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Abstract: C-terminal binding proteins (CtBPs) dimerize and function predominantly as 
transcriptional corepressors by targeting various chromatin-modifying factors to promoter-bound 
repressors. Hypotonia, Ataxia, Developmental-Delay, and Tooth-Enamel Defects Syndrome 
(HADDTS) is a recently discovered neurodevelopmental disorder resulting from a heterozygous 
missense mutation in CTBP1. It is often associated with the early onset of profound cerebellar atrophy 
in patients. To understand CtBP1's role in brain function and the etiology of HADDTS, Allen 
Institute’s Allen Brain Cell (ABC) human brain atlas was used. Based on the ABC atlas, CTBP1 is 
highly expressed in the upper rhombic lip supercluster which gives rise to the majority of the 
cerebellar granule cells. The results correlate with the cerebellum related manifestations observed in 
HADDTS patients. 
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Role of CtBP 

C-terminal binding proteins (CtBPs) play critical roles during early development and are highly 
conserved among vertebrates and invertebrates [1]. Vertebrate genomes encode two highly related 
proteins, CtBP1 and CtBP2. Differential splicing leads to the formation of four proteins (CtBP1 
[CtBP1-L], CtBP3/BARS [CtBP1-S], CtBP2, and RIBEYE), and these are implicated both in 
transcriptional repression and intracellular trafficking [2,3]. 

CtBPs function predominantly as transcriptional corepressors by dimerizing and recruiting 
various chromatin-modifying factors to the promoter region of target gene [2]. CtBP2, which has a 
nuclear localization signal, can hetero/oligomerize with CtBP1 and other transcription factors [4,5]. 
The resulting complex is exported to the nucleus to carry out its role of transcriptional corepression. 
The presence of PXDLS- and RRT-binding motifs in CtBPs are crucial for the recruitment of the 
corepressor complex [1]. The CtBP corepressor complex mediates coordinated histone modifications 
by deacetylation and methylation of histone H3-lysine 9 (H3K9) and demethylation of histone H3-
lysine 4 (H3K4) [6]. Even though CtBPs mainly function as corepressors, other evidence suggests they 
may function as coactivators [7].  

CtBP1 and CtBP2 play overlapping and unique transcriptional roles during animal development 
[8]. Early animal studies on ctbp knockout (KO) mice have suggested the importance of CtBPs in 
neurogenesis. While ctbp1 KO mice are viable with reduced size and lifespan, the ctbp2 KO mutation 
results in embryonic lethality, primarily affecting neurogenesis and myogenic development [8]. Ctbp 
double KO mutants exhibit more severe developmental phenotypes than ctbp2 KO mutants, 
suggesting the importance of both ctbp1 and ctbp2 in neurogenesis [8]. In mice, CtBPs have been 
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shown to be expressed in neural stem cells, progenitor cells, and neurons [8]. Specifically, CtBP2’s 
role has been indicated in proliferation, differentiation, and neuron maturation in the cortex [8,9].  

CtBPs also function as pro-survival proteins in neurons [10,11]. CtBP downregulation leads to 
the derepressed expression of pro-apoptotic genes, resulting in apoptosis [12]. In an animal model 
for Alzheimer's disease, CtBP1 overexpression prevents the degeneration of hippocampal and 
cortical neurons, decreasing hippocampal and cortical neuron apoptosis and enhancing neuron 
activity [11]. Upregulation of CTBP1 has been shown to prevent dopaminergic cell death in the 
Parkinson's toxin-based disease model [10].  

CtBP1 and HADDTS 

Although several animal models have indicated CtBP's role in neurogenesis, proliferation, and 
differentiation, no direct link between CtBPs and neurological disorders has been suggested until 
recently [9–11,13–15]. HADDTS (hypotonia, ataxia, developmental-delay, and tooth-enamel defect 
syndrome) is a recently identified neurodevelopmental disorder that is linked to a de novo mutation 
in the CTBP1 gene [16,17].  Children heterozygous for the CTPB1 missense mutation ((c.1024C >T: 
p.R342W): (R343 (wild-type allele): W342 (mutant allele)) have exhibited HADDTS, along with 
cerebellar atrophy [16,17]. Thirteen patients identified thus far harbor a missense mutation, and one 
patient harbors a deletion mutation (c.1315_1316delCA) [18]. Both mutations are found in the protein-
interacting domain of CTBP1 [16,19,20]. Interestingly, neither the CTBP1 homozygous mutation nor 
the CTBP2 mutation has been reported in humans, suggesting that these mutations may lead to 
perinatal or prenatal death [18].  

