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The role of Zi2 during neural tube and neural crest development

The transcription factor Zic2 is member of Zic family, at early 
stages it has been involved in several processes during embry-
onic development and later on in morphogenesis and organo-
genesis. An important role has been attributed to Zic2 during the 
development of the neural system.  It has been involved in neural 
tube and neural crest formation. Both process structures will 
form the central and peripheral neural system. Mutation of Zic2 
provokes holoprosencephaly in humans and in mouse also spina 
bifida. To date, there is not well elaborated the specific mech-
anisms under which Zic2 affect neural tube formation and the 
differences may exist between mouse and human phenotype. 
Almost the same ambiguity is for the specific role of Zic2 during 
neural crest development. Here is given are resumed latest stud-
ies and are given new insight about the role of Zic2 in these two 
processes and its new target genes.
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Overview of  Zic gene family and Zic2. 

Zic is family of genes is composed of five 

members in Xenopus, chicken, and mammals, 

whereas in zebrafish are seven members 

(Houtmeyers et al., 2013). All Zic family 

members are vertebrate homologues of the 

Drosophila Odd-paired  (opa) gene (Aruga et al., 

1996; Furushima et al., 2000). For the first time 

this family of genes was identified as a group of 

genes encoding zinc finger proteins expressed 

in adult cerebellum.  

Zic2 gene is composed of a three exons 

structure and it is located in human on 

chromosome 13, in the mouse on chromosome 

14 (Grinberg and Millen, 2005), in chicken on 

chromosome 4 and zebrafish on chromosome 2 

(Houtmeyers et al., 2013; McMahon and 

Merzdorf, 2010). The production of Zic2 gene is 

a protein of five Cys2His2 zinc-finger domains 

composed by 533 amino acids (Ali et al., 2012; 

Aruga et al., 1996), (figure 1). Zic2 is expressed 

early during development starting from early 

gastrulation, in the node and later on the dorsal 

part of the neural tube and paraxial mesoderm. 

During the organogenesis it is expressed in the 

brain, spinal cord, visual system and distal part 

of the limb. (Elms et al., 2004; Nagai et al., 

1997).  

 

 

The role of Zic2 during neural tube formation. 

Neural tube if formed during neurulation 

process.  The neurulation begins when the 

neural plate starts bending and it terminates with 

the fusion of the neural fold where the neural 

tube forms. The bending process is leaded by 

two principal hinge point; medial hinge point 

(MHP) and dorsolateral hinge point (DLHP) 

(Copp et al., 2003). This process if followed by 

neural tube dorosventral patterning where cells 

inside the tube differentiate in specific neural 

subtypes cells which follow a strict pattern along 

the anteroposterior and dorsoventral axis 

(Briscoe et al., 2000; Lee et al., 1998).  In some 

cases, the formation of the neural tube does not 

develop properly as a consequence the neural 

tube does not close, that lead to pathologies 

known as neural tube defects (NTDs). They are 

frequent congenital malformation in vertebrates. 

These defects are distributed on the anterior or 

posterior part of the neural tube. Depending on 

the location and severity, they take specific 

names. The more communes are 

holoprosencephaly (HPE) and spina bifida 

(Copp and Greene, 2013; Zohn and Sarkar, 

2008). The frequency and severity of these 

pathologies have attracted the focus of 

developmental biologists and clinicians on 

unveiling the pathological mechanisms and 

preventing.  

One of the genes associated with NTDs is Zic2. 

In humans mutation of Zic2 provokes HPE 

(Brown et al., 1998), whereas in mouse except 

of HPE it provokes spina bifida (Nagai et al., 

2000). To date, there are no clear mechanisms 

that explanation how the lack of Zic2 leads to 

these NTDs. The main questions that are not 

well elaborated are; Is Zic2 involved in cell 

differentiation or cell proliferation during neural 

tube development?; Is Zic2 involved in 

neurulation through bending process or 

dorsovental cell pattering, or both of them?; 

Which is the difference regarding NTDs between 

mouse and human? 

 

Figure 1. Gene structure of Zic2. White boxes represent untranslated region. Orange degraded 

boxes represent 5'­> 3'coging region. Filled coloured boxes represent zinc finger domains. 
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The role of Zic2 in cell differentiation and 

proliferation during neural tube development. 

