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Abstract
Objective—T cells from patients with systemic lupus erythematosus (SLE) display increased
amounts of spleen tyrosine kinase (SYK) which is involved in the aberrant CD3/T cell receptor-
mediated signaling process and increased amounts of cAMP response element modulator (CREM)
α which suppresses the production of interleukin-2. Because SYK expression can be suppressed
by CREM α we asked why CREM α fails to suppress SYK expression in SLE T cells.

Methods—Healthy T cells were overexpressed with CREM α expression vector and SYK
expression and phosphorylation was measured. A newly identified CRE site on SYK promoter was
characterized by ChIP and EMSA. The CREM α-mediated repression of SYK expression was
further evaluated by analyzing SYK promoter activity. T cells from SLE patients and healthy
individuals were subjected to ChIP to evaluate the CREM α binding and histone-H3 acetylation.

Results—We demonstrate that increased CREM α level can suppress SYK expression by direct
binding on a CRE site of the SYK promoter in T cells from healthy individuals but failed to do so
in SLE T cells. We demonstrate that failure of CREM α to suppress SYK expression in SLE T
cells is due to weaker binding to the CRE site of the SYK promoter compared to healthy T cells
because the promoter site is hypoacetylatylated and therefore of limited access to transcription
factors.

Conclusions—Epigenetic alteration of the SYK promoter in SLE T cells results in inability of
the transcriptional repressor CREM α to bind and suppress the expression of SYK resulting in
aberrant T cell signaling.

INTRODUCTION
T cell receptor (TCR)-mediated signaling is subject to modulation through tyrosine
phosphorylation of many effector molecules and via the activation of several families of
protein tyrosine kinases (PTKs) (1). The Src family members of PTKs such as spleen
tyrosine kinase (SYK) and zeta-associated protein (ZAP)-70, enable TCR-mediated signal
transduction by phosphorylating immunoreceptor tyrosine-based activating motifs of the
cytoplasmic region of immune receptors. SYK is one of the important non-receptor kinases
isolated first from a porcine spleen cDNA library (2). SYK and ZAP-70 are members of
PTKs that function as critical mediators of pre-TCR and TCR signaling, with ZAP-70
having a predominant role in mature T cells (3–5). Both kinases are activated after T cell
receptor stimulation and share signaling pathways (6), but, while ZAP-70 requires Lck to be
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phosphorylated, SYK phosphorylation is Lck-independent (7, 8). T cells from patients with
systemic lupus erythematosus (SLE) display decreased levels of CD3ζ chain. The function
of the missing CD3ζ is carried out by the Fc receptor (FcR) γ chain (5, 9–11), which
involves SYK rather than ZAP-70 causing a `rewired` TCR signaling (12). However, the
regulation of SYK expression both in disease and health is largely unknown.

Of the cAMP response element (CRE)-binding proteins, cAMP response element-binding,
cAMP response-element modulator protein (CREM) and activating transcription factor-1
belong to the superfamily of bZip proteins containing a basic leucine zipper domain, which
binds to the 8-base pair palindrome DNA sequence of CRE (TGACGTCA). Isoforms of
these three transcription factors can be activated by PKA and by the calcium calmodulin-
dependent kinases such as calmodulin kinases (CaMK) II and IV (13, 14, 15). CREM α is a
widely expressed transcriptional repressor important in the termination of T cell immune
response (16, 17, 18). Increased levels of CREM α in SLE T cells have been linked to
decreased IL-2 production. As PKA levels are decreased in SLE T cells (19), CaMKIV has
been demonstrated to be involved in the phosphorylation of CREM α in SLE T cells (20)
although the involvement of other kinases has not been studied.

In this communication we demonstrate that CREM α suppresses the expression of SYK by
directly binding to the CRE motif on its promoter in normal T cells. Binding of CREM α to
the SYK promoter in SLE T cells is limited and we propose that this accounts for a limited
feedback suppression of SYK expression that occurs in normal T cells.