ABC Atlas 

Allen Institute’s Allen Brain Center (ABC) Atlas tool was used, and the “Neurons” dataset, 
which includes gene expression data of human brains organized using the t-SNE statistical method 
(a distinct cluster of data point on a t-distributed stochastic neighbor embedding), was selected 
(http://www.brain-map.org [21]). Among the many cell properties within the atlas, this paper 
specifically focused on the anatomical division and supercluster properties. The ABC Atlas 
categorizes all cells into 13 anatomical divisions: cerebral cortex, hippocampus, amygdaloid complex, 
extended amygdala, basal nuclei, claustrum, basal forebrain, thalamus, hypothalamus, midbrain, 
cerebellum, pons, myelencephalon, and the spinal cord. The dataset also categorizes all cells into 31 
superclusters, the broadest category, which further branches down to 461 clusters and 3313 
subclusters hierarchically. Each supercluster contains cells that share similar general transcriptional 
or functional characteristics and is named based on the grouping of similar cells. Many superclusters, 
such as the upper rhombic lip, include cells localized to specific brain regions, giving insight into 
their developmental history. The gene expression levels of CTBP1 and CTBP2 were predominantly 
shown in one particular t-SNE island, which was found by setting the value of Log2(CPM+1) above 
7.8. As each t-SNE island represents a supercluster, the upper rhombic lip predominantly contained 
cells highly expressing CTBP1 when compared to other superclusters. For the CtBP1-interacting 
protein coding genes (MECOM, RBBP8, KLF3, CTBP2, HDAC2, RCOR1, KDM1A, HDAC1, ZEB1, 
and ZNF1), all the cells expressing the gene of interest were enumerated from the URL supercluster 
and their respective anatomical regions.  

The ABC human brain atlas was used to map the expression of CTBP1 and the expression of its 
binding partners [21–23]. CtBP2 was also mapped as it can dimerize/oligomerize with CtBP1 [4,5]. 
Based on the ABC atlas, CtBPs are expressed in all regions of the brain; however, the highest 
expression is found in the upper rhombic lip (URL), which is the posterior section of the developing 
metencephalon found in vertebrate embryos. During the development of the brain, the URL gives 
rise to all cerebellar granule cells [24]. During embryonic development, the metencephalon develops 
into the cerebellum and pons [25]. The high levels of CtBP expression in the URL and its related brain 
regions reveal why HADDTS patients exhibit ataxia, hypotonia, and cerebellar atrophy, and 
expression in other areas suggests the importance of the corepressor CtBP in brain development and 
function.  
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Upper Rhombic Lip 

The highest CTBP1 gene expression is predominantly located in the upper rhombic lip 
(Log2(CPM+1) >7.8), which gives rise to the majority of the granule cells found in the cerebellum 
(Figure 1). The predominant relevance of the URL was underscored as HADDTS patients exhibit 
ataxia, hypotonia, and cerebellar atrophy. As CtBP1 can oligomerize with CtBP2 and both genes can 
function simultaneously, CTBP2 expression was found, which is also predominantly expressed in the 
URL (Log2(CPM+1) >7.8). Based on these results, this paper focused on the URL due to its relevance 
to HADDTS, which is caused by a heterozygous missense mutation in CTBP1[17]. 

 

CtBP1-Interacting Proteins 

Early neurodevelopment encompasses vital cellular processes such as neurogenesis, cell 
migration, differentiation, synaptogenesis, neuronal cell death, and synaptic rearrangement [11,25]. 
Neurodevelopment requires precise expression and orchestration of dynamic changes in gene 
expression to decide the fate of the developing cells. In a previously published paper, comparisons 
between the RNA-seq data of neurons derived from induced pluripotent stem cells of patients and 
normal donors revealed downregulation of gene networks involved in neurodevelopment, as well as 
synaptic adhesion [26].  

