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In systemic lupus erythematosus (SLE), T helper cells exhibit in-
creased and prolonged expression of cell-surface CD40 ligand
(CD154), spontaneously overproduce interleukin-10 (IL-10), but
underproduce interferon-gamma (IFN-g). We tested the hypothesis
that the imbalance of these gene products reflects skewed expres-
sion of CD154, IL-10, and IFN-g genes. Here, we demonstrate that
the histone deacetylase inhibitor, trichostatin A, significantly
down-regulated CD154 and IL-10 and up-regulated IFN-g gene
expression in SLE T cells. This reversal corrected the aberrant
expression of these gene products, thereby enhancing IFN-g pro-
duction and inhibiting IL-10 and CD154 expression. That trichos-
tatin A can simultaneously reverse the skewed expression of
multiple genes implicated in the immunopathogenesis of SLE
suggests that this pharmacologic agent may be a candidate for the
treatment of this autoimmune disease.

The hallmark of systemic lupus erythematosus (SLE) is dys-
regulated production of autoantibodies that ultimately leads

to irreversible, immune complex-mediated end-organ failure (1,
2). This dysregulated state seems to stem from a functional
imbalance of T lymphocyte subsets, the fundamental disorder of
cellular immunity in SLE (3). Characterized by a diametric
increase in CD41 T helper (Th) function and decrement in
CD81 T cytotoxicysuppressor activity, the outcome of this
imbalance of regulatory activity is Th-driven polyclonal B cell
production of both natural antibodies and pathogenic autoan-
tibodies.

Within the Th subpopulation, there is also an imbalance
between Th1 and Th2 cytokine production in SLE. Activated
Th2 cells overproduce interleukin 6 (IL-6), IL-10, and tumor
necrosis-a, whereas Th1 cells underproduce IL-2, interferon-g
(IFN-g), and transforming growth factor-b (4–8). Moreover,
activated Th cells overexpress cell-surface CD40 ligand (CD154)
that persists over an extended time interval compared with
activated normal T cells (9, 10). The ongoing interaction be-
tween CD154 on T cells and CD40 on B cells, in the presence
of high levels of IL-6 and IL-10 and in the absence of ef-
fective regulatory CD8 T cytotoxicysuppressor cells, persis-
tently activates B cells, resulting in high-output Ig produc-
tion. This altered homeostasis ultimately leads to polyclonal
hypergammaglobulinemia.

One mechanism that might account for this skewed expression
of CD154, IL-10, and IFN-g in SLE T cells is altered chromatin
structure, in part as a result of an imbalance of histone acety-
lation. The histone proteins, H2A, H2B, H3, and H4, possess
globular carboxyl (C)-terminal and highly basic amino (N)-
terminal tail domains. The C-terminal domain forms the core of
the nucleosome, whereas the tail domain is located outside of the
core particle and is accessible to posttranslational covalent
modifications, especially acetylation and methylation (11). Re-
versible acetylation of the «-amino group of lysine by histone
acetylases and histone deacetylases (HDACs) is a dynamic
process that plays a role in regulation of chromatin structure
(12). Lysine acetylation neutralizes histone proteins, whereas
deacetylation restores positively charged lysines. Following

deacetylation, interactions between positively charged lysines
and negative charges in the DNA phosphodiester backbone
stabilize the DNAyhistone complex, restricting nucleosome mo-
bility on the DNA and hindering accessibility of the promoter to
the transcription machinery (13). DNA methylation seems to
further enhance this process by promoting histone deacetylation
(14). By contrast, acetylation seems to result in dissociation of
DNA–histone interactions in the nucleosome, enhancing acces-
sibility of the promoter to transcription factors and RNA poly-
merase, thereby promoting transcriptional initiation (15). Par-
enthetically, histone acetylases and HDACs can also acetylatey
deacetylate non-histone proteins, including p53, which can also
regulate gene transcription (16). Thus, if deficient acetylation
exists and results in skewed gene expression of CD154, IL-10,
and IFN-g in SLE T cells, then augmenting acetylation might
reverse this disorder.

