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Research Progress of Scgn in the Nervous System
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Abstract Scgn is an EF-hand calcium-binding protein occupying a unique position within the family of
neuron-specific calcium sensors. As a key participant in calcium signaling, Scgn regulates diverse neural processes
through its six EF-hand domains, including endocrine granule secretion, synaptic vesicle release, and plays crucial
roles in neurodevelopment and neurological disorders. This review systematically summarizes Scgn’s structural
characteristics, expression patterns, and multifaceted roles within the nervous system, while exploring its potential
pathological significance and therapeutic value in neuropsychiatric disorders. Existing studies indicate that Scgn is
specifically distributed in brain regions such as the olfactory bulb and hippocampus. It engages in Ca**-dependent
interactions with key synaptic secretion molecules like SNAP-25 and Doc2a, thereby regulating neurotransmission
and synaptic plasticity. Furthermore, pathological alterations in Scgn observed in diseases like Alzheimer’s disease,
Parkinson’s disease, and epilepsy suggest its potential as an early biomarker and therapeutic target, offering signifi-
cant prospects for translational research.
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Scgn (secretagogin), as a member of CaBP (the
calcium-binding protein) family, is also a crucial com-
ponent of the nervous system. It plays a key role in reg-
ulating neurotransmission and neural development. In
recent years, significant progress has been made in Scgn
research, particularly in the fields of synaptic secretion
and neurodegenerative diseases!'?.. Research indicates
that Scgn plays a vital role in neurodegenerative diseas-
es such as Alzheimer’s and Parkinson’s disease, while
its regulatory function in neural development is also
gradually being elucidated®. These findings not only
deepen our understanding of Scgn’s biological functions
but also provide novel therapeutic approaches and po-
tential targets for neurological disorders. However, the
precise mechanisms of Scgn in complex physiological
and pathological contexts require further exploration,
offering extensive scope and innovative opportunities
for future research. This review synthesizes existing re-
search on Scgn within the nervous system, focusing on
its molecular structure, expression patterns, functional
roles, and disease associations. It specifically compares
Scgn sequences across different species, elucidating the
significance of its evolutionary conservation and varia-
tions. We further discuss Scgn’s involvement in neuro-
degenerative diseases, identifies future research direc-
tions, and offers novel perspectives for the treatment of

neurological disorders.

1 An EF-hand calcium-binding protein
Scgn

Within the nervous system, calcium ion signaling
represents one of the core molecular events regulating
neuronal function, playing a crucial role in processes
such as excitability modulation, synaptic transmission,
and synaptic plasticity!®. The precise spatiotemporal
dynamics of calcium ion concentration depend on the
specific regulation of multiple calcium-binding pro-
teins. These proteins bind calcium ions with high affin-
ity, thereby mediating downstream signaling pathways
and participating in diverse intracellular physiological
activities!”). Among numerous calcium-binding pro-

teins, Scgn has garnered significant attention in recent

years as a key member of this group.

Scgn was initially identified in 2000 by Austrian
scientist WAGNER and colleagues®™ from a cDNA
library of pancreatic -cells, named for its ability to sig-
nificantly promote insulin secretion. The SCGN gene is
located on human chromosome 6 (GRCh38: 25652215-
25701783), encoding a protein composed of 276 amino
acids with a molecular weight of approximately 32 kDa. It
belongs to the calcium-binding protein family.

Scgn is a calcium-binding protein that has gar-
nered significant attention in recent years. Structurally, it
exhibits a unique arrangement of six EF-hand domains
and demonstrates distinct functional and tissue distri-
bution characteristics compared with traditional CaB-
Ps’1%, Recent studies indicate that Scgn plays a crucial
role in various neurological disorders'. In Alzheimer’s
disease, studies indicate that Scgn-positive neurons
may be associated with AP} and tau pathology, exhibit-
ing quantitative or morphological alterations in relevant
brain regions, which suggests their involvement in the
pathological processes of neurodegenerative diseas-
est'"? In Parkinson’s disease animal models, Scgn has
been linked to abnormal aggregation of a-synuclein'.
Furthermore, Scgn co-expresses with CGRP (calcitonin
gene-related peptide) in dorsal root ganglia, suggesting
potential involvement in pain regulation pathways!'¥.,
These findings indicate that Scgn serves not only as a
crucial molecular tool for deciphering neural mecha-
nisms but also as a novel therapeutic target for diagnos-
ing and treating future neurological disorders.

This paper systematically elucidates the multifac-
eted roles of Scgn in the central nervous system from
perspectives including molecular structure, expression
patterns, physiological functions, evolutionary conser-
vation, and disease associations. It further explores its
potential research value in neurodevelopment and dis-

€ase processes.

