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SUMMARY In rodents, the Otx2 gene is expressed in the diencephalon, mesencephalon,
and cerebellum and is crucial for the development of these brain regions. Together with
Otx1, Otx2 is known to cooperate with other genes to develop the caudal forebrain and,
further, Otx1 is also involved in differentiation of young neurons of the deeper cortical
layers. We have studied the spatial and temporal expression of the two homeobox genes
OTX2 and OTX1 in human fetal brains from 7 to 14 weeks postconception by in situ hybridi-
zation and immunohistochemistry. OTX2 was expressed in the diencephalon, mesencepha-
lon, and choroid plexus, with a minor expression in the basal telencephalon. The expression
of OTX2 in the hippocampal anlage was strong, with no expression in the adjacent neocor-
tex. Contrarily, the OTX1 expression was predominantly located in the proliferative zones of
the neocortex. At later stages, the OTX2 protein was found in the subcommissural organ,
pineal gland, and cerebellum. The early expression of OTX2 and OTX1 in proliferative cell
layers of the human fetal brain supports the concept that these homeobox genes are impor-
tant in neuronal cell development and differentiation: OTX1 primarily in the neocortex, and
OTX2 in the archicortex, diencephalon, rostral brain stem, and cerebellum.

(J Histochem Cytochem 58:669–678, 2010)
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TRANSRIPTION FACTORS are proteins that often function
as markers of ontogenic units of the developing central
nervous system and label and delineate specific brain
areas and nuclei. Among the transcription factors
important during development are homeobox genes,
which are expressed during specific time windows of
the ontogenesis.

The Otx2 and Otx1 homeobox genes are vertebrate
orthologs to the Drosophila orthodenticle homeobox
gene (Simeone et al. 1992). Otx2 is expressed as early
as in the murine blastula (Simeone et al. 1993) in the
entire epiblast, but becomes progressively restricted
to the rostral part of the embryo during the gastrula-
tion process (Simeone et al. 1993; Ang et al. 1994;
Acampora et al. 1995; Mallamaci et al. 1996). Rodent

studies have revealed that Otx2 is expressed in pros-
encephalon and mesencephalon, with a sharp caudal
boundary at the mesencephalic–metencephalic border
(Simeone et al. 1992,1993; Acampora et al. 1995;
Broccoli et al. 1999; Millet et al. 1999). At later em-
bryonic stages, Otx2 is also expressed in caudal areas
of the forebrain, e.g., the ventricular zone of the gan-
glionic eminence, hippocampus, choroid plexus, and
the diencephalon. Further, Otx2 is expressed in the
posterior commissure of the mesencephalon and in
the cerebellum (Frantz et al. 1994; Rath et al. 2006;
Rakic et al. 2009).

Otx1 expression starts when the anterior neuro-
ectoderm develops into prosencephalon and mesen-
cephalon. At this stage of development, the expression
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of Otx1 is in the same areas as Otx2 but is more re-
stricted. At later embryonic stages, Otxl is expressed
in the cortical ventricular zone and the emerging corti-
cal plate of the neocortex, in contrast to theOtx2 gene.
An expression of Otx1 is also found in the choroid
plexus of the lateral ventricles, the ventricular zone of
the ganglionic eminence, the olfactory bulb, the hippo-
campus, and the cerebellum (Simeone et al. 1992,1993;
Frantz et al. 1994).

Knockout mice have revealed important functions
of the Otx genes in the brain. Thus, forebrain and mid-
brain regions are not developed in Otx2-homozygous
knockout mice, owing to defective anterior neuro-
ectoderm specification during gastrulation (Acampora
et al. 1995; Ang et al. 1996; Rhinn et al. 1998).

Homozygous Otx1 knockout mice show sponta-
neous epileptic behavior and abnormalities affecting
neocortical areas, the hippocampus, the mesencepha-
lon, and the cerebellum (Acampora et al. 1996). Fur-
thermore, a reduction in both the cortical thickness
and the number of cells in the cortex has been reported
(Pantò et al. 2004).

