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Abstract: L-selectin plays important roles in lymphocyte homing and leukocyte rolling. Mounting evidence shows that it is involved
in many disease entities including diabetes, ischemia/reperfusion injuries, inflammatory diseases, and tumor metastasis. Regulation
of L-selectin at protein level has been well characterized. However, the regulation of human L-selectin transcription remains largely
unknown. To address transcriptional regulation of L-selectin, we cloned 1088 bp 5’ of the start codon ATG. Luciferase analysis of the
serial 5" deletion mutants located the core promoter region at —288/—1. A major transcription initiation site was mapped at —115 by
5’RACE. Transcription factors Sp1, Ets1, Mzf1, K1f2, and Irf1 bind to and transactivate the L-selectin promoter. Significantly, FOXO1
binds to a FOXO1 motif, CCCTTTGG, at —87/—80, and transactivates the L-selectin promoter in a dose-dependent manner. Over-
expression of a constitutive-active FOXOI1 increased the endogenous L-selectin expression in Jurkat cells. We conclude that FOXO1
regulates L-selectin expression through targeting its promoter.
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Introduction

L-selectin (CD62L, Sell) is a cell surface adhesion
molecule that is involved in the cascade of leuko-
cyte rolling,"” in lymphocyte homing to lymphoid
organs,*® and in the formation and maintenance of
memory T cells. Deregulation of Sell expression has
been correlated with tumor metastasis,” ischemia/
reperfusion related injuries,® autoimmune diseases,
and many other disease entities.”!!

Sell is highly expressed in most leukocytes, includ-
ing naive T cells and subsets of memory T cells. Upon
T cell activation, cell surface Sell was rapidly shed by
membrane metalloproteases,'” which was accompa-
nied by a 3 to 4 folds up-regulation over the resting
level by day 2, sustained for 2 days, and then grad-
ually returned to the resting level by day 7."° Post-
translational modifications of Se//, including sulfation,
phosphorylation, and glycosylation'* and its shedding
from cell surface, have been well characterized.®!>2?
Accumulating evidence shows that Se// is also exten-
sively regulated at transcriptional level. Upon T-cell
activation, Sell was rapidly shed from the cell surface,
which was accompanied by both increased Sel/ gene
expression and rapid mRNA degradation to maintain
the steady state levels of Se// mRNA."” TNFo up-
regulated human Se// mRNA levels in TNFo.-sensitive
Daudi B cells.?® In adult T-cell leukemia, Leukemic
cells express high levels of Se// mRNA, which sus-
tains high levels of cell surface Sell, thus leading to
increased endothelial attachment, transmigration, and
organ infiltration.?* This makes it clear that regulatory
mechanisms governing Sel/ expression at the tran-
scriptional level are at least as important as those at
the translational level.

Similar to mouse Se// gene, human Sel// also clus-
ters with E-selectin (Sele) and P-selectin (Selp) on
chromosome 1% and consists of ten exons spanning
about 21.0 kb. Analysis of the mouse Sel/l promoter
showed that Sp1, Ets1, Mzf1, Irfl, and KIf2 bound to
the core promoter region and transactivated the Sel/
promoter. Alignment of the first 300 bp sequences 5’
of the ATG of human, chimpanzee, rat, and mouse
showed that the consensus sequences for these tran-
scription factors were almost identical,* suggesting
the location of human Sell/ promoter and the similarity
of its trans-activation to that of the mouse Se// gene.

Inthisreport, we cloned a 1088 bp genomic fragment
5’ of the ATG of human Sell gene. Luciferase analysis

of the serial 5" deletion mutants located the core pro-
moter region at —288/—1. A major TIS was mapped
at —115. Transcription factors, Spl, Ets1, KIf2, Irfl,
and Mzfl all transactivated human Sel/ promoter.
Significantly, a FOXO1 motif (CCCTTTGG) was
mapped at —87/—80, which was confirmed to bind to
transcription factor FOXO1 by mutational analysis and
EMSA. Furthermore, we demonstrated that FOXO1
transactivated human Sel/ core promoter in a dose-
dependent manner and up-regulated endogenous Sel/
expression in Jurkat cells. This discovery provides the
molecular mechanisms for further addressing the roles
of FOXO1—a master regulator of many physiological
processes—in regulating the expression of Sell that is
important for the homeostasis of our immune system.

