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Histone deacetylation inhibits IL4 gene

expression inT cells
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Background: Dysregulated expression of I1L-4 has been linked
with allergic diseases. IL-4 expression is controlled at the level
of gene transcription by the coordinated action of multiple fac-
tors that bind regulatory promoter elements. In addition,
alterations in chromatin structure are thought to play a role in
regulating the expression of cytokines in the T2 gene cluster,
although the biochemical basis for these alterations in human
T cells is not well understood.

Objective: We sought to define the role of histone acetylation
in the regulation of IL4 gene expression in human T cells.
Methods: IL-4 protein production was measured by means of
ELISA. IL-4 promoter activity was measured with luciferase-
based reporter constructs transiently transfected into Jurkat T
cells. The acetylation status of histones associated with the IL4
gene was analyzed with chromatin immunoprecipitation assays.
Results: IL-4 production from activated peripheral blood T
cells was enhanced by the histone deacetylase inhibitor tricho-
statin A. Overexpression of the type 1 histone deacetylases 1, 2,
and 3 inhibited transcription driven by the IL-4 promoter in
Jurkat T cells, whereas cotransfection of the histone acetyl-
transferase CREB-binding protein potentiated IL-4 promoter
activity. Using chromatin immunoprecipitation assays, we
show that nucleosomes in the proximal IL-4 promoter are
acetylated on T-cell activation.

Conclusion: Our results demonstrate that the acetylation state
of histones associated with the IL-4 promoter is a key regula-
tor of IL4 gene expression. (J Allergy Clin Immunol
2002;109:238-45.)
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Abbreviations used
CBP: CREB-binding protein
ChIP: chromatin immunoprecipitation
HDAC: Histone deacetylase
NFAT: Nuclear factor of activated T cells
PBT: Peripheral blood T
TSA: Trichostatin A

The packaging of DNA into chromatin has a generally
repressive effect on gene expression. Tight associations
between DNA and histones (as well as nonhistone chro-
mosomal proteins) are thought to inhibit the accessibility
of transcription factors and components of the basal
machinery to their target promoters. A variety of epigenet-
ic biochemical processes can alter the intrinsic repressive
structure of chromatin, including DNA demethylation!
and nucleosome remodeling. Depending on the promoter
context, nucleosome remodeling can involve both adeno-
sine triphosphate—dependent events, as well as posttransla-
tional modifications of histone proteins, such as acetyla-
tion.2-6 Histone deacetylation, on the other hand, is now
strongly linked with transcriptional repression.”-9

Histone deacetylases (HDACSs) have been grouped
into 2 families on the basis of sequence similarities with
yeast homologues: the class I family (Rpd3-like)
includes HDACs 1, 2, 3, and 8, and the class II family
(Hdal-like) includes HDACs 4, 5, 6, 7, and 9.10.11
HDAC:S are expressed in a tissue-specific manner, posses
different intrinsic deacetylation abilities, and associate in
distinct multiprotein complexes.’-10.12 HDACs do not
contain canonical DNA-binding domains and are thought
to be recruited to chromatin by means of protein-protein
interactions with other factors.”.9:13 Because changes in
histone acetylation states can be inherited in an epigenet-
ic fashion, they can have long-lasting effects on gene
expression.14 Relatively little is known about how
changes in histone structure affect cytokine gene expres-
sion in human T cells.

Dysregulated expression of IL-4, a pleiotropic
cytokine,!5 has been strongly linked with allergic,
inflammatory, and autoimmune diseases.!6-18 The pre-
cise molecular basis for enhanced IL-4 production in
allergic diseases is unknown. In T cells /L4 gene
expression is controlled at the level of transcription by
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the assembly of a complex set of factors on the proxi-
mal promoter,! as well as by distal enhancer ele-
ments.20-22 Genetic polymorphisms in some of these
regions have been linked with allergic phenotypes23:24
and presumably act by either enhancing or inhibiting
the affinity for transcriptional activators or repressors,
respectively. In addition, enhanced activation of IL-4
promoter-binding transcription factors may also be a
cardinal feature of the allergic phenotype.!6.25

IL-4 expression in T cells is also associated with
changes in chromatin structure. For example, silencing
of the IL4 gene in developing Tyl cells is associated
with repositioning into heterochromatin.26 Additional-
ly, during the differentiation of naive T cells into effec-
tor T2 cells, the IL4 gene becomes demethylated,?’
and multiple DNase-hypersensitive sites appear in the
IL-4 cytokine gene cluster, at least one of which is
located near the IL-4 promoter.28-30 Most of the studies
linking chromatin remodeling with /L4 gene expression
have been performed by using mouse lymphocytes
studied under Ty-polarizing conditions. Relatively little
is known about how chromatin remodeling contributes
to gene expression in activated human T cells. We spec-
ulated that IL4 gene expression would involve changes
in the acetylation states of histones near the IL-4 pro-
moter. In this article we show that the HDAC inhibitor
trichostatin A (TSA) significantly enhances IL-4 pro-
tein production from activated human peripheral blood
T (PBT) cells. Using reporter constructs in a T-cell line,
we show that coexpression of the histone acetyltrans-
ferase CREB-binding protein (CBP) potentiates, and
overexpression of the type 1 HDACs downregulates,
human IL-4 promoter activity. Finally, we used chro-
matin immunoprecipitation (ChIP) assays to investigate
the acetylation status of nucleosomes in or near the IL-
4 promoter in resting and activated T cells.