Although expression patterns of Otx2 and Otx1
have been extensively studied in non-human species,
little is known about the expression of these genes
during development of the human brain. In this study,
we have examined the spatio-temporal expression of
OTX2 and OTX1 in the human fetal brain in fetal
weeks 7 to 14. OTX1 was predominantly expressed
in the neocortex, whereas OTX2 was expressed in
the archicortex, diencephalon, mesencephalon, and,
in later fetal stages, also in the cerebellum.

Materials and Methods

Fetal Brains

Five human fetal brains were used for in situ hybridiza-
tion and immunohistochemistry. Three of the brains
were used for cryostat sectioning and two brains were
embedded in paraffin and sectioned.

Materials for Cryostat Sectioning (In Situ Hybridiza-
tion and Immunohistochemistry). Brains from three
fetuses, ages 7 and 9 fetal weeks (7 fetal weeks: n51;
9 fetal weeks: n52), were collected from legal abor-
tions at Frederiksberg Hospital, Copenhagen, Denmark,
in 2007. The study was approved by the local ethical
committee for Copenhagen and Frederiksberg, and pa-
rental consent was obtained (see Lutterodt et al. 2009
for further information). Within 3–5 min after intra-
uterine removal, the fetuses were fixed by immersion
in cold 4% paraformaldehyde in 0.1M phosphate buffer
(pH 7.4) for 24 hr. This was followed by cryosubstitu-
tion for 2–3 days in 30% sucrose in PBS. All samples
were frozen in crushed carbon dioxide and stored at
220C until they were sectioned in a cryostat.

Materials for Paraffin Sectioning (Immunohistochem-
istry). Out of a series of fetuses, obtained during sur-
gery for extra uterine pregnancies, Caesarean sections,
or prostaglandin-induced abortions in connection with
legal abortions, two fetuses, ages 13 and 14 fetal weeks,
were collected. Informed consent was obtained accord-
ing to the guidelines of Helsinki Declaration II. The
fetal age was based on information about the last
menstrual period and measurements of crown–rump
lengths of the fetuses (Stagaard Janas et al. 1991).
The brains were immediately removed, and the speci-
mens were dissected into appropriate blocks and fixed
for 12–24 hr at 4C in 10% buffered formalin. The
specimens were dehydrated in a graded ethanol series,
cleared in toluene, and embedded in paraffin wax
(Merck, Whitehouse Station, NJ; melting point, 52C).

The fetal age, in weeks postconception, was ex-
pressed in commenced fetal weeks, e.g., 13 fetal weeks
ranged from 12 completed weeks plus 1 day to the
termination of week 13. Both human embryos (from
conception to day 56 postconception) and fetuses
(from day 57 postconception) (O’Rahilly 1979) are
referred to as “fetuses” in this study.

In Situ Hybridization Histochemistry

The brains were sectioned in 14-mm-thick frozen sec-
tions and mounted on Superfrost Plus slides (Menzel;
Braunschweig, Germany). The sections were then
washed in PBS and acetylated in 0.25% acetic anhy-
dride for 10 min. This was followed by dehydration
in a graded series of ethanols, delipidation in chloro-
form, and partial rehydration in 100% and 95% etha-
nol. For hybridization, 38-mer antisense DNA probes
and sense control probes were used (Table 1).

The probes were diluted in diethyl pyrocarbonate–
treated water to a concentration of 5 pmol/ml. Probes
for detection of the same transcript were mixed before
labeling. A total of 3 ml was then labeled with [35S]-
dATP (Perkin Elmer; Boston, MA) using terminal
transferase (Roche; Penzberg, Germany) to a specific ac-
tivity of 13 1018 dpm/mol. Five ml of the labeled probe
was diluted in 1 ml hybridization buffer consisting of
50% (v/v) formamide, 4 3 SSC (SSC: 150 mM NaCl,
15 mM sodium citrate, pH 7.0), 13 Denhardt solution
(0.02% BSA, 0.02% polyvinylpyrrolidone, 0.02% ficoll),
10% (w/v) dextran sulfate, 10 mM dithiothreitol,
0.5 mg/ml salmon sperm DNA, and 0.5 mg/ml yeast
tRNA. The sections were then hybridized in a humid
chamber overnight at 37C. After hybridization, the
slides were washed in 1 3 SSC for 4 3 15 min at
55C and 2 3 30 min at room temperature, and rinsed
in deionized water. The sections were dried and ex-
posed to an X-ray film for 2–3 weeks. The X-ray film
was subsequently developed in X-ray Developer (Kodak
LX24; Foxdal, Odder, Denmark), diluted 1:3 for 4 min,
and fixed in X-ray Fixer (Kodak AL 4) diluted 1:3 for
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5min, and finally, rinsed in tap water for 10 min before
drying. The images of the sections on the X-ray film
were transferred by a black-and-white video camera
to a computer and quantified with ScionImage 1.42
software (National Institutes of Health; Bethesda, MD).

