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Transcriptional Regulation of The Alzheimer’s
Disease-related Gene, Nicastrin
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Abstract The gamma-secretase complex mediates the final cleavage of APP to generate the principal component of amyloid plaques
in the brains of Alzheimer’s disease patients. Four integral membrane proteins (PS, NCT, PEN-2 and APH-1) are essential and
sufficient for gamma-secretase activity. To identify the promoter of human nicastrin gene (NCT ), its 5’ -flanking region has been
characterized and a 270 bp fragment containing the TSS(transcription start site) for the promoter activity has been identified. EMSA
assays confirmed that all four AP-1 binding sites and two NFAT sites in the NCT promoter region were able to bind relative
transcription factors in vitro. Mutations, as well as treatment with PDTC, which adjust the regulatory effect of AP-1 and NFAT, altered
NCT promoter activity in both HeLa cells and rat cortical neurons. The results demonstrated that AP-1 and NFAT are involved in the
regulation of hVCT transcription and suggest that balanced activation of AP-1 and NFAT ensures a strict temporal and tissue-specific

control of NCT transcription.
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Alzheimer’s disease (AD), the most common

form of senile dementia, is characterized
neuropathologically by extensive neuronal loss and the
presence of neurofibrillary tangles and senile plaques
in the brain. Gamma-secretase has been implicated in
the development of AD because of its role in the
cleavage of amyloid precursor protein (APP) and the
production of AR peptide, the main constituent of
amyloid plaques. Besides APP, an increasing number
of +-secretase substrates have been identified,
including Notch, E-cadherin, ErbB4 , nectin-1, CD44,
lipoprotein receptor related protein (LRP), N-cadherin,
sterol regulatory element-binding protein (SREBP),
interferon response element (IRE1), and activated
6 (ATF-6), thus

v-secretase in many normal cellular processing events.

transcription  factor implicating
Gamma-secretase is a high-molecular-weight complex.
The following four different integral membrane
proteins are essential and sufficient for ~y-secretase
activity: presenilin (PS, including PS1 and PS2),
nicastrin, anterior pharynx defective (APH)-1, and
presenilin enhancer (PEN)-2. Overexpression and
expression knockdown studies have provided strong

evidence that these proteins synergistically regulate

each other in several different ways, including the level
of protein, maturation, transportation, degradation,
conformational alteration, and endoproteolysis.
Nicastrin (NCT) is a type-1
protein that undergoes glycosylation and sialylation

transmembrane

within the secretory pathway to yield a mature ~ 150 ku
protein, the largest and only glycosylated component
of the y-secretase complex!" ™. NCT has been shown
to play a critical role in +y-secretase activity, as
inhibition of NCT function in vitro and in vivo results
in a complete loss of APP and Notch cleavage * .
Further analysis has confirmed that NCT may function
as the substrate acceptor of y-secretase!”. In addition,
the identified endogenous negative regulators of
v-secretase activity, ERK1/2 and Rerlp, have been
confirmed to bind to and work through NCT® )., These
data demonstrate that NCT is essential for the
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v-secretase complex and that NCT has both positive
and negative functions in the regulation of y-secretase
activity. Notably, knocking out NCT in mice results in
patterning defects that resemble, but are not identical
to those of PS!" or APH-1"" null embryos, implying
that NCT may possess some unique physiologic
functions, in addition to -y-secretase activity!> P To
further our understanding of NCT, we identified and
characterized the promoter region of NCT and
demonstrated that transcription factor (TF) AP-1 and
NFAT may play a role in regulating NCT transcription.

1 Materials and methods

1.1 Cell culture

HeLa cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% FBS.
Primary rat neuronal cultures were derived from the
cerebral cortices of embryonic day 17 ~ 19 Sprague-
Dawley rat embryos and cultured in serum-free
Neurobasal TM-A Medium (Invitrogen, Carlsbad, CA,
USA) with B-27 supplement (Invitrogen) ™. All cells
were maintained at 37°C in an incubator containing
5% CO,. For induction, 32 h after transfection, rat
cortical neurons and HeLa cells were treated with 100
or 150 wmol/L of pyrrolidine dithiocarbamate (PDTC;
Sigma Chemical Co., St. Louis, MO, USA),
respectively, for 4 h.
1.2 5’-Rapid amplification of cDNA ends(RACE)
and primer extension analysis