During later stages of embryonic development 

the function of Zic2, especially in post mitotic 

cells in the spinal cord and visual system is well 

established (Escalante et al., 2013; Herrera et 

al., 2003). However, the function at early stages 

of neural development where cells are still in a 

progenitor stage is ambiguous. It is not clear how 

Zic2 participates in these cells differentiation or 

proliferation.  

In Xenopus, Zic2 overexpression induced 

neurogenesis but prohibited cells to differentiate 

in mature neurons (Brewster et al., 1998). In 

mouse, during cerebellum formation, it was seen 

that Zic2 promote granular progenitor cells and 

at the same time help their survivance (Aruga et 

al., 2002). In general the results obtained until 

now conclude that Zic2 is expressed from neural 

progenitors that are not specified in any neural 

cell type. This is sustained from results in other 

cell population. It has been demonstrated that 

Zic2 is expressed from paraxial mesoderm 

progenitor cells (Inoue et al., 2007). Similar to 

somite cells is the case of cancer cells where 

was seen that Zic2 is expressed from cancer 

cells (Lu et al., 2017), which do not use to have 

a clear differentiation.  

During the neural tube formation, the apical part 

is a pool of neural crest and neural cell 

progenitors (Helms and Johnson, 2003; 

Kalcheim, 2018). The expression of Zic2 on the 

dorsal part of the neural tube (Nagai et al., 

1997), from neural crest cells (Elms et al., 2003) 

and at the same time from neural progenitors 

(Escalante et al., 2013) lead to thinking that Zic2 

it could affect the cell proliferation of each 

population. In a Zic2 full mutat (kumba:ku) and 

Zic2 hypomorphic (kd) mutant mouse was seen 

a reduction in neural crest production and a 

retardation in the roof plate formation . These 

changes were produced without affecting cell 

proliferation (Ph3) and cell death (Elms et al., 

2003; Nagai et al., 2000).  

If there is retardation in one both of the cell 

population which populate apical part of the 

neural tube during, we hypothesise there should 

be a differences in cell cycle or proliferation in 

one of these cell populations. More plausible is 

that neural progenitors proliferate more and 

compensate the reduction in proliferation of 

neural crest progenitors. This in global view 

could not give changes in cell proliferation if we 

do not differentiate the proliferation rate of each 

group of cells. This is why we think is necessary 

a detailed study of the cell cycle. With Ph3 we 

get a snapshot of cells in G2 and M phase but 

we cannot see how are proliferating different 

group of cells. In the study of (Nagai et al., 2000) 

was mentioned that there is no difference in 

BrdU expression. However, is necessary a 

detailed study with each cell population of the 

dorsal part of the neural tube. Double staining for 

BrdU with markers as it is Hairy1 for roof plate 

cells (Nitzan et al., 2016) and Foxd3 for neural 

crest cell (Thomas and Erickson, 2009) will 

clarify what is the proliferation rate of these 

group of cells.  

Mechanisms related to Zic2 during the 

development of the neural tube. 

From the two hinging point MHP and DLHP 

involved in neurulation , the DLHP has been 

demonstrated to be crucial for closing and 

sealing of the neural tube (Copp et al., 2003; 

Ybot-Gonzalez et al., 2002). It is DLHP where 

Zic2 has been involved; it affects Bmp2 

antagonists; neuralin and noggin. In Zic2ku/ku 

mutant embryos the noggin and neuralin 

expression were reduced (Ybot-Gonzalez et al., 

2007), Figure 2. However, remain to be explored 

which are the relation of Zic2 with other 

members of Bpm family.  

To a proper DLHP formation are required 

cytoskeletal elements including actin-myosin 

network. These cytoskeletal elements are 

important for neural fold junction and 

consequently the neural tube closure. In 

zebrafish has been fund that Zic2a controls F-

actin and myosin-II distribution during 

development of the cranial part of the neural 

tube (Nyholm et al., 2009). Similar results have 

been found in Zic2 Ku/Ku mutant in the caudal part 
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of the neural tube where was seen a reduction 

of F-actin expression in a region which 

correspond with spina bifida (Galea et al., 2017), 

Figure 2. These results give the bending 

impairment mechanism, which partially explains 

NTDs. Other mechanisms should be involved 

that will completely explain NDTs encountered in 

Zic2 mutant mouse.  

