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Background: Expanded CD3�CD4�CD8� T cells in SLE originate from CD8� T cells.
Results: CREM� trans-represses CD8 gene transcription.
Conclusion:By trans-repressingCD8 expression, CREM� contributes to double-negativeT cell expansion in SLEpathogenesis.
Significance: CREM� modulates T cell subset distribution and cytokine expression.

T cell receptor-��� CD3�CD4�CD8� “double-negative” T
cells are expanded in the peripheral blood of patients with sys-
temic lupus erythematosus and autoimmune lymphoprolifera-
tive syndrome. In both disorders, double-negative T cells infil-
trate tissues, induce immunoglobulin production, and secrete
proinflammatory cytokines. Double-negative T cells derive
fromCD8� T cells through down-regulation of CD8 surface co-
receptors. However, the molecular mechanisms orchestrating
this process remain unclear. Here, we demonstrate that the
transcription factor cAMP-responsive element modulator �
(CREM�), which is expressed at increased levels in T cells from
systemic lupus erythematosus patients, contributes to tran-
scriptional silencing of CD8A and CD8B. We provide the first
evidence thatCREM� trans-represses a regulatory element 5� of
theCD8B gene. Therefore, CREM� represents a promising can-
didate in the search for biomarkers and treatment options in
diseases in which double-negative T cells contribute to the
pathogenesis.

Systemic lupus erythematosus (SLE)3 is an autoimmune/in-
flammatory disorder that can affect any organ of the human
body. Tissue damage is caused by a number of mechanisms,
including the deposition of autoantibodies and immune com-
plexes, and organ infiltration by lymphocytes (1). In SLE, sev-
eral molecular abnormalities contribute to the proinflamma-

tory phenotype and tissue homing of B and T cells. T cell
receptor (TCR)-��� CD3�CD4�CD8� “double-negative”
(DN) T cells are expanded in the peripheral blood and infiltrate
tissues, where they induce immunoglobulin production and
secrete proinflammatory cytokines (2–5). Recently, we demon-
strated that human DN T cells derive from CD8� T lympho-
cytes (3). Our studies suggested that following TCR stimula-
tion, CD8� T cells down-regulate the CD8 co-receptor on their
surface and acquire a distinct DN T cell phenotype that
includes increased production of proinflammatory IL-17A (3).
However, the molecular mechanisms that contribute to the
down-regulation of CD8 surface expression remain unclear.
The regulation of CD8 has been studied during the develop-

ment of T lymphocytes in the thymus. Most thymus-derived
TCR-��� T cells express CD4 or CD8 co-receptors. Mature
CD4� orCD8�Tcells derive from commonCD4�CD8� “dou-
ble-positive” progenitor cells, which derive from CD4�CD8�

DN thymocytes (6, 7). Four clusters with increased DNase sen-
sitivity have been identified within the murine CD8 locus,
which are syntenic with six human clusters (8, 9). Transgenic
reporter systems allowed the identification of several enhancer
elements within the CD8 cluster (E8I–E8IV) (6, 8–19). This
enhancer network is required for lineage-specific regulation of
CD8� and CD8� during T cell development, and its elements
undergo epigenetic remodeling during T cell development,
either allowing or prohibiting the expression of CD8A and/or
CD8B (9).
Here, we studied trans-regulatory mechanisms that contrib-

ute to the generation of peripheral DN T cells in health and
disease. In addition, we studied Fas-deficient MRL/lpr mice
that display an expanded DN T cell population (20, 21). Com-
parable to the lpr mutation in Fas-deficient MRL/lpr mice, a
group of disorders, referred to as autoimmune lymphoprolif-
erative syndrome, may result from mutations in the genes
encoding Fas/CD95 (TNFRSF6) (22–26). In both Fas-deficient
MRL/lpr mice and human autoimmune lymphoproliferative
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syndrome patients, the majority of DN T cells are believed to
originate from CD8� T cells through down-regulation of CD8
surface expression (21, 27). Autoimmune lymphoproliferative
syndrome patients and MRL/lprmice develop a lymphoprolif-
erative disease with excessive autoantibody production (in
humans, primarily anti-cardiolipin or direct Coombs antibod-
ies; in MRL/lpr mice, mainly anti-dsDNA antibodies) and
severe autoimmune phenomena and share features with SLE
patients (e.g. cytopenias, glomerulonephritis, hepatospleno-
megaly) (20, 23, 25, 26).
We present evidence that CD8� T cells down-regulate CD8