Immunohistochemistry for the OTX2 Protein

The brains were sectioned in 14-mm-thick frozen sec-
tions or 3–5-mm-thick paraffin-embedded sections
and mounted on Superfrost Plus slides or silanized
slides, respectively. The paraffin-embedded sections
were then dewaxed and rehydrated through toluene
and an alcohol series. Fourteen-mm-thick frozen sec-
tions were cut and mounted on Superfrost Plus. The
sections were then washed in PBS for 3 3 5 min, fol-
lowed by 10 min in 1% H2O2 to inhibit endogenous
peroxidase, and preincubated in 5% normal swine
serum diluted in PBS for 20 min. This was followed
by incubation overnight in polyclonal goat anti-
human OTX2 diluted to 10 mg/ml (R and D Systems;
Abingdon, UK). The sections were then washed for
3 3 10 min in PBS with 0.25% bovine serum albumin
and 0.1% Triton X-100, and then incubated for 1 hr
in biotinylated secondary antibody donkey anti-goat
(Santa Cruz Biotechnology; Santa Cruz, CA) diluted
1:400 in the same buffer. The sections were then
washed 3 3 5 min in PBS with 0.25% bovine serum
albumin and 0.1% Triton X-100 and incubated for
45 min in an ABC-Vectastain solution (Vector Labo-
ratories; Burlingame, CA) diluted 1:100 in the same
buffer. The sections were then washed for 5 min in
PBS with 0.25% bovine serum albumin and 0.1%
Triton X-100, followed by 5 3 3 min in PBS with
0.1% Triton X-100, 5 min in PBS, and 10 min in
0.05 M Tris (pH 7.6). They were subsequently incu-
bated for peroxidase activity in 1.4 mM diamino-
benzidine and 0.01% H2O2 in 0.05 M Tris/HCL
buffer (pH 7.6) for 15 min. The reaction was stopped
by washing the sections in excessive amounts of de-
ionized water. Finally, the sections were dried and
embedded in Pertex (Histolab; Gothenburg, Sweden).
The specificity of the OTX2 antibody has previously
been characterized (Rath et al. 2007).

Comparable Stages in Development

Throughout this article, comparisons of the develop-
mental stages of the human brain to those of the rodent
are based on the studies of Altman and Dittmer (1962),
O’Rahilly (1979), Finlay and Darlington (1995), and
Theiler (1972).

Results

OTX2 Expression

In Situ Hybridization. The expression of OTX2 mRNA
was investigated by in situ hybridization on frozen
brain sections from fetuses 7 and 9 fetal weeks old. In
the young fetus, aged 7 fetal weeks, a strong signal
was observed in the mesencephalon and the diencepha-
lon (Figure 1B). A moderate signal was present in the
basal telencephalon, the choroid plexus, and the hippo-
campal anlage, whereas no signal was seen in the area
of the future neocortex (Figure 1B).

At 9 fetal weeks, a strong OTX2 in situ signal was
seen in the epithelial lining of the choroid plexus in
the lateral ventricle and in the hippocampus, with a
moderate signal in the ganglionic eminence on sections
from the telencephalon (Figures 2A and 2E).

Immunohistochemistry. The expression of OTX2 pro-
tein was investigated by immunohistochemistry on
frozen and paraffin-embedded brain sections from of
fetuses 7 to 14 fetal weeks old.