Dorsoventral patterning of neural tube is a 

mechanisms that when also goes wrong can 

leads to NTDs (Melloy et al., 1998). There are 

strong indications for an involvement of Zic2 in 

neural tube dorsoventral patterning. First, Zic2 in 

cooperation with Zic1 has been involved in 

cerebellum patterning (Aruga et al., 2002). In 

zebrafish was also seen that Zic2a and Zic2b 

participate in forebrain patterning (TeSlaa et al., 

2013). Second, indication for involvement of 

Zic2 dorsoventral patterning is the expression 

pattern. Zic2 is expressed exclusively from the 

node at the middle line above neural plate (Elms 

et al., 2004), and in the dorsal part of the neural 

tube (Nagai et al., 1997), which will be signalling 

centres that will constitute neural tube 

dorsoventral patterning.  

In mouse Zic2Ku/Ku was seen defect coming the 

ventral part of neural tube, specifically from 

Nodal signalling, which effect prechordal plate 

formation which is a structure responsible for 

forebrain formation (Warr et al., 2008). It was 

seen that Zic2 actuates downstream Nodal 

signalling. ZIC2 forms a complex with SMAD 

proteins, then this complex recruits FoxA2, 

another transcription factors to finally  transduce 

Nodal signalling for a proper prechordal plate 

development (Houtmeyers et al., 2016), Figure 

2.  

Regarding the mechanism, it was also 

discovered that Zic2 controls Tgif1 gene 

expression (Ishiguro et al., 2018). Tgif1 and his 

paralogous genes, Tgif2 are inhibitory factors 

related to holoprosencephaly in humans and 

mouse (Gripp et al., 2000; Taniguchi et al., 

2012). It is was known that Tgifs represses 

Nodal signalling through inhibiting Smad2 and 

Smad4 transcription (Wotton et al., 1999). 

However, lately was discovered that Tigf1 

operates also independently of Nodal signalling. 

It was seen that Tgif1 controls Gli3 expression 

which is an effector of Shh signalling (Taniguchi 

et al., 2017).  ZIC2 has been seen to interact with 

GLI proteins and it can binds to Gli DNA binding 

site (Koyabu et al., 2001). These results 

demonstrate an indirect relation between Zic2 

and Shh signalling through Tgif1. The indirect 

relation is reinforced from other results where in 

mammals is known that ZIC2 does not directly 

interact with Shh signalling (Warr et al., 2008) 

and Shh levels does not change in Zic2kd/kd and 

Zic2Ku/Ku mutant mice (Elms et al., 2003; Nagai 

et al., 2000). Zic2 has also an opposing 

expression and does not phenocopy the 

holoprosencephaly caused by Shh (Chiang et 

al., 1996; Nagai et al., 2000). However, in 

Xenpus and zebrafish it was discovered that 

Zic2a directly regulate the levels of Shh (Sanek 

and Grinblat, 2008), Figure 2. Further studies 

are necessary to clarify is Zic2 and Shh 

signalling regulation mechanisms is conserved 

in all vertebrates.  

Regarding to the dorsal part of the neural tube 

another path where Zic2 is demonstrated to be 

involved is Retinoid signalling. This signalling 

path has been involved in dorosventral 

patterning of the neural tube (Niederreither et al., 

2000; Wilson et al., 2004). It has also been 

involved in several NTDs on the anterior and 

posterior part of the neural tube, including 

anencephaly, holoprosencephaly and spina 

bifida (Alles and Sulik, 1990; Cohen and Shiota, 

2002; Maden, 2006). In mouse it seems that Zic2 

also use Tgif1 as an effector gene to control 

Retinoic acid levels where was seen that Tgif1 

inhibit Retinoid signalling (Bartholin et al., 2006). 

The mechanisms of Zic2 and Tgif1 could explain 

closure defects in the anterior part of the neural 

tube where Tgif1 has been associated with 

holoprosencephaly. However, remains to be 

seen if Zic2 and Retinoid signalling are related 

with NTDs of the posterior neural tube where 

both have been associated with spina bifida. In 

zebrafish Zic2a and Zic2b control Retinoic acid 
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levels in hindbrain region (Drummond et al., 

2013). At the same time Retinoid signalling 

control Zic2 expression levels in Xenopus 

(Franco et al., 1999), where it activates Erf and 

Etv3 repressor factors (Janesick et al., 2013), 

Figure 2. These results demonstrate to the 

existence of a feedback negative loop between 

Zic2 and Retinoid acid, which control the 

expression of each other. Remains to explore if 

this mechanism apart of Xenopus it is also 

conserved in other species. All these results 

indicate for the involvement of Zic2 in 

dorsoventral patterning of the ventral part of the 

neural tube. In Zic2kd/kd mutant was also 

observed retardation in cell differentiation which 

is manifested with a lag in the expression of 

Wnt3a, a marker of roof plate cells (Nagai et al., 

2000). This is an evidence that Zic2 apart of the 

ventral neural tube patterning affects also the 

patterning on the dorsal part. Further work is 

necessary to explain better the other 

mechanisms by which Zic2 provoke NTDs in the 

posterior part of the neural tube.  