CtBP1, as a corepressor, interacts with chromatin-modifying enzymes and transcriptional factors 
and represses transcription.2 Most of the CtBP1 interacting proteins are characterized in cancer cells, 
and CtBP1 data on neurodevelopment is limited. Therefore, the STRING protein-protein interaction 
database was used to find 10 interacting proteins (Figure 2B). To find CtBP1-interacting proteins, the 
online database resource Search Tool was used for the Retrieval of Interacting Genes (STRING). 
STRING provides a uniquely comprehensive coverage and ease of access to experimental and 
predicted protein interactions [27]. CTBP1 was entered to display a graphical network of its 

 
Figure 1: ABC human brain atlas showing superclusters. Each supercluster contains cells that share similar 

transcriptional or functional characteristics and is named based on the grouping of similar cells.  A. ABC 

brain atlas showing the 31 superclusters. B. Distribution of cells expressing CTBP1. C. Distribution of cells 

highly expressing CTBP1 (>7.8 Log2(CPM+1)). Cells in the upper rhombic lip express the highest amount of 

CTBP1 and are marked with an arrow. Allen Human Brain Atlas [21], knowledge.brain-map.org 

01 Upper-layer intratelencephalic
02 Deep-layer intratelencephalic
03 Deep-layer near-projecting
04 Deep-layer corticothalamic and 6b
05 MGE interneuron
06 CGE interneuron
07 LAMP5-LHX6 and Chandelier
08 Miscellaneous
09 Hippocampal CA1-3
10 Hippocampal CA4
11 Hippocampal dentate gyrus

12 Amygdala excitatory
13 Medium spiny neuron
14 Eccentric medium spiny neuron
15 Splatter
16 Mammillary body
17 Thalamic excitatory
18 Midbrain-derived inhibitory
19 Upper rhombic lip
20 Cerebellar inhibitory
21 Lower rhombic lip
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interaction partners. Ten proteins that interact with CTBP1 were found, and their respective genes 
were chosen as candidates to assess their expression pattern in the URL.  

 

A 

B 

 
Figure 2: A. The percentage of cells expressing genes in the upper rhombic lip subdivided into anatomical 

regions is shown in the graph. Anatomical regions expressing cells one percent and above are represented 

in the graph. Only the midbrain, cerebellum, pons, and spinal cord exhibited a high percentage of expression, 

as shown in the graph. B. CtBP1 interacting proteins based on the STRING database. The network nodes 

represent proteins, and the edges represent predicted functional associations. An edge was drawn with 

different colored lines, and these lines represent the expected existing associations. A green line represents 

neighborhood evidence; a blue line represents co-occurrence evidence; a pink line represents experimental 

evidence; a light green line represents text mining evidence; a black line represents coexpression evidence. 
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CtBP1’s association with these interacting proteins suggests that their expression should 
correlate with CTBP1 expression in the URL supercluster. Cells expressing CTBP1 and its interacting 
genes that encode proteins in the URL were categorized into 13 anatomical regions(Table 1 and Figure 
2A). A total of 213,350 cells expressed CTBP1 in the URL, of which 96% are in the cerebellum; a total 
of 70,216 cells expressed CTBP2 in the URL, of which 69.2% are in the cerebellum. Even though most 
of the cells in the URL give rise to cerebellar cells, other brain region cells can also originate from the 
URL [24]. When the supercluster cells expressing genes are categorized into anatomical regions, the 
CtBP1 interacting protein-ding genes are highly expressed in the cerebellum and, to some extent, in 
the pons, myelencephalon, and midbrain (Table 1 and Figure 2B). In the cerebellum, the expression 
of CtBP1 corepressor binding protein-coding genes are as follows: MECOM (71.5%) > RBBP8 (70.4%) 
> KLF3(69.7%) > CTBP2 (69.2%) > HDAC2 (68.9%) > RCOR1 (68.8%) >  KDM1A (68.4%) > HDAC1 
(67.5%) > ZEB1 (67.4%) > ZNF217(66.2%). All ten genes are predominantly expressed in the URL and 
the cerebellum.  

 