At 7 fetal weeks, the localization of the protein
corresponded with the localization of mRNA. Thus,
strong immunoreactivity was observed in the dien-
cephalon (Figure 1D), in the mesencephalon (Figure 1E),
and in the epithelium of the choroid plexus (Figure 1C).
A moderate signal was present in the basal telencepha-
lon and in the hippocampal anlage (Figure 1C). Many
highly immunoreactive neurons were observed in the
mesencephalon, with no immunoreactivity in the met-
encephalon (Figure 1E). The immunoreactivity was
confined to the cell nuclei, with no reactivity in the
cytoplasm (Figures 1C–1E).

On sections from the telencephalon from fetuses
aged 9 fetal weeks, a strong immunoreactivity was

Table 1 Probes used for in situ hybridization

mRNA detected Probe sequence Antisense/sense Position Database number

Human OTX2 5′-TACCAACAGTAAATTACAGATGAATTAGTGTCCTTTTG-3′ Antisense 1897–1860 NM_172337
Human OTX2 5′-GATTGGTTTGTCCATTTCATGTTGCTGGTTTGTAGGCC-3′ Antisense 1240–1203 NM_172337
Human OTX2 5′-TAACCTGAAGCCTGAGTATAGGTCATGGGATAGGACCT-3′ Antisense 725–688 NM_172337
Human OTX2 5′-CAAAAGGACACTAATTCATCTGTAATTTACTGTTGGTA-3′ Sense 1860–1897 NM_172337
Human OTX1 5′-TATGTGCTGTATATATCTTAAAGTTCTGTTTCCTGGGT-3′ Antisense 2132–2095 NM_014562
Human OTX1 5′-GGGGAAATAATACATCTCTCCTGTATAGAATGTGTAGG-3′ Antisense 1583–1546 NM_014562
Human OTX1 5′-GCTGCCGGGGCCGTTCACCATCTACCTGGATCTCTCAC-3′ Antisense 128–91 NM_014562
Human OTX1 5′-ACCCAGGAAACAGAACTTTAAGATATATACAGCACATA-3′ Sense 2095–2132 NM_014562
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observed in the hippocampal anlage (Figure 3A), in the
epithelium of the choroid plexus (Figure 3C), and in
the thalamus in an area below the periventricular zone
(Figure 3B). A weak immunoreactivity was present in

the ventricular zone of the ganglionic eminence. There
was no signal in the neocortex.

At 13 fetal weeks, strong immunoreactivity was
present in the nuclei of the epithelial cells of the choroid

Figure 1 Expression of OTX2 in the human fetal brain at
7 fetal weeks. (A) A Nissl-stained sagittal section of the
brain. (B) X-ray image of the in situ signal of OTX2 in the
same brain showing expression in the tectum, basal telen-
cephalon, hippocampal anlage, choroid plexus, and walls
of the diencephalic and mesencephalic superventricle.
Squares marked in B highlight the areas of the positive
immunohistochemical reactions of the OTX2 protein in
C–E. (C–E) Photomicrographs of immunohistochemical re-
actions for the OTX2 protein in the hippocampal anlage
and choroid plexus (C), diencephalic wall (D), and the cau-
dal limit of OTX2 expression in the mesencephalon (E). Tel,
telencephalon; Di, diencephalon; Mes, mesencephalon;
Met, metencephalon. Bars: A,B 5 1 mm; C–E 5 100 mm.
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plexus of the third ventricle (Figure 4D) and in the peri-
ventricular area of the same ventricle on sections from
the diencephalon, mesencephalon, and metencephalon.
The immunoreactivity became stronger toward the
caudal end of the third ventricle, with very strong
immunoreactivity in the periventricular cells of the
pineal recess and in the pineal gland (Figure 4B). Many
strong immunoreactive neurons were seen in the tectum
and in the rhombic lip, from where the choroid plexus
emerges as a dense collection of immunoreactive cells.
Finally, a very strong immunoreactivity was observed
in the internal layer of the median eminence (Figure 4F).

In the 14-week-old fetus, a strong immunoreactivity
was observed in the pineal gland on a section from this
area (Figure 4H).