 

 

 

In humans, Zic2 mutation provoke a specific 

NTD on the anterior part of the neural tube which 

is the holoprosenchepaly (Brown et al., 1998). In 

mouse except holoprosencephaly Zic2 has been 

related also with spina bifida   (Elms et al., 2003; 

Nagai et al., 2000). This discrepancy was though 

to come due to the lower levels of Zic2 in mutant 

mouse compare to Zic2 mutation in humans 

(Nagai et al., 2000). In human and mice has also 

been proved a dose sensitivity in Zic2 

pathogenesis (Brown et al., 2001, 1998). 

However, a frequent polymorphism study 

exclude Zic2 as a risk factor for NDTs in humans 

(Klootwijk et al., 2004). This could indicate that 

Zic2 function is less conserved in humans 

compare to mouse and it loss the determinant 

role for NTDs in the posterior part of the neural 

tube. Environmental factors which are not well 

addressed in mouse plays an important role in 

producing NTDs in human (Edison and Muenke, 

2003; Liao et al., 2009). In humans related to the 

environmental factors are the regions where 

people live, in different region the incidence of 

NTDs was different (Chen et al., 2009). These 

entire factors probably make the difference in 

NTDs provoked by Zic2 in humans and mice.   

During the time of neurulation, Zic2 is 

coexpressed with other members of Zic family. 

Figure 2. A-Zic2 expression in the node during gastrulation, B-Zic2 expression in the apical part 

of the neural tube. B-Mechanisms guided by Zic2 during neural tube dorsoventral patterning. 

Dorsally Zic2 induces expression of Noggin/Neuralin which downregulate Bmp2, it also directly 

controls F-actin, myosin-II expression and Retinoid signalling through Tgif1, Erf and Etv3. 

Ventrally it participates indirectly controlling of Shh and Nodal signalling through Tgif1. 
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This implies to a possible redundancy effect of 

these genes with Zic2 during the process of 

neural tube formation. Zic1 and Zic3 are 

coexpressed with Zic2 in dorsal part of the 

neural tube  (Nagai et al., 1997). The 

redundancy was seen between Zic1 and Zic2 in 

cerebellum development (Aruga et al., 2002) 

and between Zic3 and Zic2 during formation of 

mesoderm derivatives tissue (Inoue et al., 

2007). These results indicate for a possible 

redundant of these genes and Zic2 during neural 

tube development. Zic5 is another gene which 

has a similar expression with Zic2 during the 

neural tube development (Nakata et al., 2000), 

in genome it has a near localization with Zic2 

and has been described to provoke NTDs (Inoue 

et al., 2004). These results also make it a strong 

candidate to have a redundancy effect with Zic2 

during the neural tube development.     

The role of Zic2 in neural crest development.  

The neural crest starts to appear during 

gastrulation in the border of neural and non-

neural ectoderm and has the peak of 

development during neurulation and short after 

neural tube closure (Le Douarin and Kalcheim, 

1999). Do to the expression of Zic2 on the area 

where neural crest develops, it has attracted the 

focus of biologist whose have seen it as a 

potential key factor during neural crest 

development. The expression of Zic2 during 

neural crest is described in migratory area and 

migrating neural crest cells (Elms et al., 2003; 

Nagai et al., 1997). However, there is not clear 

how is related Zic2 expression level with 

premigratory and migratory neural crest or with 

the specific migratory paths during neural crest 

migration, which will be interesting to focus in 

future studies.  

Experiments in mouse Zic2ku/ku mutant 

demonstrated a delay and a reduction in neural 

crest, these changes that did not produce 

changes in cell death or proliferation  (Elms et 

al., 2003). In Zic2kd/kd mutant also was observed 

on impairment of neural crest (Nagai et al., 

2000). In coherence with experiments in mouse, 

in zebrafish, the overexpression of Zic2a and 

Zic2b increase neural crest production, that was 

manifested with upregulation levels of Sox10, a 

migrating neural crest maker  (TeSlaa et al., 

2013). In Xenopus, Zic2 overexpression also 

induces neural crest formation (Brewster et al., 

1998; Nakata et al., 1998).  