Materials and Methods

Cell lines and reagents

Mouse EL4 cells (mouse lymphoma cell line) and
human Jurkat cells, both grown in suspension,
were maintained in RPMI 1640 containing 10%
heat-inactivated Fetal Bovine Serum (FBS) and
1% penicillin/streptomycin. HeLa cells, an adher-
ent cell line, were cultured in DMEM supplemented
with 1% penicillin/streptomycin and 10% FBS. All
cell lines were grown in an incubator at 37 °C in a
5% CO, atmosphere. All antibodies were purchased
from Santa Cruz Biotechnology and all chemicals
were products of Sigma unless specified otherwise.
All restriction and modifying enzymes were pur-
chased from New England Biolab (NEB). y-**P-ATP
was purchased from PerkinElmer (Shanghai, China).
Plasmids, pcDNA3-FOXOI1 and -FOXO1-3A were
all kindly provided by Professor Amnon Altman from
the La Jolla Institute for Allergy and Immunology.

5’ rapid amplification of cDNA ends
(RACE)

mRNAs were prepared from cultured Jurkat cells
using a Genelute Direct mRNA Miniprep Kit (Sigma,
St. Louis, Missouri). 5 RACE was performed with
a SMART™ RACE cDNA Amplification Kit as
instructed by the vendor (Clontech, Mountain View,
California). Briefly, 0.5 ug of mRNA was used as the
start material and 5" RACE products were amplified
by standard PCR using the universal primer (UPM)
included in the kit, and by a human Sel/ gene specific
primer (GSP) complementary to nucleotides +77/+105
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(we define the ‘A’ in the ATG as “+1” position).
PCR products were purified and cloned into pCR2.1
(Invitrogen, Carlsbad, California). 5" ends were iden-
tified by sequencing 20 randomly picked colonies
(Retrogen, San Diego, California).

Transient transfection

For all transient transfections, HeLa cells were seeded at
5% 10° per 60 mm dish in complete DMEM the day before
and the media were refreshed two hours before trans-
fections with 10% DMEM that was free of antibiotics.
The two T cell lines, Jurkat or EL4 cells, were plated at
1 x 109 per well in 10% RPMI1640 free of antibiotics in
12-well plates two hours before transfections. Transfec-
tion was performed using Lipofectamine 2000 (Invitro-
gen). Briefly, for each 100 pL reaction, 2.5 uL of the
Lipofectamine 2000 was added into 50 uL. OPTI-MEM
(Invitrogen), vortexed for seconds, and was then left to
stand at room temperature (RT) for 5 minutes. Plasmids
mixtures, as indicated in the texts or figure legends,
diluted into 50 pl OPTI-MEM was added into the above
50 wl mixture of OPTI-MEM and Lipofectamine2000,
vortexed for seconds, and continued to incubate at RT
for 20 minutes. The mixture was then added drop-wise
to cells and continued to incubate for 24 to 36 hours.

Cloning 5’ flanking sequence and

5’ serial deletion of human Sell gene

The sequence of the 5" flanking sequence of human
Sell gene was obtained from the NCBI database
(ENSG00000188404). The longest fragment—1088/—1
was amplified by DNA Polymerase Chain Reaction
(PCR)usinggenomic DNAfromJurkatcellsastemplate.
Sense primer containing an Xhol restriction site and
anti-sense primer at BglII site are listed in Table 1. The
PCR conditions were 94 °C for 2 minutes, followed by
35 cycles 0f 94 °C for 30 seconds, 60 °C for 30 seconds,
and 72 °C for 1 minute. The PCR products were gel-
purified and cloned into pGL3-Basic, and sequence
identity was confirmed by DNA sequencing (Retrogen).
The resulting plasmid is named human pGL3-Sell1088
(human Sell1088, hSell1088). The serial 5" deletion
mutants starting 5" at —488, —288, —188, and —108
were also amplified by PCR with the same anti-sense
primer and different sense primers as listed in Table 1.
All mutants were cloned into pGL3-Basic, which
were designated as hSell488, hSell288, hSell188,
and hSell108. The sequence of each fragment was

Table 1. Primers for constructs and for real time PCR.

