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Zika virus (ZIKV) is a mosquito-borne flavi-
virus that can cause devastating micro-
cephaly and other congenital syndromes in
infants born to infected pregnant women as
well as Guillain-Barré syndrome in infected
adults.1 In this issue of Molecular Therapy,
Sariyer et al.2 present evidence demon-
strating that rilpivirine, a US Food and
Drug Administration (FDA)-approved HIV
drug, inhibits ZIKV RNA-dependent RNA
polymerase (RdRp), leading to potent anti-
ZIKV activity in cell cultures and mice. The
study highlights the potential of repurposing
clinically approved drugs for possible pre-
vention and treatment of ZIKV infection
and its associated disease.

Although emerging infectious diseases have
been recognized for many decades, the last
20 years have been marked by the unprece-
dented emergence of several devastating
epidemics of zoonotic RNA viral diseases,
such as severe acute respiratory syndrome
(SARS), middle east respiratory syndrome
(MERS), Ebola, Nipah, chikungunya, West
Nile, yellow fever, and ZIKV. Given the un-
predictable nature of emerging pathogens,
approaches for rapid development of coun-
termeasures are actively pursued by both
academia and industry. Besides vaccine and
transmission control (e.g., vector control
for mosquito-borne pathogens), antiviral
therapy is an important countermeasure to
prevent, treat, and block viral transmission.3

Because new drugs usually take more than 10
years to develop, drug repurposing has
been actively pursued as a rapid approach
for emerging and reemerging pathogens.
Compared with conventional screening of
compound libraries for inhibitors, drug
repurposing has the advantages of speed
and low cost. In response to the recent
emergence of ZIKV, several groups have
performed drug-repurposing screening.4,5

These screenings have identified active com-
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pounds against ZIKV. However, those inhib-
itors have low potency in cell culture, and
their in vivo efficacy has not been reported.
Taking the repurposing approach, Sariyer
et al.2 have now identified an HIV drug, ril-
pivirine, as an anti-ZIKV inhibitor in both
cell cultures and mouse models by blocking
the viral RdRp (Figure 1).

First, Sariyer et al.2 found that human pri-
mary astrocytes are more susceptible to
ZIKV infection than several other human
cell types, including fetal microglia, fetal
neuron, and neural progenitor cells. Using
ZIKV infection of astrocytes as a screening
assay, they identified rilpivirine as a ZIKV
inhibitor from eight FDA-approved HIV
nucleoside and non-nucleoside reverse tran-
scriptase drugs. Rilpivirine is a non-nucleo-
side inhibitor and suppressed ZIKV RNA
replication by �70% at 5 mM concentration.
The higher susceptibility of astrocytes than
other cell types to ZIKV infection is
intriguing because previous studies sug-
gested that ZIKV preferentially infected hu-
man neural progenitor cells.6–8 Since ZIKV
was proposed as a potential oncolytic viro-
therapy for glioblastoma,7,8 understanding
the susceptible cell types in human brains
is essential to gauge potential adverse effect
caused by non-specific infection and killing
of non-tumor cells. It remains to be tested
if rilpivirine also inhibits closely related flavi-
viruses, such as dengue, yellow fever, West
Nile, and Japanese encephalitis viruses.
Nevertheless, the authors have established
the antiviral activity of rilpivirine against
ZIKV in cell culture.

Second, Sariyer et al.2 provided five lines of
evidence to support that rilpivirine targets
ZIKV RdRp (Figure 1A). (1) Computational
docking suggests that rilpivirine may bind to
the palm site of RdRp protein. (2) Differen-
tial scanning fluorimetry showed that rilpi-
ber 2019 ª 2019 The American Society of Gene a
virine binds to recombinant RdRp with a
KD of 100 nM. (3) The compound inhibited
RdRp activity in a biochemical polymerase
assay with a single digit micromolar half
maximal inhibitory concentration (IC50),
which agrees with the antiviral potency in
cell cultures. (4) A mutant RdRp protein
containing 14 amino acid substitutions at
the compound-binding site (suggested by
computational modeling) was not inhibited
or bound by rilpivirine. (5) Overexpression
of wild-type RdRp protein in ZIKV-infected
cells, but not the 14-amino acid mutant pro-
tein, competed for rilpivirine binding and
thus alleviated compound-mediated anti-
viral activity. Although these results have es-
tablished the mode-of-action of rilpivirine,
two future directions may be pursued to
further strengthen the antiviral mechanism.
(1) Solving the crystal structure of rilpivir-
ine-RdRp complex (through compound
soaking or co-crystallization) will uncover
the exact compound binding pocket and
enable the rational design of analogs with
improved potency. (2) The selection of
ZIKV variants resistant to rilpivirine will
identify mutations that are likely mapped
to the viral NS5 RdRp gene.