Inhibition of HDAC activity can increase histone acetylation
by preventing lysine deacetylation. In both yeast and mammalian
species, HDACs exist in multiprotein complexes that are com-
posed of transcriptional co-repressors (16, 17) and are recruited
to regions of the genome by DNA-binding factors, such as the
methylated DNA-binding protein MeCP2 (18, 19). There, these
complexes seem to promote transcriptional repression (16, 20).
In eukaryotic cells, however, the outcome of histone acetylation
and deacetylation on chromatin remodeling and, ultimately,
gene transcription seems to be gene-specific. Histone acetylation
results in up-regulation [p21Cip1/waf1, p27Kip1, HIV-1 (21–23)],
repression [c-myc, IL-8 (22, 24)], or no change [glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), g-actin (22–24)] in the
transcription of these genes. In fact, expression of only 1–2% of
genes seems to be modified by histone hyperacetylation (22, 23).
We reasoned, therefore, that if altered expression of CD154,
IL-10, and IFN-g is associated with relative under-acetylation,
then increasing histone acetylation by inhibiting HDAC activity
might correct the disorder.

To investigate the idea that aberrant expression of CD154,
IL-10, and IFN-g in SLE T cells reflects skewed gene expression
because of altered acetylation of these genes, we tested the
capacity of trichostatin A (TSA) to reverse this disorder. TSA is
a specific, reversible inhibitor of HDACs in vitro and in vivo that
is active at nanomolar concentrations (25). Crystallographic
analyses suggest that the hydroxamic acid moiety binds to the
zinc in the tubular pocket, a portion of the active catalytic site
formed by a tubular pocket, a zinc-binding site, and two aspar-
agine–histidine charge-relay systems (26). This agent and a
structurally related compound, e.g., suberoylanilide hydroxamic
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acid, have been used effectively and without toxicity in mouse
models (27, 28). Here, we demonstrate that TSA significantly
down-regulated CD154 and IL-10 and up-regulated IFN-g gene
expression in SLE T cells. This reversal corrected the aberrant
expression of these gene products, thereby enhancing IFN-g
production and inhibiting IL-10 and CD154 expression. That
TSA can simultaneously affect expression of multiple genes
involved in the immunopathogenesis of SLE warrants further
study of the potential efficacy of this agent as a candidate for the
treatment of this autoimmune disease.

Materials and Methods
Study Subjects. Nine adult subjects with an established diagnosis
of SLE were randomly recruited from our Lupus Clinic. All SLE
subjects fulfilled $4 ARA criteria for the classification of SLE
(29). Of these, eight were female, five were Caucasian, and four
were African-American. The mean (6SEM) age of these sub-
jects was 39 6 4.1 yr, and the mean systemic lupus erythematosus
disease activity index was 4.2 6 1. Two subjects were being
treated with #10 mgyday prednisone; none were being treated
with or had taken immunosuppressive agents within 6 months.
Corticosteroid therapy was held for 24 h before venipuncture.
Age, gender, and racially matched normal controls were also
studied. All subjects signed an informed consent form approved
by the Wake Forest University Baptist Medical Center Institu-
tional Review Board before participation in this study.

Isolation of Blood Mononuclear Cells. Peripheral blood mononu-
clear cells (PBMCs) were isolated from samples obtained by
venipuncture or leukopheresis; enrichment of CD31 T cells was
performed as previously detailed (30). T cell preparations were
a mean (6SEM) 96% 6 1.2 CD31 as determined by flow
cytometry.

