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in neurons induces neuronal dysfunction
and neurodegeneration phenotypes
in Drosophila
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Abstract

Dorsal switch protein 1(DSP1), a mammalian homolog of HMGBT, is firstly identified as a dorsal co-repressor in 1994.
DSP1 contains HMG-box domain and functions as a transcriptional regulator in Drosophila melanogaster. It plays

a crucial role in embryonic development, particularly in dorsal-ventral patterning during early embryogenesis,
through the regulation of gene expression. Moreover, DSP1 is implicated in various cellular processes, including cell
fate determination and tissue differentiation, which are essential for embryonic development. While the function

of DSP1 in embryonic development has been relatively well-studied, its role in the adult Drosophila brain remains
less understood. In this study, we investigated the role of DSP1 in the brain by using neuronal-specific DSP1 overex-
pression flies. We observed that climbing ability and life span are decreased in DSP1-overexpressed flies. Furthermore,
these flies demonstrated neuromuscular junction (NMJ) defect, reduced eye size and a decrease in tyrosine hydroxy-
lase (TH)-positive neurons, indicating neuronal toxicity induced by DSP1 overexpression. Our data suggest that DSP1
overexpression leads to neuronal dysfunction and toxicity, positioning DSP1 as a potential therapeutic target for neu-
rodegenerative diseases.
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Main text
Dorsal switch protein 1 (DSP1) was firstly identified in
1994 as a co-repressor of Dorsal protein in Drosophila

*Si-Eun Baek and Younghwi Kwon contributed equally to this work.

*Correspondence:

Dong-Seok Lee

leet@knu.ackr

Eunbyul Yeom

yeb@knu.ac.kr

! School of Life Science and Biotechnology, College of Natural Sciences,
Kyungpook National University, Daegu 41566, South Korea

2 School of Life Sciences, BK21 FOUR KNU Creative BioResearch Group,
Kyungpook National University, Daegu 41566, South Korea

3 KNU-G LAMP Project Group, KNU Institute of Basic Sciences, School
of Life Sciences, College of Natural Sciences, Kyungpook National
University, Daegu 41566, South Korea

B BMC

melanogaster [1]. The DSP1 gene encodes a protein with
a glutamine-rich domain (N-terminal), acidic tail (C-ter-
minal) and two HMG (High Mobility Group) boxes des-
ignated as HMG box A and B [2]. HMG boxes are known
to play a critical role in DNA binding including tran-
scription factors and chromatin remodeling complexes
[3]. DSP1 also has been shown to be involved in tran-
scriptional activity and chromatin remodeling [1]. Previ-
ous studies have demonstrated that DSP1 binds to dorsal
and affects transcriptional activity in dorsal. Dorsal is a
key transcription factor responsible for dorso-ventral
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patterning during embryonic development in Drosophila
[1, 4]. The activity of the Dorsal protein, which can act
as both a transcriptional activator and repressor, var-
ies depending on the promoter [4]. TATA-binding pro-
tein (TBP) is essential for transcription, being capable
of direct interaction with the Drosophila transcription
factor ITA (TFIIA). The TBP-TFIIA complex is involved
in the regulation of various gene expressions, includ-
ing Dorsal protein [5]. DSP1 directly binds to TBP, dis-
rupting the TBP-TFIIA complex, particularly affecting
TBP-gene interactions, which suppresses transcrip-
tional activity of Dorsal protein [5]. In situ hybridiza-
tion data indicated that DSP1 is expressed in the ovaries
and brain of adult Drosophila, highlighting its signifi-
cance in embryonic development [1]. Also, high mobil-
ity group box 1 (HMGB1), a mammalian homolog of
DSP1, is associated with several neurodegenerative dis-
eases, including Parkinson’s disease (PD), Multiple Scle-
rosis (MS), and Amyotrophic lateral sclerosis (ALS) [6].
HMGBI1-mediated neurodegeneration is often linked to
neuroinflammation, a process closely associated with the
activation of toll-like receptor 4 (TLR4) and the Recep-
tor for Advanced Glycation End products (RAGEs) [6].
This activation stimulates the production and secre-
tion of pro-inflammatory cytokines, including tumor
necrosis factor-alpha (TNF-a) and interleukin-1 (IL-1«
and IL-1B) [7]. It has been suggested that HMGBI1 plays
important roles in both autophagy and apoptosis in neu-
rodegeneration induced by mitochondrial dysfunction.
Moreover, HMGB1 contributes to neurodegeneration
through multiple pathways, including promoting oxi-
dative stress and disrupting the integrity of the blood—
brain barrier (BBB) [8].