MATERIALS AND METHODS
Antibodies and reagents

Mouse monoclonal antibodies against SYK (clone 4D10), goat anti-rabbit HRP and goat
anti-mouse HRP were procured from Santa Cruz Biotechnology (Santa Cruz, CA). To
generate antibody against human CREM α, a peptide encoding the N-terminal of CREM was
used to immunize rabbits. The resulting serum which detected a band of approximately 26
kDa was used in this project (20). An antibody against phosphorylated SYK (Phospho-SYK
–Tyr348) was collected from BD Pharmigen (San Jose, CA). Anti-human CD3 antibody
clone OKT3 was purchased from BioXcell (West Lebanon, NH) and anti-human CD28 was
procured from BioLegend (San Diego, CA). Anti-acetyl-histone H3 antibody was collected
from Millipore Corporation (Billercia, MA).

Expression vectors
A SYK promoter luciferase reporter construct (product identifier 108157-CHR9-P0393
R1(SYK) was procured from Switch Gear Genomics (Menlo Park, CA) and cloned in pSGG
vector (modified pGL4). The promoter region of the construct length is −782 from the
transcription initiation site. The CREM α expression plasmid (gift of Dr. Sassone Corsi,
Strasbourg, France) has been described before (21).

Isolation of T cells from peripheral blood of healthy donors and SLE patients
T cells were isolated from human peripheral blood of healthy donors and SLE patients using
the RosetteSep Kit (Stemcell Technologies Inc., Vancouver, Canada) following the
manufacturer’s instruction. T cells were negatively separated from labeled cell complexes
by Lymphoprep gradient centrifugation (purity ≥ 98%) (Fresenius Kabi Norge AS, Oslo,
Norway). Freshly isolated T cells were cultured in RPMI 1640 in 5% CO2 supplemented
with 10% fetal bovine serum for 2h and used for further experiments. Patients fulfilling the
American College of Rheumatology-established criteria for the diagnosis of SLE were
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included. The study was approved by the Institutional Review Board of Beth Israel
Deaconess Medical Center.

Western blot
Total protein was extracted from T cells by radio-immunoprecipitation assay (RIPA) buffer
(Boston Bioproducts, MA) supplemented with protease and phosphatase inhibitors (5 mM
sodium fluoride, 4 mM sodium vanadate, aprotinin, leupeptin, 1 mM dithiothreitol and 1
mM 4-(2-aminoethyl)benzenesulfonyl fluoride). Equal amount of proteins were resolved on
a 4–12% Bis-Tris NuPAGE precast gel at 200 V for 1h and transferred to polyvinylidene
difluoride (PVDF) membrane at 30 V for 2h, blocked in 5% non-fat milk in Tris-buffered
saline with Tween 20 (TBS-T) for 3h, incubated with primary antibody overnight, washed
three times with TBS-T, incubated with HRP-conjugated goat anti-mouse or goat anti-rabbit
secondary antibody for 2–3h, washed three times with TBS-T buffer, incubated for 5–10
min with ECL reagent (GE Healthcare, Piscataway, NJ) and visualized by Fuji LAS-3000
scanner.

Real-time quantitative reverse transcriptase-polymerase chain reaction
Total RNA was isolated from T cells (transfected or non-transfected controls) by RNeasy
Mini Kit (Qiagen, Valencia, CA). Reverse transcription was performed at 37 °C for 120 min
from 100 ng total RNA using the High Capacity cDNA Archive Kit (Applied Biosystems,
Foster City, CA). Quantitative real-time PCR for SYK was performed (LightCycler 480,
Roche, Indianapolis, IN) with 40 cycles at 94 °C for 12 sec and 60 °C for 60 sec using
Taqman gene expression assay (Applied Biosystems). All PCR reactions were run in
triplicates with a control reaction containing no RT enzyme. The comparative Ct method
was used to quantify transcripts relative to the endogenous control gene 36B4.

Transient transfection
Serial concentrations of CREM α (0.5, 1 and 2 µg) expression constructs or empty vector
were transfected separately into T cells using the Amaxa nucleofector system. In some
experiments transfected cells were treated with 1 µg anti-CD3/anti-CD28 antibodies for 1h.
Time- and dose-curve of anti-CD3/anti-CD28 treatment were optimized in preliminary
experiments (data not shown). After 24h of incubation, transfected cells were washed with
PBS and lysed with RIPA buffer supplemented with protease and phosphatase inhibitors.
Equal amount of proteins were subjected to Western blot using antibodies against total SYK,
phosphorylated SYK, CREM α and β-actin.