surface expression in response to TCR stimulation through
transcriptional silencing of the CD8A and CD8B genes. Tran-
scriptional repression is mediated by the transcription factor
cAMP-responsive element modulator � (CREM�), which is
expressed at increased levels in T cells from SLE patients (28,
29). CREM� exerts direct trans-repressing effects on a region
syntenic to the murine CD8b promoter (6, 30). Thus, CREM�
represents the first described transcription factor to trans-re-
press CD8 gene expression.

EXPERIMENTAL PROCEDURES

Cell Culture—Peripheral blood mononuclear cells were
enriched for T lymphocytes by negative selection (RosetteSep,
STEMCELL Technologies). A second round of negative selec-
tion was used to isolate CD8� T cells (Dynabeads, Invitrogen).
CD8� T lymphocytes were cultured at a concentration of 1 �
106 cells/ml in RPMI 1640 medium with 10% FCS in 12-well
plates that had or had not been precoated with anti-CD3 and
anti-CD28 antibodies (as indicated). Cells were collected after
120 h and harvested for quantitative RT-PCR, flow cytometry,
or ChIP as indicated.
Human Subjects—All SLE patients included in our studies

were diagnosed according to the American College of Rheuma-
tology classification criteria and were recruited from the Divi-
sion of Rheumatology at the Beth Israel Deaconess Medical
Center; they gave written informed consent under Protocol
2006-P-0298. Healthy and age-, gender-, and ethnicity-
matched individuals were chosen as controls. Peripheral
venous blood was collected in heparin-lithium tubes, and total
humanT cells were purified as described before. Epidemiologic
and clinical information is displayed in Table 1.
Mice—MRL/lprmicewere purchased fromThe Jackson Lab-

oratory (Bar Harbor,ME) and housed under specific pathogen-
free conditions. Experimental procedureswere approved by the
Beth Israel Deaconess Medical Center Animal Care and Use
Committee.
Flow Cytometry and Cell Sorting—Pacific Blue-conjugated

anti-CD4, phycoerythrin-conjugated anti-CD8, and allophyco-

cyanin/Cy7-conjugated anti-CD3 antibodies were purchased
from BioLegend. Samples were acquired on an LSR II flow
cytometer (BD Biosciences), and data were analyzed using
FlowJo version 7.2.2 (TreeStar, Inc.). For the analysis of T lym-
phocyte populations, a first gate that included live cells was
used. CD3� T lymphocytes were then plotted in a CD4� versus
CD8� dot plot that allowed the identification of discrete CD4�,
CD8�, and DN T lymphocyte populations. For some experi-
ments, stained cells were sorted in a FACSAria flow cytometer
(BD Biosciences); post-sorting purity was �98%.
Semiquantitative RT-PCR—Total RNA from control and

SLE T lymphocytes was isolated using an RNeasymini kit (Qia-
gen). cDNAwas generated using a first-strand cDNA synthesis
kit (Invitrogen). For gene expression analyses, real-time PCR
was performed using SYBR Green site-specific primers on the
ABI StepOnePlus real-time PCR system. Results were normal-
ized to 18 S.4
Gene Expression Plasmids—Expression plasmids for human