However, understanding of molecular function of DSP1
in Drosophila brain is largely unknown. To address this,
we utilized the pan-neuronal specific Elav-Gal4 system
to overexpress DSP1 in neuronal cells, aiming to uncover
its functional roles in the brain. Firstly, we measured

(See figure on next page.)
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DSP1 expression levels and the results showed that sig-
nificant DSP1 upregulation in DSPI-overexpressed
flies compared to wild-type controls (Supplementary
Fig. 1A). Climbing ability and life span serve as indicators
of neuronal function in Drosophila; a decrease in climb-
ing ability suggests impaired neuronal functions [9]. In
accordance with previous studies, we assessed the neu-
ronal function in DSP1-overexpressed flies by measuring
life span and conducting climbing assays. DSPI-over-
expressed flies showed a shortened lifespan and defects
in climbing ability compared to wild-type flies (Fig. 1 A,
B). These data indicate that DSP1 overexpression leads
to neuronal impairment in the brain. The Drosophila
eye has been highlighted as a robust model for assessing
toxicity, with eye dysfunction linked to gene expression
changes. Indeed, the photoreceptor cells of Drosophila
have provided a foundation for genetic research into
neuronal structure and function. Gene-induced toxicity
in the eye is evaluated based on morphological change,
proliferation rates, and cell death [9]. Based on this
approach, we examined the DSP1-mediated eye mor-
phological changes using GMR-Gal4. The overexpression
of DSP1 in the eyes showed a reduction of eye size and
increased cell death compared with wild-type controls
(Fig. 1C). Neuromuscular junction (NM]J) is crucial for
signal transduction between motor neurons and muscle
fibers, and Drosophila NM]J is a well-established model
for studying synaptic development, function and plastic-
ity. It serves as a powerful model for studying neurode-
generation [10]. Given this context, we hypothesized that
overexpression of DSP1 might lead to abnormalities at
the NM]J. Indeed, we observed a decrease in the number
of boutons at the NM]J in flies overexpressing DSP1 com-
pared to controls (Fig. 1D), indicating that DSP1 overex-
pression in neuronal cells could induce motor deficits in
Drosophila. In motor neurons, dopamine is an essential
neurotransmitter involved in regulation of movement
and motor control [11]. Tyrosine hydroxylase (TH) is

Fig. 1 A Life span analysis of control and DSP1-overexpressed flies. The longevity of DSPT-overexpressed flies was significantly reduced compare
with control for both male and female (N=125). Data are presented as the mean + SD. ****p <0.0001 (Log-rank test). B Climbing ability assay

of control and DSPT-overexpressed flies. Neuronal expression of DSP1-overexpressed flies significantly reduced climbing ability compared to control
in weeks 1-4 (N=125). Data are presented as the mean +SD. ****p <0.0001 (Student's t-test). C Eye phenotype of control and DSPT-overexpressed
flies using GMR-GAL4. Specific DSP1-overexpressed flies (GMR-GAL4 > UAS-DSPT) identified a significant reduction in eye size relative to the control
(GMR-GAL4/+) (N> 8). Data are presented as the mean+SD. ****p <0.0001 (Student’s t-test). D Fluorescence analysis of third instar larval NMJs
under control and DSP1-overexpressed flies using anti-horseradish peroxidase (green). Scale bar, 20 um. DSPT-overexpressed flies significantly
reduced the number of synaptic boutons relative to control (N=5). Data are presented as the mean+SD. **p <0.01 (Student’s t-test). E Fluorescence
analysis of the brain in control and DSP1-overexpressed flies using anti-tyrosine hydroxylase (red). Scale bar, 20 um. DSP1-overexpressed flies
showed significantly decreased DA neurons compared with control. Quantified of dopaminergic neuron number in posterior clusters of the flies’
brain (N>10). Data are presented as the mean +SD. ***p <0.001 (Student’s t-test). F RT-PCR for AMPs and Inflammation-related gene expression

in control and DSP1-overexpressed flies brain. RP49 was used for normalization. DSP1-overexpressed flies are significantly reduced AMPs mRNA
levels. Data are presented as the mean+SD. *p <0.05, *p < 0.01, ***p<0.001 (Student’s t-test). A B,D-F Genotypes: control is Elav-GAL4/+ (w.'''®),

