
















Virus titration
Vero cells (African green monkey kidney epithelial cells) were obtained
from ATCC. Vero cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with penicillin/streptomycin and 10% fetal
bovine serum (FBS) at 37°C with 5% CO2. ZIKV or DENV2 stocks were
propagated on Vero cells after inoculating at a multiplicity of infection of
0.01 and harvesting supernatants at 96 h and 120 h post-infection. The viral
titers for brains were determined as 50% tissue culture infectious doses
(TCID50) on Vero cells. Briefly, brain tissues were homogenized in 10
volumes of PBS and centrifuged at 3000 rpm for 10 min. The supernatant
was serially diluted 10-fold in DMEM. A 100 μl aliquot of each diluted
sample was added to 96-well plates containing a monolayer of Vero cells.
Cells were cultured for 96-120 h at 37°C in a tissue culture incubator.
Cytopathic effect (CPE) of endpoint dilutions was monitored.

Mouse brain phenotype analysis
Histological processing, TUNEL assay and immunohistochemical labeling
of cryosections were performed as described previously (Chen et al., 2014).
Coronal sections of the cerebral cortex from different stages of embryos
were used as indicated in the figures and text. The primary antibodies used
are listed in Table S1. The secondary antibodies used were Alexa 488 and
Alexa 555 conjugated to specific IgG types (Invitrogen Molecular Probes).
All the experiments were repeated at least three times, and representative
images are shown in the individual figures.

EdU and CldU labeling study
After ZIKV or DENV2 inoculation of E14.5 brains, pregnant dams with
E18.5 embryos were injected intraperitoneally with EdU (1 mg/ml,
Invitrogen, 100 μl per 100 g body weight) or CldU (10 mg/ml, Sigma,

Fig. 7. MR-766 infection leads to more cell death in NPCs and neurons than MEX1-44. (A) Confocal imaging of human neural progenitor cells (hNPCs)
stained with antibodies against Sox2 (purple) or caspase 3 (green). Scale bars: 20 �m. (B) Quantification of the percentage of caspase 3-positive cells out of total
hNPCs. Error bars indicate s.e.m. of results from three independent experiments. Two-way ANOVA revealed a significant difference betweenmock,MEX1-44 and
MR-766 (*P<0.05, ***P<0.001). (C) Confocal imaging of E18.5 cerebral cortex stained with antibodies against Flavivirus antigen (labeling MR-766 or MEX1-44,
green) and caspase 3 (red). Hoechst stains nuclei (blue). Rightmost three panels are enlargements of the regions outlined by white dotted boxes in the left panels.
Scale bars: 200 �m (left panels); 50 �m (right panels). (D) Quantification of the percentage of caspase 3-positive cells out of total cells. Two-way ANOVA revealed
a significant difference between different treatments, *P<0.05 and ***P<0.001. (E) TUNEL staining (green) on coronal sections of E18.5 brains. Hoechst stains
nuclei (blue). Upper panels are enlargements of the regions outlined by white dotted boxes in lower panels. Scale bars: 50 � m (upper panels); 200 �m (lower
panels). (F) Quantification of the percentage of TUNEL-positive cells out of total cells. Two-way ANOVA revealed a significant difference between different
treatments, **P<0.01 and ***P<0.001.
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100 μl for per 100 g body weight). The animals were sacrificed 45 min (for
EdU) or 2 h (for CldU) after the injection. The brains were dissected and
fixed in 4% paraformaldehyde (PFA) overnight. Subsequently, the brains
were stored in 30% sucrose for 16 h and embedded in Tissue-Tek OCT
Compound (Sakura). For EdU staining, cortical coronal sections were
prepared for staining using Click-iT plus EdU proliferation kit (Invitrogen).
For CldU staining, cortical coronal sections were stained with antibody
against CldU (Abcam, ab6326).