OTX1 Expression

In Situ Hybridization. The expression of OTX1 was
investigated on frozen telencephalic sections from
fetuses aged 9 fetal weeks. In both forebrains of the
fetuses, OTX1 mRNA was located predominantly in
the ventricular zone of the neocortex, and to a lesser
extent, in the emerging cortical plate in the most lat-
eral part of the telencephalon, and in the ventricular
zone of the ganglionic eminence (Figure 2C). Only
in situ hybridization results are reported for the ex-
pression of OTX1, because the immunohistochemical
reactions with the available antibodies did not give
satisfactory results.

Discussion
This study demonstrates that the two homeobox genes
OTX2 and OTX1 are expressed during early human
fetal brain development. The OTX2 gene was pre-
dominantly expressed in the diencephalon, mesen-
cephalon, and archicortex, with no expression in the
adjacent neocortex; therefore, it might be used as a
hippocampal marker in the telencephalon. Contrarily,
the OTX1 gene is a neocortical transcription factor
expressed in the proliferative zones. At later stages,
the OTX2 protein is also found in the cerebellum.
These expression patterns are in accordance with the
expressions observed in the developing rodent brain
(Simeone et al. 1992,1993; Frantz et al. 1994; Rath
et al. 2006).

Otx genes are involved in specification, regionaliza-
tion, and terminal differentiation of the rostral part of
the central nervous system (Boyl et al. 2001), and the
function of Otx1 overlaps with that of Otx2 in the
development of mouse forebrain and midbrain (Suda
et al. 1996,1999).

In rodent fetuses, the Otx2 homeobox gene is
expressed in the diencephalon and mesencephalon
(Simeone et al. 1992; Rath et al. 2006), and knock-
out studies have shown that Otx2 is crucial for the

Figure 2 Expression of OTX2 and OTX1 mRNA in the human fetal
forebrain at the age of 9 fetal weeks. (A) X-ray image of the in situ
signal of OTX2 in the human fetal forebrain showing strong ex-
pression in the choroid plexus, hippocampus, and ganglionic emi-
nence. (B) Photomicrograph of a Nissl-stained parallel section of
the same brain. (C) X-ray image of the in situ signal of OTX1 in
the same brain. Expression of OTX1 is most notable in the prolif-
erative zones of the neocortex. (D) Photomicrograph of a Nissl
staining of the hippocampus in an additional fetus. (E) X-ray image
of the hippocampal in situ signal of OTX2 in this fetus. GE, gan-
glionic eminence; Hippo, hippocampus; Neo, neocortex; CP, cortical
plate; VZ, ventricular zone. Bar 5 1 mm.
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development of these brain regions (Acampora et al.
1995; Matsuo et al. 1995; Ang et al. 1996). The cau-
dal limit of Otx2 expression delineates the border be-
tween the midbrain and the hindbrain (Broccoli et al.
1999; Millet et al. 1999). At later developmental
stages in the rat brain, the expression of Otx2 de-
creases, and in the adult rat, expression is only found
in the choroid plexus and pineal gland (Rath et al.
2006). Otx2 also appears to play a role in the de-
velopment and function of the retina, in which the
gene is expressed at both prenatal and postnatal
stages (Bovolenta et al. 1997; Martinez-Morales et al.
2001; Ragge et al. 2005; Rath et al. 2007). In the
retina, Otx2 is necessary for the development and
differentiation of the rods and cones via transactiva-
tion of another homeobox gene, the cone-rod gene
(Crx) (Nishida et al. 2003). OTX2 was also recently
detected in the human fetal retina in the pigment
epithelium and the neural retina (Larsen et al. 2009).

In this study of the human fetus, both mRNA encod-
ing the OTX2 protein, and the protein itself, were
detected in the basal telencephalon, hippocampal
anlage, choroid plexus, diencephalon, and mesen-
cephalon of fetuses aged 7 fetal weeks. In the telen-
cephalon, OTX2 continued to be expressed at a very
high level in the choroid plexus and in the hippo-
campus at 9 fetal weeks. This spatio-temporal ex-
pression pattern in the telencephalon corresponds to
that present in rodents (Simeone et al. 1993; Frantz
et al. 1994; Rath et al. 2006) and supports the con-
cept that Otx2 is involved in the generation of the
caudal forebrain (Frantz et al. 1994; Kimura et al.
2005). Furthermore, we show the expression of the
OTX2 protein in the pineal gland and cerebellum
in the human brain at later fetal stages. The presence
of Otx2 in the adult pineal gland has also been
shown in the Sprague-Dawley rat (Rath et al. 2006;
Bailey et al. 2009). Pineal Otx2 expression does not
show circadian rhythmicity, and the expression is
regulated neither by the sympathetic system nor by
norepinephine (Rath et al. 2006). Therefore, the
function of this transcription factor in the adult pineal
gland remains enigmatic.

