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Abstract

The epidemic of  Zika Virus (ZV) drastically affected the health of  more than one million people in Brazil resulting in 
twenty-fold increase of  microcephaly (head circumference of  newborn baby being less than or equal to thirty-two cms) in 
infected pregnant women. ZV crosses the placental barrier between maternal and fetal compartments. ZV has been found 
in amniotic fluid and fetal brain tissue of  the human pregnancies complicated with ZV infection and microcephaly sup-
porting cause and effect relationship between ZV and microcephaly. New knowledge about how ZV enters into the cells 
is mandatory for preventive and therapeutic research. ZV is a Flavivirus, therefore the Flavivirus receptors are candidate 
receptors for ZV too. ZV has been associated with high level of  TYRO3 and AXL component of  TAM, a Tyrosine Kinase 
receptor family, expression in the infected skin cells and neuronal stem cells. It predicts that AXL receptors may facilitate 
ZV entry into the trophoblasts and endothelial cells lining the fetal vessels present in the placenta. This hypothesis stems 
from the reported studies on ZV and AXL receptor expression, both in human tissues and animal models. If  our hypoth-
esis proves to be valid, it would be a great step towards the drug and therapeutic development to prevent ZV crossing the 
placental barrier and resulting in complications. 
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Introduction

The epidemic of  Zika Virus (ZV) started in April 2015 in Brazil 
and since then more than one million individuals have been 
affected by it [1]. ZV was named after the forest in Uganda where 
it was first found, in 1947 [2]. Phylogenetically, it is related to 
Spondweni virus clade, an arthropode-borne virus transmitted by 
mosquitoes, the family being Flaviviridae and the genus Flavivirus 
[3,21]. Two lineages of  this virus include the African lineage, 
identical to the strain spreading in South America and, the Asian 
lineage identified in the 2013-2014 outbreak of  French Polynesia 
[4]. A mosquito, Anopheles Aegypti, is the biological vector 
responsible for its spread [1]. Sexual transmission of  ZV has been 
documented in WHO report of  April 2016 in United States, Italy, 
France, Chile, Argentina and New Zealand [19, 20]. Like other 
Flaviviruses, ZV is an enveloped, icosahedral virus, having single-
stranded, positive-sense RNA genome that can be translated into 
viral proteins [3]. 3.7°A resolution cryo-electron microscopy 
reveals its resemblance to other Flaviviruses in architecture but 
comparison of  the structure of  its envelope (E) protein indicates 

that some parts of  this protein are similar to West Nile and 
Japanese encephalitis viruses, while other components are more 
like Dengue virus [22]. 

ZV is more stable at higher temperatures, 40°C and above, 
than Dengue virus strains, DENV2 and DENV4, and this 
characteristic seems to contribute its high infectivity at human 
body temperature (37°C) and high climatic temperatures of  Brazil 
[22]. Unlike other Flaviviruses, ZV can cross the placenta through 
unknown mechanisms. ZV has been found almost all over the 
globe from Africa to Southeast Asia, but remained out of  focus 
due to its sporadic epidemics, for example outbreak in Yap island, 
Micronesia affected only fourteen people in 2007 [26]. The 
epidemic of  Brazil involving South America is so far its largest 
and rapid spread.

Why Zika Virus is so important?

ZV causes fever and rash, neurological complications including 
Guillain-Barre (GB) syndrome during French Polynesia outbreak 
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where twenty fold rise in incidence of  GB syndrome is reported 
[10, 27]. In non-pregnant women, it usually causes mild flu-like 
symptoms while is a risk factor for the developing conceptus in 
infected pregnant women.

Zika virus has been associated with ocular complications and 
microcephaly (head circumference of  newborn baby being less 
than or equal to thirty two cms) in infected pregnant women [6, 
8]. ZV crosses the placental barrier at maternal-fetal interface, 
proliferates in the amniotic fluid and damages the developing 
brain tissue [7, 9, 10]. In Brazil, ZV has been associated with an 
increased incidence of  microcephaly to such an extent that by 
January 2016, the Brazilian Ministry of  Health had reported 3174 
microcephalic newborns, corresponding to a 20-fold increase over 
the expected annual reported incidence of  microcephaly [5, 6]. 
Zika is a teratogenic virus. It has the potential to cause anomalies 
in the developing fetus and its brain resulting in permanent 
damage to neuronal tissue and irreversible ocular destruction 
when maternal infection occurs in first or early second trimester 
maternal infection [8]. ZV RNA has been identified in the 
amniotic fluid of  infected pregnant women with microcephalic 
fetuses and in the brain tissue of  microcephalic fetuses as well, 
indicating a cause and effect relationship between Zika virus 
and microcephaly [7]. Other reported complications include 
placental insufficiency with fetal growth retardation, fetal death 
or abortion being the extreme complications [5]. Therefore, it is 
important to investigate the research question ‘How does the ZV 
crosses the placenta and infects the fetus?’ Answers will prevent 
further destruction of  humans in the current generation and will 
prepare us to deal with future epidemics. Animal models may play 
important roles in finding the answer to the question. It is already 
known that the Asian strain SZ01 infects mouse brain tissue in 
vivo and affects mouse fetal brain development subsequent to 
crossing through the placenta [9,10].