Chromatin immunoprecipitation
3×106 T cells from healthy individuals were crosslinked with 1% formaldehyde and
incubated for 10 minutes at 37 °C. Cells were washed twice with ice cold PBS containing
protease inhibitors at 2000 rpm at 4 °C for 5 min. The cell pellet was re-suspended in
appropriate volume of SDS lysis buffer to obtain the appropriate number of cells/150 µl and
incubated for 10 min on ice. DNA was sheared to lengths between 200 and 1000 bp by
sonication. Sonicated DNA was transferred to another tube and diluted with ChIP dilution
buffer. To reduce non-specific background, chromatin solution were pre-cleared with 30 µl
salmon sperm DNA/Protein A agarose-50% slurry for 2h at 4 °C with agitation. Pre-cleared
chromatin was precipitated by anti-CREM α antibody overnight. Immunoprecipitated DNA
was collected by 50 µl salmon sperm DNA/Protein A agarose slurry with rotation for 6h
followed by gentle centrifugation (1000 rpm, 5 min). Supernatant contained unbound, non-
specific DNA was removed. Protein A agarose/antibody/DNA complex was washed
sequentially by low salt, high salt, LiCl immune complex and Tris-EDTA washing buffer for
5 min on a rotating platform. Freshly prepared elution buffer (1% SDS, 0.1 M NaHCO3)
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was used to elute the DNA protein complex. Elution was repeated twice. DNA was purified
from combined elutes by using QIAamp DNA purification kit collected from Qiagen
(Valencia, CA) and analyzed by PCR with the sense-GGTATCTCAAAACCATTCTTAG
and antisense-TGGGCAACTTCCTTAACG primer pair. The PCR reaction was repeated
with a second set of primers (sense-TAACTCGAGTCCAGCACAGTAGCTTGGAGCTT
and antisense-CGCAAGCTTTAGAACAAGAAAGGGCATGAAAGCA). The experiment
was repeated with T cells from 5 SLE patients and 5 age- and sex-matched controls. In a
separate experiment, T cells isolated from 7 SLE patients and 7 age- and sex-matched
controls were immunoprecipitated with anti-acetyl-histone H3 antibody as stated above
using equal number of cells. Equal amount of DNA was used in PCR reactions to compare
the relative enrichment of acetyl groups between the SLE and control samples.

Electrophoretic mobility shift assay
5 pmol double-stranded synthetic oligonucleotides were annealed and labeled with
[γ32P]ATP using T4 polynucleotide kinase. CRE-sense-GGTTGTGGACGTCAGAGCCGT
and CRE-antisense-ACGGCTCTGACGTCCACAACC primer pair was used as wild-type
probe, and MuCRE-sense-GGTTGTAGACGACTGAGCCGT and MuCRE-antisense-
ACGGCTCAGTCGTCTACAACC primer pair was used as a mutated probe to analyze the
complex formed by CRE site on SYK promoter with T cell nuclear extract. These probes
were designed to encompass one potential CRE site on SYK promoter. T cell nuclear
extracts were prepared following the procedure described before (22). 5 µg of T cell nuclear
extracted total protein were incubated with labeled probe in presence of binding buffer and 1
µg of poly(dI-dC) for 1h at 20°C. In a separate binding reaction 2 µg antibody against
CREM α was used to verify the specificity of binding. Additional binding reaction was
performed with a probe where CRE site was disrupted by three bases alongside the wild-
type probe. The DNA-protein complex was isolated on a 6% DNA retardation gel. Gels
were fixed in 10% acetic acid/10% methanol for 10 min, dried, exposed overnight to
phospho-screen and scanned using a Phospho-Imager scanner (GE Healthcare).