In zebrafish, Otx2 establishes the zona limitans
intrathalamica between the ventral and dorsal thala-
mus (Scholpp et al. 2007). Furthermore, Otx2 controls
the identity and fate of glutamatergic progenitors of
the thalamus by repressing GABAergic differentia-
tion. Therefore, any malfunction of Otx2 may cause
neurological and psychiatric disorders, inasmuch as
GABAergic and glutamatergic neurons modulate in-
hibitory and excitatory networks in the brain (Puelles
et al. 2006). The pivotal role of Otx2 in thalamic
development is in accordance with our observation of
OTX2 expression in the human thalamus during brain
development at all stages examined in this study.

Figure 3 Expression of the OTX2 protein in the human forebrain,
age 9 weeks. (A) Photomicrograph of an immunohistochemical
reaction for the OTX2 protein in the hippocampus. (B) Photomi-
crograph of the OTX2 protein in the thalamus. (C) Photomicro-
graph of the OTX2 protein in the choroid plexus. Bar 5 100 mm.
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During vertebrate development, an organizing sig-
naling center, the isthmic organizer, is present at the
boundary between the midbrain and the hindbrain
(Martinez 2001). This organizer locally controls growth
and patterning along the anteroposterior axis of the
neural tube (Hidalgo-Sánchez et al. 2005). A strong ex-
pression of Otx2 is present in the isthmic organizer and

is necessary for positioning the organizer and for the
establishment of molecular interactions that induce
other gene expressions. Thus, Otx2 is an essential regu-
lator of the identity, extent, and fate of neuronal pro-
genitor domains in the ventral midbrain (Puelles et al.
2003,2004) and controls proliferation and differentia-
tion of dopaminergic progenitors (Omodei et al.

Figure 4 Expression of the OTX2
protein in the human fetal brain at
13–14 fetal weeks. (A) Photomicro-
graph of a Nissl-stained paraffin-
embedded section from a fetus,
age 13 weeks. (B) Photomicrograph
of a parallel section immunohisto-
chemically reacted for the OTX2 pro-
tein. A very strong immunoreactivity
is seen in the periventricular cells of
the pineal recess and in the pineal
gland. (C) Photomicrograph of a
Nissl-stained paraffin-embedded sec-
tion from a 13-week-old fetus. (D)
Photomicrograph of the OTX2 pro-
tein in the cerebellar rhombic lip
(cerebellum) and choroid plexus in a
parallel section. (E) Photomicrograph
of a Nissl-stained paraffin-embedded
section from a fetus, age 13 weeks.
(F) Photomicrograph of a parallel
section with a very strong OTX2 im-
munoreactivity in the internal layer
of the median eminence. (G) Photo-
micrograph of a Nissl-stained paraffin-
embedded section from a 14-week-old
fetus. (H) Photomicrograph of the
OTX2 protein in the pineal gland. Bars:
A,B,D 5 200 mm; C 5 100 mm.
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2008). The dopaminergic neurons of the mesencephalon
are involved in voluntary movements, cognition, and
reward responses, and their degeneration is associated
with Parkinson’s disease; therefore, Otx2 might be a
potential target for cell replacement–based therapeutic
approaches in Parkinson’s disease (Omodei et al.
2008). In this study of the human fetus, we observed
a strong OTX2 signal in the mesencephalon, with a
sharp delineation toward the metencephalon corre-
sponding to the isthmic organizer region in other verte-
brates. Localization of the protein supports this finding,
because our immunohistochemistry showed the OTX2
protein to be primarily located in the periventricular
cells of the mesencephalon, also with a sharp delinea-
tion toward the metencephalon. Thus, our results show
that the expression of OTX2 can also be used as a
marker for the isthmic organizer in human fetuses
and are in agreement with the involvement of OTX2
in neuronal phenotype determination in the mesen-
cephalon in humans.