CTBP2 

CTBP2 is highly expressed in the supercluster URL, and 69.2% of the cells expressing CTBP2 are 
located in the cerebellum (Figure 2A). Even though CtBP1 and CtBP2 execute shared functions as 
transcription regulators, they often play distinct roles in cellular function [1]. It has been shown that 
C-terminal binding protein interacting protein (CtIP, also called retinoblastoma binding B binding 
protein 8 (RBBP8)) assembles CtBP1 and CtBP2 heterodimers, histone deacetylase 1 (HDAC1), and 
two subunits of the activating protein 1 transcription factor (AP1). This assembled repressor complex 
suppresses genes involved in DNA damage, such as MutL homolog 1 (MLH1), MutS homolog 3 
(MSH3), breast cancer type 1 (BRCA1), and cyclin-dependent kinase inhibitor 1A (CDKN1A) by 
binding to their promoter region in the osteosarcoma [28]. This suggests that in certain instances, 
heterodimers formed by CTBP1 and CTBP2 play critical roles in regulating gene suppression [5,28]. 
The cerebellum is vulnerable to oxidative DNA damage due to its high level of oxidative metabolism 
[29,30]. DNA damage needs to be repaired to keep the neuron functional; otherwise, it can lead to 
neuron dysfunction and apoptotic cell death [29,30]. A defective DNA damage repair system can 
result in a multitude of human syndromes that feature pronounced neuropathology. Spinocerebellar 
ataxia is associated with axonal neuropathy (SCAN1), and ataxia is associated with oculomotor 
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apraxia (AOA1) where defects occur in the single-strand break repair (SSBR) and exhibit ataxia linked 
to cerebellar degeneration and neuropathy [30]. A mouse model with inactivation of Xrcc1, a repair 
factor involved in DNA single-strand break, led to profound neuropathy characterized by loss of 
cerebellar interneuron [31]. Based on the high expression patterns of CTBP1 and CTBP2 in the URL, 
and especially in the cerebellum where high oxidative metabolism can lead to DNA damage, one 
could predict that CtBPs may play an important role in maintaining genomic integrity in the 
cerebellum  

RCOR1 

The Corepressor of the Repressor Element-1 Silencing Transcription (CoREST) protein is 
encoded by the RCOR1 gene. RCOR1 is highly expressed in the supercluster URL and 68.8% of the 
cells in the cerebellum express this gene (Figure 2). The RE1 silencing transcription factor (REST) 
cooperates with CoREST and silences neuron-specific genes in non-neuronal cells [32]. CoREST forms 
a multi-subunit complex with lysine-specific demethylase (LSD1) and modifies nucleosomes by 
deacetylation and demethylation, thereby repressing transcription [32]. Depending upon cell context, 
several core subunits have been identified with CoREST, which include LSD1, HDAC1, HDAC2, 
CtBP1, ZNF217, BHC80, and BRAF35. CoREST binds to the SIRT1-LSD1-CtBP1 complex and 
represses Notch target genes [33]. Notch signaling plays a critical role in neurodevelopment, mainly 
by regulating the balance of neural progenitor cells and their differentiation into neurons and glial 
cells [33]. 

HDAC1 and HDCA2 

HDAC1 and HDAC2 (HDAC1/2) are highly related histone deacetylases that form the catalytic 
core of multiple co-repressor complexes. The PLDLS-binding cleft region in CtBP1 functions as the 
primary recruitment center for DNA-binding factors and the core and auxiliary enzymatic 
constituents of the CtBP1 corepressor complex, including HDAC1/2 and CoREST/LSD1. This shows 
that the functions of HDAC1/2 are extensively linked to the repression activity of CtBP1[28]. Both are 
highly expressed in the URL and the cerebellum; 67.5% of the cells expressing HDAC1 and 68.9% of 
the cells expressing HDAC2 are located in the cerebellum (Figure 2A).  

ZEB1 

In cancer metastasis, the epithelial-mesenchymal transition is regulated by Zinc-finger E-box 
binding homeobox 1 (ZEB1). ZEB1 binds to the promoter region and recruits CtBP1, thereby 
repressing gene expression [2]. The ZEB1 expression is highest in the pons, followed by the 
myelencephalon and the cerebellum (Table 1 & Figure 2). During cancer metastasis, ZEB1 forms a 
complex with CtBP1, which is transported to the nucleus and suppresses epithelial genes, resulting 
in cell migration, invasion, and tumor progression. Mutation in ZEB1 is associated with defective 
brain development [34]. Interactions between ZEB1 and CtBP2 in the mouse embryonic cerebral 
cortex are required for ZEB1 to elicit its effect on multipolar-to-bipolar transition, which is crucial for 
proper neural functioning during cortical development [34]. The ZEB1 protein level decreases during 
differentiation and is undetectable in neurons, suggesting that timed repression is critical in 
controlling the transition from the progenitor stage to the differentiated stage [34]. 