2 Structure, distribution, function, and
evolution of Scgn
2.1 Molecular structure of Scgn

As a member of the calcium-binding protein
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family, Scgn’s molecular structure consists of six con-
secutive EF-hand domains arranged in a tandem con-
figuration (Fig.1). It exhibits both the structural char-
acteristics typical of Ca?*"-binding proteins and certain
unique features®!. The EF-hand domain was first iden-
tified by KRETSINGER et al'"* in PV (parvalbumin),
with its name derived from the characteristic “helix-
loop-helix” conformation of this structure!””!. The loop
region within this domain typically comprises 12 ami-
no acid residues, where residues bearing carboxyl side
chains—such as Asp (aspartic acid) and Glu (glutamic
acid)—mediate coordination with Ca**, enabling high-
affinity calcium ion binding!">'°.

Calcium-binding proteins can be categorized
based on their function, structure, and mechanism
of action. Functionally, they are primarily divided
into calcium buffer proteins and calcium sensor pro-
teins!”'%, Buffer proteins, such as Calbindin-D28k,
regulate intracellular calcium concentration by revers-
ibly binding and releasing Ca?*, maintaining calcium
homeostasis and preventing cellular damage caused
by abnormal concentrations!”'”. Sensor-type calcium-
binding proteins undergo conformational changes upon
Ca?" binding, thereby activating or inhibiting the activ-
ity of downstream target proteins. This converts calci-
um ion concentration signals into intracellular signals,
regulating corresponding physiological functions with-
in the cell'™"!. A typical example is CaM (calmodulin),
which relies on its four EF-hand domains to achieve
Ca** sensing and conformational conversion*>',

As a member of the calcium-binding protein fam-
ily, Scgn is unique in possessing six EF-hand domains,
a configuration uncommon among NCS (neuronal cal-
cium sensor) proteins??¥, Sequence analysis reveals
that at least four of Scgn’s six EF-hands contain the
conserved Ca*"-binding motif (DxDxDG)"®, enabling
stable Ca*" binding. The remaining two represent “de-
generate” EF-hands, potentially participating in protein
stability maintenance or mediating protein interactions
through conformational changes!***. This coexistence
of primitive EF-hands and “atypical EF-hands” endows

Scgn with dual functions of calcium buffering and sig-

nal sensing!'**.

Studies indicate strong synergistic interactions
among Scgn’s EF-hand modules: Ca*" binding at one
site enhances affinity at others, creating an “all-or-
nothing” calcium signal conversion effect!'>**l. This
structural feature enables Scgn to function both as a
highly sensitive Ca*" sensor and to exhibit multi-level
complex functional regulation across different Ca**
concentration thresholds.

Thus, Scgn demonstrates remarkable functional
diversity and structural uniqueness in calcium signal
transduction.

Compared with buffered calcium-binding proteins
such as calbindin, calretinin, and parvalbumin, Scgn
exhibits a molecular conformation more conducive to
functioning as a calcium sensor®?*], Its structure con-
tains multiple flexible regions, such as the highly plas-
tic EF-hand 5 and EF-hand 6 domains, as well as par-
tially disordered regions (e.g., between EF-hand 2 and
EF-hand 3), which provide potential binding interfaces
for protein interactions™*~", Experimental studies in-
dicate that Scgn undergoes significant conformational
changes upon Ca?** binding: its C-terminus rearranges,
causing domains [ and II to rotate nearly 180° relative
to domain III. Concurrently, EF-hand 5 and EF-hand 6
shift to form a hydrophobic surface, transforming the
entire molecule from a “compact state” to an “open
state.” This transformation exposes binding sites for
SNARE proteins (e.g., SNAP-25) and synaptic secre-
tion regulatory proteins (e.g., Doc2a)!*2**!,

This “conformation switch” mechanism exhibited
by Scgn shares similarities with the function of Syt
(synaptotagmin) in vesicle fusion. Upon Ca** binding,
Sytl undergoes conformational changes in its C2A and
C2B domains, shifting from a cytoplasmic orientation
to one inserted into the plasma membrane. This facili-
tates the formation of a “membrane bridge” structure,
shortening the distance between vesicles and the plas-
ma membrane, thereby promoting rapid vesicle-plasma
membrane fusion and neurotransmitter release®*3°).
However, Scgn and Syt exhibit distinct differences in

their Ca* kinetic ranges: Scgn activates within sub-mi-
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Fig.1 Schematic diagram of the three-dimensional structure of Scgn (modified from references [25-26])

cromolar to low micromolar Ca?" concentrations, mak-
ing it better suited for responding to low-frequency or
sustained calcium signals®'%*®); whereas Syt primarily
functions within the high-Ca** microdomains at synap-
tic terminals®’*°!. This distinction suggests that Scgn
may play unique roles in specific synaptic activities
and neural circuit regulation. Furthermore, compared
with other NCS proteins, Scgn is distinguished by the
unique arrangement of its six EF-hand domains and
an extended C-terminal region, which is implicated in
cell-specific localization and protein interactions™’*?,
These structural features collectively confer Scgn with
unique functional diversity in calcium signaling per-
ception and transduction.