Total RNA was extracted from fresh healthy
human fetal brain with Trizol reagent (Gibco).
5'-RACE was performed using the 5’-Full RACE Core
Set kit (TaKaRa) with 5 g total RNA as the starting
material. Primer RT (5" pATCTTCCTCTCC 3’) was
used for synthesis of 5" -RACE cDNA. Primer

sequences for 5’ -RACE reactions were: S (NCT)1
(5" ACGGCAGGGGGTGGCTCGGGGCTG 3'),
S(NCT)2(5" TCTCCTTCGCCTTCTGTCTTTCTGC 3'),
A(NCT)1 (5" ACCCCCTGCCGTAGCCATCTTG 3")
and A(NCT)2(5' CCTCTCTGCTGAGCGGAAGCCC-
CC 3’). They were located in the known sharing
5" flanking sequence and the first 2 codon region of all
hNCT gene splice forms, respectively. All primer-
binding sites are shown schematically in Figure la.
The PCR products were cloned into pGEM-T vector
(Promega) and sequenced with primer T7 and SP6.
Primer Extension analysis was done using a Primer
Extension System AMYV Reverse Transcriptase kit
(Promega). 10 pmol of the 30-mer PE primer, 5" ACC-
CCCTGCCGTAGCCATCTTG 3’, complementary to
nt -4 to 18 with respect to ATG was end-labeled with
1 wl of [y-*P] ATP (1.11x10" Bg/mol, 3.7x10" Bq/L,
Amersham Pharmacia Biotech) using T4 polynucleotide
kinase. Then, 5 g of total RNA from fresh human
fetal brain was hybridized with 30 000 cpm of the
labeled primer in a total volume of 11 pl, according to

the manual.
1.3 Cloning of the NCT promoter, construction
of luciferase reporter plasmids, and site-directed
mutagenesis

PCR was performed to amplify the 5’ -flanking
regions of the NCT gene by using human peripheral
blood lymphocyte genomic DNA as a template. The
primers used to generate different promoter deletion
plasmids were as follows (Table 1). Miu I and Bgl Il
restriction sites were contained in the primers so that
the resulting PCR-amplified fragments could be cloned
into the multicloning sites upstream of the luciferase
reporter gene in the pGL3-enhancer expression vector
(Promega).

Table 1 Primers used for promoter-reporter plasmids construction

Vector Upper primer Lower primer

pGL3-E1768 5" cgacgcgtCCCATTTTGCACACAGGCTGCTATC 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E1343 5’ cgacgegt ATTCACACATTGATAACAACCTCC 3/ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E1226 5’ cgacgcgt AGATGAGGAAATACAGACTTAGAG 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E1025 5’ cgacgegt TCTAACGTTCTGAGGCTAATACTG 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E786 5’ cgacgcgt TTATAAGCCTCAAGTACTATTTCC 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E749 5’ cgacgcgt TTATAAGCCTCAAGTACTATTTCC 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E597 5’ cgacgegtCCCATTTTGCACACAGGCTGCTATC 3’ 5’ gaagatct ACAAGCTGTGACTTGGATGACTTAC 3’
pGL3-E420 5’ gegacgegt ACCGCTAGCCAGGCCCAACCTCTC 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E355 5" cgacgcgt ATTTCGACCAACACCTCTACC 3’ 5’ gaagatct CCTCTCTGCTGAGCGGAAGCCCCC 3’
pGL3-E270 5’ cgacgegt ATTTCGACCAACACCTCTACC 3’ 5’ gggagatct AGCCTAAGAGACCGGAAGTTCGTG 3’
pGL3-E237 5" cgacgcgt ATTTCGACCAACACCTCTACC 3’ 5’ gegagatct ACCGCGGGAGAGGGTCGCTGACG 3’
pGL3-E196 5’ cgacgegt ATTTCGACCAACACCTCTACC 3’ 5’ gaagatct TCCGAAGGGCAGCAGGGTG 3’

The catalytic sites of the restriction enzyme are underlined. The additional arbitrary sequences are in lowercase.
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Site-directed mutations were integrated into the
NCT promoter fragments E420 by overlapping PCR
and the mutated fragments were then cloned into the
pGL3-basic expression vector (Promega). To generate

these mutants, two end primers were used in
combination with various primers with mutations
(Table 2).