RBBP8 

Retinoblastoma binding B binding protein 8 (RBBP8), also known as CtBP-interacting protein 
(CtIP), acts as an adaptor protein, thereby allowing the association of CtBP1 with another 
transcriptional factor. RBBP8 is highly expressed in the supercluster URL, and 70.4% of the cells in 
the cerebellum express this gene (Figure 2A). RBBP8 plays multiple roles apart from forming the 
transcriptional repression complex [28]. It is involved in initiating DNA-end resection of double-
strand breaks (DSB) during homologous recombination, thereby maintaining genomic integrity It is 
also involved in damage checkpoint signaling and replication fork protection pathways [28]. As a 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 March 2025 doi:10.20944/preprints202503.0508.v1

https://doi.org/10.20944/preprints202503.0508.v1


 7 of 11 

 

multifunctional protein, RBBP8 may carry out other functions apart from being part of the 
transcriptional repression complex. 

KLF3 

The KLF (Krüppel-like factor) family of sequence-specific DNA-binding proteins binds GC-rich 
regions and related CAC sequences in the DNA [35]. KLF3 is one of 17 members of the KLF family. 
KLF3 is highly expressed in the supercluster URL, and 69.7% of the cells in the cerebellum express 
KFL3 (Figure 2A). KLF family members regulate cellular processes such as cell proliferation and 
differentiation, allowing for cell survival [35]. In KLF3, the N-terminal consensus motif, PVALS/T, is 
shown to interact with CtBPs and cause transcriptional suppression [35]. KLF 3 interacts with CtBP1 
and regulates adipogenesis, erythropoiesis, and B cell development [35]. The expression of KLF3 in 
the URL suggests that it may be involved in neurodevelopment. 

KDM1A 

Lysine-specific histone demethylase 1A (LSD1), also known as lysine (K) specific demethylase 
1A (KDM1A), is encoded by the KDM1A gene [36]. KDM1A is highly expressed in the supercluster 
URL, and 68.4% of the cells in the cerebellum express this gene (Figure 2A). KDM1A demethylates 
mono and dimethylated lysines, specifically histone 3 lysine 4 (H3K4me) [36]. KDM1A interacts with 
the orphan hormone receptor and regulates neural stem cell proliferation and differentiation [36]. 
This demethylase was first identified to be a part of the CtBP1 corepressor complex. KDM1A 
downregulates notch pathway genes, namely JAG2, ASMA12, PSEN2, HES6, TLE1, and CDKN1A, 
playing a critical role in neurogenesis [36,37]. 

MECOM 

The MDS1 and EVI1 complex locus (MECOM), also known as ectopic virus integration site 1 
protein homolog (EVI-1) or positive regulatory domain zinc finger protein 3 (PRDM3) gene, encodes 
a protein that can act as an oncoprotein and a transcriptional regulator [38]. It is highly expressed in 
the supercluster URL, and 71.5% of the cells in the cerebellum express this gene (Figure 2A). EVI1 
interacts with other transcription factors in a context-dependent manner, regulates chromatin 
remodeling, and is involved in the differentiation of the nervous system and hematopoiesis. 
Overexpression of this oncogene, EVI1, has been associated with several types of cancers such as 
breast, lung, ovarian, and prostate cancer [38]. CtBP1 has been shown to interact with MECOM/EVI1 
and repress growth factor beta signaling (TGF-beta) [39]. TGF-beta signaling plays an important role 
in both embryonic and adult signaling, providing tissue-specific control of differentiation, 
proliferation, and cell-specific or tissue-specific motility [39]. By interacting with CtBP1, MECOM 
represses target gene expression in stem cells and neurons.  

ZNF217 

Zinc finger 217 (ZNF217) codes for an oncogenic protein, and its expression is frequently 
amplified in tumors [40]. ZNF217 is highly expressed in the supercluster URL, and 66.2% of the cells 
in the cerebellum express this gene (Figure 2A). It is also found in the corepressor complex CtBP1-
CoREST-HDAC and other repressor protein complexes [41]. ZNF217 is involved in the self-renewal 
and maintenance of stem cells and inhibits differentiation [42]. 