Cell Culture Procedure and TSA Treatment. Freshly isolated PBMCs
or enriched T cells were cultured as previously described (30, 31).
Briefly, 1 3 106 cellsyml were cultured in RPMI-1640 media
supplemented with 25 mM Hepesy10% heat-inactivated FCSy
100 IU penicilliny100 mgyml streptomyciny2 mM L-glutamine
for varying intervals to 72 h. In experiments using TSA, cells
were preincubated with the inhibitor for 18 h and were then
subsequently activated. Because SLE T cells respond subopti-
mally to activation by antigens, mitogens, or anti-CD3yanti-
CD28 mAbs because of defects of signal transduction (32, 33),
cellular activation was induced by 20 ngyml phorbol 12-myristate
13-acetate (PMA) and 0.5 mM ionomycin (IO) for varying
intervals. Activation of cells by PMA 1 IO bypasses the defective
proximal signaling cascade, stimulating protein kinase C and
releasing intracellular Ca21. The combination of PMA 1 IO
enhances activation of SLE T cells but does not necessarily
normalize the response. Cell culture supernatants were har-
vested, aliquoted, and immediately frozen at 270°C at specific
times throughout the course of experiments.

Measurement of Cell-Surface Expression and Cytokine Secretion. For
quantification of the proportion of T cells expressing cell-surface
CD3 and CD154 by flow cytometry, 1 3 106 viable T cells were
stained with saturating concentrations of FITC-anti-CD3 and
phycoerythrin-(PE)-anti-CD154 mAbs (Caltag, South San Fran-
cisco, CA), fixed in 1% paraformaldehyde, and extensively
washed with physiologic buffered saline. The percentage of
PE-CD1541 cells was determined by quantifying the number of
cells with fluorescence above background levels when cells were
stained with PE-IgG alone. Other cell-surface markers were
quantified by flow cytometry as detailed (34). Secretion of IL-10
and IFN-g into culture supernatants was quantified by ELISA
(R & D Systems).

Isolation of RNA and Semiquantitative Reverse Transcriptase–PCR.
Total RNA from untreated and TSA-treated cells was isolated
by using TRIZOL reagent (Life Technologies, Grand Island,
NY). Three micrograms of total RNA was converted to cDNA
by standard methods by using reverse transcriptase (Life Tech-
nologies, Gaithersburg, MD) and random primers (Promega).
For semiquantitative PCR, 5 ml of cDNA was amplified by PCR
by using the following specific primers: CD154: 59-GAATCCT-
CAAATTGCGGCAC-39 and 59-CAGAAGGTGACTTG-
GCATAG-39; GAPDH: 59-GGTGAAGGTCGGAGTCA-
ACG-39 and 59-CAAAGTTGTCATGGATGACC-39; IL-10: 59-
TTGCCTGGTCCTCCTGACTG-39 and 59-GATGTCTG-
GGTCTTGGTTCT-39; IFN-g: 59-ATGAAATATACAAGT-
TATATCTTGGCTTT-39 and 59-GATGCTCTTCGACCTC-
GAAACAGCAT-39. The reaction mixtures were subjected to 30
cycles of denaturation (94°C, 1 min) and annealing for 1 min at
53°C (CD154), 40°C (GAPDH), and 55°C (IL-10 and IFN-g).
Extension was for 2 min at 72°C; a final extension of 7 min at 72°C
was performed by using a DNA thermal cycler (Perkin-Elmer
2400). PCR amplifications were carried out in duplicate. PCR
products were separated by 2% PAGE, and band intensities were
quantified by using an Alpha Imager 2000 (Alpha Innotech, San
Leandro, CA). Independent amplification of the control gene,
GAPDH, was used to correct for differences in efficiency of RNA
isolation and reverse transcription. The final normalized results
were calculated by dividing the relative transcript levels of the
test genes by the relative amounts of GAPDH transcripts.

Statistical Analysis. Statistical significance (P # 0.05) was calcu-
lated by the paired Student’s t test, Mann–Whitney U rank-sum
test, or ANOVA (SigmaStat, Jandel, San Rafael, CA). Mean
values (6SEM) are used throughout the text.

