diamine,N,N′-bis[3-(dimethylamino)propyl]-3,9-dimethyl-,
etrahydrochloride (FGI-106), which was identified in a screen of small molecule
ompounds for activity against Ebola virus in cell-based assays.

creening (HTS) assay using a recombinant Zaire EBOV (GFP-ZEBOV)
xpressing green fluorescent protein (GFP) as a reporter for virus
eplication (Towner et al., 2005). The primary hits comprised

olecules that decreased Ebola replication by at least 60%. One par-
icular compound, Quino[8,7-h]quinoline-1,7diamine,N,N′-bis[3-
dimethylamino)propyl]-3,9-dimethyl-tetrahydrochloride (desig-
ated hereafter as FGI-106; Fig. 1), is the focus of our present report.

A recombinant Zaire EBOV expressing green fluorescent pro-
ein (GFP-ZEBOV) as a reporter for virus replication was used
o screen compounds for inhibitors of EBOV replication. Briefly,
onfluent Vero E6 cells (96-well plate format) were pretreated
ith compound (0–20 �M) diluted in cell-culture medium for

8 h. This pretreatment was part of a standard protocol used
or our initial screening of compounds but subsequent studies
emonstrated that pretreatment was not required to obtain antivi-
al activity. Each plate included negative (DMSO; Cat # D2650;
igma–Aldrich, St. Louis, MO) control treatments. Following pre-
reatment with compound, cells were infected with GFP-ZEBOV
multiplicity of infection (MOI) = 1). Compound was reapplied to
ells after infection by adding additional media containing com-
ound concentrations equivalent to pretreatment concentrations.
ultures were incubated for 48 h before fixation (10% neutral-
uffered formalin) and removal from the BSL4 facility. After nuclear
taining (Hoechst dye), viral infection was determined using a
igh content imaging system, Discovery 1 (Molecular Devices,
unnyvale, CA), which compiles GFP fluorescence data from approx-
mately 25,000 cells per well. This procedure identifies the total
umber of adherent cells, and fraction of infected cells, thereby
roviding an immediate assessment of efficacy and toxicity. Cell
iability assays were conducted as detailed previously (Kinch et al.,
009). All assays were repeated at least three times and represen-
ative findings are shown.

.2. Virus yield reduction assay

All products used for cell culture were obtained from Invitro-
en. Confluent Vero E6 cells (American Type Culture Collection,
anassas, VA) in 24-well plates were treated with FGI-106 diluted

n cell-culture medium or with medium only (negative control).
ollowing overnight incubation, medium was removed and cells
ere infected with Zaire EBOV (ZEBOV; MOI = 1). After 1 h, excess

irus was removed and media containing FGI-106 at pretreatment
oncentrations was replenished. Culture supernatants were col-
ected after 48 h and viral titers were quantified by standard plaque
ssay using Vero E6 cells. The plaque assays for Rift Valley Fever
irus (MP-12; MOI = 1) were conducted after 24 h of infection in the
resence of the indicated amounts of FGI-106. To evaluate Dengue

ever virus, DC-Sign Raji cells were infected with Dengue (isolates
EN1, DEN2, DEN3 or DEN4; MOI = 0.1) in the presence or absence
f compound for 72 h as previously reported (Sun et al., 2009).
low cytometric assessment of cell staining with 2H2 monoclonal
ntibody (Sun et al., 2009), which recognizes a Dengue complex-
arch 83 (2009) 245–251

specific antigen, provided an assay of infection with Dengue Fever
virus (Mady et al., 1991). All assays were repeated at least three
times and representative findings are shown.

2.3. Evaluation of HCV

To evaluate release of infectious HCV particles, human hep-
atoma cells (Huh-7; purchased from ATCC, Manassas, VA) were
infected with a recombinant hepatitis C virus (HCV) that expresses a
renilla luciferase at IP Pharmaceuticals (Lexington, KY). At 2 h post-
infection, HCV-infected cells were incubated with compounds at
concentrations ranging from 30 to 0.04 �M in a 3-fold serial dilution
(30, 10, 3.33, 1.11, 0.37, 0.12, and 0.04 �M). At 3 days post-infection,
cells were lysed in a buffer included in a Promega luciferase assay
kit. The level of luciferase expression was determined by luciferase
assay (Promega Corp., Madison, WI). To evaluate reduction of HCV
protein, Huh-7 cells were infected with HCV. At 2 h post-infection,
HCV was removed and cells were washed once with PBS. HCV-
infected cells were then incubated with inhibitors at the indicated
concentrations at 37 ◦C for 3 days. Cell lysate was prepared by
extracting cells in 50 �l RIPA buffer. The level of HCV NS5A protein
was determined by Western blot analysis using an NS5A-specific
monoclonal antibody.