Transient transfection of T cells and measurement of luciferase activity
T cells were transfected using Amaxa nucleofector system. Briefly, 5×106 T cells were
resuspended in T cell nucleofector solution (Lonza Walkerrsville Inc., Walkersville, MD)
and 2 µg of SYK reporter plasmids were transfected along with 0.5 µg CREM α DNA or
empty vector. 50 ng of Renilla luciferase gene driven by the cytomegalovirus (CMV)
promoter (pRL-CMV; Promega, Madison, WI) was used as an internal control in all
transfection experiments. After 24h incubation, cells were washed twice with PBS
(Invitrogen, Carlsbad, CA) and lysed with passive Lysis Buffer (Promega). Luciferase
activities were measured by injecting luciferase assay reagent (Promega) into cell extracts
and recording luminescence (a 15-sec light output) in a D-20/20 Luminometer (Turner
Biosystems, Mountain View, CA). The Renilla luciferase activity as internal control was
measured with the Dual Luciferase Reporter Assay System (Promega).

Mutation of CRE site on SYK promoter
The QuikChange site-directed mutagenesis method was performed using PfuTurbo DNA
polymerase in temperature cycler. The basic procedure utilizes a supercoiled double-
stranded DNA vector with an insert of interest and two synthetic oligonucleotide primers
containing the desired mutation. The primers were used to mutate CRE site are M-CRE-
sense-TTTATTTGGTTGTGGATACGAGAGCCGTCATGG and M-CRE-antisense-
CCATGACGGCTCTCGTATCCACAACCAAATAAA. Primers are extended during
temperature cycling by PfuTurbo DNA polymerase. Incorporation of the primers generates a
mutated plasmid containing staggered nicks. Following temperature cycling, the product is
treated with DpnI. The DpnI endonuclease is specific for methylated and hemimethylated
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DNA and is used to digest the parental DNA template and to select for mutation-containing
synthesized DNA. The nicked vector DNA containing the desired mutation is then
transformed into OneShot TOP10 supercompetent cells (Invitrogen). The final clone was
sequenced and used in transfection. Luciferase activity was measured following the
procedure as discussed before.

Silencing RNA transfection
Mixture of 3 different human CREM α-specific siRNAs and a scrambled negative control
siRNA were collected from Origene Technologies (Rockville, MD). 500 nM control siRNA
or 100 or 500 nM CREM α-specific siRNA were transfected into healthy T cells by Amaxa
nucleofector system. After 72h post-transfection some groups were stimulated with anti-
CD3/anti-CD28 antibodies for 1h, washed with PBS and lysed with RIPA buffer
supplemented with protease and phosphatase inhibitors. Total proteins were subjected to
Western blot with total SYK, phosphorylated SYK, CREM α and β-actin antibodies.

Statistical analysis
Statistical analyses were performed using Student t-test and ANOVA. * p≤0.05, ** p≤0.01,
***p≤0.001.

RESULTS
CREM α overexpression downregulates SYK expression and SYK phosporylation

To determine whether CREM α is involved in the regulation of SYK expression, CREM α
cDNA was overexpressed in normal human T cells. Transfection of T cells with a CREM α
DNA expression construct (Figure 1A) resulted in significant suppression of SYK mRNA
(Figure 1B) and protein levels (Figure 1C). Phosphorylation of SYK induced by anti-CD3/
anti-CD28 antibodies was also significantly reduced following CREM α overexpression
(Figure 1D). These results demonstrate that CREM α is able to suppress SYK mRNA and
protein expression as well as the level of SYK phosphorylation in T cells.

Silencing of endogenous CREM α enhances SYK protein expression and phosphorylation
To verify the functional importance of the endogenous CREM α in the regulation of SYK
expression in normal cells CREM α was silenced using the mixture of 3 specific siRNAs.
Using two different concentrations of CREM α-specific siRNAs (Figure 2A) total SYK
protein expression (Figure 2B) as well as the phosphorylation of SYK protein (Figure 2C)
were significantly elevated compared to the control siRNA-treated samples in normal T
cells.

In sum, endogenous level of CREM α effectively regulates the SYK expression and
phosphorylation in normal T cells.