Cell cycle length analysis
Cell cycle kinetics were determined using a dual labeling approach as
described previously (Martynoga et al., 2005; Shao et al., 2016). On
embryonic day 18.5, the pregnant mouse was injected with CldU (10 mg/ml,
Sigma, 100 ul for per 100 g body weight) at a time designated as T=0 h, such
that all cells at S phase from the beginning of the experiment were labeledwith
CldU. At T=1.5 h, the pregnant mouse was injected with EdU (1 mg/ml,
Invitrogen, 100 ul for per 100 g bodyweight) to label all cells in S-phase. The
animal was killed at T=2 h and its embryos were collected immediately.
Embryo sections were immunostained by an Anti-CldU antibody (Abcam,
ab6326) and Click-iT EdU Alexa Fluor 555 imaging Kit (Life Technologies,
C10338). Images were obtained on a Zeiss LSM 710 inverted confocal
microscope. The length of S-phase (Ts) and total length of cell cycle (Tc) was
determined based on the relative number of cells that incorporated CldU or
EdU (Martynoga et al., 2005), or both. The ratio of the length of any one
period of the cell cycle to that of another period is equal to the ratio of the
number of cells in the first period to the number in the second period
(Nowakowski et al., 1989). Thus, the length of S phase (Ts) was calculated as
the interval between both injections (Ti=1.5 h) divided by the quotient of
the density of CldU+EdU− cells (cells that were in but left S phase before
EdU injection) and CldU+EdU+ cells (cells remaining in S phase at the end
of the experiment). Ti/Ts=Lcells/Scells (Ti=1.5; Lcells=CldU+EdU−;
Scells=CldU+EdU+). Using the same logic, the total cell cycle length can
be calculated as: Ts/Tc=Scells/Pcells (Tc: total cell cycle length; Pcells is
estimated by counting the total numbers of cells in the assessed area).

In vitro infection and immunofluorescence
hNP1Human Neural Progenitor Cells (ArunABiomedical, derived from the
WA09 human embryonic stem cells) were infected withMEX1-44, MR-766
or mock (cultured medium from Vero cells). 1.8×105 cells seeded in four-
well chamber slides were cultured for 24 h followed by virus infection
(MOI=0.5, 1, 10, and 20). The infection conditions were 37°C for 2 or 6 h.
Next, the inoculum was removed and cells were washed twice with DPBS
(Hyclone) followed by fresh medium addition. After 72 h, cells were
fixed with 4%, paraformaldehyde for 10 min at room temperature. After
blocking with 0.2% Triton X-100 and 10% goat serum in PBS, the cells were
incubated with primary antibodies overnight at 4°C followed by incubation
with secondary antibodies for 1 h at room temperature. Primary and secondary
antibodieswere dilutedwith 0.2%TritonX-100 and 2%BSA in PBS. Hoechst
33342was added together with secondary antibodies at 1 μl/ml. The following
antibodies were used: anti-Flavivirus group antigen antibody (mouse IgG2a,
EMD Millipore, MAB10216; 1:1000), anti-active-caspase-3 (rabbit, BD
559565; 1:800), anti-Sox2 (rat IgG2a, BD14-9811; 1:1000), anti-mouse
IgG2a Alexa Fluor 555, anti-rabbit Alexa Flour 488 and anti-rat IgG2a Alexa
Fluor 647 (Invitrogen). Images were acquired with a Zeiss 710 confocal
microscope. ImageJ was used for analyzing data.
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Cunningham, J., Götz, M. and Walsh, C. A. (2004). Expression of Cux-1 and
Cux-2 in the subventricular zone and upper layers II-IV of the cerebral cortex.
J. Comp. Neurol. 479, 168-180.

Nigg, E. A. and Raff, J. W. (2009). Centrioles, centrosomes, and cilia in health and
disease. Cell 139, 663-678.

Nowakowski, R. S., Lewin, S. B. and Miller, M. W. (1989). Bromodeoxyuridine
immunohistochemical determination of the lengths of the cell cycle and the DNA-
synthetic phase for an anatomically defined population. J. Neurocytol. 18,
311-318.