2.4. In vitro testing of HIV

MT-4 cells (purchased from ATCC, Manassas, VA) were infected
with HIV-1 NL4–3 (obtained through the AIDS Research and Ref-
erence Reagent Program, NIAID, NIH) at an MOI of 0.001 by low
speed centrifugation (1200 × g) for 1 h (Adachi et al., 1986). Cells
were seeded in a 96-well plate (1.5 × 105 in 100 �l culture medium
per well) (Wei et al., 2002). Serial dilution of FGI-106 was imme-
diately added in triplicate in 50 �l culture medium per well. Half
of the supernatants were refreshed every day starting from day 3
pi in the presence of same concentration of FGI-106. The collected
supernatants were then transferred to the TZM-bl indicator cell line
(obtained through the AIDS Research and Reference Reagent Pro-
gram, NIAID, NIH) for examination of viral production in FGI-106
treated samples. Relative Luminescence Unit (RLU) was obtained
on TZM-bl cells after they were treated with Bright-Glo Luciferase
Assay System (Promega) 3 days later. The percentages of inhibi-
tion of viral production by FGI-106 were calculated as: (RLU from
mock-treated samples − RLU from FGI-106 treated samples)/RLU
from mock-treated samples × 100. Normal MT-4 cells were treated
with serial dilution of FGI-106 as same as above and its cytotoxic-
ity was measured by CytoTox96 Non-Radioactive Cytotoxicity Assay
(Promega) according to the Manufacturer’s instruction.

2.5. Mouse efficacy studies

Male or female C57BL/6 or BALB/c mice were obtained from the
National Cancer Institute, Frederick Cancer Research and Develop-
ment Center (Frederick, MD) and were used at 6–10 weeks of age
at the initiation of experiments. Mice were housed in microisola-
tor cages and were provided water and chow ad libitum. FGI-106
was delivered to mice (n = 10 per treatment group) by intraperi-
toneal (IP) injection in a vehicle of 0.9 percent saline. To challenge
mice, 1000 plaque forming units (pfu; 3000× LD50) of mouse-
adapted EBOV (Bray et al., 1998) was delivered by IP injection
under biosafety level 4 containment at the United States Army
Medical Research Institute for Infectious Diseases. Animal treat-

ment adhered to principles described in Guide for the Care and
use of Laboratory Animals, National Research Council, 1996. The
mouse studies were performed at least six times and representa-
tive findings are shown. For studies using a prophylaxis setting, the
mice were treated with drug, administered intraperitoneally, 2 h
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Fig. 2. FGI-106 blocks Ebola virus infection. (A) Vero E6 cells were infected with
Zaire-Ebola virus (ZEBOV) for 72 h in the presence of 0–4 �M FGI-106. Antiviral effi-
cacy was evaluated using plaque assays of infectious Ebola particles to assess the
M.J. Aman et al. / Antivira

rior to challenge with Ebola virus and then again 2 and 5 days
ost-challenge. For studies using a therapeutic setting, the animals
ere treated 1, 2 or 3 days post-infection as indicated in the Fig-
re Legends. To evaluate the statistical significance, the samples
ere subjected to Kaplan Meier survival analysis and log-rank tests
ith stepdown Bonferroni adjustment to compare survival curves

mong groups.
To evaluate EBOV organ viral burdens in mice, animals were

uthanized by CO2 asphyxation, and kidney, spleen, and liver sam-
les were harvested, weighed, and homogenized in cell-culture
edium. Homogenized tissues were centrifuged and the super-

atant was stored at −80 ◦C. Supernatants were subjected to
tandard plaque assay using Vero E6 cells.