Table 2 Primers used for site-directed mutagenesis

Luc vector Name

Primer

pGL3-Bm( ATF6+HIF) ATF+HIF-fmut

pGL3-Bm( AP1-1) Apl- rmutl
pGL3-Bm( AP1-2) Apl-rmut2
pGL3-Bm( AP1-3) Apl-fmut3
pGL3-Bm( AP1-4) Apl-fmut4
pGL3-Bm( AP4-1) Ap4-fmut
pGL3-Bm( AP4-2) Ap4-fmut2
pGL3-Bm( NFAT-1) NFAT- fmutl
pGL3-Bm( NFAT-2) NFAT- fmut2
pGL3-Bm( TCF/LEF) TCF/LEF-mul
pGL3-Bm( AP1-3+AP1-4) Apl-fmut3
Apl-fmut4
pGL3-Bm( AP1-3+NFAT-1) Apl-fmut3
NFAT- fmutl
pGL3-Bm( AP1-4+NFAT-2) Apl-fmut4
NFAT- fmut2
pGL3-Bm( NFAT-1+NFAT-2) NFAT- fmutl
NFAT- fmut2
pGL3-Bm(AP4-1+AP4-2) Ap4-fmut
Ap4-fmut2

5" TGCCCTTCGGACGCCTCAACATCAGCGACCCTCTCCCGC

5" TGGATGTCAGGAGCGGCGCGTACACCGGGGAAGAGAAAATG
5" AACATGGAGGTTGGATGTACGGAGCGGCGCTGACACCG

5" TGCCCTTCGGA GCCTCCACGTACGCGACCCTCTCCCG

5" TCCGGGCCACAGAGACGGTGTACGTGGTAGCCTAGAGAGG
5" ATGTCTTAATCCGAGCCCCGACACACCCTACTACCC

5" AACGGGGGCTTCCGCTTAGTAGAGAGGCAAGATGGC

5" TCTCCCGCGGTTGAGGGAAGCGCCTGGAAACACGAAC

5" AGCGCCTCTCAACACGAACTTCCGGTCTCTTAG

5" AGACCAAGAGCGCGCGGGCTGAAGGTAGTGGAGAATAAAAG
5" TGCCCTTCGGACGCCTCCACGTACGCGACCCTCTCCCG

5" TCCGGGCCACAGAGACGGTGTACGTGGTAGCCTAGAGAGG
5" TGCCCTTCGGA GCCTCCACGTACGCGACCCTCTCCCG

5" TCTCCCGCGGTTGAGGGAAGCGCCTGGAAACACGAAC

5" TCCGGGCCACAGAGACGGTGTACGTGGTAGCCTAGAGAGG
5" AGCGCCTCTCAACACGAACTTCCGGTCTCTTAG

5" TCTCCCGCGGTTGAGGGAAGCGCCTGGAAACACGAAC

5" AGCGCCTCTCAACACGAACTTCCGGTCTCTTAG

5" ATGTCTTAATCCGAGCCCCGACACACCCTACTACCC

5" AACGGGGGCTTCCGCTTAGTAGAGAGGCAAGATGGC

Letters in shadows are mutated.

1.4 Transient transfection and reporter gene
assays

Transient transfections were carried out using
Lipofectamine 2000 (Invitrogen), following the

manufacturer’s instructions. To normalize the
different transfection efficiencies of various luciferase
constructs, the phRL-SV40 plasmid containing the
Renilla Luciferase gene was co-transfected into the
cells in a molar ratio of 1 : 50 (phRL-SV40 : pGL3).
Luciferase activity was assayed 24 h after transfection
of the constructs. Cell extracts were prepared by lysing
the cells with freshly diluted 1 x passive lysis buffer
(Promega) and assayed for firefly luciferase activity
and Renilla luciferase  activity = with  the
Dual-Luciferase® Reporter (DLR™) Assay System
(Promega),
recommendations. The enzymatic activity of the