Results
TSA Decreases Expression of CD154 mRNA and CD154 Protein. To
determine whether TSA can down-regulate CD154 mRNA
production, SLE T cells were treated with increasing concen-
trations of TSA over 18 h. Fig. 1 A and B demonstrate that TSA
maximally inhibited CD154 transcript by 60% but did not modify
GAPDH mRNA expression. When SLE T cells were activated
with PMA 1 IO, CD154 mRNA content increased 100%,
peaked at 3 h, and waned thereafter (Fig. 1 C and D). Under
these conditions, however, GAPDH mRNA remained stable,
demonstrating that cellular activation does not modify this gene’s
expression. By contrast, when T cells were preincubated with
TSA for 18 h and then activated by PMA 1 IO over intervals to
24 h, up-regulation of CD154 transcript was significantly reduced
throughout the entire time course compared with cells not
exposed to TSA (Fig. 1 C and D; P , 0.001). Thus, in SLE T cells,
TSA reduces the degree of up-regulation of CD154 transcript
expression.

In agreement with previous work (9, 10), we found that an
increased proportion of SLE and normal control T cells ex-
presses cell-surface CD154 when stimulated with PMA 1 IO. To
determine whether TSA-dependent down-regulation of CD154
mRNA reduces surface expression of CD154, SLE T cells were
treated for 18 h with TSA and the proportion of CD1541 cells
quantified by flow cytometry. Compared with untreated cells,
TSA significantly reduced cell-surface CD1541 expression over
24 h (P 5 0.029) (Fig. 1E and Table 1). From dose titration
experiments, the optimal dose of TSA to maximally reduce
cell-surface expression of CD154 was 1000 ngyml (data not
shown). By contrast, the decrease in the proportion of CD1541

T cells from normal subjects was not statistically different from
untreated cells (Table 1). Interestingly, activation of both SLE
and normal T cells with PMA 1 IO over 24 h induced a new
population of CD1541 cells that expressed a comparable pro-
portion of the cells with the receptor (Fig. 1E and Table 1).
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However, CD154 expression was completely inhibited when cells
were pretreated with TSA before activation (SLE, P 5 0.005;
normal, P , 0.001) (Fig. 1E and Table 1). By contrast, cell-
surface CD3-« expression remained stable under these varying
conditions, indicating that the effect of TSA on CD154 surface
expression is not generalized (Fig. 1E). In sum, these experi-
ments reveal that TSA down-regulates both CD154 mRNA levels
and protein expression, but not GAPDH mRNA levels or CD3-«
cell-surface expression, in SLE and control T cells.

TSA Decreases Expression of IL-10 mRNA and IL-10 Protein Secretion.
T cells from SLE subjects produce markedly increased amounts
of IL-10, resulting in high serum levels of the cytokine (35, 36).
To determine whether TSA could down-regulate IL-10, we
carried out a dose-response analysis. Like CD154, increasing
concentrations of TSA progressively decreased IL-10 transcript
expression (Fig. 2 A and B). No detectable IL-10 mRNA was
identified at TSA concentrations of 700–800 ngyml (Fig. 2 A and
B). A similar analysis in T cells from normal controls could not

Fig. 1. Down-regulation of CD154 transcript levels and protein expression by TSA. (A) Increasing concentrations of TSA (0–1000 ngyml) progressively decrease
levels of CD154 mRNA relative to GAPDH mRNA in SLE T cells. (B) Based on densitometric scanning of the gel in A, this graph depicts the percent change of CD154
mRNA quantity with increasing concentrations of TSA over 24 h. GAPDH mRNA expression is stable and unchanged in the presence of TSA. These data are
representative of independent experiments using T cells from three SLE subjects. (C) T cells were incubated in the absence or presence of 1,000 ngyml TSA over
18 h. T cells were then stimulated with 20 ngyml PMA 1 0.5 mM IO for intervals to 24 h. CD154 mRNA levels relative to GAPDH mRNA levels are shown. (D) This
graph depicts the percent change in CD154 mRNA amount over time in the absence (F) or presence (E) of TSA. (E) SLE T cells were cultured in the absence or
presence of 1,000 ngyml TSA for 18 h and subsequently activated with 20 ngyml PMA 1 0.5 mM IO for 24 h. Flow cytometric analysis of CD154 and CD3-« expression
on SLE T cells is compared. The abscissa denotes the number of cells and ordinate the intensity of the cell fluorescence signal. These data are representative of
independent experiments performed with T cells from nine SLE and normal control subjects, respectively. Data from normal T cells are comparable to SLE T cells
and, therefore, are not shown. Statistical analyses were performed by paired Student’s t test or one-way ANOVA.

