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ZIKV leads to Microcephaly

COLUMN ARTICLE

“The current paradigm is that an important factor in
ZIKV-induced Microcephaly(MCPH) is apoptosis of infect-
ed fetal cortical neural stem/ progenitor cells (NSCs) that
results in depletion of neurons from the cortex and conse-
quent malformation of the cerebral cortex leading to MCPH
[1-4]"

A human outbreak of Zika virus (ZIKV) that started in
2015 in Brazil has now spread to over 30 countries in the
Americas with hundreds of thousands of confirmed or sus-
pected cases. Nearly five hundred cases of travel-associated
ZIKV infection have also been reported in the United States.
ZIKV is primarily transmitted by mosquitos of the genus
Aedes that are widely distributed throughout the world in-
cluding much of the Southern United States. Additionally,
the virus can also be transmitted from males to females by
sexual contact. The epidemiological investigations during
the current outbreak found a causal link between infection
in pregnant women and development of microcephaly in
their unborn babies. This finding is a cause for grave con-
cern since microcephaly is a serious neural developmental
disorder that can lead to significant postnatal developmen-
tal abnormalities and disabilities. Currently, it is not known
how ZIKV causes microcephaly, but in vitro and in vivo data
indicate that ZIKV causes apoptosis of fetal neural progeni-
tor cells (NPCs) and/or cerebral neurons (CNs) that results
in malformation of cerebral cortex leading to microcephaly
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[5,6]. To have a deeper understanding of the pathogenesis
of ZIKV-induced microcephaly, it is critical to decipher the
molecular mechanisms by which ZIKV causes apoptosis of
NPCs/CNs. In our preliminary investigations we observed
that SH-SY5Y cells, which were derived from a human
neuroblastoma line, also undergo apoptosis upon infec-
tion with ZIKV. Further investigations revealed that the
level of host cell protein mTOR was dramatically reduced,
phosphorylation of AKT was significantly diminished, and
activity of Fox0O3a transcription factor was upregulated in
ZIKV-infected cells. These changes occurred within 24-48h
post-infection and preceded any visible signs of apoptosis,
which begin to manifest 3 days’ post-infection. Both mTOR
and AKT are critical components of a cell signaling path-
way that promotes cell survival and growth, while Fox03a,
which is negatively regulated by AKT, causes transcrip-
tional upregulation of genes involved in cellular apoptosis.
These data suggested that a critical factor in ZIKV-induced
apoptosis is inhibition of AKT-mTOR activity resulting in
downregulation of the pro-survival/ growth pathway and
upregulation FoxO3a-dependent pro-apoptotic pathway.
We found that ZIKV causes apoptotic cell death of embry-
onic NPCs/CNs which may be the major factor microcepha-
ly (Data not shown) [7-9].

Summary and Future Prospects

We have two separate aims will be carried out to investi-
gate the role of AKT-mTOR pathway in ZIKV-induced apop-
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tosis. The first aim will be focused on obtaining evidence
that ZIKV causes apoptosis by perturbing the AKT-mTOR
pathway, and on identifying the components of the AKT-
mTOR pathway that are dysregulated during ZIKV infec-
tion. The second aim will identify the ZIKV protein(s) that
is directly responsible for dysregulation of the AKT-mTOR
pathway and/or induction of apoptosis. It is important to
note that while related, the two aims are not interdepen-
dent. Each will yield novel information independent of the
other, but the combined efforts of the two aims will provide
a detailed understanding of the ZIKV-induced apoptosis.
The work here will identify the key viral and cellular fac-
tors that play role in the death of hNSCs, which represent
a clinically relevant model. Importantly, our experimental
design includes strategies to explore alternate mechanisms
and effectors, should the experimental data do not sup-
port our original hypothesis. The studies here will provide
new and useful information that will be used in our future
studies and RO1 grant proposal(s), which will be centered
around obtaining a direct connection between ZIKV-medi-
ated dysregulation of AKT-mTOR pathway and MCPH, and
subsequently on evaluating the identified viral and cellular
factors as drug targets in a relevant animal model [10].

wtu

=7l

Keywords: Neural stem/progenitor cells (NSCs); Cerebral
neurons (CNs); Zika virus (ZIKV); Microcephaly (MCPH)

BIBLIOGRAPHY

1. Schuler-Faccini L., et al. “Possible Association Between Zika
Virus Infection and Microcephaly - Brazil, 2015”. Morbidity
and mortality weekly report 65.3 (2016): 59-62.

2. Cauchemez S., et al. “Association between Zika virus and
microcephaly in French Polynesia, 2013-15: a retrospective
study”. The Lancet 387.10033 (2016): 2125-2132.

13
3. Faheem M, et al. “Molecular genetics of human primary mi-

crocephaly: an overview”. BMC Medical Genomics 8 (2015).

4. Olagnier D, et al. “Mechanisms of Zika Virus Infection and
Neuropathogenesis”. DNA and cell biology (2016).

5. TangH,, et al. “Zika Virus Infects Human Cortical Neural Pro-
genitors and Attenuates Their Growth”. Cell stem cell 18.5
(2016): 587-590.

6. Dang]., et al. “Zika Virus Depletes Neural Progenitors in Hu-
man Cerebral Organoids through Activation of the Innate Im-
mune Receptor TLR3". Cell stem cell (2016): 30057-30061.

7. LiC, et al. “Zika Virus Disrupts Neural Progenitor Develop-
ment and Leads to Microcephaly in Mice”. Cell stem cell 19.1
(2016): 120-126.

8. Qian X, et al “Brain-Region-Specific Organoids Using
Mini-bioreactors for Modeling ZIKV Exposure”. Cell 165.5
(2016): 1238-1254.

9. Brotelle T and Bay ] 0., et al. “[PI3K-AKT-mTOR pathway: De-
scription, therapeutic development, resistance, predictive/
prognostic biomarkers and therapeutic applications for can-
cer]”. Bulletin du cancer 103.1 (2016): 18-29.

10. Martelli A M., et al. “Targeting the phosphatidylinositol 3-ki-
nase/Akt/mammalian target of rapamycin signaling net-
work in cancer stem cells”. Current medicinal chemistry 18.18
(2011): 2715-2726.

©Allrights reserved by Fahim Ahmad.

Citation: Fahim Ahmad. “ZIKV leads to Microcephaly”. Ec Microbiology EC0.01 (2016): 12-13.