CREM� have been described previously (31–33). Threemillion
primary human CD8� T lymphocytes were transfected with a
total amount of 3�g of the indicated expression plasmids using
the Amaxa transfection system (Lonza). After 24 (RNA) or
120 h (flow cytometry), cells were harvested and assayed.
Generation of Luciferase Reporter Constructs—Reporter con-

structs of three conserved noncoding sequence (CNS) regions
within the human CD8 cluster (CNS2 (271 bp), which is syn-
tenic to the murine CD8b promoter, and CNS7 (352 bp) and
CNS8 (209 bp), which map to previously reported enhancer
regions (6)) were PCR-amplified and cloned into the luciferase
vector pGL3-Basic (Promega) using primers with attached
restriction sites for MluI and BglII. All plasmid DNAs were
prepared using DNA purification kits (Qiagen) and sequence-
verified (GENEWIZ,Cambridge,MA). Site-directedmutagenesis
at two cAMP-responsive element (CRE) sites within the CNS2
reporter construct was performed using a DNA oligonucleotide
harboringamutatedCREandPfuTurbo�DNApolymerase (Strat-
agene) according to themanufacturer’s instructions.
Luciferase Assays in Jurkat T Cells—One million Jurkat T

cells were transfected with 500 ng of plasmid DNA using the
Amaxa transfection system. Effector/reporter transfection
experiments were performed at a molar ratio of 3:1. Each
reporter experiment included 10 ng of Renilla luciferase con-
struct as an internal control. Six hours after transfection, cells
were collected and lysed, and luciferase activity was quantified
using the Dual-Luciferase assay system (Promega) following
the manufacturer’s instructions. Luciferase experiments were
repeated four times, and values in the bar graphs are given as
means � S.D.
ChIP Assays—Anti-CREM� polyclonal antibody detecting

human CREM� has been described previously (6, 34). ChIP
experiments were carried out with a ChIP kit (Upstate Biotech-
nology/Millipore) according to the manufacturer’s instruc-
tions. For this assay, ChIP-grade Protein A/G Plus-agarose was
used (Thermo Scientific). Briefly, 1–2 million cells were cross-
linked with 1% formaldehyde, washed with cold phosphate-

4 Primer sequences for quantitative RT-PCR, plasmid generation, methylated
DNA immunoprecipitation, and ChIP-PCR will be provided upon request.

TABLE 1
Demographic information on SLE patients

Patient Years of age Gender Ethnicity SLEDAIa

1 46 F C 5
2 28 F C 4
3 33 F AA 4
4 40 F AA 4

a SLEDAI, SLE disease activity index; F, female; C, Caucasian; AA, African
American.
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buffered saline, and lysed in buffer containing protease inhibi-
tors (Roche Applied Science). Cell lysates were sonicated to
shear DNA and sedimented, and diluted supernatants were
immunoprecipitated with the indicated antibodies. A propor-
tion (20%) of the diluted supernatants were kept as “input”
(input represents PCR amplification of the total sample). The
amount of immunoprecipitated DNA was subtracted from the
amplified DNA that was bound by the nonspecific normal IgG
and subsequently calculated relative to the respective input
DNA.
Statistical Analysis—Paired two-tailed Student’s t test was

used for statistical analysis of all flow cytometry and transfec-
tion experiments as indicated. A p value of �0.05 was consid-
ered statistically significant. Results are indicated as means �
S.D. unless noted otherwise.

RESULTS

A Subset of CD8� T Cells Down-regulates CD8 in Response
to Stimulation—A significant fraction of CD8� T cells down-
regulates CD8 co-receptor surface expression in response to
TCR activation with anti-CD3 and anti-CD28 antibodies (3).
Although some CD8� T cells underwent cell death in response
to TCR stimulation in the absence of added cytokines, most
cells survived (average of 94.6%, S.D. of 1.57) (Fig. 1A). After
120 h, CD8 co-receptor surface expressionwas down-regulated

