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Introduction  

Embryonic stem cells (ESCs) comprise a transient 

population of pluripotent cells derived from the inner cell 

mass of the blastocyst, that disappears after gastrulation when 

the three embryonic germ layers have been established [1-4]. 

These cells exhibit an unlimited capacity for self-renewal, 

being able to differentiate into a variety of tissues of all three 

germ layers. These capabilities are governed by the expression 
of transcription factors (TFs) that, by binding to specifi c DNA 
regions, regulate the differentiation-related gene expression 
[5].

Since 2006, when Kazutoshi Takahashi and Shinya 
Yamanaka demonstrated that the OCT3/4, SOX2, KLF4, and 
c-MYC gene insertion in mouse fi broblast promotes genetic 
reprogramming [6], resulting in the formation of induced 
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pluripotent stem cells (iPSCs), these TFs have been extensively 
studied [7-9].

Since then, cumulative evidence showed that Oct-3/4 
plays a key role in maintaining pluripotency [10,11], being 
crucial for neural differentiation in ESC [12]. This is because 
the Oct-3/4 suppresses neural ectodermal differentiation and 
promotes mesendodermal differentiation [13]. By contrast, 
Sox-2 inhibits mesendodermal differentiation and promotes 
neural ectodermal differentiation [13,14]. Along with the 
Nanog [15-17],  Sox-2 also regulates  cell proliferation, leading 
to  inner cell mass formation during pre-implantation embryo 
development [18]. 

Thus, it is not surprising that the ESCs interact with 
each other during the formation of the whole organism [1-
4]. However, there are few studies looking in-depth at the 
co-expression of these TFs during the early neurogenesis in 
the brain. For this reason, novel studies analyzing the co-
expression of these TFs are crucial to better comprehend   the 
role of these proteins in embryonic mouse brain development.

Based on this, herein we investigated the spatiotemporal 
expression pattern of pluripotency markers Oct-3/4, Sox-1, 
Sox2 and Nanog, as well as fragilis (protein associated with   
germ cell specifi cation in mice [19]), nestin and vimentin 
(progenitor-neural stem cells (PNSCs) markers) and glial 
fi brillary acidic protein (GFAP, glial cells marker [20-22]) in 
mouse embryo brain with nine (E9.5), 12 (E12.5), 15 (E15.5) 
and 18 days (E18.5). Our data show that the expression of 
pluripotency and PNSC markers occur in a time- and brain-
specifi c region-dependent manner. 

Materials and methods

Ethical aspects 

All procedures employed in this study were approved by the 
Ethics Committee on Animal Use of Butantan Institute (CEUA-
IB, process number 888/12). Protocols concerning experimental 
animals’ maintenance, care, and handling were by all current 
Brazilian legislation and internationally recognized norms 
and protocols. All staff working with experimental animals 
was fully accredited as staff researchers/technicians and was 
adequately trained in the use of animals for experimental 
scientifi c purposes by current Brazilian regulations.

Animals

Embryo brain was obtained from 12 pregnant (n=12) 
3-month-old female BALB/c mice at different embryonic 
developmental stages: With nine (E9.5), 12 (E12.5), 15 (E15.5), 
and 18 days (E18.5). The animals were obtained from the 
Central Bioterium of Butantan Institute (São Paulo-SP, Brazil) 
and, kept in the bioterium of Genetics Laboratory (Butantan 
Institute) under a constant temperature of 23±2 ºC, 48% 
humidity on a12/12-hour light-dark cycle. Food and water were 
available ad libitum. The animals were acclimated for seven 
days before the experiments. 

Mating occurred between 18:00 PM and 8:00 AM. For 

purposes of assigning an age to the embryos, conception was 
assumed to have occurred at midnight, such that embryos 
collected at noon the next day were considered as being from 
embryonic day 0.5 (E 0.5). Adult brains were obtained from the 
same pregnant female from which embryos were collected. 

Histology

Embryonic and adult brain tissues were dissected 
individually and fi xed in buffered 4% paraformaldehyde 
(Sigma-Aldrich, St. Louis, USA) for 48 h. Tissues were t 
dehydrated, embedded in Paraplast (Sigma-Aldrich, St. Louis, 
USA), sectioned at 4 mm - 5 mm and stained with hematoxylin 
and eosin (Merck, Darmstadt, Germany). 