The neural crest cell after migrate to their final 

destination will differentiate in two type of cells; 

sensory neurons and melanocyte cells (Le 

Douarin and Kalcheim, 1999). There are no 

specific data about the mechanisms that Zic2 

affects neural crest cells final fate. In Zic2kd/kd 

mutant was observed an impairment of sensory 

neurons which was manifested with a reduction 

of the dorsal root ganglia (Nagai et al., 2000). In 

the Zic2ku/ku mutant were mentioned problems 

with pigmentation, manifested with white skin 

spots (Elms et al., 2003). These results are in 

coherence with studies in Xenopus where Zic2 

overexpression produced ectopic melanocyte 

cells  (Nakata et al., 1998) and in zebrafish 

where Zic2a and Zicb downregulation reduce 

the levels of melanocyte cells (TeSlaa et al., 

2013).  

In Xenopus the results related with neural crest 

derivatives are contradictory. The results form 

(Nakata et al., 1998) claimed that Zic2 

overexpression induce neurogenesis whereas 

the study of (Brewster et al., 1998) claimed that 

Zic2 overexpression does not induce 

neurogenesis, it reduces neural tissue and 

maintains cells in a undifferentiated stage. This 

could have come due to different markers and 

experimental condition. Meanwhile, remains 

ambiguous with which cell fate Zic2 is related 

more. Does it induce more one or the other cell 

type? To answer this question are needed 

experiment with specific markers of these cells 

population during overexpression.   

During neural crest development could also be 

present the redundancy effect of other Zic family 

members. Possible candidates to have a 

redundancy effect is Zic1, the overexpression of 

who induces neural crest expansion (Nagai et 

al., 1997; Sato et al., 2005). Zic3 is another gene 

that has been related with neural crest 
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production (Life and Project, 1997; Nagai et al., 

1997). Another strong candidate to have a 

redundancy effect with Zic2 is Zic5 which has 

been demonstrated to participate in neural crest 

development (Inoue et al., 2004; Nakata et al., 

2000). 

Zic2 new target genes during neural tube and 

neural crest development. 

Some of the ephrin receptors are possible 

candidates to be related with Zic2 during neural 

tube formation. One of the candidates is EphA4 

which have a similarity in the expression with 

Zic2 at the apical part of the neural tube 

(Abdullah et al., 2017; Santiago and Erickson, 

2002) and has been involved in spina bifida 

(Abdullah et al., 2017). It was also demonstrated 

that Zic2 binds to EphA4 enhancer in embryonic 

stem cells (Luo et al., 2015). At the same time, it 

has been seen that Zic2 controls the expression 

of EphA4 in defining the ipsilateral projection of 

spinal cord interneurons (Escalante et al., 2013).  

EphB1 is another ephrin receptor with a 

plausible relation with Zic2 during the neural 

tube formation, EphB1 has a similar expression 

with Zic2 in the dorsal part of the neural tube 

(Saeger et al., 2011; Santiago and Erickson, 

2002). EphB1 has been demonstrated to 

participate in cell patterning and cell 

differentiation of the ventral part of the neural 

tube (Laussu et al., 2017). It also has been 

demonstrated that Zic2 control the expression of 

EphB1 in defining the ipsilateral projection in 

visuals system (García-Frigola et al., 2008; Lee 

et al., 2008). The same relationship is suggested 

to control cell migration of specific neurons 

during forebrain formation (Murillo et al., 2015). 

Altogether, these results indicate for a possible 

interaction between Zic2, EphA4 and EphB1 

receptors during the formation of the neural tube. 

To further understanding these relations are 

needed other experiments as it could be to 

check for the levels of these receptors in the Zic2 

mutant mouse or to study combined mutants 

between Zic2 and EphA4, EphB1 receptors. 

Nevertheless, as it was described in visual 

system and spinal cord where Zic2 operate with 

different ephrin receptors, adding the fact that 

other ephrin receptors expressed in an overlap 

pattern during the neural tube development 

(Abdul-Aziz et al., 2009). These evidences do 

not exclude that except EphB1 and EphA4 other 

ephrin receptors could be under the control of 

Zic2 during the neural tube development.  