in 46.9% (S.D. of 12.9) of T cells (Fig. 1A and Table 2), allowing
an enrichment of DN T cells (3). Reduced CD8 co-receptor
expression was reflected by significant down-regulation of
CD8A (p� 0.001) andCD8B (p� 0.007)mRNAs in response to
stimulation, both ofwhich followed individual kinetics (Fig. 1,B
and C). Relative CD8 expression in unstimulated CD8� T cells
was assigned a value of 1. Changes in gene expression in
response to TCR stimulation are displayed as an increase (�1)
or decrease (�1) over CD8 expression in resting CD8� T cells.
During the initial 72 h, expression of the two CD8 isoforms was
comparable in resting CD8� T cells and in response to T cell
activation. After 96 and 120 h, stimulated CD8� T cells down-
regulated CD8A and CD8B transcription (p � 0.001).
Fas-deficient MRL/lpr mice exhibit an enrichment of DN T

cells and develop a lymphoproliferative disease with severe
autoimmune phenomena mimicking SLE (20). In agreement
with our observations in human T cells, in MRL/lpr T cells, the
expression of CD8 was regulated at the transcriptional level
(Fig. 2A). Recent studies suggest that themajority of DNT cells
inMRL/lprmice derive fromCD8�Tcells (21). To confirm this
observation, we stimulated sorted CD4� and CD8� T cells
from asymptomatic MRL/lprmice (6 weeks old) and from ani-
mals after disease onset (14 weeks old) with anti-CD3 and anti-
CD28 antibodies (Fig. 2,B andC). TCR stimulation of cells from

FIGURE 1. Human CD8 protein and mRNA expression in response to TCR stimulation. A, primary human CD8� T lymphocytes from healthy individuals were
stimulated with plate-bound anti-CD3 and anti-CD28 antibodies for 120 h. Most stimulated CD8 T cells were alive as shown by their forward (FSC) and side (SSC)
scatter distribution (left panel) and expressed CD3 (middle panel). A large proportion of CD8� T lymphocytes down-regulated CD8 and transformed into DN T
cells (right panel). B, TCR stimulation with anti-CD3 and anti-CD28 antibodies for 120 h significantly decreased CD8A and CD8B mRNA expression in primary
human CD8� T lymphocytes from healthy individuals. Values are means � S.D. NS, non-stimulated T cells; ST, TCR-stimulated T cells. C, kinetics of CD8A and
CD8B mRNA expression in response to TCR stimulation with anti-CD3 and anti-CD28 antibodies over 120 h in primary human CD8� T lymphocytes from healthy
individuals. Values indicate -fold changes over the relative gene expression in unstimulated T cells, which were assigned a relative expression of 1. NS indicates
time points at which TCR stimulation did not result in significant changes. p values indicate statistically significant changes in gene expression after 48 and 72 h
(CD8A) or 96 and 120 h (CD8A and CD8B).
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young animals resulted in lower numbers of DN T cells com-
pared with T cells from diseased animals (p� 0.001). However,
in both age groups, significantly more CD8� T cells (6 weeks,
9.15%, S.D. of 1.32; 14 weeks, 53.7%, S.D. of 9.8) transformed
into DN T cells compared with CD4� T cells (6 weeks, 5.07%,
S.D. of �0.67; 14 weeks, 25.86%, S.D. of 3.99; p � 0.001).

We demonstrated previously that the transcription factor
CREM� is expressed at increased levels in T cells from SLE
patients (28, 29). After disease onset, MRL/lpr mice share key

symptoms with SLE patients, including the enrichment of
DN T cells and elevated T cell expression of CREM�. Thus,
we asked whether the expression of CREM� in T cells from
6- and 14-week-old animals reflects the differential potential
to down-regulate CD8. Indeed, ex vivo isolated CD4� or
CD8� T cells from 14-week-old diseased animals exhibited
increased CREM� expression compared with T cells from
6-week-old animals. Furthermore, CD4� T cells expressed
less CREM� compared with CD8� T cells from the same
mice (Fig. 2D).
CREM� Represses CD8 Gene Transcription—CREM� con-

tributes to the dysregulation of cytokine expression and affects
T cell subset distribution in SLE through transcriptional regu-
lation of cytokines and the induction of epigenetic remodeling
processes (28, 31–33, 35). Thus, we askedwhether CREM� also
trans-regulates CD8 expression. To this end, we overexpressed
CREM� in human CD8� T cells. After 120 h in culture, cells
were collected and stained for CD3, CD4, and CD8 surface
expression for flow cytometry (Fig. 3A). Forced expression of

