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Abstract
In view of recent data on the linkage of

Gas7 protein to schizophrenia, and in view
of its role in neurite outgrowth, histochemi-
cal localization of the Gas7 protein was
studied in normal human brain tissue using
an online tissue atlas. Selective localization
to neurons in the cerebral cortex was found
with moderate levels in the hippocampus
and caudate, but fairly low levels were
noted within the human cerebellum and was
limited to small granule cells as well as the
neuropil of the cerebellar molecular layers.
Despite this low intensity histochemical
localization in the cerebellum, molecular
data indicate a substantially large number of
RNA transcripts in the cerebellum that
exceeded the cerebral cortex as determined
by sequencing studies.

Introduction
Recent research indicates that the

growth arrest specific gene known as Gas7
gene may be a susceptibility gene for the
development of schizophrenia.1
Investigators identified Gas7 as a schizo-
phrenia risk gene in two separate Chinese
populations; they also found that Gas7 over-
expression increased branching of leading
processes within nerve cells, thereby arrest-
ing neuronal migration, while suppression
of Gas7 could inhibit the process; further-
more,Gas7-deficient mice showed behav-
ioral changes with sensorimotor gating
deficits.1 Early basic science studies dating
back to 1998 demonstrated robust histo-
chemical staining within the mouse brain
mainly within the cortex, hippocampus and
cerebellum with less intense expression in
the caudate; overexpression in neuroblas-
toma cells induced neurite extension where-
as inhibition of Gas7 production inhibited
neurite outgrowth from mouse cerebellar
Purkinje cells.2

Therefore, in light of new data on the
link to both neuronal development and schiz-
ophrenia, expression within normal human
tissues was therefore conducted.

Immunohistochemical localization of Gas7
was examined in normal human brain tissue
to compare regional expression patterns and
to study gene expression at the cellular level.

Materials and Methods
The Human Protein Atlas was used for

this study (antibody: HPA004838).
Histochemical expression in normal brain
tissue was studied using the open access
online atlas; regional quantitative gene tran-
scription data in RPKM units was also ana-
lyzed (website address: https://www.pro-
teinatlas.org/). Three-dimensional structure
of the Gas7 protein was also studied using
the National Center for Biotechnology on-
line tool for structural displays of protein
molecules (https://www.ncbi.nlm.nih.gov/
Structure/pdb/2LX7.

Results
The three-dimensional structure of a 60

amino acid fragment from the full-length
molecule of 416 amino acids is shown in
figure one. As shown in figure two, Gas7
was localized to the cell bodies of medium
sized neurons in the hippocampus, cerebral
cortex, and basal ganglia as well as small
granule cells of the cerebellum; lighter
staining was found within glial cells.
Neuronal positivity seemed somewhat more
intense for cortical neurons but the distribu-
tion was fairly equitable amongst cortical
samples as compared to hippocampus and
caudate. Human cerebellar Purkinje neu-
rons were conspicuously negative but light
staining was seen in the cerebellar granule
cells and molecular layer neuropil. The
number of RNA transcripts was significant-
ly higher in the cerebellum as determined
by RPKM measurements from RNA
sequencing of the tissue (85.2 for the cere-
bellum versus 44.4 for the cortex). Of addi-
tional note, the expression of Gas7 appeared
to be limited to the cytoplasm in the caudate
whereas cortical neurons had diffuse local-
ization in the nucleus and cytoplasm. The
cerebral cortex neurons displayed the most
intense localization pattern within neurons.

Discussion
As shown here, Gas7 expression within

the brain is mainly within neurons of the
cerebral cortex but can be seen within the
caudate and hippocampus as well. The pro-
tein has been known to be preferentially

expressed within brain tissue in the brain
and has key roles in neurite outgrowth. As
Gas7 binds to the terminal part of actin
microfilament, it is a necessary factor for
the process of actin induced outgrowth to
take place and form cellular extensions of
lamellopodia and filopodia.3

Two isoforms of the protein have been
found with differential expression in the
human brain, with one type being 2,427
nucleotides in length and known as hGas7-
a; this isoform is homologous to an isoform
in the mouse that is mainly found in the
cerebellum. Isoform hGas7-a induces for-
mation of small lamellipodia extensions
when expressed ectopically in neuroblas-
toma cells, whereas the longer hGas7-b iso-
form measuring 2,610 nucleotides is 14
times less frequent and induces small
filopodia in ectopic expression models.3
The encoded protein has been found by tis-
sue culture studies to promote neurite out-
growth.3 The clinical implications of these
basic science studies might be that inade-
quate levels of Gas7 might therefore alter
normal patterns of neurite outgrowth and
patterns of neuronal connectivity in human
brain development; with mutations and
deletions in the Gas7 gene, diminished neu-
ral outgrowth in development may possibly
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contribute to long term alterations in neu-
ronal connectivity and possibly contribute
to schizophrenia symptomatology.

Of additional note, studies from 2010
showed that specific interaction between

Gas7 and N-WASP is required for regular
neurite outgrowth of hippocampal neurons.
The data demonstrate an essential role of
Gas7 through its interaction with a protein
known as N-WASP during neuronal matura-

tion/differentiation. This protein is also
known as Neural-Wiskott Aldrich
Syndrome Protein and is a critical regulator
of actin dynamics that regulates Arp2/3
which is the actin-related protein 2 and 3.4

In view of well described developmen-
tal anomalies of the brain including disrupt-
ed cellular organization within the temporal
lobes of schizophrenic patients including
reports of heterotopic or abnormally posi-
tioned pre-alpha neuron clusters within the
entorhinal cortex,5 it is hypothesized that
mutations or micro-deletions within the
Gas7 gene may lead to abnormal neuronal
development with altered connectivity to
generate a pathologic framework that pre-
disposes affected individuals to schizo-
phrenic symptoms. Further neuropathologic
correlative work is needed along with fur-
ther study of animal models that may
include Gas7 knockouts.

Conclusions
It remains unknown if the regional dis-

tribution of Gas7 varies in post-mortem
brain tissue from patients with schizophre-
nia. Further research is needed on this as
well as to determine if the cellular localiza-
tion pattern described here varies in schizo-
phrenia; more research is clearly needed.
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Figure 1. Three-dimensional structure of the 1-60 fragment from the 416 amino acid
protein showing the secondary beta sheet structure at left versus the tertiary surface
three-dimensional structure at right. The full 416 amino acid molecule appears to be
involved with neuronal development and can stimulate neurite outgrowth when over-
expressed within neuroblastoma cells.

Figure 2. A) normal cerebral cortex, female age 52: mean RPKM 44.4; max 75.5. B) nor-
mal hippocampus male age 58: mean RPKM 30.9; max 63.0. C) normal caudate male
age 54: mean RPKM 38.5; max 80.9. D) normal cerebellum, female age 54: mean RPKM
87.2, max 161.0.