To evaluate pharmacokinetic parameters, male C57BL/6 mice
ere administered a dosing solution of 3 mg/kg FGI-106 intra-

enously. The subjects were sacrificed at the times indicated (0,
, 15, 30, 60, 180 and 300 min; n = 3 per group) and plasma sam-
les were analyzed by mass spectrometry at Absorption Systems, LP
Exton, PA). The experimental readouts included maximum plasma
oncentration, half-life, area under the curve (calculated to the last
vailable time point, t = 300 min) and an estimated area under the
urve (extrapolated to infinity). For studies of organ accumulation,
issues samples were harvested from liver, kidney and spleen and
ubjected to the same mass spectrometric investigation. Please note
rgan accumulation data are reported as mg/kg, whereas plasma

evels are reported as mg/mL.

. Results

.1. Identification of FGI-106, a small molecule active against
bola virus

The FGI-106 compound was selected based on its ability to
onsistently inhibit Ebola virus replication in a dose-dependent
anner. The antiviral activity of FGI-106 was originally described

n Section 2 and its antiviral activity was confirmed using Ebola
irus plaque enumeration as a direct measure of viral replication
Fig. 2A). These studies revealed that treatment with 2 �M FGI-
06 mediated a 4 log reduction in infectious viral titers relative
o matched controls, with an EC90 for inhibition of viral killing of
ost cells estimated to be 0.6 �M.

We then considered the possibility that the antiviral activity
bserved herein might simply reflect toxicity to the host cells. Addi-
ional investigation sought to determine the level of drug, which
ould cause general cytotoxicity (independent of viral infection).

n vitro toxicity testing revealed that toxicity to Vero E6 cells was
bserved at higher concentrations than was observed for antiviral
ctivity (Fig. 2B). For example, the concentration of drug required
or cellular cytotoxicity (CC50) for Vero E6 was estimated to be
0 �M, whereas antiviral activity was observed at much lower
oses. Likewise, FGI-106 was not toxic to other host cells utilized
erein, including Marc-145 (CC50 > 50 �M), PK-15 (CC50 >25 �M)
C-Sign (CC50 >20 �M) and MT-4 (CC50 = 6 �M).

.2. Broad-spectrum antiviral activity of FGI-106

Given the need for new therapeutics for VHFs, cell-based assays
ere conducted to screen FGI-106 against a panel of unrelated
HF viruses, including Rift Valley Fever virus (RVFV) and Dengue
ever virus (Fig. 3A and B). FGI-106 also inhibited non-hemorrhagic

ever viruses, including hepatitis C virus and human immunode-
ciency virus (HIV) (Fig. 3C and D and data not shown). Similar

o the findings with Ebola virus, the EC90 values for these viruses
ere much lower than the levels of drug that caused toxicity to

he host cells (defined as the CC50), thus precluding that these
number of plaque forming units per unit volume (pfu/mL). (B) The number of viable
Vero E6 cells was assessed following a 72 h incubation in the presence of the indi-
cated concentrations of FGI-106. Viability was assessed using an automated cell
counter.

agents blocked viral production simply through toxic effects to the
host (summarized in Table 1). The cell systems under investigation
included those isolated from solid tissues (Vero E6, Huh-7) or lym-
phoid cells (MT-4, DC-Sign) as well as cells derived from human
or non-human sources. Altogether, these findings suggest FGI-106
possesses broad-spectrum activity against a wide array of different
VHF pathogens and host cell types.

3.3. Efficacy of FGI-106 in mouse models of Ebola virus infection

While the broad-spectrum antiviral activity in cell-based assays
was intriguing, animal-based efficacy represents a greater chal-
lenge. Prior to initiating investigation of FGI-106 in mice, it was
necessary to determine the bioavailability of the molecule, par-
ticularly within relevant target organs. Since our goal was to
focus on Ebola virus, a panel of pharmacokinetic studies were
conducted to evaluate serum levels of FGI-106 as well as accu-
mulation within organs that are normally targeted by Ebola virus:
kidney, liver and spleen. FGI-106 was administered intravenously
at 3 mg/kg to C57BL/6 mice and serum samples collected over
time (at 0, 5, 15, 30, 60, 180 and 300 min) for analysis of FGI-106
levels using tandem mass spectrometry. These studies revealed
maximal concentration 5 min after injection, with an estimated
serum half-life of approximately 1.8 h (see Fig. 4A). This rapid
depletion from serum led us to ask if FGI-106 might efficiently dis-
tribute into the spleen, liver, and kidney. For this, groups of three
C57BL/6 mice received a 3 mg/kg intravenous dose of FGI-106 for
6 h. This particular time point was selected based on prior expe-
rience that 6 h is sufficient time to allow a drug to transit from
the blood and accumulate within organs. The animals were sac-