EphB1 and EphA4 also have been involved in 

neural crest development (Smith et al., 1997). 

This would need further exploration to see if the 

expression of these ephrin receptors is related 

with Zic2 during development of neural crest. 

Noggin also has been related with neural tube 

dorsoventral patterning (McMahon et al., 1998). 

It is expressed in the dorsal part of the neural 

tube (Sela-Donenfeld and Kalcheim, 2000) and 

was shown to be controlled by Zic2 during neural 

plate bending (Nyholm et al., 2009). These 

indicate for a possible involvement of Zic2 and 

Noggin also in neural tube dorsoventral 

patterning, except the bending process.  

New gene sequencing technologies like ChIP-

seq assessments has opened new paths for 

other gene candidates, which can interact with 

Zic2 during neural tube and neural crest 

development. Otx2 is a gene which expressed 

during forebrain development (Li and Joyner), 

from the last study of ChIP-seq assessment was 

seen to interact with Zic2 (Matsuda et al., 2017). 

It would be interesting to explore the interaction 

of Otx2 and Zic2 during the neural tube 

development. 

Fgf5 is a gene involved in ectoderm and neural 

differentiation (McGeachie et al., 2001; Wilson et 

al., 2001). It is expressed in a narrow area in the 

hindbrain region (Kumar and Chapman, 2012). 

Cheep-Seq assessment has demonstrated that 

Zic2 binds to Fgf5 enhancer (Luo et al., 2015; 

Matsuda et al., 2017). Further work is needed to 

see if Zic2 has direct influence in Fgf5 

expression during the neural tube development 

or are implicated other intermediate factors. 

It has been demonstrated that Zic2 also binds to 

Pou5f1 gene region (Luo et al., 2015). Pou5f1 is 

a gene which marks neural crest cells in a 
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progenitor stage (Thomas et al., 2008). Zic2 

could regulate PouF1 in premigratory neural 

crest cell, although other experiments are 

needed to see what happens with this interaction 

once neural crest cells migrate. 

One of the signalling paths that has been 

involved in neural crest induction and migration 

is Wnt signalling (Burstyn-Cohen, 2004; Hari et 

al., 2002), that has been shown to be 

downstream Zic2.  In vitro experiments on 

human cell demonstrated that Zic2 inhibit 

canonical Wnt signalling (Pourebrahim et al., 

2011). This study is in coherence with the results 

found on the Wnt1 mutant mouse, which did not 

have changes in Zic2 levels (Nagai et al., 1997). 

However, in zebrafish has been described that 

Zic2a act downstream of  Wnt canonical path 

(Nyholm et al., 2007). This could lead to a 

possible positive feedback loop between Zic2 

and Wnt signalling which would need further 

investigations.  

Conclusions 

During the neural tube development, the results 

obtained until now showed that Zic2 is involved 

in bending process affecting DLHP through 

controlling Bmp2 antagonist and actin-myosin 

cytoskeletal elements. Other studies 

demonstrated an influence of Zic2 in neural tube 

patterning centres. In the ventral part, Zic2 

affects Node signalling where it uses Tgif1 as 

effector gene. Zic2 has also an indirect relation 

with Shh signalling, where it controls Gli3 gene 

through Tgif1. Retinoid signalling is also another 

path which affected by Zic2. In this path, Zic2 

uses Tgif1, Erf and Etv3 as effectors. In the 

dorsal part was seen that Zic2 produce a delay 

in roof plate formation. Related to cell 

differentiation during neural tube development 

was seen that Zic2 induce neural cells to remain 

in a progenitor stage. Remain to clarify the 

specific role of Zic2 on cell proliferation of each 

specific cell group that populate the apical part 

of the neural tube during this period. 

During neural crest development, was seen that 

Zic2 affect neural crest production. It also affects 

neural crest derivatives, as it was melanocytes 

cells and sensory neurons. However, remain 

uncertainties related to the specific effect of Zic2 

with each these neural crest derivatives. It is also 

not clear what is the expression of Zic2 on neural 

crest migratory paths  

Chip-seq assessment has unveiled plausible 

new Zic2 target genes during the development 

of these structures. The ephrin receptors; EphB1 

and EphA4 are possible targets of Zic2 during 

neural tube and neural crest development. Other 

genes are Fgf5, Otx2 and Pou5f1 are also a 

genes that could be related with Zic2 during 

neural tube development. 
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