Immunohistochemistry analysis 

The expression levels of Oct-3/4, Nanog, Sox-1, Sox-2, 
fragilis, Pax-6, nestin, vimentin, and GFAP were assessed using 
immunohistochemistry (IHQ). For this, the tissue sections 
were deparaffi nized using a routine technique. Then, the slides 
were incubated with ammonia hydroxide (Sigma-Aldrich, Saint 
Louis, USA) for 10 minutes and washed four times in distilled 
water for fi ve minutes each. Next, the samples were subjected to 
antigen retrieval using a pH 6.0 buffer of 10 mM sodium citrate 
(Sigma-Aldrich, Saint Louis, USA), in a water bath set at 95°C 
for 35 minutes, followed by 20 minutes at room temperature. 
After this step, the endogenous peroxidase was blocked with 
hydrogen peroxide (Sigma-Aldrich, Saint Louis, USA) for 15 
minutes. To inhibit nonspecifi c antigen binding, sections were 
incubated for 30 minutes with 5% bovine serum albumin (BSA) 
(Sigma-Aldrich, St. Louis, USA) diluted in phosphate-buffered 
saline (PBS – 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, and 
1.8 mM KH2PO4). Samples were permeabilized for 15 minutes 
with 0.1% Triton X-100 (Sigma-Aldrich, St. Louis, USA) diluted 
in PBS. Samples were incubated overnight at 4°C, in a humidity 
chamber, with primary antibodies (Table 1) diluted in 1% BSA. 
The slides were washed three times in PBS and, then, they were 
incubated for 30 minutes at room temperature (in a humidity  
chamber) with the secondary antibody rabbit or mouse anti-
IgG-HRP contained in the Dako EnVisionTM + Dual Link 
System-HRP (Dako, Carpinteria, USA, reference code K4063). 
Alternatively, we used the rabbit anti-goat IgG-HRP secondary 
antibody (Abcan, UK, reference code ab6741) at a dilution of 
1:100. Slides were washed three times with PSB. Next, the cuts 
were incubated for one minute with 3-diaminobenzidine (DAB, 
Dako, Carpinteria, USA). Slides were washed for 10 minutes and 
counterstained with Mayer’s hematoxylin solution (Sigma-
Aldrich, St. Louis, USA) for fi ve minutes. Slides were washed in 

Table 1: Primary antibodies employed in IHC.
Target Produced in mAb/pAb Manufacturer Reference Dilution
Oct-3/4 Rabbit mAb Abcan (UK) ab200834 1:100
Nanog Rabbit pAb St. Cruz (USA) sc-30331 1:100
Sox1 Rabbit mAb Abcan (UK) ab242125 1:100
Sox2 Rabbit mAb Abcan (UK) ab292494 1:100

Fragilis Rabbit mAb Abcan (UK) ab288563 1:100
Pax-6 Goat pAb St. Cruz (USA) sc-7750 1:100
Nestin Goat pAb St. Cruz (USA) sc-21248 1:100

Vimentin Rabbit mAb Abcan (UK) ab92547 1:100
GFAP Goat pAb St. Cruz (USA) sc-6170 1:100
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PSB and mounted using Permount mounting medium (Sigma-
Aldrich, St. Louis, USA), Sections were analyzed using the Axio 
Imager A1 microscopy (Carl Zeiss, Aalen, Germany) in different 
magnifi cations.

Results

In vivo analysis of the expression pattern of pluripo-
tent and neural stem cell markers at diff erent stages 
of mouse embryonic brain development