In summary, Scgn’s molecular structure combines
a high-affinity Ca’* binding site with protein-protein
interaction interfaces. The unique architecture of its
six EF-hand modules not only establishes its molecular
basis as a Ca’* sensor but also enables it to perform
multiple critical functions within neurons. This struc-
tural property provides key insights into Scgn’s role
in neurotransmitter release, synaptic plasticity, and the
pathogenesis of neurological disorders. Future studies

utilizing cryo-electron microscopy, mass spectrometry,

and computational 3D structural modeling may further
elucidate the precise mechanisms underlying Scgn’s
calcium ion binding and signal decoding at the mo-
lecular level, thereby deepening our understanding of
its multifunctional regulatory role.

2.2 Expression distribution of Scgn

Scgn was initially discovered in pancreatic beta
cells and gained attention for its role in regulating
insulin secretion®. Subsequent studies revealed that
Scgn exhibited distinct brain region specificity and
developmentally dependent expression patterns within
the central nervous system. Rather than being broadly
expressed across all neurons, this protein is highly
concentrated in specific neuronal subtypes, making it
a crucial molecular marker for identifying particular
neural circuits.

In mammals, Scgn is widely expressed in key
brain regions, including the olfactory bulb, hippocam-
pus, hypothalamus, and thalamus. Within the olfactory
bulb, Scgn primarily localizes to interneurons between
the peribulbar and granular layers, potentially contrib-
uting to olfactory information processing!'*. Its ex-
pression in dentate gyrus granule cells and pyramidal

neurons of the CA1-CA3 regions suggests involvement
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in learning and memory functions***. In the PVN
(paraventricular nucleus) and SON (suprachiasmatic
nucleus) of the hypothalamus, Scgn co-expresses with
OXT (oxytocin) and AVP (vasopressin) neurons, indi-
cating participation in neuroendocrine regulation®*".
Within the thalamus, Scgn is specifically expressed in
the lateral geniculate complex and adjacent regions,
closely associated with sensory signal transmis-
sion*"*); in DRG (dorsal root ganglia), it colocalizes
with CGRP (calcitonin gene-related peptide) and neu-
ropeptide substance P, both implicated in nociception,
suggesting involvement in pain transmission and mod-
ulation "), In primates and humans, Scgn expression
further concentrates in regions closely linked to cogni-
tion and emotion, such as the neocortex, hippocampus,
and olfactory bulb. It colocalizes with specific types of
GABAergic and glutamatergic neurons, indicating its
role in fine-tuning complex neural circuits!**7),

In non-mammalian animals, Scgn distribution
and function exhibit evolutionary differences. For ex-
ample, in zebrafish brains, Scgn is widely distributed
among motor-related neurons, reflecting its regulatory
role in more primitive neural networks®*). In amphib-
ians and birds, Scgn is extensively expressed not only
in the central nervous system but also in populations of
neuroendocrine cells, suggesting its early function may
be closely related to secretion regulation!*-",

During nervous system development, Scgn ex-
pression exhibits distinct temporal dynamics. In em-
bryonic and neonatal stages, Scgn is broadly expressed
in neural progenitor cells and migrating neurons,
suggesting a potential role in neurogenesis and neural
circuit formation. As development progresses, Scgn
expression gradually becomes restricted to specific
neuronal types, shifting toward more refined regulatory
functions™'%, For instance, studies reveal high Scgn
expression in GABAergic interneurons of the human
embryonic neocortex, but its levels decline postnatally,
persisting only at low levels into adulthood***"!. Fur-
ther studies indicate that in brain regions such as the
hippocampus, Scgn is frequently co-expressed with

neuropeptides like SST (somatostatin) and CRH (cor-

ticotropin releasing hormone). This suggests that Scgn
may serve as a “bridge” between multiple neurotrans-
mitter systems, thereby participating in the coordina-
tion of different neural signaling pathways*">*4,

In summary, Scgn expression exhibits high speci-
ficity across species, brain regions, and developmental
stages. In mammals, it is primarily distributed in key
brain areas such as the olfactory bulb, hippocampus,
hypothalamus, and thalamus—regions extensively
involved in cognition, emotional regulation, and neu-
roendocrine control. In non-mammalian animals, Scgn
is more involved in regulating fundamental neural
networks. From a developmental perspective, Scgn
expression patterns undergo a transition from broad in-
volvement during neurogenesis to specific targeting of
distinct neuronal subtypes, reflecting its multifaceted
roles in neural circuit construction and fine-tuning.

