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Abstract: DREAM (downstream regulatory element antagonist modulator), Calsenilin and KChIP3 (potassium channel interacting
protein 3) belong to the neuronal calcium sensor (NCS) superfamily, which transduces the intracellular calcium signaling into a vari-
ety of activities. They are encoded by the same gene locus, but have distinct subcellular locations. DREAM was first found to interact
with DRE (downstream regulatory element) site in the vicinity of the promoter of prodynorphin gene to suppress gene transcription.
Calcium can disassemble this interaction by binding reversibly to DREAM protein on its four EF-hand motifs. Apart from having
calcium dependent DRE site binding, DREAM can also interact with other transcription factors, such as cCAMP responsive element
binding protein (CREB), CREB-binding protein (CBP) and cAMP responsive element modulator (CREM), by this concerted actions,
DREAM extends the gene pool under its control. DREAM is predominantly expressed in central nervous system with its highest level
in cerebellum, and accumulating evidence demonstrated that DREAM might play important roles in pain sensitivity. Novel findings
have shown that DREAM is also involved in learning and memory processes, Alzheimer’s disease and stroke. This mini-review
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provides a brief introduction of its discovery history and protein structure properties, focusing on the mechanism of DREAM nuclear

translocation and gene transcription regulation functions.

Key words: DREAM; transcriptional regulation; pain; DRE site; calcium signal
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Fig. 1. Primary structure of DREAM protein. The full length of DREAM has 256 amino acid residues. N terminal of the protein (1-65
AA, yellow portion) is highly variable, in which most post-translational modification site located (flower marker); sumoylation is
necessary for DREAM nuclear translocation; while lipidation and phosphorylation (flower marker) will facilitate DREAM functions
outside nucleus; calmodulin interacts with DREAM through this N terminal region. C terminal of the protein (green portion) is highly
homologous to other members of neuronal calcium sensor (NCS) proteins; it has four EF-hand motifs (blue portion) which bind Ca**
or/and Mg® with varying affinity. Upon the binding with calcium, DREAM would adapt a reversible conformational change to fulfill
its transcriptional regulatory function. The LCD is leucine residue-rich domain critical for DREAM-CREM interaction.
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Fig. 2. Schematic diagram of mechanism by which DREAM carries on its transcriptional regulatory functions. Binding of tetramer
DREAM on the DRE site on gene represses gene transcription; the repression is released upon elevated intracellular level of Ca** due
to the conformational changes happened to the Ca®* binding DREAM; the interaction between DREAM and phosphorylated CREM
also disassembles the DREAM association with DRE. Phospho-CREB dependent activation through cAMP signaling cascade are
also indicated. Additional transcriptional effects of the DREAM related co-factors are shown. Abbreviations: NMDAR: N-methyl-D-
aspartate receptor; L-VGCC: L-type voltage gated calcium channel; AC: adenylyl cyclase; PKA: protein kinase A; CaM: Calmodulin;
CaMK: Ca**/calmodulin-dependent protein kinase; CREM: cAMP responsive element modulator; CREB: cAMP response element
binding protein; CBP: CREB-binding protein; NFAT: nuclear factor of activated T-cells; TORC: transducer of regulated CREB activity;

MEF-2: myocyte enhancer factor-2.
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%1. DREAM% &% 8

Table 1. Proteins interacting with DREAM

Proteins Functions References
AP-2 complex subunit a-1 Protein transportation (241
Na'/K*-transporting ATPase subunit a-1 Na'/K" exchanger [
Active breakpoint cluster region-related protein GTPase-activating protein (241
Glycogen phosphorylase, brain form Glycogen metabolic reactions 24
Matrin-3 Nuclear matrix protein, maintain the stability of mMRNA structure !
Trifunctional enzyme subunit, mitochondrial Beta oxidation of fatty acids 1
Ubiquilin-4 Regulates proteasomal protein degradation (241
t-complex protein-1 subunit 3 Protein folding 1
1,25-dihydroxyvitamin D, 24-hydroxylase Synthesis of vitamin D (2]
Isocitrate dehydrogenase Energy metabolism 1
NAD subunit a NAD-dependent deacetylase sirtuin 2 Myelination, activation of microglia and inflammatory reaction (2]
ATPase ASNA 1 Insulin secretion, vesicular transport and apoptosis 24
Anionic trypsin-1 Metal binding (241
Cofilin-1 Actin assembly 24
GTPase Nras GTP dependent small molecule protein, related to cell cycle, (241