Binding of CREM α on SYK promoter
In considering possible trans sites on the SYK promoter that would enable CREM binding ,
we identified a CRE motif (Figure 3A) and we showed, using chromatin
immunoprecipitation assays, that CREM α bound to the SYK promoter through this element
(Figure 3B). To ascertain that CREM α indeed binds to this CRE site on the SYK promoter
EMSA was performed using a [γ32P]-labeled oligonucleotide harboring the CRE sequence
on the SYK promoter and nuclear proteins extracted from normal T cells. Specific protein-
DNA complexes were observed with the oligonucleotides containing the CRE site that could
be displaced by a cold CRE site whereas a mutated oligonucleotide as competitor failed to
displace the specific complex (Figure 3C). The presence of CREM α protein in these
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protein-DNA complexes was confirmed with a specific antibody against CREM α which
was able to displace the protein-DNA complex (Figure 3D). An oligonucletide spanning the
CRE site but altered by three bases failed to form any specific complexes with the T cell
nuclear extract in EMSA (Figure 3E). Taken together these data demonstrate that CREM α
binds to the CRE site of the SYK promoter.

CREM α suppresses SYK promoter activity by binding to the CRE site
To verify that SYK inhibition by CREM α occurred indeed through binding to the CRE site
of the SYK promoter we further extended our study by reporter assays using a SYK
promoter-driven reporter construct. When the SYK promoter reporter construct was
transfected into normal T cells, significant elevation in luciferase activity was detected
compared to empty vector-transfected cells (Figure 4 – left side). When a CREM α
expressing vector was co-transfected along with the SYK promoter-driven reporter construct,
the promoter activity was inhibited significantly (Figure 4 – left side). Basal SYK promoter
activity increased significantly when the CRE site was disrupted by site-directed
mutagenesis (Figure 4– right side) suggesting that endogenous CREM α was not able to bind
to this mutated CRE site and could not perform effective inhibition on the SYK promoter.
Co-transfection of CREM α did not show any inhibitory effect on the SYK promoter activity
where the CRE site was disrupted showing that even the overexpression of CREM α could
not restore the inhibition of SYK when the CRE site was mutated.

Our data clearly show that the newly identified CRE site is important in SYK gene regulation
and CREM α suppresses the expression of SYK by binding to this CRE site of the SYK
promoter.

CREM α fails to bind to the SYK promoter in SLE T cells
Based on the above findings we suggest that the elevated level of SYK in SLE T cells
indeed triggers CREM α expression and may function as a negative feedback mechanism to
mitigate SYK levels. However it remained unclear why elevated level of CREM α in SLE T
cells is unable to suppress SYK expression in these cells. To gain insight into this question
we considered the ability of CREM α to bind to the SYK promoter. As shown in Figure 5A,
chromatin immunoprecipitation assays demonstrated that CREM α does not bind to the SYK
promoter in SLE T cells as robustly as in normal T cells.

Histone acetylation and deacetylation regulates chromatin accessibility by adding or
removing acetyl groups to lysine residue in the N-terminal histone domain. Acetylation
neutralizes the positive charge of histone lysines, thus allowing transcription factors to bind
on DNA. To determine whether altered histone acetylation could explain the limited binding
of CREM α to the SYK promoter, we performed chromatin immunoprecipitation
experiments using anti-acetyl-H3 antibody and observed less acetylation in SLE T cells
compared to control T cells. Low level of acetylation on proximal SYK promoter explain that
repression domain of SYK promoter might not be accessible to CREM α to suppress SYK
expression in SLE T cells and resulting as weaker binding of CREM α on SYK promoter
(Figure 5B). In addition, we observed that the levels of histone hypo-acetylation in SLE T
cells correlated with disease severity (SLEDAI index) of individual patients (Figure 5C).