FIGURE 2. CD8 expression in MRL/lpr mice is regulated at the transcriptional level. A, CD8a and CD8b mRNAs were differentially expressed in CD4�, CD8�,
and DN T lymphocytes sorted from 14-week-old MRL/lpr mice. B and C, CD8� T cells from MRL/lpr mice down-regulated CD8 surface receptors in response to
TCR stimulation with anti-CD3 and anti-CD28 antibodies. This was more pronounced in 14-week-old symptomatic animals compared with younger animals (6
week old) before the onset of symptoms. Also, a subset of CD4� T cells down-regulated CD4 in response to stimulation. However, the CD4-to-DN conversion
rate was significantly lower than the CD8-to-DN conversion rate. Values are means � S.D. D, CD4� and CD8� T cells from 6-week-old “healthy” MRL/lpr mice
expressed reduced levels of CREM� compared with 14-week-old diseased animals. CD8� T cells expressed more CREM� than CD4� T cells from the same
mouse, reflecting their capacity to transform into DN T lymphocytes in response to TCR stimulation.

TABLE 2
Effects of TCR stimulation on CD8� T cells from healthy individuals

Patient Live cells CD8� T cells DN T cells

%
1 94.97 41.01 58.99
2 94.9 53.12 46.88
3 97.81 42.12 57.88
4 95.34 44.35 55.63
5 97.82 71.01 28.99
6 98.15 66.52 33.48
Average 96.49 53.02 46.97
S.D. 1.57 12.99 12.99
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CREM� led to a significantly increased production of DN T
cells (p � 0.04) (Fig. 3A, left panel). Furthermore, CD8� T cells
exhibited a significant decrease in the expression of the CD8
co-receptor (CD8 mean fluorescence intensity) in response to
forced expression of CREM� (p � 0.029) (Fig. 3A, right panel).
To determine whether CREM� regulates CD8 co-receptor
expression at the transcriptional level, we assessed CD8A and
CD8BmRNA expression in CD8� T cells in response to forced

expression of CREM�. Both CD8A (p � 0.003) and CD8B (p �
0.002) transcripts were significantly reduced in response to
CREM� overexpression (Fig. 3B), suggesting trans-repressing
effects on CD8A and CD8B. Because T cells constitutively
express CREM� (28), we investigated the effects of CREM
silencing by siRNAs. Indeed, CD8� T cells exhibited increased
CD8A (p � 0.015) and CD8B (p � 0.027) transcription in
response to CREM knockdown (Fig. 3C).

FIGURE 3. CREM� governs CD8 expression. A, CREM� enhanced the generation of DN T cells from primary human CD8� T cells from healthy individuals (120
h). CD8� T cells were increased in response to CREM� compared with controls (empty vector (EV)). CREM� increased the relative numbers of DN T cells (left
panel) by down-regulating CD8 surface expression on individual T cells (right panel). MFI, mean fluorescence intensity. B, CREM� negatively regulated CD8A and
CD8B mRNA expression in primary human CD8� T cells compared controls (24 h). C, CREM knockdown resulted in increased CD8A and CD8B expression in
primary human CD8� T cells compared with cells transfected with scrambled siRNA (24 h).