Primers for constructs

For.1088 5-ATAGCTCGAGTAACCTCTTTGA
GACTCT-&

For.488 5-ATAGCTCGAGGAAGGAGGAAG
AGGA-3

For.288 5-ATAGCTCGAGCTGATCAGCAG
TTCATT-3

For.188 5-ATAGCTCGAGAAAAGGGGAGG
AGGAGGA-3’

For.108 5-ATAGCTCGAGTCTACCTGCAGC
ACAGCA-3’

Rev. 5-CTACAGATCTGGCTTTGCTT
GGTCCT-¥

FOXO1m 5-GGGTCTCAGGTCCTTGCCTTCG

TTGAGTGTGCTGTGCTGCAG-3’
Primers for real time PCR

For.Sell 5-GGCAGCCCTCTGTTACACA-3
Rev.Sell 5-ACATCACAGTTGCAGGTGTA-3’
For.GAPDH 5-CATGAGAAGTATGACAACAGCCT-3’
Rev.GAPDH 5-AGTCCTTCCACGATACCAAAGT-3'

Probes (shown only sense strand)

APOC3 5-CCTTTACTCCAAACACCCCCCA-3
FOXO1 5-GCACACTCCCTTTGGGCAAGGA-3’
FOXO1m 5-GCACACTCAACGAAGGCAAGGA-3’

confirmed by sequencing. Putative transcription factor
binding sites were searched using Genomatix (http://
www.genomatix.de) and TFSEARCH (http://www.
cbre.jp/research/db/TFSEARCH.html). All plasmid
were prepared using an EndoFree Plasmid Maxi kit
from Qiagen.

Luciferase activity analysis

Thirty hours after transient transfections, cells were
harvested and washed once with PBS. Cell pellets
were lysed with Passive Lysis Buffer (Promega,
Madison, Wisconsin), re-suspended by vortex-
ing for a few seconds, and incubated at RT for
30 minutes. The lysates were spun down and the
supernatants were saved for a Dual luciferase assay.
Plasmid pRL-CMV-expressing Renilla luciferase
was always co-transfected, at one fiftieth of the
luciferase constructs, as an internal control for trans-
fection efficiency. Luciferase activity was analyzed
on AutoLumate Plus LB 953 (Berthold, Oak Ridge,
Tennessee) using Dual-Luciferase Reporter Assay
System. The luciferase activity was normalized to
that of Renilla activity. Data presented were from at
least three independent experiments in triplicate.
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Site-directed mutagenesis

Mutagenesis of the putative FOXO1 binding sites
was performed using the GeneEditor In Vitro Site-
directed Mutagenesis System (Promega) with 5’
phosphorylated anti-sense primer, FOXO1m, listed
in Table 1. Mutation, CCCTTTGG - CAACGAAG,
was designed not to introduce any alternative puta-
tive transcription factor binding sites in the context of
hSell108, and the resulting plasmid was designated
as hSelll08Fmut. The desired point mutations were
confirmed by DNA sequencing.

Nuclear extract preparation and EMSA
HeLa cells were transfected as described above and
nuclear extracts were prepared using NE-PER Nuclear
and Cytoplasmic Extraction Reagents from Pierrce
(Rockford, Illinois). Protein concentration was deter-
mined using a Bio-Rad Protein Assay Kit (Hercules,
California) following manufacturer’s instructions;
one g of the extract was used for EMSA. Probes for
APOC3 and human Sell wild-type and FOXO1 site
mutant (FOXO1 and FOXO1m respectively) are listed
in Table 1. APOC3 probe was generated by anneal-
ing sense and antisense APOC3 oligos, labeled with
T4 Polynucleotide Kinase in a 50 uL volume in the
presence of Y?P-ATP, and purified through Sephadex
G50 column. For the EMSA assay, one g of nuclear
extract was incubated with y¥?P-APOC3 on ice for
30 minutes in binding buffer containing 40 mM Tris-
HCI (pH 7.5), 5 mM MgCl, 0.1 mM EDTA, 1 mM
dithiothreitol, 50 mM KCI, 10% glycerol, 0.1% bovine
serum albumin, and 1 pg of poly (dI: dC). For a com-
petition assay, 10x or 100x cold probes annealed from
sense and anti-sense oligos were added before adding
v?P-APOC3. DNA-protein complexes were resolved
on a 6% native polyacrylamide gel, which was dried
and exposed to X-ray films overnight at —80 °C.