2.3 Multidimensional functions of Scgn in the
central nervous system

As a member of the EF-hand calcium-binding
protein family, Scgn possesses a unique molecular
structure, particularly its six EF-hand calcium-binding
domains. This structure not only endows the protein
with highly efficient calcium ion binding capacity but
also provides the structural foundation for its multi-
functional roles in the nervous and endocrine systems.
Previous studies have systematically demonstrated
Scgn’s tissue-specific and developmental stage-specific
expression patterns, suggesting its potential signifi-
cance in various physiological processes. However, Sc-
gn’s functional execution depends not only on its own
structural characteristics but also critically on its dy-
namic interactions with other proteins. These interac-
tions directly influence Scgn’s subcellular localization,
activity state, and its role in key processes such as neu-
rotransmitter release, regulation of neuronal excitabil-
ity, and modulation of synaptic plasticity. Therefore,
we will continue to explore Scgn’s molecular structural
features, focusing on elucidating its interactions with
several key proteins and its multifunctional roles.
2.3.1 Interaction between Scgn and SNAP-25
SNAP-25 (synaptosomal-associated protein of 25 kDa)
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is a crucial component of the SNARE protein complex.
Together with Syntaxin-1 and VAMP, it forms the core
complex that mediates the fusion of synaptic vesicles
with the plasma membrane®”. Studies reveal that Scgn
directly binds to SNAP-25 in a Ca**-dependent manner
(Fig.2)P**"), This interaction extends beyond structural
association to functionally regulate vesicle release,
highlighting its significant biological importance.
Experimental studies indicate that following neu-
ronal stimulation, calcium ion influx binds to Scgn,
inducing a conformational change that allows it to in-
teract with SNAP-25. This interaction blocks the inter-
action between Syntaxin-1 and SNAP-25. Syntaxin-1
subsequently binds to Munc18-1, exposing its SNARE
domain and laying the foundation for complex as-
sembly. The Scgn-SNAP-25 complex migrates toward
the plasma membrane. Upon elevated calcium ion
concentration, Scgn undergoes another conformational
change, releasing SNAP-25 to participate in SNARE
complex formation. This drives fusion between synap-
tic vesicles and the plasma membrane, releasing neu-
rotransmitters. Finally, SNAPs (soluble NSF attach-
ment proteins) facilitate SNARE complex dissociation,

recycling components for subsequent vesicle fusion.

This process highlights the critical role of the
Scgn-SNAP-25 interaction in regulating synaptic se-
cretion. Scgn enhances binding efficiency with SNAP-
25 under high Ca*" conditions, accelerating SNARE
complex assembly and thereby speeding up neurotrans-
mitter release. Notably, this interaction exhibits distinct
calcium-dependent dynamics: binding is weak at rest-
ing Ca®* levels but significantly enhanced during action
potential-induced Ca*" transients. This suggests that
Scgn may function as a fast calcium sensor, selectively
fine-tuning the temporal and spatial precision of synap-
tic transmission during high-frequency firing or intense
stimulation*”*"!,

In vivo functional studies further confirm that
Scgn deficiency reduces synaptic release probability in
cortical and hippocampal neurons, with markedly di-
minished evoked neurotransmitter release. This pheno-
type is closely associated with dysregulated SNAP-25
function®™*"), Collectively, these findings demonstrate
that Scgn plays an indispensable role in regulating ef-
ficient neurotransmitter release through its specific in-
teraction with SNAP-25.

2.3.2 Interaction between Scgn and Doc2a. ~ Doc2a

(double C2-like domain-containing protein alpha) is a
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The left panel shows the structural diagram of the Scgn protein, while the right panel depicts the structural diagram of the SNAP-25 protein. In the pres-
ence of Ca*’, the third domain of Scgn (EF-hand 5 and EF-hand 6) binds to an a-helical region within the C-terminal SNARE motif of SNAP-25. This

structure retrieved from the RCSB PDB (PDB ID: 8BAN).
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Fig.2 Schematic diagram of the three-dimensional crystal structure of the Scgn-SNAP-25 complex (modified from reference [58])
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Ca’"-binding protein containing two C2 domains that
plays a crucial role in regulating spontaneous synap-
tic release and activity-dependent vesicle fusion. It
promotes synaptic vesicle release by sensing intracel-
lular Ca** concentration changes and interacting with
SNARE proteins'®. Recent studies indicate that the
interaction between Scgn and Doc2a plays a crucial
role in both release mechanisms, jointly coordinating
the coupling between calcium signaling and SNARE
complex assembly (Fig.3)!¢Y.

At rest, the EF-hand domain of Scgn remains
closed, inhibiting SNARE complex assembly and
neurotransmitter release. An action potential triggers a
rise in Ca?* concentration, which binds to the EF-hand
domain, causing it to open and expose the pore site.
Doc2a binds to membrane phospholipids via its C2 do-
main, forming the Scgn-Doc2a complex. This complex
releases SNAP-25, initiating SNARE assembly and
facilitating neurotransmitter release. When Ca®" levels
decrease, Scgn and Doc2a return to their resting state,
preparing for the next signal.

This dynamic interaction demonstrates that Scgn
can form complexes with Doc2a in the perimembrane

region under low-to-moderate Ca** concentrations,

thereby regulating the basal spontaneous release activ-
ity of neurons. Unlike mechanisms primarily involved
in action potential-induced rapid release, the Scgn-
Doc2a system focuses on modulating low-frequency,
sustained neurotransmitter release, playing a crucial
role in maintaining the baseline activity and synaptic
homeostasis of neural circuits.

Notably, Scgn-Doc2a interactions may play a
critical role in synaptic development during neurogen-
esis”*, Spontaneous release is implicated in synaptic
pruning and stability regulation; Scgn may indirectly
modulate neural circuit development and plasticity by
influencing Doc2a function'!. Experimental evidence
indicates that Scgn deletion or downregulation dis-
rupts Doc2a function, manifesting as reduced micro-
synaptic current frequency. This phenomenon provides
crucial insights into Scgn’s potential mechanisms in
developmental neurological disorders such as autism
and epilepsy!®' 2.