rificed and the lung, liver, kidney and spleen harvested for mass
spectrometry-based assessment of FGI-106 concentrations. These
studies revealed that the compound had entered organs at levels
ranging from 19.5 (spleen) to 43.1 �g/g (kidney) (Fig. 4B). Such find-
ings suggested potential promise for efficacy in animals in light of
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F ifferent families. The antiviral activity of FGI-106 was assessed using cell-based assays
o EN2), (C) Hepatitis C virus or (D) HIV-1. Note the assays employed to evaluate FGI-106
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ig. 3. Broad-spectrum antiviral activity by FGI-106 against RNA viruses among d
f infection by (A) Rift Valley Fever virus (strain MP-12), (B) Dengue Fever virus (D
ecessarily varied when evaluating different virus types (see Table 1 for details).

ell-based assays, which had estimated an EC90 of 0.004 �g/g for
bola virus.

To evaluate the antiviral activity of FGI-106 in mouse models,
bola virus was selected based on the unmet needs for an effective
ntiviral for Ebola virus and the availability of animal models. In
ur first set of studies, C57BL/6 mice were infected with a mouse-
dapted strain of Zaire EBOV (Bray et al., 1998) (known hereafter as
A-ZEBOV). Animals were treated with different doses of FGI-106

nd challenged after an hour with Ebola virus (1000 pfu/animal,
000× LD50) followed by two additional injections of FGI-106 at 24
nd 72 h post-infection. These time points were selected to main-
ain drug exposure throughout the study. This prophylaxis model
ncreased the likelihood that drug was available to the host prior to
nfection. Due to safety constraints when working in a BSL4 setting,

e were limited to treating animals via intraperitoneal injection.

reatment with FGI-106 decreased mortality from MA-EBOV in a
ose-dependent manner (Fig. 5). For example, treatment with 2
p < 0.0002) or 5 mg/kg (p < 0.0002) was sufficient to protect ani-

als from Ebola virus. Lower doses of FGI-106 treatment decreased

able 1
verview of broad-spectrum antiviral activity of FGI-106.

irus EC50 EC90 Host cell CC50 Selectivity
index

bola 100 nM 0.5 �M Vero E6 10 �M 100
ift Valley Fever 800 nM 2 �M Vero E6 10 �M 12
engue, Type 1 400 nM 1.1 �M DC-Sign 20 �M 50
engue, Type 2 400 nM 1.0 �M DC-Sign 20 �M 50
engue, Type 3 900 nM 2.3 �M DC-Sign 20 �M 22
engue, Type 4 400 nM 1.1 �M DC-Sign 20 �M 50
CV 200 nM 0.4 �M Huh-7 5 �M 25
IV-1 150 nM 0.3 �M MT-4 6 �M 40

hown is an overview of cell-based studies to evaluate the antiviral efficacy (EC90)
nd overall toxicity (CC50) of FGI-106. Note that the antiviral activity of FGI-106 was
bserved using multiple and unrelated viruses and with different cell types and
pecies. The selectivity index represents the CC50/EC50.

Fig. 4. Pharmacokinetic analysis of FGI-106. C57BL/6 mice were treated with
3 mg/kg of FGI-106, administered intravenously. (A) Serum samples were harvested
0–6 h post-treatment. The samples were then analyzed using tandem mass spec-
trometry FGI-106 serum concentrations assessed over time. (B) Vital organs were
harvested from sacrificed subjects 24 h post-infection and FGI-106 levels were mea-
sured in homogenized samples using mass spectrometry.
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Fig. 5. Treatment with FGI-106 prevents Ebola virus lethality when modeled in
a prophylactic setting. C57BL/6 mice were treated with FGI-106, administered via
intraperitoneal injection at the concentrations shown, and were then challenged by
1000 pfu (3000× LD50) of mouse-adapted Ebola virus. Survival was then assessed
daily for the next 2 weeks, with animals receiving additional treatments on days
2 and 5. A vehicle control, prepared and administered identically to that for FGI-
106, provided a matched negative control for treatment (open circles, dotted lines).
Note that the results from treatment with either 2 or 5 mg/kg were overlapping and
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Fig. 7. Delay of treatment initiation relates to survival. The time of treatment initia-
tion with FGI-106 was delayed for 0–3 days following infection with intraperitoneal
challenge with mouse-adapted Ebola virus (1000 pfu, 3000× LD50). Survival was
assessed daily and injection with a vehicle (injected 1 day post-infection) provided
onferred 100% protection in this study). Statistical analyses revealed significant
nhibition of Ebola-mediated death in animals treated with 5 or 2 mg/g (p < 0.0002
or both), 1 mg/kg (p = 0.029) and 0.5 mg/kg (p = 0.0018) relative to saline-treated
ontrols.