Table 1. Effect of TSA on CD154 surface expression, IL10 production, and IFN-g secretion in SLE and control T cells

24-h culture

CD1541 T cells (%)
Mean 6 SEM

IL-10 (pgyml)
Mean 6 SEM

IFN-g (pgyml)
Mean 6 SEM

Normal SLE Normal SLE Normal SLE

Medium 4.1 6 1.4 5.0 6 1.2 0 242.4 6 144.2 0 0
TSA (1000 ngyml) 2.5 6 0.8 2.1 6 0.7 0 0 70.8 6 27.4 0
PMA (20 ngyml) 1 IO (0.5 mM) 26.7 6 4.0 24 6 3.2 0 65.9 6 49.3 2862.2 6 1258.8 23.8 6 13.9
TSA (1000 ngyml) 1 PMA (20 ngyml) 1 IO (0.5 mM) 5.6 6 1.6 12.3 6 3.2 0 0 2384.0 6 970.9 291.4 6 143.4
P value

Medium, TSA P 5 N.S. P 5 0.029 P 5 0.008
PMA 1 IO, TSA 1 PMA 1 IO P , 0.001 P 5 0.005 P 5 0.299 P 5 0.011
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be performed because these cells do not express IL-10 mRNA.
Stimulation of T cells with PMA 1 IO did not increase the
amount of IL-10 transcript or IL-10 secretion in either SLE or
normal controls (Table 1). As shown in Fig. 2C, IL-10 transcripts
were present in freshly isolated T cells (0 h; lanes 1, 4, 7) and
remained stable relative to GAPDH transcripts after culturing
cells for 18 h in the absence of mitogens, antigens, or cytokines
(lanes 2, 5, 8). However, when SLE T cells were cultured in the
presence of TSA for 18 h, no detectable IL-10 transcripts were
identified (lanes 3, 6, 9). When IL-10 transcripts from SLE
subjects were quantified relative to GAPDH transcripts, TSA
decreased levels of IL-10 mRNA by 71% (Fig. 2D; P 5 0.029).
Thus, TSA significantly diminished IL-10 transcript expression
in SLE T cells over 24 h.

That culturing SLE T cells with TSA produced such a marked
decrement in IL-10 transcript expression prompted us to quan-
tify IL-10 in culture supernatants. During 24 h in culture, normal
PBMCs produced no IL-10; by contrast, SLE PBMCs secreted a
mean of 242.4 pgyml of IL-10 (Table 1). These results verify
previous analyses demonstrating that SLE PBMCs spontane-
ously produce high concentrations of IL-10 (37). Treatment of
PBMCs from SLE subjects over 18 h with increasing concen-
trations of TSA resulted in a dose-dependent inhibition of IL-10
protein secretion that was maximal at 300 ngyml of the inhibitor
(Fig. 2E). Within 6 h, TSA inhibited IL-10 secretion by 90%; at

24 h, there were undetectable levels of IL-10 in culture super-
natants (P 5 0.008) (Fig. 2F and Table 1). Thus, like CD154,
TSA is able to block expression of IL-10 transcript, abolishing
IL-10 production by SLE T cells.