Western blot

Thirty hours after transient transfection, cells were
lysed in lysis buffer containing 1% (w/v) SDS,
20 mM Tris-HCI, pH 8.0, 50 mM NaCl, 5 mM EDTA,
and 1X protease inhibitor cocktail (Sigma, St. Louis,
Missouri). The cell lysates were sonicated three times
for 3 seconds with a 30 second interval on a Branson
450 Sonifier 02 with the setting at 2 and constant
power, the samples were boiled for 5 minutes, and the
protein concentration was determined using a BioRad

Protein Assay as instructed by the manufacturer.
Ten pg of each sample was resolved on 4-14%
Tris-Bis gel (Invitrogen) and then transferred to
PVDF membrane. The membrane was first blocked
with TBST (138 mM NaCl, 2.6 mM KCl, 24.7 mM
Tris, and 0.05% Tween20) containing 10% non-fat
milk powder for 1 hour at RT, followed by incubation
with rabbit anti-human FOXOI1 at 1:1500 dilution in
TBST containing 1% non-fat milk powder for 1 hour
at RT, washed 3 times for 10 minutes with TBST con-
taining 1% non-fat milk powder. The membrane was
then incubated with goat anti-rabbit HRP-conjugated
secondary antibody at 1:10,000 dilutions in TBST
containing 1% milk for 1 hour at RT, washed 3 times
for 10 minutes with TBST at RT, and protein bands
were detected with an Enhanced Chemiluminescence
Kit (Pierce). To show equal loading of each sample,
the same membrane was stripped with stripping buf-
fer (100 mM B-mercaptoethanol, 2% SDS, 62.5 mM
Tris:Cl, pH 6.7) at 60 °C for 30 minutes, and re-
probed with mouse anti B-actin (Abcam, Cambridge,
Massachusetts) at 1:20,000 dilution.

Reverse transcription and real time PCR
Total RNA was isolated from Jurkat or transfected
Jurkat cells using the RNeasy kit (QIAGEN, Valencia,
California). One ng of total RNA was reverse tran-
scribed using a iScript cDNA Synthesis Kit (BioRad)
at the conditions recommended by the vendor in a
20 uL volume. Of the 20 uL of the cDNA, one UL
was used to quantify the gene expression by real time
PCR (BioRad, iQ5 cycler) in a 25 uL of reaction con-
taining 200 UM each of sense and antisense primers
and 1Q SYBR Green Supermix (BioRad). The prim-
ers for human Sell and Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) used as the reference
gene are listed in Table 1. Amplification efficiency
was >95% for both pairs of primers and the relative
gene expression was calculated by the AACt method
as described in the BioRad’s Real-Time PCR Appli-
cations Guide.

Results
Bioinformatic analysis of the 5’ flanking

region of human Sell gene

Similar to mouse Sel// gene, human Sel/ is also clus-
tered with Sele upstream and Selp downstream
on Chromosome 1, which consists of ten exons
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interrupted by 9 introns that spans about 21.0 kb. We
have shown that the 5 flanking sequences immedi-
ately upstream of the translational start codon ATG
(in bold) are well conserved among mouse, rat, chim-
panzee, and human.”® As shown in Figure 1, ‘A’ in
the start codon ATG was numbered +1 and nucle-
otides upstream of the ATG were designated as nega-
tive with a hundredth indicated by arrowheads. The
sequence is GC-rich and contains no CpG islands and
no TATA-boxes or CAAT-boxes, typical features for
housekeeping genes. Using TFSEARCH, Genomatix
suite and Alibaba2.1, we identified, in addition to
the four characterized motifs for Mzf1/KIf2, Etsl,
Spl, and Irfl in mouse Sell promoter,* a potential
FOXO1 binding sequence, CCCTTTGG, at —87/-80.
This sequence is conserved between chimpanzee and
human (Fig. 6A) and is designated as FOXO1 motif.

Determination of transcription initiation

sites

To determine the transcription initiation sites (TISs)
of human Sell gene, 5-RACE was performed on
mRNA from human Jurkat cells with a GSP comple-
mentary to the nucleotides +77/+105 and the UPM
primer. The PCR products were gel purified and
cloned into pCR2.1. TISs were identified by sequenc-
ing 20 randomly picked colonies. The 5" ends ranged
from nucleotides —150 to —91. However one TIS at
position —115 was identified in 8 colonies, whereas

-300

other TISs appeared in less than 3 colonies. We define
the nucleotide ‘G’ at —115 as the major TIS of human
Sell gene (Fig. 1, arrow).