FIGURE 4. trans-Regulation of the CD8 cluster. A, to investigate trans- and cis-regulatory elements across the human and murine CD8 locus, we defined
regions of interest based on bioinformatic approaches. We aligned the mouse and human CD8 genes (VISTA Genome Browser) and searched for CNS sites. CNS
sites were defined as regions of �200 bp with �70% homology between human and mouse. Eight regions of interest (CNS1–CNS8) were defined based on the
degree of sequence conservation and the presence of reported regulatory regions. C II–C IV are previously reported DNase hypersensitivity clusters with
regulatory capacities; E8I–E8IV are previously defined enhancer elements (6). B, reporter constructs of CNS regions within the human CD8 cluster were
generated and transfected into Jurkat T cells. CNS2 is syntenic to the murine CD8b promoter, and CNS7 and CNS8 are within previously reported regulatory
elements. All constructs exhibited enhanced activity over an empty pGL3 plasmid (empty vector (EV)). C, CREM� reduced the activity of CNS2, whereas CREB
enhanced promoter activity. Both CREM� and CREB did not show significant effects on either CNS7 or CNS8.
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Bioinformatic Analysis of the CD8A/CD8B Gene Cluster—
The human CD8 gene cluster on chromosome 2q12 harbors
both the CD8A and CD8B genes, which encode the CD8�
and CD8� proteins, respectively. Applying bioinformatic
approaches, we aligned themurineCD8a andCD8b genes with
the human CD8A and CD8B genes (VISTA Genome Browser)
and defined CNS regions (Fig. 4A, pink), exons (magenta), and
UTRs (turquoise). Eight CNS sites were defined that display
sequence homologies of �70% over at least 200 bp between
species, and they were used as targets in the search for CREM-
responsive regulatory elements.
CREM� trans-Represses CNS2 Activity—A comparative

analysis of the murine and human CD8 genes yielded multiple
putative CREs that could potentially recruit CREM�. Thus, we
focused our search for CREs within the identified CNS regions
(Fig. 4, A and B). We generated luciferase constructs of CNS2
(syntenic to the murine CD8b promoter) (30), CNS7, and
CNS8, all of which exhibited promoter/enhancer activities (Fig.
4B): CNS2 by a 1.9-fold increase (S.D. of 0.34; p� 0.007), CNS7
by a 2.1-fold increase (S.D. of 0.35; p � 0.001), and CNS8 by a
1.5-fold increase (S.D. of 0.15; p � 0.001). To investigate
whether CREM� accounts for CD8 repression, we performed
luciferase assays using the CNS2, CNS7, and CNS8 reporter
constructs in the presence and absence of CREM� (Fig. 4C).
Forced expression of CREM� did not have a significant effect
on the activities of CNS7 or CNS8. However, CREM� signifi-
cantly decreased the promoter activity of CNS2 (by �20%),

whereas forced expression of the CREM� counteractor CRE-
binding protein (CREB), another member of this transcription
factor superfamily, increased its activity.
CNS2, which is syntenic to the murine CD8b promoter, har-

bors two CRE sites (Fig. 5A). Deletion of either of the CRE sites
within the 271-bp CNS2 reporter construct (Fig. 5A) reduced
the promoter activity of CNS2 by 35–40% and abolished addi-
tional effects by CREM� (Fig. 5B). This suggests trans-activat-
ing effects of the transcription factor CREB on the CNS2
enhancer that are dependent on the two intact CRE half-sites.
To investigate whether CREM� trans-represses the pro-

moter activity of CNS2 by replacing CREB from these binding
sites, we performed ChIP experiments in CD8� T cells from
SLE patients and healthy controls (Fig. 5C). In both CD8� T
cells from SLE patients and healthy controls, CREM� was
recruited to CNS2 in response to T cell activation with anti-
CD3 and anti-CD28 antibodies where it replaces CREB. Nota-
bly, SLE T cells showed enriched (28, 29) CREM� recruitment
to theCNS2 region,whereasCREBwas less recruited to this site
(Fig. 5D).