Both Otx1 and Otx2 take part in the develop-
ment of the cerebellum (Frantz et al. 1994; Rath
et al. 2006). However, neither gene is expressed in
cells of the cerebellar ventricular zone, but both are
expressed within the external germinal layer, a prolif-
erative zone close to the pia, which is responsible
for production of granule cells (Rakic 1971; Hallonet
et al. 1990). The cells in the cerebellar external
granular layer differentiate into the granule cells of
the cerebellar cortex. In contrast, the other cerebellar
cortical cells develop from the ventricular zone (Kuhar
et al. 1993).

With regard to Otx1, this gene is also expressed in
the rodent telencephalic hemispheres in both fetuses
and adults. In the neocortex, Otx1 is expressed in
layers 5 and 6 (Frantz et al. 1994) and play a role in
the differentiation of the neurons of the deeper corti-
cal layers (Weimann et al. 1999, Zhang et al. 2002).
Further, Otx1 plays a synergistic role with Otx2
during development of the midbrain and part of
the forebrain (Suda et al. 1996,1999). Otx1 is also
expressed in sense organs (Acampora et al. 1996),
especially in the anterior part of the retina (Larsen
et al. 2009), where it is involved in formation of the
ciliary body.

Some studies have investigated the impact of Otx1
on regionalization of the brain, indicating an involve-
ment of Otx1 in the volume of the neocortex (Beatty
and Laughlin 2006), especially in the proportions of
the visual cortex, but not in the development of visual
cortical identity (Ando et al. 2008). As mentioned
above, in fetal rodents, Otx1 is expressed in the ven-
tricular zone and in the emerging cortical plate of
the telencephalic hemispheres and is confined to layers
5 and 6 of the neocortex postnatally (Frantz et al.
1994). In mice lacking functional Otx1 protein, layer

5 neurons in the visual cortex fail to prune their nor-
mally transient axon collaterals in the inferior colliculus
and in the spinal cord (Weimann et al. 1999, Zhang
et al. 2002). In a study by Zhang et al. (2002), it was
shown that the Otx1 protein is confined to the cyto-
plasm of progenitor cells in the rat ventricular zone,
and remains in the cytoplasm as neurons migrate and
begin to differentiate. After arrival of the neurons at
layer 5 in the cortex, the Otx1 protein is translocated
to the nucleus and is involved in pruning of long-
distance axonal projections. The importance of OTX1
for the development of the neocortex is also seen in
human pathology, where the protein, together with
the PAX6 proteins, is expressed in balloon cells in
focal cortical dysplasia, a developmental malforma-
tion of the cerebral cortex highly associated with epi-
lepsy. These balloon cells are derived from cortical
radial glia and not from the ganglionic eminence
(Lamparello et al. 2007). Both OTX1 and OTX2
are involved in the pathology of the medulloblas-
toma, which is the most common malignant brain
tumor in children. Thus, several studies have reported
that OTX2 is an important oncogenic driver in this
tumor (Michiels et al. 1999; Boon et al. 2005; Di
et al. 2005; Adamson et al. 2010); in a study by de
Haas et al. (2006), it was revealed that the expression
of both OTX1 and OTX2 correlated with the patho-
logical classification of medulloblastomas. In this
study, we demonstrate for the first time expression of
OTX1 in the human fetal forebrain by locating mRNA
encoding OTX1 protein in the proliferative zone of
the human brain at 9 fetal weeks, as well as in the
developing cortical plate, mostly in the lateral regions
of the dorsal cortex, which are the first to mature.
This finding indicates that in humans, OTX1 also
plays a role in neocortical development and that func-
tions of this gene differ from the functions of the
OTX2 gene at later developmental stages.

In summary, our study shows expression of OTX2
andOTX1 in the brains of early human fetuses.OTX2
is mostly expressed in the diencephalon, in the mesen-
cephalon, in the choroid plexus, and in the hippo-
campal anlage as a marker of this region in the
telencephalon, whereas OTX1 is strongly expressed
in the forebrain in the proliferative layers of the neo-
cortex. At later stages, OTX2 is expressed in the cere-
bellum and pineal gland.
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