Transcriptional analysis of the
5’ regulatory sequence of human
Sell gene

To test whether the 5-flanking region of human
Sell gene had promoter activity, luciferase activ-
ity was analyzed 30 hours after co-transfection of
pRL-CMV-expressing Renilla luciferase and one of
the serial 5’ truncated plasmids (Fig. 2A, left panel)
into two lymphocyte cell lines, human Jurkat cells
(stripped bars) or mouse EL4 cells (open bars) that
express high level of Sell, and HeLa cells (solid
bars) that do not express Sell. As shown in the right
panel of Figure 2A, human Sell288 drove the highest
luciferase activity, reaching more than 22% of that of
pGL3-Promoter (a SV40 promoter-driven luciferase)
in both lymphocyte cell lines; further 5° deletion
mutants hSell188 and hSell108 showed basal level of
Luciferase activity. However, all constructs showed
negligible luciferase activity in Se//-negative HeLa
cells. To assure that the two lymphocyte cell lines
can be transfected efficiently, pGL3-Promoter was
always included in the experiments and its luciferase
activity was set as 100. To test whether transcrip-
tion factors Spl, Etsl, KIf2, Mzfl, and Irfl trans-
activate human Sell promoter, plasmids expressing

AGAGAGAATCTAGTCACATTACTTTCTGATCAGCAGTTCATTTTTGTCTCAGTGGGAGGCAATAGAGGC

-200

CAGTCTAGGAAAGGGGTGGGGAAAGAGGAAAGAGAAGTGCAGGAGGAAGGGGAGGGAAAAGGGGAGGAG

KIf2/Mzf1

Sp1/Ets1
TIS

GAGGAGGATGTGAGACTGGGTTAGAGAAATGAAAGAAAGCAAGGCTTTCTGTTGACATTCAGTGCAGTC

Sp1/Ets1 -100
\

TACCTGCAGCACAGCACACTCCCTTTGGGCAAGGACCTGAGACCCTTGTGCTAAGTCAAGAGGCTCAA

FOXO1

+1

TGGGCTGCAGAAGAACTAGAGAAGGACCAAGCAAAGCCATG

Figure 1. Nucleotide sequence of the 5" flanking sequence of human Sell gene.

Notes: Annotated sequence is the first ~317 bp of 5’-flanking region of human Sell. The ‘A’ in the start codon ATG (in bold) was defined as +1 and
nucleotides upstream were numbered negative. Arrowheads indicate the position of the nucleotides relative to +1. Small arrow indicates the major TIS
mapped by 5 RACE. Putative transcription factor binding sites are underlined and labeled underneath.

Abbreviations: Mzf1, Myeloid Zinc Finger Protein 1; KIf2, Kruppel-Like Factor 2; Ets1, E26 transformation specific sequence; Sp1, Specificity protein 1;

Irf1, Interferon Response Factor 1; FOXO1, Forkhead box protein O1.
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Figure 2. Mapping the core promoter region of human Sell gene. (A) 5’ serial deletion mutants shown on the left side were transiently transfected into
Jurkat (stripped bars), EL4 (open bars), or HeLa cells (solid bars) and Luciferase activity shown on the right side was analyzed 30 hours after transfection.
(B) Jurkat cells were co-transfected with core promoter construct, hSell288, with plasmids expressing Sp1, Mzf1, KIf2, Irf1, Ets1.

Notes: Luciferase activity was analyzed 30 hours after the co-transfection. Luciferase activity was expressed as percentage of that of pGL3-Promoter in
2A and as fold changes relative to that of pGL3 vector transfected Jurkat cells in 2B. Data shown are mean + SD of three independent transfections in one

experiment. Each experiment was repeated at least three times.

these transcription factors?® were co-transfected with
core promoter construct Sell288 into Jurkat cells and
luciferase activity was analyzed 30 hours after the
transfection. As shown in Figure 2B, over-expression
of Ets1, Sp1, Mzf1, KIf2, and Irfl increased the core
promoter activity compared to that of vector co-
transfection by 46%, 75%, 15%, 115%, and 24%
respectively. Taken together, transcription factors,
Etsl, Spl, Mzfl, Kif2, and Irf1 transactivated human
Sell promoter.