actin assembly, intracellular transportation
Transcription elongation factor B polypeptide 2 Gene transcription [P
Reticulon-1 May be involved in neuroendocrine secretion or in membrane 24,621

trafficking in neuroendocrine cells ER protein
Hippocalcin NCS family [24.63]
Neurocalcin-§ NCS family (24,64

Hippocalcin-like protein 4
Calmodulin

Visinin-like protein 1

Complement C3

40 S ribosomal protein S18

Calcineurin subunit § type 1
Contactin-1

Ras-related protein Rab-3C

Ras-related protein Rab-11B
Ras-related protein Rab-14

Ras-related protein Rab-6A

Ras-related protein Rab-4B

Ras-related protein Rab-2A

Ras-related protein Rab-7A

Ras-related protein Rab-1A

Ras-related protein Rab-10
Transforming protein RhoA

Ras-related C3 botulinum toxin substrate 1
Rho-related GTP-binding protein Rho G
Cell division control protein 42 homolog
Ras-related protein Rap-1A

ATP synthase subunit B

Mitochondrial fission 1 protein
Peroxiredoxin-2

CLN3

NMDAR

PI3K classlp

NCS, may be involved in calcium-dependent regulation of
rhodopsin phosphorylation

Calcium-binding protein is an important member of the
calcium signaling pathway

NCS

Complement system, involved in innate immunity
Substrate of Caspase-3 and -7, Unknown function
Subunit of calcineurin

Membrane protein, cell adhesion molecule

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase, GTP hydrolase

Small GTPase), GTP hydrolase

Small GTPase, GTP hydrolase

Cytoskeleton regulation

Small GTPase, GTP hydrolase

GTP binding enzyme

Small GTPase, GTP hydrolase

Ras-related protein

ATP-synthesizing enzyme subunit B

ARCosome composition, promote mitochondrial fission
Antioxidative protein

Lysosomal function

Glutamate receptor and ion channel protein

Involved in integrin-mediated platelet aggregation and fibrin
clot formation

[24]

[24]

[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24]
[24, 65]
[66]
[67]

[56]
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Table 2. Target genes regulated by DREAM via DRE binding
Target genes Functions References
Pdyn Pain regulation =01
Hrk Participate in hematopoietic progenitor cell apoptosis (€]
Gfap Cytoskeleton 150l

Ncx3, Mid 1, Cacnalc

Fra-2, Crem, Aanat

Fos, Npas4, Nrdal, Mef2c, Junb
11-2, 11-4, Ifng

GnRH

Calcium homeostasis

Circadian rhythm

Transcriptional regulation
Inflammatory factors

Regulate pituitary function

Bdnf Neurotrophin family of growth factors

[44]
3]
[25]
[59]
o]

[71]

GCM1 Regulates differentiation of placental cytotrophoblasts 2
Cantl Protein folding and degradation el
Tg Regulate thyroid function 4
A20 Involved in lung inflammatory response =
KIf9 Regulate lymphocyte proliferation [l
PAX6, NRG1 Regulate the differentiation of human embryonic stem cells 1561

73§t daDREAM 5 R /N B /I8 i 41 23 vh Rk AR AL Y
BB, AR EGE I 115 50 E 10 AR, Hof
— AR Midl (R TR, SFEUMKA R
SRR IR Y IERAE IR R = X
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