Expression of the pluripotency (Oct-4, Nanog, Sox-2), 
neural stem/progenitor (Sox-1), and primordial germ cells 
(fragilis) were assessed in different stages of mouse embryonic 
brain development (E9.5, E12.5, E15.5, and E18.5) using IHQ. 
Results showed that Oct-4 is widely expressed in the anterior 
neuropore (ANP, Figure 1A1 and A3) and posterior neuropore 
(PNP) at E9.5 (Figure 1A2), particularly in the ventricular 
zone (VZ) (also called the germinal, primitive ependymal or 
matrix layer), which contains mitotically divided cells (Figure 
1F1). Oct-4-positive cells were also partly distributed in the 
intermediate zone (mantle zone), composed of migrant cells 
(Figure 1B1). At E12.5, positive immunostaining for Oct-4 
was detected in the cells of the primary encephalic vesicles: 
forebrain (FB) in the lateral ventricle (LV) (Figure 1C1) and 
midbrain (MB) (Figure 1C2-C3). Note that, at E9.5 and E12.5, 
Oct-4 showed two distinct patterns of nuclear localization 
(Figures 1A4, 1B1, and 1C3). As shown in Figure 1A1-A2, this 
TF was tightly related to condensed chromatin in rapidly and 
apparently symmetrically diving cells of the germinal zone, 
while it had a diffuse distribution in the interphase nucleus of 
non-dividing cells, like that of PNSC (Figure 1A3). Both Oct-4 
nuclear patterns are also observed in the FB (Figure 1C- C1) and 
MB (Figure 1C2-C3) at E12.5. At E15.5 and E18.5, positive diffuse 
nuclear Oct-4 immunostaining was observed in the SVZ and 
cells adjacent to the SVZ in the white matter (Figure 1D1 and 
1E1, respectively). We also observed that Oct-4 (Figure 1F-F1), 
Sox2 (Figure 1G1), nestin (Figure 1H), and GFAP (Figure 1I1) 
are expressed in the SVZ  of the adult  brain. Nestin was also 
observed expressed in the olfactory  epithelium (Figure 1H1) 
and, GFAP was detected in the cerebellum (Figure 1I) of the  
adult brain. 

Sox2 and Sox1 play essential roles in neurogenesis [6,14]. 
At E12.5, these cells are widely distributed in all three primary 
encephalic vesicles (Figures 2B1-B2 and 2C-C2); at E15.5 and at 
E18.5, the expression of Sox2 is observed in the SVZ (Figure 2D 
and 2E), considered a source of NSC in the brain. At E18.5, cell 
immunopositive staining for Sox2 is identifi ed in the region of 
white matter adjacent to the VZ (Figure 2E). At E18.5, Sox2-
immunopositive cells are also present in the OB (Figure 2F-
F1). Few cells immunopositive for Sox1 are   identifi ed in the 
early embryo (E9.5) in the ANP and the PNP (Figure 2G), while 
almost all cells of the hindbrain are positive for this TF (Figure 
2H-H1). At E15.5 and E18.5, Sox1-immunopositive cells are 
identifi ed in the VZ (Figures 2I, 3J–JI). 

Fragilis is known to be expressed during early development 
[5,8,13-15]. However, a connection between    Fragilis with 
neural cell fate has never been established. We showed that 

fragilis was found in the ANP (Figure 3A) and in the MB at 
E12.5.5 (Figure 3A1), demonstrating membrane localization, as 
expected. Fragilis is also observed at E18.5 in the VZ (Figure 3B) 
and in the OB (Figure 3C). 

Nestin is known to be required for the self-renewal of 
neural stem cells [23]. Nestin expression is observed at E9.5 
in the ANP (data not shown) and in the PNP (Figure 3D), 
At E12.5, nestin was found in all three cerebral vesicles. We 
observed expression in MB (Figures 4E- E1), and staining at 
other vesicles is not seen. At E15.5 and E18.5, nestin expression 
is observed in the VZ (Figures 3F-F1 and 3G, and 3H). Finally, 
nestin expression is found in the OB at E18.5 (Figure 3I).

Vimentin is a marker of mesenchymal stem cells (MSC) 
and of NSC [10,23]. The expression of vimentin is observed 
in the ANP (Figure 3J), the PNP (Figure 3J-41) and the PNP at 
E9.5. At E12.5, vimentin is expressed abundantly in all three 
subdivisions, forebrain (LV) and midbrain (Figure 3K–K1) 
and hindbrain (data not shown). Vimentin expression is not 
detectable in mouse brain compartments at E15.5 or E18.5 (data 
not shown).

GFAP is a marker of glial cells [10] weakly expressed in the 
ANP (Figure 3L) and the PNP (data not shown) at E9.5, with 
strongly positive immunostaining in the VZ at E1.5.5 and E18.5 
(Figures 3M and 3N) and in the OB at E18.5 (Figure 3O). 

In vivo analysis of the expression pattern of pluripo-
tent and neural stem cells markers in mouse adult 
brain 

Next, we analyzed the expression of all these markers in 
the adult brain. Oct-4 expression was observed mainly in the 
SVZ (Figure 4A), Sox2 and Sox1 were detected mainly in the 
cerebellum (Figures 4B-B1,C) and fragilis was observed in 
the SVZ (Figure 4D), while the expression of Nanog was not 
detected (not shown). Nestin was highly expressed in the 
SVZ and the OB (Figures 4E-E1) of the adult brain, while the 
expression of vimentin was limited to the SVZ (Figure 4F). 
GFAP was expressed in the SVZ and in adjacent white matter 
(Figure 4G). 