FOXO1 up-regulates endogenous Sell

expression

FOXOI1 maintained Sel/ expression during Thl
polarization?’’” and constitutive active FOXO1 up-
regulated SellexpressioninJurkatcells.?® Tore-evaluate
that FOXO1 increases Sell expression in our model,
Jurkat cells were transiently transfected with plasmids
expressing either native FOXO1 or a constitutive active
mutant, FOXO1-3A, where three PI3K/Akt phospho-
rylation sites (Thronine24Alaine/Serine256Alaine/
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Serine319Alaine) were mutated, thus leading to its
constitutive nuclear localization, for 30 hours. Forced
expression of FOXO1 and FOXO1-3A were confirmed
by Western blot (Fig. 3A). Over-expression of FOXO1
and FOXO1-3A increased endogenous Sell expression
more than 2-folds (Fig. 3B, stripped bar) and 8-folds
(solid bar) respectively, compared to vector (open bar)
transfected cells. The lower trans-activation activity
of FOXO1 compared to that of FOXO1-3A was con-
sistent with the fact that deficiency of phosphatase and
tensin homolog (PTEN), a phosphatase, caused the
constitutive cytosolic localization of native FOXO1 in
Jurkat cells.

FOXO1 up-regulates human Sell
expression through trans-activating its
promoter

To explore the mechanisms of FOXO1-induced up-
regulation of human Sel/, the core promoter con-

struct, Sell288, was co-transfected with increasing
amounts of FOXO1-3A into Jurkat cells for 30 hours.
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75 9 ¢
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50 9 - -
12> | < f-actin
B
14 -
12 1 I * |
T * 1
o 10
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. 7,

pcDNA FOXO1 FOXO01-3A

Figure 3. Constitutive active FOXO1 up-regulates endogenous human
Sell expression. Jurkat cells were transiently transfected with pcDNA3
(white bar), pcDNA3-FOXO1 (striped bar), or pcDNA3-FOXO1-3A
(solid bar) for 30 hours. Of the two sets of transfected cells, one set was
lysed with SDS buffer and equal amount of lysate from each treatment
was analyzed for expression of FOXO1 by Western blot, where B-actin
was used as loading control (A); the other set was used to analyze the
expression of human Sell by real time PCR, which was normalized to
that of GAPDH (B).

Notes: Data were presented as mean + SD of at least three independent
experiments in triplicate on each transfection. Data were graphed as fold
increase relative to that of pcDNAS3 transfected Jurkat cells, which was
setas 1.

To exclude the effect of plasmid itself, the amount
of total plasmids in each transfection were kept the
same by adjusting the amount of plasmid pcDNA3.
As shown in Figure 4, FOXO1-3A increased core
promoter activity in a dose-dependent manner. These
results suggest that FOXO1 induces Sell up-regulation
through trans-activation of its promoter.

Mapping FOXO1 motif
To locate the FOXO1 binding motif, serial 5" deletion
mutants were co-transfected with either pcDNA3
(Vector, Vec.) or FOXO1-3A for 30 hours. Luciferase
analysis showed that FOXOI1-3A increased the
luciferase activity of both Sell108 and Sell188 more
than 2-folds, whereas it increased the luciferase
activity of Sell288, Sell488, and Sell1088 by a fac-
tor of 6.7, 5.9, and 5.4 respectively (Fig. 5, solid
bars), compared to that of pcDNA3 co-transfection
(open bars). These results indicate that at least
fragment —108/—1 harbors a FOXOI motif and
that either fragment —228/—188 contains additional
FOXO1 motifs that transactivate promoter constructs
Sell288, Sell488, and Sell1088, or FOXO1 may
transactivate these three promoter constructs indi-
rectly through binding to other bound transcription
factor(s) in the region from —288 to —188.

To map the FOXO1 motif on fragment —108/-1,
alignment of chimpanzee and human promoter regions

Fold increase
o
1

hSell288 (ug) 1.0 1.0 1.0 1.0 1.0 1.0
pcDNA (ug) 15 1.375 1.25 1.0 0.5 0.0
FOXO1-3A (ug) 0.0 0.125 0.25 0.5 1.0 1.5
Renilla (ng) 20 20 20 20 20 20

Figure 4. Constitutive active FOXO1 up-regulates human Sell core pro-
moter activity in a dose-dependent manner.