Nunes, M. R. T., Faria, N. R., Vasconcelos, H. B., Medeiros, D. B. A., Silva de
Lima, C. P., Carvalho, V. L., Pinto da Silva, E. V., Cardoso, J. F., Sousa, E. C.,
Nunes, K. N. B. et al. (2012). Phylogeography of dengue virus serotype 4, Brazil,
2010-2011. Emerging Infect. Dis. 18, 1858-1864.

Nunes, M. R. T., Palacios, G., Faria, N. R., Sousa, E. C., Pantoja, J. A.,
Rodrigues, S. G., Carvalho, V. L., Medeiros, D. B. A., Savji, N., Baele, G. et al.
(2014). Air travel is associated with intracontinental spread of dengue virus
serotypes 1-3 in Brazil. PLoS Negl. Trop. Dis. 8, e2769.

Paniz-Mondolfi, A. E., Rodriguez-Morales, A. J., Blohm, G., Marquez, M. and
Villamil-Gomez, W. E. (2016). ChikDenMaZika Syndrome: the challenge of
diagnosing arboviral infections in the midst of concurrent epidemics. Ann. Clin.
Microbiol. Antimicrob. 15, 42.

Priyamvada, L., Quicke, K. M., Hudson, W. H., Onlamoon, N., Sewatanon, J.,
Edupuganti, S., Pattanapanyasat, K., Chokephaibulkit, K., Mulligan, M. J.,
Wilson, P. C. et al. (2016). Human antibody responses after dengue virus
infection are highly cross-reactive to Zika virus. Proc. Natl. Acad. Sci. USA 113,
7852-7857.

Shao, Q., Herrlinger, S., Yang, S.-L., Lai, F., Moore, J. M., Brindley, M. A. and
Chen, J.-F. (2016). Zika virus infection disrupts neurovascular development and

results in postnatal microcephaly with brain damage. Development 143,
4127-4136.

Simonin, Y., Loustalot, F., Desmetz, C., Foulongne, V., Constant, O., Fournier-
Wirth, C., Leon, F., Moles̀, J.-P., Goubaud, A., Lemaitre, J.-M. et al. (2016). Zika
virus strains potentially display different infectious profiles in human neural cells.
EBioMedicine 12, 161-169.

Stettler, K., Beltramello, M., Espinosa, D. A., Graham, V., Cassotta, A., Bianchi,
S., Vanzetta, F., Minola, A., Jaconi, S., Mele, F. et al. (2016). Specificity, cross-
reactivity, and function of antibodies elicited by Zika virus infection. Science 353,
823-826.

Swanstrom, J. A., Plante, J. A., Plante, K. S., Young, E. F., McGowan, E.,
Gallichotte, E. N., Widman, D. G., Heise, M. T., de Silva, A. M. and Baric, R. S.
(2016). Dengue virus envelope dimer epitope monoclonal antibodies isolated
from dengue patients are protective against Zika virus. MBio 7, e01123-16.

Tang, H., Hammack, C., Ogden, S. C., Wen, Z., Qian, X., Li, Y., Yao, B., Shin, J.,
Zhang, F., Lee, E. M. et al. (2016). Zika virus infects human cortical neural
progenitors and attenuates their growth. Cell Stem Cell 18, 587-590.

Thornton, G. K. andWoods, C. G. (2009). Primary microcephaly: do all roads lead
to Rome? Trends Genet. 25, 501-510.

Tripathi, S., Balasubramaniam, V. R. M. T., Brown, J. A., Mena, I., Grant, A.,
Bardina, S. V., Maringer, K., Schwarz, M. C., Maestre, A. M., Sourisseau, M.
et al. (2017). A novel Zika virus mouse model reveals strain specific differences in
virus pathogenesis and host inflammatory immune responses. PLoS Pathog. 13,
e1006258.

Ventura, C. V., Maia, M., Bravo-Filho, V., Góis, A. L. and Belfort, R. (2016). Zika
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