Discussion

Knowledge regarding the spatiotemporal distribution of 
cells that express pluripotent and neuronal stem cell (PNSC) 
markers is vital for understanding their roles in various 
stages of embryonic brain development and for determining 
neuronal stem cell fate. Although different biomarkers have 
been characterized and largely used in the investigation of ESC 
and P/NSC, there is no reliable data that connect cell-specifi c 
marker expression and the developmental stage of the mouse 
brain [24,25].

We summarized our fi ndings in Figure 5, which 
demonstrated that expression of all studied markers Oct4, 
Nanog, Sox2, Sox1, GFAP, vimentin, nestin, and fragilis 
are essential at E9.5 in the ANP/PNP. Furthermore, we also 
showed that at E12.5, following cell lineage specifi cation, three 
major parts of the brain  forebrain, midbrain, and hindbrain 
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Figure 1: Expression of Oct-4 in the E.9.5, E12.5, E15.5, and E18.5 mouse embryo-fetal brain. Robust immunoreactivity of Oct-4 is illustrated in the anterior ANP, more 
precisely in the primitive  ependymal layer (arrow) (A1–A4). In A1, mitotically dividing cells are shown; Oct-4-positive immunostaining is observed in mitotic chromosomes 
(arrow). White arrows indicate telophase, and black  arrows – cytokinesis. In A2, the black arrow indicates the cell, which is the result of symmetric divisions producing 
three equal cells, while the white arrow indicates two equal cells. In A3, differential Oct-4 positive immunostaining is demonstrated: black arrows indicate diffuse Oct-4 
distribution in the interphase nucleus, while white arrows demonstrate Oct-4 chromosomal localization. In A4, the black arrows demonstrate early prophase and Oct-4 
positive immunostaining which is more expressive in chromosomes. Mitotically dividing cells in the intermediate (mantle) zone (IZ) at E9.5 are shown, which also are 
positive for Oct-4 in the circle (B-B1). Secondary antibody control is done  by eliminating the primary antibody (B2). In C, C1, C2 and C3 expression (circles) of Oct-4 in the 
nucleus of cells from LV and midbrain at E12.5, respectively. Expression of Oct-4 in VZ at E15.5 and E18.5, respectively (D, D1) and (E, E1). Expression of Nanog at E.9.5 
(arrow) in the ANP (F) and at E18.5 in the OB (F1), note cytoplasmic localization of Nanog (arrow). Scale bars: 100 μm. VZ: Ventricular Zone; LV: Lateral Ventricle; ANP: 
Anterior Neuropore.
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Figure 2: Expressions of Sox2 and Sox1 in the E9.5, E12.5, E15.5, and E18.5 mouse brain. (A) Sox2 robust immunoreactivity in the PNP at E9.5 (A). Sox2 expression in the FB 
(LV), MB, and HB at E12.5, respectively (B - B2). High magnifi cation shows nuclear localization of Sox2 in the FB (LV), MB, and HB at E12.5 (C-C2). Illustrates the expression 
of Sox2 in the VZ at E15.5 and E18.5 (D and E, respectively). Expression of Sox2 in the OB at E18.5 (F, F1). Sox1 expression was observed  in the PNP at E9.5 (G); in the HD 
at E12.5 (H-H1); in the VZ at E15.5 (I); and at E18.5 (J-J1). Light microscopy. Scale bars: 100 μm. ANP: Anterior Neuropore; VZ: Ventricular Zone; PNP: Posterior Neuropore; 
FB: Forebrain; MD: Midbrain; HD: Hindbrain; LV: Lateral Ventricle; OB: Olfactory Bulb.
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Figure 3: Expression of Fragilis, nestin, vimentin, and GFAP at E.9.5, E12.5, E15.5 and E18.5. Fragilis robust immunoreactivity is illustrated in the PNP at E9.5 and FB at E12.5 
(A, A1). Fragilis expression was observed  in the VZ (B) and in the OB at E18.5 (C). Expression of nestin in the PNP at E9.5 (D). Expression of nestin in the MB at E12.5 (E 
and E1). Expression of nestin in the VZ at E15.5 (F and F1). Expression of nestin in the VZ at E18.5 (G, H); and as well as in OB (I). Vimentin expression in the ANP at E9.5 (J 
and J1). Expression of vimentin at E12.5 in the FB and MB, respectively (K and K1), weak expression of GFAP in the PNP at E9.5 inset demonstrates details of cytoplasmic 
GFAP localization (L). Expression GFAP at E15.5 in the VZ (M) and at E18.5 in the VZ (N) and in the OB (O). Light microscopy. Scale bars: 100 μm. ANP: Anterior Neuropore; 
VZ: Ventricular Zone; PNP: Posterior Neuropore; MD: Midbrain; HD: Hindbrain; LV: Lateral Ventricle; OB: Olfactory Bulb.
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Figure 4: Expression of Oct-4, Sox2, Fragilis, nestin, vimentin, and GFAP in the adult mouse brain (A-F). Oct-4 in SVZ, Oct-4 positive cells (black arrow) (A); and Sox2 in the 
cerebellum (B, B1); Sox1 expression in the SVZ (black arrow) (C); and Fragilis expression in the SVZ (D) nestin expression in the SVZ and OB, respectively (E-E1); vimentin in 
the SVZ and (F); and GFAP in the SVZ (G). (H, I)”. This legend mentions (H, I), which do not exhist. Please, remove (H,I). So, the Figure 4 legend may be: Figure 4: Expression 
of Oct-4, Sox2, Fragilis, nestin, vimentin, and GFAP in the adult mouse brain (A-F). Oct-4 in SVZ, Oct-4 positive cells (black arrow) (A); and Sox2 in the cerebellum (B, B1); 
Sox1 expression in the SVZ (black arrow) (C); and Fragilis expression in the SVZ (D) nestin expression in the SVZ and OB, respectively (E-E1); vimentin in the SVZ and (F); 
and GFAP in the SVZ (G).