Notes: Jurkat cells were transiently co-transfected with the combina-
tion of plasmids as labeled in the figure. Luciferase activity normalized
to that of Renilla activity was analyzed 30 hours after transfection. Data
were presented as mean + SD of at least three independent experi-
ments in triplicate on each transfection. Data were graphed as fold
increase relative to that of pcDNA3 transfected Jurkat cells, which was
setas 1.
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immediately upstream of ATG were performed and Vector FOXO1-3A FOXO1-3A
compared to the well-characterized FOXO1 bind- hSell108 hSell108  hSell108Fmut

ing sequences, including Insulin Response Element
(IRE). Sequence CCCTTTGG at —87/-80 is con-
served between the two species and bears a high
degree of similarity to the IRE (Fig. 6A). Point muta-
tions were introduced into the potential FOXO1 motif
(CCCTTTGG > CAACGAAGQG) in the context of
hSell108 and the resulting mutant was confirmed
by sequencing and designated as hSelll08Fmut. As
shown in Figure 6B, co-transfection of FOXO1-3A
with hSell108 into Jurkat cells increased its luciferase
activity to 2.5 times (Fig. 6B, solid bar) that of vector
co-transfected cells (Fig. 6B, open bar), which was
almost abolished by co-transfection of hSell 108 Fmut
(Fig. 6B, stripped bar). These results suggest that the
FOXOT1 motif is responsible for the observed trans-
activation of human Sell108 by FOXOI.

FOXO1 binds to the potential

FOXO1 motif in vitro

To confirm the potential FOXO1 motif in human
Sell promoter binds to FOXO1, we performed the
EMSA. ADNA probe containing the IRE (shown only
senseoligo:5’-CCTTTACTCCAAACACCCCCCA-3)
from apolipoprotein APOC3, whicht was well-
characterized by others to bind to FOXO1 motif,” was
labeled with y-**P-ATP (**P-APOC3). Indeed, when

Figure 6. FOXO1 transactivates human Sell promoter through binding to
the motif. (A) Alignment of the IRE with the FOXO1 moitifs in the Sell pro-
moter of both human and chimpanzee. (B) Jurkat cells were transiently
co-transfected with the combination of plasmids, pcDNA3 and hSell108,
FOXO1-3A and hSell108, or FOXO1-3A and hSellFmut, as labeled on
the bottom.

Notes: Luciferase activity was analyzed 30 hours after transfection.
Luciferase activity expressed as fold increase relative to that of pcDNA3
transfected cells. Data shown are mean + SD of three independent
transfections in one experiment. Each experiment was repeated at least
three times in triplicates.

nuclear extract from HeLa cells over-expressing
FOXOI1-3A was incubated with Y-*’P-APOC3,
a moving retarded DNA-protein complex appeared as
shown in Figure 7 lane 2, compared to the free probe in
lane 1. This DNA-protein complex was competed out
by 10x and 100x cold APOC3 probe (lane 3 and 4),
confirming the specificity of the reported binding of
FOXO1 to FOXO1 motif. Although we could not
appreciate the competing by 10x cold FOXOT1 probe
from human Sell, the retarded DNA-protein com-
plex did disappear by 100x cold probe (lane 5 and 6,
FOXOI). In contrast, 10x and 100x cold FOXOI
probe carrying mutated FOXO1 motif (lane 7 and 8,
FOXO1m) both failed to compete out the binding of
APOC3 probe to FOXO1. Taken together, these results
suggest that the sequence CCCTTTGG at —87/—80 in
human Sell gene binds to FOXO1—although at lower
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Figure 7. FOXO1 binds to FOXO1 motif in vitro.

Notes: DNA probe containing IRE from APOC3 gene was labeled with
v-*2P-ATP (lane 1), which was then incubated with nuclear extract from
Hela cells over-expressing FOXO1-3A (lane 2). The protein-DNA complex
was then competed with either 10x and 100x cold APOC3 probe (lane 3
and 4, labeled as APOC3), or with 10x and 100x cold probe containing
FOXO1 motif from human Sell (lane 5 and 6, labeled as FOXO1), or with
10x and 100x cold probe containing mutated FOXO1 motif from human
Sell (lane 7 and 8, labeled as FOXO1m). Free probe was indicated with
arrowhead and specific DNA-protein complex was indicated with arrow
on the side.

affinity than that of the IRE characterized in APOC3
gene—and mediates the trans-activation of human
Sell gene by FOXOI.