DISCUSSION

Both the origin and function of DN T cells have been the
focus of research for several years. As a result from V� and V�
gene studies, phenotypic differences between immature DN
thymocytes and also within mature DN T cells have been rec-
ognized (36–40). In the peripheral blood of SLE patients, DNT

FIGURE 5. CREM� represses the activity of CNS2 through binding to CRE motifs. A, CNS2, which is trans-regulated by CREB and CREM�, harbors two CREs
that bind CREB or CREM�. Displayed are the consensus sequence of the palindromic CRE site (upper) and two putative CRE sites within CNS2 (lower). B, deletion
of either of the two CRE sites within CNS2 resulted in reduced promoter activity and abrogated CREM� effects after transfection into Jurkat T cells. C, CREM�
and phospho-CREB (p-CREB) competed for the recruitment to CNS2 as assessed by ChIP. CD8� T cells from healthy donors exhibited mostly phospho-CREB and
almost no CREM� recruitment to CNS2 (bars 1 and 3). In response to TCR stimulation with anti-CD3 and anti-CD28 antibodies, phospho-CREB was partially
replaced with CREM� (bars 2 and 4). D, in stimulated CD8� T cells from SLE patients, CREM� recruitment to CNS2 was even more pronounced (bars 1 and 2).
Phospho-CREB was almost completely replaced with CREM� in SLE T cells. NS, non-stimulated cells; ST, T cells after TCR stimulation with anti-CD3 and anti-CD28
antibodies for 120 h; rel., relative; EV, empty vector.
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cells are expanded and derive from CD8� T cells that undergo
phenotypic transformation (2–5), involving the down-regula-
tion of CD8 and the acquisition of a distinct effector phenotype
(2, 3). Because DN T cells infiltrate tissues, they are believed to
be of pathophysiological relevance in SLE (2, 3). We demon-
strated previously that a considerably large cohort of CD8� T
cells down-regulates CD8 in vitro as a response to TCR stimu-
lation (3). However, the molecular mechanisms directing the
transformation of CD8� into DN T cells remained elusive. In
this study, we addressed regulatory mechanisms governing
CD8 expression contributing to the generation of DN T cells.
Studies focusing on the development of T cells in the thymus

have documented that the two CD8 genes, CD8A and CD8B,
are regulated at the transcriptional level (7, 6). The CD8 genes
are controlled by a number of cis-regulatory regions that
respond to trans-activation. Hitherto, no trans-repressing fac-
tors have been identified (6–18, 30, 41–44). We have demon-
strated that CREM�, which is expressed at increased levels in T
cells from SLE patients and in activated T cells, controls CD8A
and CD8B expression. Applying luciferase constructs, we
showed that transcription factors CREB and CREM� trans-
regulate a region syntenic to the murine CD8b promoter
(CNS2) in a diametric fashion. Upon TCR activation, CREM�
replaces the trans-activator CREB, suggesting that the balance
between CREM� and CREB controls the activity of CNS2. This
is in linewith our observation that forcedCREM� expression in
CD8� T cells suppresses CD8A and CD8B transcription.
Increased CREM� expression in SLET cellsmay therefore cen-
trally contribute to the enhanced generation of DN T cells
through trans-repression. Thus, we have provided the first evi-
dence for the presence of trans-suppressors of CD8. However,
effects of forced CREM� expression on the generation of DNT
cells are limited, indicating that additionalmechanisms, such as
additional transcription factors, may be involved in the expan-
sion of DN T cells in SLE patients.
Taken together, our data reveal a novel role of CREM� in the

regulation of CD8. During the induction of DN T cells through
stimulation of CD8� T cells, CREM� contributes to the down-
regulation of CD8 through trans-repression of CNS2, making
CREM� the first transcription factor reported to trans-repress
the CD8 genes. Because CREM� is increased in T cells from
SLE patients and MRL/lpr mice, these mechanisms could be
central in the generation of DN T cells in SLE and other auto-
immune diseases with increased numbers of DN T cells. This
makes CREM� a promising molecule in the search for disease
biomarkers and therapeutic targets.
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