showed the expression of Oct4 and Sox2, but not Nanog and 
GFAP. All these brain compartments additionally to Oct4 
and Sox2 express nestin and vimentin. Expression of Sox1 is 
limited by the hindbrain , which corroborates with published 
data that explored the differentiation of human ESC to neural 
progenitor cells (NPC) and showed that SOX1 contributes to 
the specifi cation of rostral hindbrain NPC [26]. Furthermore, 
we observed that VZ at E15.5 and E18.5 express Oct4, Sox2, 
Sox1, nestin, and GFAP. However, this region lacks  Nanog and 
vimentin. VZ at E18.5 in addition to other positive markers 
shows the expression of Fragilis. OB markers expression 
analyses at E 18.5 revealed that OB lacks the expression of Oct4, 
Sox1, and vimentin while expressing Sox2, Nanog, nestin, and 
fragilis. Our fi ndings correlate with current knowledge about 
the expression of the transcription factors Oct-4, Nanog, and 
Sox2. They are a part of the pluripotency network, working 
together and regulating their expression [2,22,27] and 
their expression we observed only at E9.5. In turn, Nanog is 
critical for inhibiting the differentiation of PNSC [19,10,20]. 
However, active Nanog showed nuclear localization [28]. We 
evidenced only cytoplasmic Nanog staining, which previously 
was observed in a variety of tumor and non-tumor cells [23]. 
Accordingly, its expression is inhibited at E12.5 in the forebrain, 
hindbrain, and midbrain. Sox1 and Sox2 are essential during 
early neurogenesis in mammals [29-33] and we observed their 
expression from E9.5 to E18.5. A previous study showed fragilis 
expression in mice during embryonic brain development in the 
PNP at E9.5 [34]. In addition, we showed fragilis expression 
in the MB at E12.5 and in the VZ and OB at E18.5. Our study 
suggests that fragilis could play a more critical role in early 
brain development and needs further investigation. Nestin 

has been a genuine marker of neural stem/progenitor cells 
for more than twenty years [23,35] and his expression begins 
with neurulation [36]. However, little has been studied on its 
spatiotemporal distribution in the mouse embryonic brain. For 
the fi rst time, we demonstrated robust expression of nestin in 
the ANP and PNP at E9.5, in all three primary brain vesicles 
at E12.5, in the VZ at E15.5 and E18.5, and in the OB at E18.5 
(Figure 5). The co-expression of nestin and vimentin has been 
reported, and both these proteins frequently share a common 
network [37–39]. Our results showed that this is only partially 
true since the spatial localization of nestin and vimentin 
differed in the neuropores at E9.5. Vimentin expression was 
limited to the mantle zone, whereas nestin is expressed mainly 
in the germinal zone (Figure 5). Like nestin, the expression of 
vimentin is detected in all three vesicles (forebrain, midbrain, 
and hindbrain) at E12.5. Such co-expression of nestin and 
vimentin corresponds to progenitor migratory cell types [40]. 
We observed that GFAP, together with nestin and vimentin, 
is expressed in mantle and germinal zones at E9.5. GFAP, 
together with vimentin and nestin, is expressed in radial glial 
cells [38-42] and GFAP expression occurs during development 
after E16.5 [40]. By contrast, to vimentin and nestin, GFAP 
expression was not detected at E12.5 in developing brain 
vesicles. However, strong GFAP expression was observed in the 
VZ at E15.5 and E18.8 and in the OB at E18.5. 