Discussion

PI3K/Akt/FOXO1 signaling pathway has been shown
to participate in the homeostasis of immune system. %!
Mice that were deficient in different PI3K isoforms or
subunits showed various abnormalities, ranging from
embryonic lethal issues to impairments in both T-cell
and B-cell compartments.* This contrasted with mice
over-expressing a constitutive active PI3K variant,
which showed increased T-cell viability and resis-
tance to Fas-mediated apoptosis,* suggesting a vital
role of PI3K in normal development and functions of
lymphocytes. During T-cell development, FOXO1
helped to maintain the levels of Sell expression that
was indispensable for both Thl polarization at the
earlier stage and for T lymphocytes trafficking.?’**
Using transcriptional profiling, FOXO1 has been
shown to up-regulate the expression of Sell, Kif2, and
sphingosine-1-phosphatereceptors (EDGI and EDG6)

that all participate in the regulation of lymphocyte
trafficking.”® Deletion of the DNA-binding domain
of FOXOI1 eliminated its ability to regulate Sell
expression.”® Furthermore, conditional knockout
FOXOI1 in T-cells resulted in CD62L"° surface
phenotype T-cells that were hardly found in peripheral
lymphoid compartment and relatively refractory to
T-cell receptor stimulation.*> These results suggest
the vital role of FOXO1 in regulating Sell expression.
Characterization of human Sel// promoter and map-
ping the regulatory elements for FOXO1 would be
necessary to further address the roles of FOXOI in
the homeostasis of our immune system.

FOXOI1 is a downstream target of PI3K/Akt sig-
naling pathway,*® which has been shown to target its
downstream genes involved in proliferation, apop-
tosis,*”*® control of oxidative stress, metabolism,*4!
and energy homeostasis.”’**** Upon activation, Akt
phosphorylates FOXO1 and leads to its nuclear exclu-
sion* and increased proteosomal degradation,**® thus
dampening its transcriptional regulation on targeted
genes. The consensus sequence for FOXO1 binding
was first characterized as (C/G)(A/T)AAA(C/A)A 474
Later FOXO1 was shown to bind to various forms of
consensus sequences including at least two versions
of IRE, TTGTTTAC,® and T(G/A)TTT(T/G)(G/T),*
and a consensus sequence T(G/A)TT(G/T)(G/A)(C/T)
from peroxisome proliferator-activated receptor-
gamma.’’ The FOXOI1 core binding sequence in
human Sell, 5’-CCCTTTGG-3’, bears high similarity
to the IRE (Fig. 6A). To confirm the authenticity of
the FOXO1 motif, we designed a competitive EMSA
where oligonucleotides containing FOXO1 motif
from Sell were used to compete the IRE-FOXO1
(DNA-Protein) complex that was well-characterized
in APOC3 gene.” As expected, the IRE-FOXO1 com-
plex was completely disrupted by 100x wild-type
FOXOI1 oligos (Fig. 7, lane 6), but not by its mutant
counterpart at the same concentration (Fig. 7, lane 8),
suggesting the authenticity of this newly-identified
FOXOI motif.

We and others have shown that Sell gene can be
transactivated by KIf2?° and thus promote T cell qui-
escence and home to the lymph nodes.* Interestingly,
FOXO1 hasbeen demonstrated to control the expression
of both Sell and the transcription factor KIf2 in naive
T cells, deletion of which was sufficient to alter lym-
phocyte trafficking.?” These suggest that FOXO1 may
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transactivate Sel/ gene through at least two mecha-
nisms, either binding to the FOXO1 motif directly
or acting through a “FOXO1-KIf2-Sell” cascade-like
reaction. Indeed, we observed that over-expression
of FOXO1-3A increased the luciferase activity of the
core promoter, Sell288 that contains both a KIf2 motif
at —239/—228 and the newly identified FOXO1 motif
at —87/—80, to more than 7 folds. This is in contrast to a
2-fold increase of the two shorter promoter constructs,
Sell108 and Sell188, which contain only the newly
identified FOXO1 motif (Fig. 5, solid bars). Of course,
we cannot exclude the possibility that FOXO1 may up-
regulate Sell expression through interaction with other
bound transcription factors than KIf2.

Conclusion

We provide evidence that FOXO1 can not only bind
to and transactivate human Sel/l promoter directly,
but may also upregulate Sell expression through
a “FOXO1-KIf2-Sell” cascade-like reaction. This
makes targeting FOXOI1 a very efficient way to con-
trol Sell expression and thus an attractive drug target
for therapeutic intervention.
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