Zika Virus and Placental Barrier

The placenta is the organ that supplies nutrients to and removes 
wastes from the developing fetus. Maternal and fetal circulations 
are separated only by the placental barrier [11]. This barrier is 
formed by syncytiotrophoblasts and endothelial cells lining the 
fetal vessels in species having hemochorial placentas such as 
humans and mice [11].

Mice are used extensively to model human placental diseases due 
to these similarities in placental structure and function [12]. The 
hemochorial and discoid mouse placenta consists of  the maternal 
decidua and conceptus-derived components, the junctional and 
labyrinth zones of  trophoblast, an epithelium-derived cell lineage. 
Conceptus-derived trophoblast giant cells, glycogen trophoblasts 
and spongiotrophoblasts are different types of  trophoblast 
cells present in all three zones of  the mouse placenta. In the 
labyrinth zone, the fetal capillaries are lined by the endothelium 
that is covered by a layer of  mononuclear trophoblasts and 
syncytiotrophoblasts [11]. ZV must infects the trophoblast 
cells before it can enter the fetal compartment [12]. In the ZV 
susceptible IFNAR null mouse, placental cellular damage follows 
infection, the labyrinth zone becomes markedly thinned as seen 
by reduction in immunostaining with the pan-trophoblast/
epithelial cell marker, pan-cytokeratin [10]. Transmission electron 
microscopic images of  these mouse placentas revealed 50nm 

virions in the endoplasmic reticulum of  both trophoblast cells 
and in the fetal vascular endothelial cells of  the placental labyrinth 
[10]. In ZV infected IFNAR null mouse placenta, vimentin a stain 
for, fetal blood vessels, is decreased, reflecting fetal endothelial 
cell damage by the virus [10]. These findings support the 
hypothesis that ZV crosses the placental barrier by infecting and 
destroying the trophoblast cells of  this barrier and then infecting 
the fetal endothelium. Damage to this cell type or replication 
within it would permit ZV to enter the systemic fetal blood 
stream via the umbilical cord circulation. This would explain why 
the amnion is not protective against the virus. It is possible that 
the hematogenous spread of  ZV in the fetus leads to cutaneous 
fetal lesions that shed virus into the amniotic cavity. Systemic 
circulation of  ZV would permit the neurotrophic properties of  
the virus to be expressed and the fetal brain to become infected. 

The use of  the mouse model for the study of  mechanisms of  ZV 
placental infection is valid because cultured human trophoblast cell 
lines are reported to be infected and damaged in the same manner 
[12]. ZV RNA is found in the human placentas of  human fetuses 
with anomalies [7]. In humans maternal blood starts circulating in 
intervillous space of  the developing placenta around eight to ten 
weeks and symptoms of  ZV infection have been reported as early 
as eight weeks of  gestation in women delivering microcephalic 
babies. Thus, maternal placental circulation disseminates ZV 
and contributes to its teratogenesis [28]. It is also possible that 
ZV may become part of  immune complexes and be actively 
transported by receptors across the placenta. The mouse placenta 
experiments favors the ZV crossing of  the placenta as a sequelae 
of  infecting placental barrier cell line rather than using diffusion 
or cargo processes [29].