Ventricular-SVZ and the subgranular zones within the 
hippocampus are regions where postnatal neurogenesis occurs. 
Therefore, we analyzed the expression of studied markers in 
SVZ and, in addition, in OB and cerebellum. We examined the 
expression of these markers in the three-month-old adult 



008

https://www.peertechzpublications.com/journals/studies-on-stem-cells-research-and-therapy

Citation: Wenceslau CV, Câmara DAD, Pedro de Oliveira D, Pinheiro RA, Kerkis I. (2023) Differential expression of markers of pluripotency and neural/progenitor 
cells throughout embryonic brain development in mice. Stud Stem Cells Res Ther 9(1): 001-010. DOI: https://dx.doi.org/10.17352/sscrt.000020

mouse brain, summarized in Figure 5. Interesting that we found 
Oct4-positive cells in the SVZ. According to a recent study, a 
rare population of primitive NSCs can be found in the adult 
brain [43]. The cerebellum is a derivative of the hindbrain, and 
we observed the expression of Sox1 and Sox2 in the hindbrain 
and the adult cerebellum [44]. 

The expression of Fragilis in the adult brain had not been 
reported previously; however, we also found the expression 
of this marker in the SVZ. Furthermore, we showed nestin, 
vimentin, and GFAP expression occur in the SVZ of the adult 
brain [45], as well; Nestin is expressed in the OB. Accordingly, 
in the adult rodent brain, NSCs are localized in the SVZ of 
the brain’s lateral ventricles and the subgranular zone of the 
hippocampus [40-42]. In the adult brain, nestin was found in 
the subependymal cells in the brain’s lateral ventricles and the 
subgranular cells of the dentate gyrus [46]. GFAP expression 
continues during adulthood, thereby replacing the expression 
of nestin in differentiated neural cells [36].

Conclusion

We demonstrated the expression of pluripotency and PNSC 
markers that occur in a time- and brain-specifi c region-
dependent manner. Moreover, the marker of pluripotency 
Oct4 is active during brain development and in SVZ in mature 

mice brains, while active Nanog seems to be unnecessary at 
investigated stages. We also reinforced that Sox1, Sox2, and 
Nestin are specifi c markers of PNSC in embryonic and adult 
brains. Additionally, we showed the involvement of fragilis in 
embryonic (ANP/PNP, MB, VZ, and OB) and adult (SVZ) PNSC 
specifi cation. Furthermore, our data serve as a “baseline” 
for further investigation of abnormal expression of studied 
markers. 
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Figure 5: Schedule of spatiotemporal pluripotent and PNSC markers expression at the temporal developmental window between E9.5 and E18.5 and in the adult  brain. 
Studied proteins are designated by different colors; each colored quadrate indicates protein expression; each light gray quadrant suggests a lack  of expression of a 
particular protein. Note that Oct4, Sox2 and nestin are expressed in all studied compartments in the embryonic  brain. As expected at the  early stages of brain development 
in the ANP/PNP, the expression of all markers was observed. Sox-1, vimentin, Fragilis, and GFAP showed differential expression in early development. Oct4, Sox 2, vimentin, 
and nestin were expressed in FB, MB, and HB, while in the VZ, there was the expression  of Oct4, Sox 2, nestin, and GFAP. Sox2, Nanog, Fragilis, Nestin, and GFAP expression 
characterize the OB. In the adult  brain, the SVZ expresses   a large number of markers, while the OB expresses nestin only and the cerebellum shows the expression  of Sox 
2 and Sox 1. ANP: Anterior Neuropore; PNP: Posterior Neuropore; FB: Forebrain; MD: Midbrain; HD: Hindbrain; VZ: Ventricular Zone; OB: Olfactory Bulb; SVZ: Subventricular 
Zone.
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