DISCUSSION
Having observed that 1) SYK expression is increased in SLE T cells (5, 11, 12), 2) SYK
inhibition in lupus prone mice results in significant disease improvement (23) and 3) CREM
α is increased in SLE T cells and suppresses IL-2 production (16), we were interested in
identifying possible links between the aberrant expression of these two molecules.
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Our data clearly demonstrate the presence of a CRE motif in the promoter of SYK which
binds CREM α and in turn suppresses its expression (Figures 1 and 2). Such suppression
would provide negative feedback to the increased SYK expression which occurs in normal T
cells cultured in vitro (5). The increased levels of both SYK and CREM α in SLE T cells
suggest a failure of this control feedback mechanism. Such a defective mechanism would
prevent downregulation of SYK in activated T cells which subsequently should display a
hyper-responsive phenotype (9). Indeed, CREM α was found to bind to the SYK promoter of
SLE T cells in less quantity compared to normal T cells (Figure 5). Notwithstanding the
quantitative limitations of chromatin immunoprecipitation assays, it is tempting to propose
that limited CREM α binding may prevent the expected CREM α-mediated suppression of
the activity of the SYK promoter. Altered access of transcription factors to gene regulatory
elements is well known in SLE T cells (24, 25) and may alter regulation of gene expression.

Epigenetic modifications are typically ascribed responsibility for altered access of
transcription factors to regulatory elements of genes. Epigenetic abnormalities and
particularly DNA methylation have been studied extensively and reported abnormal in SLE
T cells (26). Histone acetylation abnormalities have been reported in human (27) and murine
(28) lupus T cells. Chromatin immunoprecipitation studies (Figure 5) demonstrated limited
presence of acetylated histone in the SYK promoter explaining the observed limited binding
of CREM α. Limited binding of CREM α can readily explain the increased levels of SYK in
SLE T cells despite the fact that they have increased levels of CREM α (Figure 6).

Gene expression may be regulated through a balance between histone acetylation and
deacetylation. Recently it was shown that many transcriptional activators can physically
interact with cofactors with histone acetyltransferase function and the ability to recruit these
histone modifying enzymes is closely intertwined with the ability of the transcription factor
to activate gene expression (29, 30, 31). So it is the amalgamation of more subtle changes in
nucleosome structure in chromatin. Our findings provide additional support on the role of
epigenetic abnormalities (histome acetylation and DNA methylation) in the development of
SLE and other autoimmune diseases (25).