according to the manufacturer’s
individual samples was measured twice.
1.5 Statistical analysis
Student’s ¢-test was used. The results are
expressed as the x + s. For all tests, P < 0.05 was
considered significant (* ).
1.6 Electrophoretic mobility shift assay (EMSA)
Fresh, healthy human fetal brain nuclear extracts

were prepared nuclear extract kit
(Activemotif). sense  and
oligonucleotides (Table 3) were used as probes in

gel-shift and super-shift assays. Oligonucleotides were

using a

Synthetic antisense

annealed with their respective reverse complements to
generate double-stranded oligonucleotides, then were
labeled at the 5’ end by T4 polynucleotide kinase with
[y-**P] ATP and purified on Microspin G-25 columns
(Amersham Biosciences). 15 ug of fresh, healthy
human fetal brain nuclear extracts in a 9 pl final
volume of 1x EMSA binding buffer (Promega), with
or without competitor oligonucleotides, were
incubated at room temperature for 20 min, after which
the probes (2 x10*~3 x10* cpm) were added and the
reactions were allowed to incubate at room
temperature for a further 30 min. Competition binding
assays were performed by the addition of excessive
non-radioactive specific or non-specific competitor
oligonucleotides. The samples were resolved by 4%
non-denaturing polyacrylamide gel electrophoresis
(PAGE) in 0.5xTBE (44.5 mmol/L Tris, 44.5 mmol/L
boric acid, and 1 mmol/L EDTA pH 8.3) buffer and
visualized by autoradiography by exposure to X-ray

film at -70°C.
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Table 3 Nucleotide sequences of oligonucleotide probes used in EMSA

Oligonucleotides Nucleotide sequences

AP1 5" CGCTTGATGAGTCAGCCGGAA 3’

AP1-WI12 5" CTTCCCCGGTGTCAGCGCCGCTCCTGACATCCAACCTC 3’
AP1-M1 5" CTTCCCCGGTGTacGCGCCGCTCCTGACATCCAACCTC 3’
AP1-M2 5" CTTCCCCGGTGTCAGCGCCGCTCCgtACATCCAACCTC 3’
AP1-M12 5" CTTCCCCGGTGTacGCGCCGCTCCgtACATCCAACCTC 3’
AP1-W3 5" CCCTTCGGACGCCTCCACGTCAGCGACCCTCTCCCGCG 3
AP1-M3 5" CCCTTCGGACGCCTCCACGTacGCGACCCTCTCCCGCG 3’
AP1-W4 5" CCGGGCCACAGAGACGGTGTCAGTGGTAGCCTAGAGAG 3’
AP1-M4 5" CCGGGCCACAGAGACGGTGTacGTGGTAGCCTAGAGAG 3’
NFAT 5" TAGCTATGGAAACTCTATA 3’

NFAT-W12 5" CTCCCGCGGTTTCCGGAAGCGCCTGGAAACACGAACTT 3’
NFAT-MI 5" CTCCCGCGGTTgagGGAAGCGCCTGGAAACACGAACTT 3’
NFAT-M2 5" CTCCCGCGGTTTCCGGAAGCGCCTctcAACACGAACTT 3’
NFAT-M12 5" CTCCCGCGGTTgagGGAAGCGCCTctceAACACGAACTT 3’
NFAT+API 5" TCGACAAAAGGCGGAAAGAAACAGTCATTTC 3’

TCF/LEF 5" GATCTAGGGCACCCTTTGAAGCTCT 3’

ATF6 5" CTCGAGACAGGTGCTGACGTGGCATTC 3’
W: Wildtype; M: Mutant; Sequence without W and M are the classic binding oligonucleotide probes.
Letters in shadows are core nucleotide bases for the binding sites; letters in lower case are mutated.

2  Results convenience (Figure 2b). Compared with the empty

2.1 Identification of the transcriptional start site
by 5'-RACE and primer extension analysis

Sequence analysis of the 5’ -RACE products
mapped the transcriptional start site at positions nt-14
relative to the initiating ATG of NM-015331(Figure 1b).
The result was confirmed by primer extension analysis
(Figure 1c). Taken together, these experimental
approaches  identified a  NM-015331-specific
transcriptional start site at nt-14 as the main
transcriptional start site of NCT in human fetal brain.
2.2 Promoter analysis of the NCT gene