TSA Increases Expression of IFN-g mRNA and IFN-g Protein Secretion
in Response to Mitogen. Low production of IFN-g by SLE T cells
(7, 35, 36) may reflect down-regulation of gene expression (36).
To establish whether TSA can augment IFN-g expression, SLE
T cells were treated for 18 h in the absence or presence of TSA.
When T cells were activated with PMA 1 IO in the absence of
TSA, peak IFN-g transcript expression increased 13-fold at 1 h
over basal levels relative to GAPDH transcript but waned
thereafter. By contrast, activation of T cells in the presence of
TSA induced a peak 37-fold increase in IFN-g mRNA levels at
6 h over untreated cells relative to GAPDH (Fig. 3 A and B; P 5
0.031). Thus, TSA up-regulates expression of IFN-g transcripts
in SLE T cells, yielding both a significantly increased and
prolonged production of the transcript.

This strong up-regulation of IFN-g transcript was reflected in
significantly increased secretion of IFN-g protein by 24 h. In the
absence of stimulation, neither SLE nor control PBMCs pro-
duced measurable IFN-g over 24 h (Table 1). When SLE PBMCs
were activated with PMA 1 IO for 24 h, the mean IFN-g
secretion was 23.8 pgyml (Table 1). By contrast, similar activa-

Fig. 2. Down-regulation of IL-10 transcript levels and protein expression by TSA. (A) Increasing concentrations of TSA (0–1,000 ngyml) progressively decrease
the amount of IL-10 mRNA relative to GAPDH mRNA. (B) Based on densitometric scanning of the gel in A, this graph quantifies the percent change in IL-10
transcript levels with increasing concentrations of TSA over 24 h. These data are representative of nine SLE subjects studied. T cells from normal controls do not
express detectable IL-10 mRNA. (C) IL-10 and GAPDH transcripts from T cells of three SLE subjects are shown. Transcripts from freshly isolated T cells are shown
in lanes 1, 4, and 7. Transcripts from T cells cultured for 18 h in the absence or presence of 1,000 ngyml TSA are shown in lanes 2, 5, and 8 and 3, 6, and 9, respectively.
These data are representative of nine SLE subjects studied. (D) Based on densitometric scanning of gels, this graph shows the percent change in amount of IL-10
mRNA from SLE T cells cultured in the absence or presence of 1,000 ngyml TSA. (E) This graph illustrates the inhibition of IL-10 secretion by increasing
concentrations of TSA over 24 h. (F) This graph depicts the percent change of IL-10 secretion over time. IL-10 protein secretion was undetectable in supernatants
from normal T cells. Statistical analysis was performed by paired Student’s t test.
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tion of normal PBMC stimulated cells to produce 120-fold more
IFN-g production under the same conditions (Table 1). These
data confirm that SLE PBMC activated in vitro produce signif-
icantly less IFN-g than normal cells (7). However, activation of
PBMCs in the presence of TSA further enhanced IFN-g output
by .12-fold (P 5 0.011), whereas there was actually a small
decrease in IFN-g production by control PBMC (Fig. 3C and
Table 1). This reduction of IFN-g production by treatment of
normal PBMC with TSA has been previously observed (38).
Taken together, these results demonstrate that TSA rapidly
up-regulates and stabilizes IFN-g transcript levels in SLE PBMC,
resulting in enhanced IFN-g production in response to cellular
activation.

Discussion
A fundamental disorder of the cellular immune response in SLE
is dysregulated expression of CD154, IL-10, and IFN-g. In
contrast to normal T cells, freshly isolated SLE T cells display a
higher epitope density of cell-surface CD154 (9, 10) and spon-
taneously produce increased amounts of IL-10 (35, 39). More-
over, in vitro activated SLE T cells secrete significantly less IFN-g
than control T cells (7, 35). Here, we demonstrate that the
specific HDAC inhibitor, TSA, significantly down-regulated
CD154 and IL-10 and up-regulated IFN-g transcript expression
in SLE T cells. TSA maximally inhibited CD154 and IL-10
mRNA transcripts by 60% and 71%, respectively, whereas TSA
up-regulated IFN-g mRNA content in SLE T cells by 24-fold in
response to mitogen. That TSA could simultaneously reverse the
aberrant expression of these genes suggested that expression of
their products might be corrected.