urvival. For example, subjects treated with 1 mg/kg FGI-106 had a
ean survival time of 12.40 ± 0.95 days (p = 0.029) and 0.5 mg/kg

reatment resulted in a mean survival time of 13.4 ± 1.03 days
p = 0.0018) as compared with vehicle-treated controls (Mean sur-
ival of 9.8 ± 0.63 days). Treatment with 0.1 mg/kg FGI-106 (mean
urvival of 11.1 days; p = 0.1726) did not significantly improve sur-
ival following Ebola virus challenge. Consistent with our earlier
ndings, prophylactic treatment with FGI-106 treatment also pro-

ected BALB/c mice whereas a matched vehicle control did not

Fig. 6, blue diamonds versus open diamonds, respectively).

We progressively increased the stringency of our efficacy stud-
es by delaying treatment until after viral infection. Using this
herapeutic model, FGI-106 treatment was initiated 1 day after a

ig. 6. FGI-106 prevents Ebola virus lethality when modeled in a therapeutic set-
ing. BALB/c mice were treated with FGI-106, administered intraperitoneally at
mg/kg on the days shown (closed, colored symbols), and were then challenged by

ntraperitoneal injection with 1000 pfu (3000× LD50) of mouse-adapted Ebola virus.
urvival was then assessed daily for the next 2 weeks. Vehicle control, prepared and
dministered identically to that for FGI-106, provided matched negative controls for
reatment (open symbols). Note that the first two treatment groups listed (d0,1,3,5
blue diamonds) and d1,3,5 (green squares)) both conferred 100% protection from
n otherwise lethal challenge with Ebola virus. Statistical analyses revealed signifi-
ant inhibition of Ebola-mediated death in all groups treated with FGI-106 relative
o vehicle-treated controls (p < 0.0001 for each comparison). (For interpretation of
he references to color in this figure legend, the reader is referred to the web version
f the article.)
a negative control. Statistical analyses revealed significant inhibition of Ebola-
mediated death in animals treated 1 day post-infection (p < 0.0001) but delaying
treatment further resulted only in trends towards increased survival (p < 0.1276).

lethal challenge with 1000 pfu (3000× LD50) of MA-EBOV. FGI-106
treatment conferred protection from Ebola virus (mean survival
time of 13.3 ± 0.63 days), even under these therapeutic conditions
(Fig. 6, red circles and green squares). In a further escalation of
stringency, mice were treated with a single dose of FGI-106, admin-
istered 1, 2, or 3 days after a lethal challenge (1000 pfu; 3000×
LD50). A single dose of FGI-106 administered 1 day post-infection
sufficed to confer protection. Fig. 7; p < 0.0001 for each FGI-106
treatment group relative to its matched vehicle control group).
When delayed to 2 days post-infection, treatment trended towards
increased survival (mean survival of 10.9 ± 0.88 days as compared
with vehicle-treated controls, 9.0 days), but this effect was not sta-
tistically significant (p = 0.1276; Fig. 7). Likewise, when initiation of
treatment was delayed to 3 days post-infection, FGI-106 treatment
did not decrease lethality (mean survival time of 9.90 ± 0.21 days;
p = 0.1276).

We further escalated the stringency of the experimental con-
ditions by asking if a single dose of FGI-106, administered 24 h
post-infection, would be sufficient to protect animals from a
lethal challenge with Ebola virus. Indeed, a single dose of FGI-106
(5 mg/kg) conferred protection and in a dose-dependent manner
(Fig. 8A). To examine this outcome in greater detail, a parallel
series of studies were conducted in which subjects were sacrificed
3 days post-infection. This particular time point was selected since
it would allow us to evaluate viral propagation prior to the onset
of mortality, which generally starts 4–6 days post-infection and
known sites of Ebola virus proliferation (kidney, spleen, liver) were
harvested (Fig. 8B). Consistent with the survival of animals treated
with FGI-106 (a single dose of 5 mg/kg administered 1 day post-
infection), plaque analyses demonstrated a dramatic reduction in
MA-EBOV in the liver, spleen and kidney of FGI-106 treated-animals
relative to matched controls.