2.3.3 Multidimensional functions and cross-system
regulation of Scgn in the nervous system  As a mul-
tifunctional calcium-sensing protein, Scgn’s biological
roles extend beyond classical neurotransmitter release

regulation to encompass multiple critical physiological
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The left panel shows a schematic diagram of the Scgn protein structure. The right panel shows a schematic diagram of the Doc2a protein structure. In

the presence of Ca?", the linker region between Scgn’s third domain (EF-hand 5 and EF-hand 6) and the two C-terminal C2 domains of Doc2a interacts.

The structure was predicted by AlphaFold (UniProt ID: Q91WD9 & Q7TNFO).
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Fig.3 Three-dimensional structure of the Scgn-Doc2a complex (modified from references [25-26])
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and pathological processes, including neuroendocrine
function, neurodevelopment, and cell protection. Its
functions within the nervous system can be systemati-
cally summarized as follows.

Beyond modulating classical neurotransmitters,
Scgn participates in neuropeptide secretion. In the
hypothalamus, Scgn co-expresses with OXT and AVP
neurons, promoting the release of both neuropeptides
upon calcium signal activation. Studies indicate that
Scgn deficiency or functional inhibition reduces OXT
and AVP secretion efficiency, thereby impairing physi-
ological functions such as stress responses, social be-
havior, and fluid homeostasis®®*"". These findings dem-
onstrate Scgn’s indispensable role in neuroendocrine
regulation.

Scgn regulates neurodevelopment and synaptic
plasticity. During embryonic and neonatal stages, Scgn
is widely distributed among neural stem cells and
migrating neuronal populations, suggesting potential
involvement in neuronal migration, axon guidance,
and synaptogenesis'®!. Functional studies demonstrate
that Scgn overexpression restores integration and syn-
apse formation in newborn neurons, while its absence
leads to abnormal neural network development**). This
finding offers a novel molecular perspective for under-
standing neurodevelopmental disorders such as autism
spectrum disorder and epilepsy.

Growing evidence indicates Scgn also possesses
neuroprotective functions. In models of oxidative
stress, glutamate excitotoxicity, and neurodegenerative
diseases, Scgn-positive neurons often exhibit enhanced
anti-apoptotic capacity®**!. This property may relate to
its regulation of Ca’* dynamics, maintenance of mito-
chondrial function, and stabilization of intracellular ho-
meostasis. For example, in Alzheimer’s disease animal
models, the P301L tau transgenic mouse model was
utilized to simulate the tau pathological features of AD.
At the cellular level, Scgn-positive neurons showed
almost no tau expression, and vice versa. Furthermore,
at the tissue level, Scgn expression was found to nega-
tively correlate with tau pathology severity. Downregu-

lation of Scgn protein was observed only in areas with

active tau expression, while non-expressing regions re-
mained largely unchanged'®, further supporting Scgn’s
neuroprotective role.

Scgn possesses cross-system regulation capabili-
ties. Although this review focuses on the central ner-
vous system, it is noteworthy that Scgn was initially
discovered in pancreatic B-cells and also plays a crucial
role in regulating insulin secretion!®”. Given that insu-
lin protects against f-amyloid-induced synaptic loss
in AD models!®”, the presence of Scgn in pancreatic
B-cells points to shared endocrine and neural functions,
potentially underpinning the pathogenesis of Alzheim-
er’s disease and diabetes. This suggests that Scgn’s
functions may span the nervous and endocrine systems,
forming a key molecular link in neuro-endocrine-meta-
bolic cross-regulation. Growing evidence indicates that
Scgn in the nervous system may be linked to metabolic
regulation, stress responses, and endocrine disorders
such as diabetes!***,

In summary, the core functions of Scgn can be
summarized as follows: firstly, Scgn acts as a highly
efficient calcium ion sensor, enabling precise decoding
of intracellular calcium signals. Secondly, Scgn plays
a key regulatory role in the release of neurotransmit-
ters and neuropeptides. Furthermore, during neurode-
velopment, Scgn participates in neuronal migration,
axon guidance, and synaptogenesis; under pathological
conditions, it exerts neuroprotective effects; finally,
Scgn’s functions extend beyond the nervous system to
the endocrine system, where it contributes to metabolic
regulation. These functional characteristics underscore
Scgn’s significance in neuroscience and provide a
foundation for further research into its role in both neu-
rological health and disease.

2.4 Scgn cross-species sequence alignment analysis

The functional complexity of Scgn, along with its
brain region distribution specificity and developmental
stage differences across species, suggests that this pro-
tein’s critical role in neurogenesis, neural circuit for-
mation, and neurotransmitter system coordination may
depend on its highly conserved structure. Therefore,

conducting sequence conservation analysis of Scgn
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holds significant scientific importance. By compar-
ing Scgn amino acid sequences across species, we can
identify key residues and functional domains that have
remained stable throughout evolution, thereby provid-
ing a basis for elucidating its mechanisms in complex
nervous system functions. Consequently, we performed
sequence alignment analysis of Scgn from six different
species.