DSP1 is Elav-GAL4/UAS-DSP1
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Fig. 1 (See legend on previous page.)
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crucial enzyme involved in the biosynthesis of catecho-
lamine, including dopamine. Dysregulation of TH activ-
ity can lead to dopamine level abnormalities, affecting
behaviors like motor control, learning and memory, and
is a pathological hallmark of neurodegenerative diseases
[12]. In DSPI-overexpressed flies, TH-positive neurons
are significantly decreased in PPL1, PPL2, PPM3 clusters
(Fig. 1E) and Ple (tyrosine hydroxylase encoding gene)
mRNA expression level is also reduced (Supplemen-
tary Fig. 1B), known to influence locomotor activity and
neuronal functions [13]. Thus, a reduction of TH-posi-
tive neurons may contribute to neuronal impairment in
DSP1-overexpressed flies. Neurodegeneration can also
be driven by excessive inflammatory responses in the
brain. Drosophila has only innate immune system, dem-
onstrating that dysregulation of this system is a patho-
logical feature in neurodegeneration [14]. Antimicrobial
peptides (AMPs), regulated by Toll and Imd signaling
pathways, play a role in the innate immune response. We
examined that whether DSP1 overexpression manipu-
lates AMPs expression. Upon overexpressing DSP1 in
neuron, we found a reduction in AMPs (Drosomycin,
Defencin, Attancin A and Relish) and immune-related
gene (Toll, Imd and NOS) levels in DSPI-overexpressed
flies (Fig. 1F). Glia-specific overexpression of DSP1 also
downregulated AMPs level (Supplementary Fig. 1C).
While an elevated inflammatory response is one of the
markers in neurodegeneration, our data suggest that
DSP1 overexpression diminishes immune-related gene
expression. Previous study has indicated that decreased
AMP levels are a critical phenomenon in early neuro-
degeneration in Drosophila [15], suggesting that AMP
dysregulation could reflect an immune response imbal-
ance, potentially worsening neuronal damage and dis-
ease progression. Therefore, monitoring AMPs levels and
their regulation could provide insights into the progres-
sion of neurodegenerative diseases. On the other hand,
knockdown of DSP1 in neuronal and glial cells showed
extended lifespan and improved climbing ability (Supple-
mentary Fig. 1D), we suggest that loss-of-function DSP1
might have neuroprotective effect in Drosophila.

In this study, we tried to reveal the functional role
of DSP1 in the brain. Our findings indicate that over-
expression of DSP1 induces neuronal dysfunction
through climbing defect and reduced life span. Further-
more, the overexpression of DSP1 resulted in impaired
eye phenotype and decreased TH activity. Based on our
observations, we emphasize that DSP1 overexpression
strongly linked to neurodegeneration. However, the
detailed molecular mechanisms mediated by DSP1 in
inducing neurotoxic effects are not fully understood,

Page 4 of 5

highlighting the need for further research to unravel
the molecular mechanisms of DSP1-mediated neuro-
toxicity. Given the multifaceted role of HMGB1/DSP1
in neurodegeneration, targeting of HMGB1/DSP1 may
represent a novel therapeutic strategy for combating
neurodegenerative diseases.

Abbreviations

DSP1 Dorsal switch protein 1

TBP TATA-binding protein

TFIIA Transcription factor 1A

NMJ Neuromuscular junction

TH Tyrosine Hydroxylase
HMGB1  High mobility group box 1
PD Parkinson'disease

MS Multiple Sclerosis

ALS Amyotrophic lateral sclerosis
TLR4 Toll-like receptor 4

RAGEs Receptor for advanced glycation end products
TNF-a Tumor necrosis factor-alpha
IL-1 Interleukin-1

BBB Brain-blood barrier

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513041-024-01117-2.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
We thank the Bloomington Stock Center (Bloomington, USA) and FlyORF
(Zurich, Switzerland) for providing the Drosophila stocks.

Authors’ contributions

SEB, DSL and EY conceived the study and designed the experiments. SEB, JWY,
HSKand JYY generated experimental data. YK and EY wrote the manuscript
and all authors read and approved the final manuscript.

Funding

This work was supported by the National Research Foundation of Korea
(2022R1C1C100636712), and Learning & Academic research institution for
Master's:PhD students and Postdocs (LAMP) Program of the National Research
Foundation of Korea (NRF) grant funded by the Ministry of Education (No.
RS-2023-00301914).

Availability of data and materials

All data generated and/or analyzed during this study are included in this
published article. Materials and methods are presented in the additional
information.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s13041-024-01117-2
https://doi.org/10.1186/s13041-024-01117-2

Baek et al. Molecular Brain (2024) 17:43

Received: 26 April 2024 Accepted: 9 July 2024
Published online: 13 July 2024

References

1.

Lehming N, Thanos D, Brickman JM, Ma J, Maniatis T, Ptashne M. An
HMG-like protein that can switch a transcriptional activator to a repressor.
Nature. 1994;371(6493):175-9. https://doi.org/10.1038/371175a0.
Canaple L, Decoville M, Leng M, Locker D. The Drosophila DSP1 gene
encoding an HMG 1-like protein: genomic organization, evolutionary
conservation and expression. Gene. 1997;184(2):285-90. https://doi.org/
10.1016/50378-1119(96)00616-6.