CtBP1-Interacting Proteins and the Upper Rhombic Lip 

Brain development involves finely tuned transcriptional regulation of genes, and the expression 
of these genes in the appropriate time and space is critical [13]. Animal studies have provided 
evidence of the role of corepressor CtBP1 in neurodevelopment [8,11,13]. CtBP1 has been shown to 
have a dual function in neurons, acting as a transcriptional co-repressor in the nucleus and a regulator 
of membrane fission in the cytoplasm [3,7]. Recently, the establishment of the link between the CTBP1 
missense mutation in heterozygous conditions and HADDTS suggested that CtBP1 could be an 
important corepressor during neurodevelopment [26]. Allen's ABC human brain atlas revealed that 
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the URL is the predominant supercluster expressing CTBP1. As HADDTS patients exhibit hypotonia, 
ataxia, and cerebellum atrophy and the URL gives rise to the majority of the cerebellar granule cells, 
the paper focused on the URL supercluster and expression patterns in 13 anatomical regions were 
analyzed. CTBP1 and the associated proteins are highly expressed in the cerebellum, suggesting they 
play a critical role in cerebellar development and function. There may be other transcriptional factors 
and histone-modifying enzymes that may be part of the CtBP1 corepressor complex. As most of the 
URL gives rise to cerebellar granule cells, one can study the role of CtBP1 by understanding the 
development and function of these cells. Western blot and immunohistochemistry data from mice 
have recently shown that CtBP1 is expressed in the central nervous system throughout development 
[43]. At postnatal day 30, CtBP1 is expressed in the nucleus and cytoplasm of Purkinje cells, the 
nucleus of the granule cells, and cells in the molecular layer [43].  

CtBP1 also functions as a metabolic sensor. In the presence of NADH, it dimerizes and functions 
as a transcriptional repressor [4]. CtBP1 binds with NADH and forms a dimer, which represses 
transcription [4]. Therefore, the form of CtBP1 as a monomer or dimer is dependent on the ratio of 
NADH/NAD+ [4].  

HADDTS patients harbor a heterozygous mutation in CTBP1; the pathogenic allele will encode 
a mutant protein (m), and the wild-type allele will encode a normal functional monomeric protein 
(wt). Therefore, the functional dimeric form of the repressor complex can be composed of two 
monomeric mutant proteins (m-m), a mutant and a wild-type monomeric protein (m-wt), and two 
wild-type monomeric proteins (wt-wt). A transcriptome analysis of neurons derived from induced 
pluripotent cells of HADDTS patients revealed that the majority of the genes are downregulated [26]. 
One could hypothesize that CtBP dimers formed by mutant proteins alone (m-m) or a mutant and 
wild-type protein (m-wt) can dysregulate transcription, thereby affecting the cerebellum’s function. 
Studies suggest that apart from its role in motor function, the cerebellum can be linked to a range of 
cognitive and emotional functions [44,45]. 

Analysis of Allen’s ABC brain atlas data indicated that the greatest number of CTBP1 expressing 
cells were found in the upper rhombic lip supercluster, which was further categorized into 13 
anatomical regions. CTBP1 and its associated partner proteins are highly expressed in the URL and 
the cerebellum, based on Allen’s ABC atlas. An immunohistochemistry study of the postnatal day 30 
mouse cerebellum shows that CtBP1 is predominantly expressed in the nucleus of the granule cells 
[43]. As CTBP1 is highly expressed in the URL and in the mouse cerebellum [43], the CtBP1 plays a 
critical role in cerebellum development and function. The pathological symptoms in HADDTS 
patients could be due to the formation of m-m and wt-m dimeric protein and their effect(s) on CtBP1’s 
function [17]. 

Although CTBP1 is highly expressed in the cerebellum and can possibly lead to the phenotypic 
attributes in HADDTS patients, CtBP1 is also involved in other cellular pathways and functions 
besides transcriptional corepression. For instance, CtBP1 is involved in presynapsis by direct 
interaction with the active zone scaffolding proteins Bassoon and Piccolo [46]. Based on the neuronal 
activity requirement, CtBP1 can shuttle between the nucleus as a corepressor complex and to the 
cytoplasm for presynapsis [46].   CTBP1 expression is also widespread in other regions of the brain 
besides the cerebellum, implying that it is also involved in other cerebral functions. This review 
focused on understanding how HADDT syndrome is caused by the CTBP1 missense mutation in 
heterozygous conditions by using Allen’s ABC atlas [21]. The atlas identified expression levels of 
CTBP1 and its associated chromosomal modifying proteins in the brain regions. Based on this review, 
the highest expression of CTBP1 was localized to the cerebellum, and the mutation can cause 
dysfunction of CtBP1, specifically in the granule cells in the cerebellum. This finding allows future 
experiments to focus on understanding CtBP1’s role in cerebellar granule cells. 
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