As shown in Fig.4, homology analysis of Scgn
amino acid sequences from human, mouse, rat, pig,
cow, and zebrafish revealed significant conservation.
Across the entire protein, 180 amino acids were identi-
cal among all six species, accounting for 65.2% of the
total sequence. This high level of conservation indi-
cates that Scgn possesses important biological func-
tions that have been preserved throughout evolution.
However, when analyzing the sequence homology of
the six EF-hand domains within the Scgn protein, we
found significant differences in conservation among
species. Specifically, EF-hand 1 and EF-hand 2 exhib-
ited relatively low conservation at 55.6% and 25.0%,

respectively, suggesting these domains may possess
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greater evolutionary flexibility. In contrast, EF-hand 3,
EF-hand 4, and EF-hand 6 showed higher conservation
at 83.3%, while EF-hand 5 demonstrated the highest
conservation at 94.4%. This high conservation suggests
that EF-hand 3 to EF-hand 6 may perform more criti-
cal functions across species, particularly in calcium ion
binding and signaling, consistent with their document-
ed calcium-binding capabilities. These conservation
differences likely reflect adaptive evolutionary traits of
Scgn proteins across species while also hinting at the
potential significance of EF-hand domains in nervous
system functions.

When performing homology alignment of Scgn
amino acid sequences across five mammalian species
(human, mouse, rat, pig, and cow), we observed sig-
nificantly higher conservation compared to the cross-
phylum alignment including zebrafish. Overall, 219
amino acids were completely identical across these five
mammals, accounting for 79.3% of the total sequence.
This result indicates that Scgn proteins exhibit high se-
quence conservation across mammals and suggests that

they perform similar biological functions in these spe-
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Fig.4 Homology comparison of Scgn amino acid sequences across species
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cies. Homology analysis of the six EF-hand domains in
the Scgn proteins from the five mammals also revealed
significantly higher conservation than in the cross-class
comparison. Specifically, EF-hand 1 showed 72.2%
conservation, EF-hand 2 58.3%, while EF-hand 3 to
EF-hand 6 exhibited higher conservation rates of 91.7%,
88.9%, 97.2%, and 100%, respectively. This indicates
that the EF-hand domains of Scgn proteins in mammals,
particularly EF-hand 3 to EF-hand 6, exhibit extremely
high sequence conservation, with EF-hand 6 domains
being completely identical. This suggests a high degree
of conservation in their calcium ion binding and signal-
ing functions. Such high conservation further supports
the evolutionary conservation of Scgn’s critical func-
tions in the mammalian nervous system.

In summary, through homology alignment of
Scgn amino acid sequences from humans, mice, rats,
pigs, cattle, and zebrafish, we have revealed the char-
acteristics of conservation and flexibility in Scgn pro-
tein evolution. The overall Scgn protein sequence ex-
hibits significant conservation across different species,
with this conservation being particularly pronounced
in mammals. GARTNER et al'®! demonstrated the
high sequence homology and similar tissue expression
patterns of human and rat secretin through sequence
comparison analysis, immunostaining, and immunob-
lotting. BASU et al*”! investigated Scgn in the brain
and pituitary gland of the catfish (Clarias batrachus),
revealing that Scgn is highly conserved evolutionarily
and plays a crucial role in neuroendocrine regulation.
This aligns with our findings, and such high sequence
conservation indicates that Scgn has maintained its
core function throughout evolution. Furthermore, vari-
ations in the conservation of EF-hand domains suggest
potential adaptive evolution of Scgn proteins across
species. The high conservation of EF-hand 3 to EF-
hand 6, particularly the complete identity of EF-hand 6,
suggests these domains perform critical and conserved
functions in calcium ion binding and signaling. In
contrast, the lower conservation of EF-hand 1 and EF-
hand 2 suggests these regions may exhibit greater flex-

ibility across species to adapt to diverse physiological

demands. This balance between conservation and flex-
ibility likely reflects Scgn’s ability to retain core func-
tions while adapting to specific biological requirements

across different species.

3 Scgn is closely associated with multiple

neuropsychiatric disorders
Scgn is a calcium-binding protein containing

six EF-hand domains, widely distributed throughout
the neuroendocrine system and specific regions of the
central nervous system. In recent years, Scgn has been
increasingly recognized as playing a crucial role in the
pathogenesis and progression of various neuropsychi-
atric disorders due to its functions in calcium signaling
regulation, neurotransmitter release, stress modulation,
and intervention in protein aggregation. These disor-
ders include AD (Alzheimer’s disease), PD (Parkin-
son’s disease), ASD (autism spectrum disorder), and
SRD (stress-related disorders).