Third, Sariyer et al.2 demonstrated the in vivo
efficacy of rilpivirine in a ZIKV interferon a/
b receptor (IFNAR)�/� mouse (type I inter-
feron receptor knockout) model (Figure 1B).
Treatment of ZIKV-infected IFNAR�/�

mice with rilpivirine reduced organ viral
burden and weight loss, improved clinical
score, and prevented death. In the un-treated
mouse brain, viral RNA was detected in
astrocytes, microglia/macrophage, T cells,
and neurons, but not neural progenitor
cells. In addition, ZIKV infection caused sig-
nificant inflammation and abundant
apoptotic/necrotic cell damage. Treatment
nd Cell Therapy.
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Figure 1. Rilpivirine Inhibits ZIKV by Blocking Viral RdRp

(A) Proposed rilpivirine binding site on ZIKV RdRp. ZIKV NS5 (PDB: 5TMH)15 contains an N-terminal methyl-

transferase domain (blue) and a C-terminal RdRp domain (green). Computer docking, ligand binding test, and

mutagenesis analysis suggest that 14 amino acids (purple) form the potential binding site for rilpivirine. The image

was produced using PyMOL. (B) In vivo efficacy. Treatment of ZIKV-infected mice with rilpivirine suppressed viral

replication and prevented animal death.
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with rilpivirine reduced the levels of viral
RNA in the brain hippocampus and frontal
cortex and prevented apoptotic/necrotic
cell damage, but it did not eliminate inflam-
mation. These results indicate that rilpivirine
suppressed viral replication and disease
development. However, it was notable that
compound treatment did not completely
prevent weight loss or brain inflammation,
suggesting that further improvement of po-
tency may be required for better in vivo effi-
cacy. Nevertheless, the in vivo potency of ril-
pivirine seems better than sofosbuvir, a
hepatitis C virus (HCV) nucleoside drug
that was reported with anti-ZIKV activity.9

Specifically, rilpivirine completely protected
ZIKV-infected mice from death, whereas so-
fosbuvir and other nucleoside inhibitors only
conferred partial protection.10

The study by Sariyer et al.2 has provided a
good example of repurposing clinical drugs
for potential treatment of ZIKV infection.
For any repurposed drug to work, the com-
pound exposure level must be greater than
the efficacious concentration for the repur-
posed indication. Since the human exposure
levels of approved drugs are usually known, a
compound with the human exposure level
above the EC90 value (a drug concentration
required to inhibit 90% of viral replication)
may be readily advanced to clinical trials
for the new indication.11 As rilpivirine in-
hibits HIV-1 and ZIKV with EC50 in the sin-
gle-digit nanomolar and micromolar range,
respectively,2,12 its potency against ZIKV
needs to be improved to ensure clinical effi-
cacy in patients. To achieve this goal, rilpivir-
ine analogs previously synthesized during
lead optimization could be tested against
ZIKV. Because HIV-1 and ZIKV may have
different structure-and-activity (SAR) rela-
tionships, compounds with better potency
for ZIKV may be identified from the rilpivir-
ine analogs. Meanwhile, efforts could be
made to solve the co-crystal structure of
compound-RdRp complex. The structural
information could be used for rational
design, as previously shown for dengue
RdRp inhibitors.13 In addition, compounds
with improved potency could also be tested
in a pregnant mouse model for prevention
Molecular Th
of maternal-to-fetal viral transmission.14

Collectively, the study by Sariyer et al.2 rein-
forces the potential of drug repurposing for
therapeutic development against emerging
and re-emerging pathogens.
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