To study the transcriptional regulation of NCT,
we analyzed the genomic DNA sequence of NCT by
using multiple promoter prediction software. The
suggested that
promoter regions are located within 1 800 bp upstream

prediction results two potential
of ATG. To investigate the functional relevance of the
in silico identified promoter sequences, we performed
functional experiments by cloning a series of DNA
fragments containing 5’ upstream sequences of the
NCT gene and inserting them into a luciferase reporter
gene construct (Figure 2b). Considering that NCT
shows an extensive expression pattern and the main
pathologic changes of AD occur in the brain, we
examined NCT promoter-reporter constructs in
primary rat neurons, which are likely to provide the
most similar circumstances to the human brain. In

addition, we used Hela cells as a control for

vector, the basal promoter of NCT is located at

(a) S(NCT)2 RT
S(/VC7‘)1|_.|—' 2
{ [ET} { E2 |
J‘_‘A(NCT)I
A(NCT)2
(b)
Translate MT-AGCAGAGAGGCAAGATGCTACGG(
AL445230 | ctclagcagagaggcaagfATQctacggd

GAAGATAGCAGAGAGGCAAGATGCTACGG

_14
1 2 34

- 87 bp Extension product

-42 bp Extension product

- Free primer

RNA
Primer

Con - - fetal
ConConPE PE

Fig. 1 Identification of the 5’ end sequence of NCT
mRNA in human fetal brain

(a) Schematic diagram of 5'-RACE primer binding sites and the
orientation of the respective primers. The line denotes genomic DNA of
the human NCT gene displayed in the 5’ ~ 3’ direction and the first two
exons of NM-015331 are shown as gray boxes and primers as arrows.
5’-RACE (b) and primer extension (c¢) was performed using mRNA from
fresh human fetal brain as a template.
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-359/-90 region that drives the transcription of
reporter gene in both neuronal and non-neuronal cells.
A 420 bp fragment in —-424/ -4 shows significantly
enhanced activity, suggesting the presence of positive
cis-acting element within region —-424/-359 and the
presence of negative one within region —752/-424. We

also find a 355 bp fragment in -359/-4 showing
differential
non-neuronal cells. The result is consistent with the
fact that NCT is widely expressed while the expression
level between tissues is not the same. To understand

promoter activity in neuronal and

the mechanism behind it needs further research.

(@) (b)
424 accgctagec aggcccaace tctcteccac ccaccgtctt ccteegggte cgtetggtgg Relative luciferase activity/%
-2
-354 gccecatttcg accaacacct ctacccattt tetcettecece ggt-gcg ccgeteqtga ATG ﬂ) 20406080100
AP1-1 AP1-2 1771 4 pGL3-Control | ———
~304 chtecaacct ccatgttece cettttatte tecactacdt ttgacecgeg cgetettggt N —1346—:4 pgké'g};gg g g
TCF/LEF 9 Gi3 R 4
—o44 ctcgaatttg gttaacatct ctcaggtctec cgactccgat gtcttaatce gagecccgac ~1028 _4 pGL3-E1025 "
ATP6 -789 -4 pGL3-E786 6 f—
181 acaccctlgct geccttegga cgectdeads] todgegacee tetcecgegg [tttdeggaag -752 —4 pGL3-E749 7 -
AP4-1 HIF AP1-3 NFAT-1 -1771-1174 pGL3-E597 8|
cgectggaad cacgaactte cggtetetta ggeteeggge cacagagacg gtigtedgtgg -4 -4 pGL3-E420 O [—
-124 NFAT-2 AP1-4 -3 -4 pGL3-E355 10 -
tagcctagag aggeecgetaa cagacaggag ccgaacgggg getteege gagagg -3 -9 pGL3-E270 1] =
—64 AP4-2 —g;}g pGL3-E237 12 !:
caogBlect -¥0-164 GL3-E196  13d!
4t pGL3-Enhancer 14
©) Fold activity (d) Fold activi
0 1 2 3 4 old activity
pGL3-Bm(AP1-1) 2 j— pGL3-Basic | —— T
pGL3-Bm(AP1-2) 3 5 pGL3-B1768 D p——
pGL3-Bm(AP1-3) 4 jm— .
pGL3-Bm(AP1-4) 5 — pGL3-B420 3 I
pGL3-Bm(AP1-3+AP1-4) 6 [— pGL3-Bm(AP1-1) 4 [—
pGL3-Bm(NFAT-1) 7 — pGL3-Bm(AP1-2) 5 —
pGL3-Bm(NFAT-2) Q — pGL3-Bm(AP1-3) 6 jm——
PGL3-Bm(NFAT-1+NFAT-2) ¢ fmmm—— pGL3-Bm(AP1-4) 7 —
pGL3-Bm( AP1-3+NFAT-1) 10 =,
pGL3-Bm(NFAT-1) § ——