AXL as Zika Virus Entry Receptors

Molecular mechanisms must be identified for ZV entry into 
the cells. Flaviviruses infect the cells by interacting a defined set 
of  receptors that facilitate endocytosis of  virus particles [15]. 
Flavivirus receptors are anticipated to facilitate ZV entry into cells, 
as these are induced and over-expressed in infected mouse fetal 
brains [9]. Out of  these, the phosphatidylserine receptors including 
T-cell immunoglobulin and mucin domain (TIM) and TYRO3, 
AXL and MER (TAM) are actively expressed in ZV infected cells 
[13] [Figure 1]. Zika and dengueviruses both infect human skin 
epithelial cells via AXL receptors [13]. Phosphatidylserine (PtdSer) 
is a cell membrane phospholipid that normally faces towards the 
cytosol of  a cell. When there is cell damage, it is exposed to cells 
exterior and acts as a signal for specific receptors to stimulate 
endocytosis. Same PtdSer molecule is expressed on ZV surface 
[24]. Although both TIM and TAM receptors have been active 
in skin fibroblasts and immune cells to help the ZV enter in the 
human skin cells after an infectious mosquito bite, but TAM 
receptors are more favoured as ZV receptors because the AXL 
component of  this complex is over-expressed in ZV-infected 
human and mouse fetal brains after ZV infection [9, 13, 16]. The 
TAM receptor complex has been grouped in the tyrosine kinase 
family since 1991 [24]. Gas6 and Protein S are their two ligands 
that are present on the receptor complex and recognizes the viral 
PtdSer [15]. Viral PtdSer attachment to these ligands stimulates 
the process of  endocytosis followed by a signaling cascade [15]. 
The AXL component of  the TAM receptor is a Tyrosine kinase, 
coded by AXL gene and is an active component of  TAM complex 
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[15]. This receptor is present in developing neural tissue and radial 
glia; expression of  AXL being conserved in animal models of  
cortical development [16]. Experiments with mouse model have 
shown that the AXL receptor gene is over-expressed along with 
microcephaly genes after ZV infection in E13.5 to E16.5 fetal 
brains. This is accompanied by a three-hundred-fold increase 
of  viral RNA copies in the neural progenitor cells resulting in 
microcephaly [9].

Conclusion

Zika Virus belongs to the Flavivirus family of  viruses while AXL 
receptors are Flavivirus family receptors that are induced by ZV 
infection of  skin fibroblasts and the neuronal progenitor cells 
[9]. In infected mouse brains, over expression of  AXL protein 
accompanies induction of  microcephaly genes and the gross 
anatomical observation of  microcephaly. AXL receptors are 
induced in the skin cells where the mosquito bites inoculate ZV 
[13]. Thus my hypothesis is that AXL is expressed by trophoblast 
cells and contributes to their infection by ZV. Existing data 
suggest that ZV infects mouse and human trophoblasts disrupting 
the outermost layer of  the maternal-fetal barrier. ZV also infects 
and damages the fetal vascular endothelial cells of  the placenta 
by subsequent direct infection [10, 11] Evidence is yet to be 
presented in the literature on whether ZV receptors are expressed 
by or induced in trophoblasts. If  this (my) hypothesis is correct, 
it would identify a target for the development of  a therapeutic 
strategy for prevention of  ZV transmission to developing fetuses 
in pregnant women.

Study approaches for ZV receptors may include ifnar-/- mouse 
model or the TEM receptor knock out mouse models. [10, 
24]. Human placenta cell lines and human placenta models are 
increasingly being used to study human microbial pathogenesis 
[29]. Human placental cytotrophoblasts and fetal Hofbauer 
cells are not only susceptible to ZV infection in vitro but there 

is sufficient evidence for ability of  ZV to replicate in these 
cells causing minimal cell death [29]. The progression of  ZV 
pathogenesis in placenta may largely depends on this factor, since 
minimal cell death releases minimal cellular debris thus low levels 
of  these inflammatory signals help the virus to hide and escape 
causing devastating tissue damage [29]. Recently, a new three-
dimensional villus formation human placenta model was created 
that may help to understand human fetal-maternal interface in 
more detail for vertical transmission of  infectious agents such as 
ZV [30].

Future Directions

New knowledge on the mechanisms of  ZV infection is urgently 
required. Flaviviruses are typically unable to cross the placenta but 
ZV is an exception using unknown mechanisms. Evidence based 
data about the ZV receptors will help to develop the therapeutic 
or preventive strategies regarding its teratogenic effects on 
human fetuses. The available literature supports the hypothesis 
that ZV infects the fetus by crossing the placental barrier and 
infecting fetal cells rather than through any remote inflammatory 
mechanism. The human placental barrier is complex and has 
many mechanisms to protect the fetus until birth. Discovering 
the mechanism(s) used by ZV to evade evolutionary conceptus 
protection will provide a break through towards the development 
of  therapeutic approaches to prevent ZC’s teratogenic effects 
in the future. Epidemiologists, pathologists, virologists and 
biologists with expertise in placenta research are working towards 
this goal and hope to soon achieve better outcomes for ZV 
exposed human pregnancies.
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Figure 1: AXL,TYRO3 and TIM as proposed Zika Virus Entry Receptors
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