In Alzheimer’s disease research, the olfactory
pathway is considered one of the earliest affected re-
gions”., DOTY et al"! observed a selective reduction
of a population of undifferentiated Scgn-positive bipo-
lar neurons in the olfactory system of elderly humans
during early AD stages, suggesting a potential link to
early olfactory deficits. Further studies indicate that
Scgn expression in the hippocampus is closely associ-
ated with tau protein pathology. MAJ et al” demon-
strated that Scgn interacts with tau protein via a Ca*-
dependent mechanism, influencing its conformational
stability and aggregation tendency. CHIDANANDA et
al*” reported that Scgn functions as a calcium-depen-
dent stress response molecule, exhibiting upregulation
under thermal and oxidative stress conditions. It pos-
sesses chaperone-like properties and may participate
in the pathological processes of protein aggregation
disorders. ZAHOLA et al® systematically mapped
Scgn distribution within the brainstem noradrenergic
system, highlighting its expression in regions like the
locus coeruleus. This finding suggests that a potential
link to noradrenergic system degeneration associated

with AD, indicating Scgn may contribute to the vulner-
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ability of disease-related neuronal populations.

Regarding PD, Scgn also exhibits unique biologi-
cal connections. LACHEN-MONTES et al'™ identified
abnormal expression of Scgn-associated networks in
the olfactory bulb of PD patients through proteomics,
consistent with early olfactory dysfunction in PD.
More crucially, CHIDANANDA et al®® reported that
Scgn can directly bind to a-synuclein via its C-terminal
region in the presence of Ca’". This interaction in-
duces a conformational change in Scgn, stabilizing
the soluble pool of a-synuclein and thereby effectively
preventing its aggregation and fibrillation. Moreover,
this direct interaction between Scgn and a-SNPA alters
the conformation of a-SNPA, shifting it from the stable
state required for membrane binding to an unstable
state. Consequently, a-SNPA is prevented from binding
to the membrane, thereby reducing its toxic effects on
dopaminergic neurons. This function positions Scgn
as a potential “chaperone-like” protein, demonstrating
significant value in regulating protein homeostasis.

In the realm of neurodevelopmental disorders,
Scgn has emerged as a novel risk gene for ASD. LIU et
al.*®) demonstrated through integrated human mutation
screening and animal model studies that Scgn loss-of-
function causes social behavior deficits, hippocampal
developmental abnormalities, and oxytocin signaling
pathway disruption. Notably, WANG et al'®" revealed
that Scgn regulates excitatory synaptic transmission
and social behavior by interacting with the Doc2a pro-
tein located at 16p11.2. Disruption of this interaction
axis replicates ASD-like behavioral phenotypes. The
discovery of this “Scgn-Doc2a” molecular pathway
expands our understanding of ASD pathogenesis.

Furthermore, in stress disorders (such as anxiety,
depression, and post-traumatic stress disorder), Scgn
functions as a “calcium signaling switch” within the
HPA (hypothalamic-pituitary-adrenal) axis”*!. Ro-
manov et al” confirmed that Scgn is an essential Ca*
sensor for CRH neuron ACTH (adrenocorticotropic-
hormone) release in the hypothalamic paraventricular
nucleus. Scgn deficiency significantly reduces ACTH

and corticosterone levels, impairing the endocrine re-

sponse to acute stress'””. This finding reveals that Scgn
not only participates in neural function regulation but
may also be involved in the neuroendocrine basis of
psychiatric disorders.

In summary, Scgn, as a key calcium signaling
regulator, is increasingly being revealed to have mul-
tiple roles in neurodegeneration, developmental disor-
ders, and stress responses. It not only holds potential as
an early disease biomarker but also serves as a critical
target for intervening in protein aggregation, regulat-
ing synaptic function, and restoring endocrine balance.
However, most current research remains confined to
animal models or in vitro experiments. Future studies
require large-scale human clinical validation and longi-
tudinal investigations to further clarify its pathological
role and therapeutic potential across various neuropsy-

chiatric disorders.

4 Discussion

Scgn, a calcium-binding protein containing six
EF-hand domains, plays a crucial role in the nervous
system. Its unique molecular structure enables dual
functions of calcium buffering and signal sensing,
extensively participating in diverse physiological
processes including neurotransmitter release, synap-
tic plasticity regulation, neuroendocrine activity, and
neurodevelopment. Within the central nervous system,
Scgn expression exhibits distinct brain region specific-
ity and developmental stage-specificity, primarily con-
centrated in key areas such as the olfactory bulb, hip-
pocampus, and hypothalamus. This suggests its critical
role in learning and memory, emotional regulation, and
maintaining neuroendocrine homeostasis.

In recent years, the association between Scgn and
various neuropsychiatric disorders has been progres-
sively revealed, including AD, PD, ASD, and SRD.
Research indicates that Scgn exerts potential protective
effects by modulating calcium signaling transduction
and protein interactions, thereby alleviating neurode-
generative lesions, improving synaptic function, and
regulating neural network development. However, the

specific molecular mechanisms underlying Scgn’s role
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in these diseases require further investigation.

Overall, as a multifunctional calcium signaling
regulator, Scgn plays an indispensable role in main-
taining physiological functions and influencing patho-
logical processes within the nervous system. Future
research should focus on its precise functions within
distinct neural circuits, disease-associated molecular
mechanisms, and feasibility as a therapeutic target to
advance diagnostic and treatment strategies for neuro-
logical disorders. Furthermore, Scgn’s high evolution-
ary conservation suggests universal core functions, and
cross-species studies will provide a more comprehen-
sive perspective on its biological significance.

