
procedure. Alternatively, it could be due to cytopathic ef-

fects of ZIKV infection. However, we found that there was

no change in apoptosis in any of the cell strains following

ZIKV infection in the proliferation stage, as determined

by activated caspase-3 (Cas3) staining (Figure S2). On the

other hand, following differentiation, ZIKV-infected K054

cells had a significant 3.5-fold increase in activated Cas3,

whereas infected G010 and K048 showed no significant

change in Cas3+ cells (Figure 2D).

Differentiation of Primary hNSCs Altered by Mex 1–7

in a Human Cell Strain-Dependent Manner

To evaluate the effect of ZIKV infection on hNSC differen-

tiation, Mex1-7-innoculated G010, K048, and K054 hNSCs

were allowed to differentiate for 9 days. At 15 dpi, cells were

immunostained with markers for mature neurons (micro-

tubule-associated protein 2 or MAP2), astrocytes (glial

fibrillary acidic protein or GFAP), and ZIKV proteins.

Mex1-7 infection significantly reduced MAP2+ neurons

by approximately 33% in K054 cells and 43% in K048 cells

(Figure 3A). Interestingly, G010 neuronal differentiation

was not affected by ZIKV infection, although some

morphological changes were visible in these as well as in

K054 and K048 (Figure 3A). On the other hand, GFAP+

cell populations were not altered in any of the three

cell strains, but there was a change in cell morphology

(Figure 3B). These data suggest that hNSCs of different

individuals vary in neuronal differentiation potential

following ZIKV infection. When dual staining of ZIKV

and either GFAP or MAP2 was conducted, the majority of

Mex1-7-infected and surviving cells were GFAP+ astrocytes.

Of the ZIKV+ population, approximately 46% inK054, 64%

in K048, and 72% in G010 were double labeled with GFAP

(Figure 3C). This was significantly higher than ZIKV+ cells

dual-labeled with MAP2 for neurons which were about

26% in K054, 27% in K048, and 25% in G010 (Figure 3C).

We do not believe apoptosis to be responsible for this

decreased neurogenesis, considering less than 1.7% of cells

showed activated Cas3 staining (Figure 2D).

ZIKV-Induced Changes of Gene Expression in a

Human Cell Strain-Dependent Manner

To investigate the underlying cause of ZIKV-infec-

tion-related changes in neuronal differentiation, deep

sequencing of RNAs from all three strains was performed

7 dpi and after 1 day of differentiation. RNA analysis

was conducted in triplicate for each cell strain. Figure 4

shows Venn diagrams and heatmaps of significantly

changed genes based on a false discovery rate (FDR)

cutoff of <0.05, with up- or downregulation by 2-fold or

greater. Specifically, ZIKA upregulated 370 and 819 genes

in K054 and K048 cells, respectively (Figure 4A); and

Figure 1. Similar Infectious Rates of
Mex1-7 ZIKV in Different Strains of hNSCs
(A) Representative fluorescent images
stained for ZIKV (red) and cell nucleus
(blue) showing co-localization of virus and
cells 1 day after infection with various ZIKV
strains.
(B) High magnification of Mex 1–7 infected
cells.
(C) Quantification of infected cells from
three ZIKV strains.
(D) Quantification of Mex1-7 infectivity in
three hNSC strains.
(E) Representative phase contrast images
taken 4 and 8 days after ZIKV infection in
hNSCs.
Scale bars: 15 mm in (A), 10 mm in (B), and
60 mm in (E). *p < 0.05 compared with
other strains of virus. Data are presented as
means ± SEM, n = 3. See also Figure S1.
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