4. Discussion

There are currently no antivirals to treat Ebola virus infection in
humans, which can cause 40–90% mortality (Zampieri et al., 2007).

The major finding of our present study is the identification of FGI-
106, a novel compound that confers protection from Ebola virus
when evaluated within either a prophylactic or therapeutic setting.
We also demonstrate that FGI-106 demonstrates activity against
multiple and genetically distinct viruses.
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Fig. 8. A single dose of FGI-106 protects animals from Ebola in a therapeutic setting. The same therapeutic model for Ebola virus as utilized in Fig. 4 was investigated by
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elaying the treatment with a single dose of FGI-106 until 24 h post-infection. (A) C5
nd survival was assessed over time. Vehicle-treated animals (open circles, dotted l
hat had been treated with a single dose of 5 mg/kg FGI-106 1 day post-infection, w
he number of infectious Ebola particles was measured within critical target organs

One feature of the present finding is the demonstration of
road-spectrum antiviral activity. In cell-based assays, treatment
ith FGI-106 inhibited viral replication by divergent virus families,

ncluding positive and negative-strand RNA viruses. Based on this
ange of activity we suspect the compound may target a common
ost factor required for replication of diverse virus families. This
utcome would be consistent with an emerging concept of host-
riented therapeutics, which advocates a strategy of safely targeting
ritical host mechanisms that are essential of the virus, but not for
ormal host cell function or survival.

Based on the broad-spectrum nature of the antiviral activity,
e postulate the mechanistic basis of FGI-106 antiviral activity

nvolves a conserved host pathway. For example, comparable effi-
acy was observed using human, mouse or primate cells, suggesting
he antiviral effects of FGI-106 are not unique to a particular cell
ype or species. The broad-spectrum nature of FGI-106 antiviral
ctivity may suggest FGI-106 targets a fundamental and highly
onserved host mechanism. The concept of host-based targeting
s not unique to the finding herein. For example, ribavirin exerts
ts effects in part by inhibiting the host cell enzyme, IMP dehy-
rogenase (Franchetti and Grifantini, 1999; Goldstein and Colby,
999; Robins et al., 1985). Likewise, inhibitors of host-encoded
-adenosylhomocysteine inhibit methylation of viral mRNA cap
tructures (Hunt, 1989; Rose et al., 1977). Although drugs like Rib-
virin have been utilized to suppress the replication of a wide range
f viruses, it is associated with toxicity (Johnson, 1990; Kumar et

l., 2002). Future investigation will be important to identify the
olecular basis by which FGI-106 conveys its robust antiviral activ-

ty. Once the targets and pathways have been identified, it will be
mportant to determine the potential for drug-based toxicity, which
ould impact its ultimate application in the clinic.
mice were treated with FGI-106, administered intraperitoneally, 24 h post-infection
rovided a matched negative control. (B) In a parallel study, a subset of BALB/c mice

crificed at 3 days post-infection (prior to the onset of morbidity and mortality) and
ey, spleen, liver) using standard plaque assays.

Conventional antiviral approaches target viral molecules to min-
imize host toxicity (De Clercq, 2008). However, the combination
of a high replication rate and an error prone polymerase (lacking
proofreading activity) favors selection of drug-resistant variants.
We hypothesize that host-directed therapeutics will not be as sus-
ceptible to such resistance mechanisms. Consistent with this idea,
no virus has been reported to develop resistance to ribavirin, which
acts through a host-based mechanism. Moreover, host-based tar-
geting strategies in general and FGI-106 in particular, could provide
an unprecedented opportunity to deploy a therapeutic option with
application to many different virus types. A broad-spectrum antivi-
ral could be particularly useful under conditions where there is
insufficient time or ability to identify the causative pathogen. Fur-
ther investigation will be important to address the potential for
FGI-106 and other host-based antivirals and such findings could
have for the development of novel therapeutic options that are
broad-spectrum in their application and durable in antiviral activ-
ity.
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