Stros M, Launholt D, Grasser KD. The HMG-box: a versatile protein domain
occurring in a wide variety of DNA-binding proteins. Cell Mol Life Sci.
2007,64(19-20):2590-606. https://doi.org/10.1007/500018-007-7162-3.
Brickman JM, Adam M, Ptashne M. Interactions between an HMG-1
protein and members of the Rel family. Proc Natl Acad Sci U S A.
1999;96(19):10679-83. https://doi.org/10.1073/pnas.96.19.10679.
Yokomori K, Zeidler MP, Chen JL, Verrijzer CP, Mlodzik M, Tjian R. Dros-
ophila TFIIA directs cooperative DNA binding with TBP and mediates
transcriptional activation. Genes Dev. 1994,8(19):2313-23. https://doi.org/
10.1101/gad.8.19.2313.

lkram FZ, Arulsamy A, Retinasamy T, Shaikh MF. The Role of High Mobility
Group Box 1 (HMGB1) in Neurodegeneration: A Systematic Review. Curr
Neuropharmacol. 2022;20(11):2221-45. https://doi.org/10.2174/15701
59x20666220114153308.

Chen R, Kang R, Tang D. The mechanism of HMGB1 secretion and
release. Exp Mol Med. 2022;54(2):91-102. https://doi.org/10.1038/
$12276-022-00736-w.

Nishibori M, Wang D, Ousaka D, Wake H. High Mobility Group Box-1 and
Blood-Brain Barrier Disruption. Cells. 2020;9(12):2650. https://doi.org/10.
3390/cells9122650.

Nitta Y, Sugie A. Studies of neurodegenerative diseases using Drosophila
and the development of novel approaches for their analysis. Fly (Austin).
2022;16(1):275-98. https://doi.org/10.1080/19336934.2022.2087484.
BayatV, Jaiswal M, Bellen HJ. The BMP signaling pathway at the Drosoph-
ila neuromuscular junction and its links to neurodegenerative diseases.
Curr Opin Neurobiol. 2011;21(1):182-8. https://doi.org/10.1016/j.conb.
2010.08.014.

. Channer B, Matt SM, Nickoloff-Bybel EA, Pappa V, Agarwal Y, Wick-

man J, Gaskill PJ. Dopamine, Immunity, and Disease. Pharmacol Rev.
2023;75(1):62-158. https://doi.org/10.1124/pharmrev.122.000618.
Goodwill KE, Sabatier C, Marks C, Raag R, Fitzpatrick PF, Stevens RC. Crystal
structure of tyrosine hydroxylase at 2.3 A and its implications for inherited
neurodegenerative diseases. Nat Struct Biol. 1997,4(7):578-85. https://doi.
0rg/10.1038/nsb0797-578.

Marquis M, Wilson RI. Locomotor and olfactory responses in dopa-

mine neurons of the Drosophila superior-lateral brain. Curr Biol.
2022,32(24):5406-14.e5. https://doi.org/10.1016/j.cub.2022.11.008.

YuS, Luo F, XuY, Zhang Y, Jin LH. Drosophila Innate Immunity Involves
Multiple Signaling Pathways and Coordinated Communication Between
Different Tissues. Front Immunol. 2022;13:905370. https://doi.org/10.
3389/fimmu.2022.905370.

Wang M, Peng IF, Li S, Hu X. Dysregulation of antimicrobial peptide
expression distinguishes Alzheimer’s disease from normal aging. Aging
(Albany NY). 2020;12(1):690-706. https://doi.org/10.18632/aging.102650.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5


https://doi.org/10.1038/371175a0
https://doi.org/10.1016/s0378-1119(96)00616-6
https://doi.org/10.1016/s0378-1119(96)00616-6
https://doi.org/10.1007/s00018-007-7162-3
https://doi.org/10.1073/pnas.96.19.10679
https://doi.org/10.1101/gad.8.19.2313
https://doi.org/10.1101/gad.8.19.2313
https://doi.org/10.2174/1570159x20666220114153308
https://doi.org/10.2174/1570159x20666220114153308
https://doi.org/10.1038/s12276-022-00736-w
https://doi.org/10.1038/s12276-022-00736-w
https://doi.org/10.3390/cells9122650
https://doi.org/10.3390/cells9122650
https://doi.org/10.1080/19336934.2022.2087484
https://doi.org/10.1016/j.conb.2010.08.014
https://doi.org/10.1016/j.conb.2010.08.014
https://doi.org/10.1124/pharmrev.122.000618
https://doi.org/10.1038/nsb0797-578
https://doi.org/10.1038/nsb0797-578
https://doi.org/10.1016/j.cub.2022.11.008
https://doi.org/10.3389/fimmu.2022.905370
https://doi.org/10.3389/fimmu.2022.905370
https://doi.org/10.18632/aging.102650

	The overexpression of DSP1 in neurons induces neuronal dysfunction and neurodegeneration phenotypes in Drosophila
	Abstract 
	Main text
	Acknowledgements
	References