pGL3-Bm( AP1-4+NFAT-2) || [emm——

pGL3-Bm(ATF6+HIF) |2 ——
pGL3—BmETCF/LEF) 13 [—
pGL3-Bm(AP4-1) 14 [—
pGL3-Bm(AP4-2) 15—
pGL3-Bm( AP4-1+AP4-2) 16 [—

pGL3-Basic 17 5

pGL3-Bm(NFAT-2) 0 —
pGL3-Bm(NFAT-14+NFAT-2) 10 mmmp——
pGL3-Bm(AP1-3+AP1-4) || o
pGL3-Bm( AP1-34NFAT-1) 12 [emm——
pGL3-Bm( AP1-4+NFAT-2) |3 mmmmm——

Fig. 2 Sequence features and activity analysis of the human NCT gene promoter
(a) The 420 bp fragment of the 5’-flanking region of the human NCT gene. The numbering was based on the translation start site, defined as +1. The

putative transcription factor binding sites are underlined and its core nucleotides are boxed. (b) Schematic diagram of the NCT promoter deletion

constructs with their relative luciferase activity (RLA) in HeLa cells and rat cortical neurons. The numbers represent the end-points of each construct.

The values represent x +s vs. pGL3-control. (c) Mutation analysis of the potential transcription factor binding sites. Data represent x +s vs. WT by
Student’s i-test. (d) Induction of PDTC altered the NCT promoter activity in both HeLa cells and rat cortical neurons. Data represent the x +s vs.

relative untreated by Student’s ¢-test. Il : HeLa cell; [ : Rat cortical neuron.

2.3 AP-1 combined with NFAT regulates NCT
expression

To identify potential TF binding sites on the NCT
promoter region, we analyzed the 420 bp sequence
with the highest promoter activity using Matlnspector 2.2
software (Genomatrix, Munich, Germany). Prediction
analysis revealed that this region possessed multiple
potential TF binding sites (Figure 2a). To define the
potential TFs, we mutated these potential TF binding
sites individually or collectively, followed by promoter

activity analysis. The mutations’ relative luciferase
activities were compared with that of the wildtype.
Although major mutations of the potential
transcriptional binding sites could cause a significant
change in the promoter activity, either in HeLa cells or
rat cortical neurons, or both, compared with that of the
wild-type 420 bp promoter fragment (Figure 2¢), none
of them resulted in complete abolishment of promoter
activity. Notably, mutations in the AP-1 and NFAT

binding sites showed a significant change in promoter
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activity, suggesting that they are potential TFs
regulating NCT transcription, which may function
either independently or cooperatively.

To confirm the role of AP-1 and NFAT on
transcription expression of NCT in vivo, we treated
both HeLa cells and rat cortical neurons with PDTC
(Figure 2d). The fold activity was gotten by comparing
the relative luciferase activity from treated cells with
that from untreated cells. It is reported that PDTC
prevents NFAT  DNA-binding activity and
simultaneously activates the binding of AP-1™. In
HeLa cells, endogenous NFAT levels are not sufficient
to achieve activation!*'?. Therefore, the main function
of PDTC in HeLa cells is to activate the AP-1
pathway. Consistent with the activation function, HeLa
cells treated with PDTC showed increased luciferase
expression in wild type 420 bp NCT promoter(Lane 2),
and the single mutation in the first two AP-1 binding
sites did not abolish the activation (Lane 3, 4). On the
contrary, both the single and combined mutations in
the last two AP-1 binding sites, as well as the two

(2)