Previously, it was suggested that histone deacetylase inhibitors limit disease in lupus-prone
mice (32). One mechanism for such an effect may involve enhanced presence of acetylated
histones in the SYK promoter which would enable the binding of the transcriptional
repressor CREM α resulting in suppression of the expression of SYK. Therefore, the
stipulated introduction of histone deacetylase inhibitors in the treatment of SLE is supported
by our findings. In addition, SYK inhibition has been shown to be of value in the treatment
of rheumatoid arthritis (33) and may represent an appropriate modality in the treatment of
patients with SLE. Understanding all these molecular bases of its increased expression will
facilitate the development of future improved therapeutic approaches for SLE patients.
Additional studies are needed to further understand the role of histone acetylation and
deacetylation on the expression of other genes which are expressed abnormally in SLE T
cells such as CD3 ζ, CREM α, CamKIV and PP2A (34).
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CREM cAMP response-element modulator protein
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Figure 1. Overexpression of CREM α downregulates SYK expression
A, T cells were transfected with empty vector or with 0.5, 1 and 2 µg of CREM α expression
vector. After 24h post-transfection Western blot was performed with antibodies against
CREM α or β-actin. B, T cells were transfected with different concentrations of CREM α
expression vector or with an empty vector. SYK mRNA level was detected by quantitative
PCR. Relative mRNA expression normalized to 36B4 is shown as mean ± SEM from one of
3 independent experiments. C, T cells were transfected with different concentrations of
CREM α expression vector or with an empty vector. After 24h incubation total SYK protein
or β-actin were detected by Western blot and represented as mean ± SEM of densitometry
scan of 5 different blots. D, T cells were transfected with different concentrations of CREM
α expression vector or with an empty vector. The transfected cells were treated with 1 µg
anti-CD3/anti-CD28 antibodies and the levels of phosphorylated SYK and β-actin were
measured by Western blot. The data presented as mean ± SEM of densitometry scan of 5
independent blots.
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Figure 2. Silencing of endogenous CREM α upregulates SYK protein expression and
phosphorylation
A, T cells were transfected with 500 nM control siRNA or 100 and 500 nM CREM α-
specific siRNA. At 72h post-transfection cells were lysed with RIPA buffer and Western
blotted with antibody against CREM α. B, Normal T cells were transfected with 500 nM of
control siRNA or 100 and 500 nM CREM α-specific siRNA. Cells were collected after 72h
post-transfection in RIPA buffer and Western blotted with antibody against total SYK and β-
actin. Data represented as mean ± SEM of densitometry scan of 5 different blots. C, Normal
T cells were transfected with 500 nM control siRNA and 100 and 500 nM CREM α-specific
siRNA. 1 µg of anti-CD3/anti-CD28 stimulation was given 1h before cell harvesting. Cells
were collected after 72h of post-transfection in RIPA buffer and Western blotted with
antibody against phosphorylated SYK and β-actin. Data represented as mean ± SEM of
densitometry scan of 5 different blots.
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Figure 3. CREM α binds on SYK promoter
A, The SYK gene promoter sequence from initiator element to −782. The transcription start
site is marked as red; the CRE site on SYK promoter as blue; one AP1 site marked as green;
Ets core binding sites as pink. B, Sonicated chromatin from normal T cells was
immunoprecipitated by CREM α antibody or a control IgG. Amplified SYK promoter was
detected by PCR. C, An oligonucleotude spanning the region of CRE site on SYK promoter
was labeled with [γ32P] and incubated with 5 µg T cell nuclear extract. Protein-DNA
complexes were separated on a 6% DNA retardation gel and visualized by phosphoimage
analyzer. Unlabeled cold competitors (20 to 500 molar excess) were used to displace
complexes formed by labeled oligonucleotides. A cold mutated oligonucleotide was used as
non specific competitor. One representative experiment out of 3 is shown. D, 2 µg of
specific antibody against CREM α or a non-specific IgG were incubated with labeled
oligonucleotides and EMSA was performed. E, Mutated CRE site-bearing oligonucleotide
was labeled with [γ32P] and EMSA was performed. In a separate reaction a wild-type probe
was used. One representative experiment out of 3 is shown.
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Figure 4. CREM α overexpression reduces SYK promoter activity
T cells were co-transfected with 2 µg wild-type SYK promoter-luciferase reporter construct,
CRE site-mutated SYK promoter-luciferase construct or 500 ng CREM α expression plasmid
and 50 ng Renilla plasmid vector as internal control. DNA concentrations were normalized
by empty vector. Luciferase readings from cell extract was measured and normalized with
Renilla luciferase and the data was plotted as mean ± SEM based on 6 different experiments.
Construct cartoon shows upstream cis elements on SYK promoter. Rectangular box indicate
CRE site and AP-1 site shown as oval shape. Out of several Ets binding sites on SYK
promoter a few are shown as diamond shapes, those are close to CRE and AP-1 sites.
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Figure 5. CREM α does not bind to the SYK promoter in SLE T cells
A, Chromatin was prepared from T cells of 5 SLE patients and 5 age- and sex-matched
controls and immunoprecipitated with CREM α antibody. One characteristic example of
chromatin-immunoprecipitated SYK promoter with CREM α antibody and densitometry scan
of 5 separate samples of control and SLE patients are shown as mean ± SEM of relative
intensity of immunoprecipitated bands. B, Chromatin was prepared from 7 SLE patients and
7 age- and sex-matched controls and immunoprecipitated with anti-acetyl-histone H3
antibody. Individual immunoprecipitated bands were measured by densitometry and plotted
as random scatter. C, Relative enrichment of acetyl group (as depicted on the X axis) was
plotted against the respective SLE disease activity index (SLEDAI; Y axis) using Prism
graph pad software. Statistical correlation is given as r value.
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Figure 6.
Model demonstrating CREM α activation by cAMP pathway and subsequent binding on the
CRE site of the SYK promoter to result in downregulating SYK expression in normal T cells.
In SLE T cells hypoacetylated SYK promoter inhibits CREM α binding on the CRE site and
CREM α-mediated suppression of SYK gene expression.
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