Research on Scgn within the nervous system has
progressively revealed its multidimensional biological
significance, yet existing findings still exhibit certain
limitations that warrant further exploration. Neverthe-
less, existing findings exhibit certain characteristics
and limitations warranting deeper consideration. First-
ly, Scgn exhibits marked species-specific variations
in distribution and function. For instance, it is widely
expressed in GABAergic neurons of the human neo-
cortex but absent in mice!’”. This suggests Scgn may
be linked to the evolution of higher-order functions in
primate brains, though systematic cross-species func-
tional comparisons remain lacking. Using gene editing
technology, the human Scgn gene was introduced into
mouse models to observe its expression patterns and
functional changes. Concurrently, brain-like organoids
from both human and mouse sources were constructed
to compare Scgn expression and functional differences
across species. Molecular docking and AlphaFold
technologies were employed to investigate Scgn’s in-
teraction networks with other proteins across species,
revealing the molecular basis for functional variations.
Additionally, behavioral experiments validated Scgn’s
role in higher-order primate functions.

Secondly, Scgn functions span both vesicle exo-
cytosis and neurotransmitter release™! while also par-
ticipating in stress hormone regulation””, indicating
dual neuroendocrine regulatory roles. This cross-sys-

tem regulatory capacity underscores Scgn’s biological

importance but also complicates elucidating its mecha-
nisms. In neurodegenerative disease research, the olfac-
tory bulb is recognized as a common “entry point” for
multiple pathological processes!””. Notably, this brain
region exhibits the highest expression abundance of
the calcium-binding protein Scgn throughout the entire
brain*). Since Scgn maintains neuronal homeostasis
by regulating intracellular Ca?* signaling, its functional
impairment can directly induce calcium imbalance**.
Extensive research has confirmed that disrupted cal-
cium homeostasis is a core driver of neurodegenera-
tion in diseases like Alzheimer’s and Parkinson’s!”"").
Consequently, alterations in Scgn levels or function
within the olfactory bulb emerge as a pivotal molecular
link connecting “localized calcium homeostasis disrup-
tion” to the onset of neurodegenerative diseases such
as Alzheimer’s and Parkinson’s diseases!**". However,
whether Scgn alterations represent causation, compen-
sation, or a concomitant phenomenon remains difficult
to distinguish and warrants further investigation.We
can then utilize relevant disease models to generate
mouse models, employing omics analysis methods
such as transcriptomics and proteomics to conduct de-
tailed sampling and documentation of diseased mice at
different stages. Concurrently, by integrating calcium
imaging technology, we can elucidate the true role of
Scgn in these diseases.

Moreover, Scgn exhibits specific distribution in
cognitive-emotional-endocrine core brain regions such
as the olfactory bulb, hippocampus, and hypothalamus,
making it a potent biomarker for distinguishing neuro-
nal subtypes”*!.. This raises a critical question: while
serving as a biomarker, what is its true functional role?
Current studies have clarified Scgn expression pat-
terns across brain regions®®, yet its specific functional
mechanisms remain unexplored. This suggests that
future research should not only consider Scgn’s role
as a marker but also delve into its dynamic functional
mechanisms within neuronal network homeostasis
and synaptic plasticity. Firstly, at the cellular level, we
will use gene editing technology to study the effects of

Scgn knockout on synaptic transmission and synaptic



FEREF: ScgnfERIA R G H BT Uit e

543

plasticity through electrophysiological recordings. Sec-
ondly, we will employ calcium imaging to observe dy-
namic signal changes in Scgn-positive neurons in vivo,
validating their function through optogenetic stimula-
tion. Next, we can use optogenetics and chemogenetics
to specifically manipulate Scgn-positive neurons and
observe their impact on individual behavior. Finally,
we will employ immunofluorescence to visualize the
dynamic expression patterns of Scgn in wild-type
mice. These experiments will contribute to a deeper
understanding of the dynamic functional mechanisms
of Scgn in neuronal network homeostasis and synaptic
plasticity.

In summary, Scgn research is transitioning from
“descriptive discovery” to “mechanistic explanation”
and “clinical translation.” While descriptive findings
regarding Scgn’s expression patterns and evolutionary
conservation are relatively well-established, its specific
functions within particular tissues remain unclear. The
physiological roles and mechanisms underlying Scgn’s
evolutionary variations across species require further
investigation. Additionally, although Scgn is currently
associated with numerous neuropsychiatric disorders,
its causal effects and temporal relationships remain un-
defined.

Future research should advance in three key
areas: Firstly, utilize cross-species comparisons and
multi-omics technologies to further elucidate its func-
tional counterparts across species. Secondly, conduct
experiments to clarify its specific mechanisms within
the nervous system. Thirdly, explore its causal role and
intervention potential in neurodegenerative diseases
and psychiatric disorders. Multifaceted research is es-
sential for understanding Scgn’s role in the nervous

system.
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