NFAT binding sites, resulted in no reaction to the
PDTC treatment (Lane 5~ /2). In rat cortical neurons,
the situation is a little complicated, where both NFAT
and AP-1 play a role in the regulation of transcription
and PDTC has both a positive and negative effect. We
can see that PDTC treatment led to either an increase
(Lane 10) or a decrease (Lane 6, 8, and //) in the
luciferase activity driven by mutated NCT promoter,
while the wild type showed no change (Lane 2). These
suggest that the combined function between NFAT and
AP-1 play a role in the impalpable regulation of NCT
transcription that allows the generation of specific,
tightly-controlled responses to various stimuli.
2.4 The NCT gene promoter contains AP-1 and
NFAT binding sites

To further investigate the binding of AP-1 and
NFAT to the promoter region, we performed gel shift
assays. For NFAT, a double-stranded oligonucleotide
sequence containing both of the NFAT sites was
synthesized and labeled as the probe. As shown in
Figure 3a (Lane 2), a protein-DNA complex was

1 234567 891011 1213141516171819202122232425262728 29303132333435363738 39 40

’.-.' "-" - - ‘
Shift band « NFAT+API
NFAT
Free probe
Nuclearextract — + ++ ++ + + +++ ++ + + +++ ++ ++++++++ + +++++++++ + +
Labeled probe NFAT-W12 NFAT NFAT+AP1
Competitor - - 333333 S3SBZ3Z3ZZZZIZZSSBEZIZISE Z3S3BSZ33S - -
NV O N O M O nnO WnnmOoOWnmno mMmunonny o wnny S VGO nNnnownmn o
NN NN on OO T TSI FEFFEFYPO O s o A AN N = —
SSSZS22552323235552 co<EEESS 555520285
T ER L 2 S S AL A S L LTI T BB Rl < EE EEgE ST
EERZ TT R RSS2 RY ;; 5&&;222
<< < =
255 ddadis
(b) 4567891011 d 71 23456 7891011

12345 678 9101112131415
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Freeprobe‘h _
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|
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(Ri11)

T
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Fig. 3 EMSA for the NCT promoter
(a) NFAT binding. (b) AP-1 binding in the first two sites. (¢c) AP-1 binding in the 3rd site. (d) AP-1 binding in the last site.
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detected which was larger than those formed from the
classic binding oligonucleotide probe of NFAT
(Lane 39) or NFAT/AP-1 (NFAT +AP1; Lane 40).
Competition assays indicated that the formation of the
complex could be affected by the NFAT/AP-1
consensus (Lane /18~ 20), a NCT AP1 probe (Lane 3~
5, 6~11, and 12 ~17) and a NCT-mutated NFAT
probe (Lane 27~ 35), as well as the ATF6 consensus
(Lane 24~ 26), indicating that the NFAT binding sites
in the NCT promoter region may function through
binding with multiple different kinds of TFs, which
may involve NFAT, AP-1, and ATF6 proteins.

For AP-1 (Figure 3b~d), three double-stranded
oligonucleotide sequences corresponding to the four
predicted binding sites in the NCT promoter region
were synthesized and labeled as the probe, among
which the APl-wl2 probe contained the first two
predicted sites. All of the three probes were able to
form two protein-DNA complexes (Lane 2), the
smaller of which is consistent with that formed by the
classic AP1 consensus probe (Figure 3b; Lane 75). In
competition assays, the NFAT/AP-1 consensus, as well
probe, showed the
competitive effects, suggesting that all four predicted

as their relative strongest
AP-1 binding sites, especially the last two, were most
likely to function cooperatively with the proximal

NFAT binding sites.

3 Discussion

The experiments presented herein represent the
first functional characterization of the human NCT
promoter, in which we isolated and identified the
1 768 bp of the 5'-flanking region of the human NCT
gene (Figure 2b). Analysis of this region revealed that
the sequence lacks both CAAT and TATA boxes.
There is also no initiator element, which in the absence
of a TATA box, commonly drives transcriptional
initiation . In contrast, this region is GC-rich and
contains overlapping binding sites for different TFs
(Figure 2a). These features revealed its similarity with
those of housekeeping genes and might result in
initiation of transcription at multiple locations!" " the
former of which is inconsistent with the ubiquitous
expression of NCT and its critical function. The NCT
TSS identified in our experiments is within a region
which contains the majority of the reported TSSs,
although few NCT TSSs are upstream of this area. This
could result from the different materials and methods
adopted, or the hNCT gene has more than one TSS,

and the one located at nt—14 is the major TSS in the
human fetal brain.