Indeed, reversal of skewed gene expression corrected the
aberrant production of these gene products. When freshly
isolated SLE T cells were cultured in the presence of TSA,
cell-surface expression of CD154 was significantly reduced com-

pared with controls. Moreover, TSA completely inhibited the
induction of new CD1541 T cell subpopulations in both SLE and
controls in response to cellular activation. Strikingly, TSA com-
pletely inhibited IL-10 secretion and augmented IFN-g produc-
tion by 12-fold. Of interest is that the capacity of TSA to
normalize the expression of these gene products did not neces-
sarily require a return of gene transcripts to levels observed in
controls. Apparently, down-regulation, but not inhibition, of
CD154 transcript is sufficient to correct receptor expression and
to prevent its appearance on a new subpopulation of T cells
following cellular activation.

TSA is a prototype first generation pharmacologic inhibitor
capable of modifying the expression of multiple genes con-
comitantly. Indeed, suberoylanilide hydroxamic acid, a syn-
thetic analogue that inhibits HDAC activity at micromolar
concentrations, is currently in phase I clinical trials for certain
cancers (40, 41). By modulating multiple genes simultaneously,
the efficacy of TSA is likely to be superior to single or even
multiple biologic agents. Because it down-regulates CD154
and IL-10, TSA could have a salutary effect on disease
progression in vivo. CD154–CD40 interactions regulate di-
verse pathways of the immune system (42). For example, this
interaction (i) inf luences T cell priming and T cell-mediated
effector functions; (ii) up-regulates costimulatory molecules;
and (iii) mediates the immunopathogenesis of organ-specific
autoimmune diseases (e.g., multiple sclerosis), chronic inf lam-
mation (e.g., atherosclerosis or pulmonary fibrosis), and organ
transplant rejection. The capacity of TSA to down-regulate
CD154 expression would provide an effective means to ame-
liorate the inf lammatory process by interfering with the
CD40–CD154 axis. Similarly, up-regulation of IL-10 is asso-
ciated with various autoimmune diseases and allograft rejec-
tion. The dramatic down-regulation of IL-10 secretion by TSA
also supports its potential use as a therapeutic agent in these

Fig. 3. Up-regulation of IFN-g transcript levels by TSA. (A) SLE T cells were incubated in the absence or presence of 1,000 ngyml TSA over 18 h. T cells were then
stimulated with 20 ngyml PMA 1 0.5 mM IO for intervals to 24 h. IFN-g mRNA levels relative to GAPDH are shown. (B) Based on densitometric scanning of the
gel in A, this graphs depicts the fold increase of IFN-g mRNA in cells cultured in the absence (F) or presence (E) of 1,000 ngyml TSA during intervals to 24 h. (C)
T cells were cultured in the absence or presence of 1,000 ngyml TSA for 24 h and then stimulated with 20 ngyml PMA 1 0.5 mM IO for 24 h. This graph shows
the fold increase of IFN-g protein secretion. Statistical analyses were performed by paired Student’s t test or one-way ANOVA.
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disorders. Finally, the inability to mount a protective immune
response to pathogens is the leading cause of mortality in
subjects with SLE. Up-regulation of IFN-g by TSA in response
to T cell activation could potentially augment immune de-
fenses by stimulating bactericidal activity of phagocytes, nat-
ural killer cell activity, antigen presentation, as well as inte-
grating cellular interactions (43). Thus, our demonstration that
TSA corrects defective cytokine production and altered
CD154 expression suggests that this agent may be a potential
candidate for treatment of SLE.

Further investigation of the capacity of TSA to modify gene
expression of CD154, IL-10, and IFN-g in other autoimmune

diseases is certainly warranted. Moreover, the role of HDACs in
the immunopathogenesis and the heritability of SLE also remain
to be established.
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