The HeLa cells is an immortal cell line widely
used in scientific research, which is created by
horizontal gene transfer from human papillomavirus 18
(HPV18) to human cervical cells. It is different from
either parent cells in many ways, including the number
of chromosomes in genome. The rat cortical neurons
are miscellaneous cultures from rat embryos. Though
we tried our best to minimize the proportion of the
neuroglias in the process of culture, they still comprise
both neurons and neuroglias. Nowadays, the primary
rat neuronal cultures are used as a desirable cell model
for neurodegenerative diseases. Deriving from
different species, composing of different kinds of cell
types, residing in different stages of cell cycle and so
on lead to various differences between these two
cultures. These differences, especially the different
signal transduction pathways, resulted in the disparate
promoter activities of the —359/-4 fragment and they
may also be the main reason, parting from the
background effect of the vector backbone, for the
inconsistency of the mutations and PDTC treatment
data from HeLa cells and rat cortical neurons. On the
other hand, the inconsistency of the data suggests the
complicated transcriptional regulation mechanism of
NCT gene, which palpably reflects the differences
between Hela cells and rat cortical neurons. To
elucidate the inconsistency, we need to further our
understanding on the differences between the two
identify the responding cis-acting
elements in NCT promoter.

cultures and

Preliminary research has shown that AP-1 is
involved in distinct processes in the brain, specifically,
neurodegeneration and neuroregeneration and exhibits
both neuroprotective and pathologic-degenerative
functions. Most notably, apoptosis mediated by
activated AP-1 hippocampal
neurons, which are most involved in the pathogenesis
of ADP'. The NFAT family of TFs, as integrators of
multiple signaling pathways, can bind to chromatin in

affects and nigral

combination with other TFs and collectively regulate
the expression of different genes, and genes related
with nervous system development in particular #2,
Additionally, APP™! and Notch ligands® have been
reported to be capable of regulating AP-1 expression
or activation, independent of ~y-secretase-mediated
cleavage. In our experiments, we showed that
mutations in the predicted AP-1 and NFAT binding
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sites (Figure 2c), as well as the induction of PDTC
treatment(Figure 2d), resulted in significant fluctuation
of the luciferase expression level driven by the NCT
promoter in both HeLa cells and rat cortical neurons.
The physical bond between AP-1/NFAT proteins and
the NCT promoter region was further confirmed by
EMSA in wvitro (Figure 3). Of course, the two
TFs’ effects on NCT expression are still to be tested on
the protein level before validation can be assumed.
The combined regulation of TFs AP-1 and NFAT as a
powerful mechanism that enables tight control of gene
expression, has been well-demonstrated in the immune
system®!. Considering their co-existence, it is probably
possible that the cooperation between NFAT and AP-1
exists in the nervous system, too. If the NCT protein
level is indeed regulated by their synergistic function,
we may figure out a pattern that the activity of the
cleavage enzyme is regulated by its substrates. The
mutation in the second AP-4 site significantly increased
Lane 15, 16),
suggesting that TF AP-4 might play a role in regulating

the luciferase activity (Figure 2c;

NCT transcription. Mutations in the last AP-4 sites in
the APH-1A promoter exhibits
effects™!. Two components of the ~y-secretase complex,
PEN-2E7 and PS1™, have been identified as cAMP-
response element-binding protein (CREB)-regulated
genes. Additionally, APP and BACEIl, the first
cleavage enzyme following which the proteolysis of

region similar

APP is catalyzed by vy-secretase, have been shown to
be putative CREB binding sites in their promoter
region®., These data strongly suggest that a common
mechanism may exist to synchronously regulate the
the AD
pathomechanism, and TF AP-4 might be a member
of it.

As stated above, NCT may possess some unique
physiologic functions independent of -~-secretase

expression of genes involved in

activity. Transcriptional regulation, as an important
mechanism of regulating its function, is definitely
involved. An in depth understanding of the regulatory
mechanism of NCT transcription could not only
physiologic
functions, but also be conducive to identifying the

facilitate our understanding of its

targets that can potentially be used in therapeutic
intervention of AD.
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