METHODS
Plasmid construction

Luciferase-based human IL-4 promoter constructs containing
270, 145, and 65 bp upstream from the IL-4 transcription start site
(referred to as 270 luc, 145 luc, and 65 luc, respectively) were syn-
thesized as previously described.3! CMV promoter—driven expres-
sion vectors encoding HDAC 2 and HDAC 3 were kindly donated
by Dr Edward Seto (University of South Florida).%-12 Expression
vectors encoding wild-type and catalytically inactive HDAC 1
mutants H141A and HI99A were provided by Dr Stuart Schreiber
(Harvard University).8 The CBP expression vector was a kind gift
of Dr Michael Rosenfeld (University of California at San Diego).32

PBT cells, basophils, and ELISA

PBT cells were purified from leukapheresis packs of anonymous
donors with countercurrent elutriation. This procedure routinely
yields approximately 80% pure CD3+* cells, as determined by means
of immunofluorescence and flow cytometry (not shown). Cells (2 x
106/condition) were stimulated as indicated in the presence of TSA
(Wako Chemicals) or solvent (dimethyl sulfoxide) control, followed
by analysis of cytokine concentrations in supernatants with sensi-
tive ELISA kits. The following kits were purchased and used
according to manufacturer’s instructions: IL-4 (Biosource Interna-
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tional), IL-13, and IL-2 (both from Immunotech). Basophils were
enriched from peripheral blood of additional donors and stimulated
with anti-IgE antibodies (10 ng/mL for 4 hours), as previously
described.33

Cell lines and transfections

Jurkat T cells (courtesy of Dr Jack Strominger, Harvard Univer-
sity) were maintained and transfected, as previously reported,3!
with 1 pg of reporter, the indicated amounts of expression vector,
and empty vector to keep the total amount of DNA constant with 3
uL of Superfect (Qiagen) per microgram of plasmid DNA. Cell
lysates were analyzed by means of luminometry with a Monolight
3010C luminometer and luciferase assay kit (Analytical Biolumi-
nescence). Cell extracts were normalized for protein content before
assays for reporter gene expression. Similar results were obtained
when IL-4 reporter luciferase activity was normalized to control
luciferase values with a cotransfected Tk-Renilla vector and the
Dual-Luciferase assay method (Promega).

Western blot analysis

Whole-cell lysates from Jurkat, HeLa, and Cos-7 cells (10 pg of
each) were separated by means of 7.5% SDS-PAGE and then trans-
ferred to Trans-Blot Transfer Medium PVDF membrane (BioRad).
After blocking in PBS-5% BSA/0.1% Tween-20 for 1 hour, mem-
branes were probed with an anti-HDAC 2 antibody (1:2000, cour-
tesy of Dr Edward Seto) for 18 hours, followed by incubation for 1
hour with a horseradish peroxidase—conjugated goat anti-rabbit sec-
ondary antibody (1:5000, Amersham Pharmacia Biotech).
Immunoreactive bands were visualized by means of enhanced
chemiluminescence and autoradiography with the ECLWestern
Blotting Detection kit (Amersham Pharmacia Biotech).

ChIP assays

Solubilized chromatin was prepared from Jurkat cells or PBMCs
(5 % 10° per antibody condition) isolated from 4 subjects. PBMCs
were cultured in the presence of PHA (5 ug/mL) for 18 hours, stim-
ulated with A23187 (0.5 umol/L) and phorbol myristate acetate (20
ng/mL) for 6 hours, and then fixed in 1% formalin for 15 minutes at
37°C. Cell pellets were sonicated with 3 pulses of 10 seconds each
with a Heat Systems Ultrasonics sonicator (approximately 40% of
maximal output). These settings were determined in pilot experi-
ments to yield DNA fragments of approximately 400 to 600 bp in
length (data not shown). The resulting sheared and cross-linked
DNA was then immunoprecipitated with antibodies specific for
acetylated forms of histone H4 (0*AcH4, 5 uL, Upstate Biotechnol-
gies) by using the Acetyl-Histone ChIP Assay Kit (Upstate Biotech-
nologies), according to the manufacturer’s instructions. After rever-
sion of cross-links at 65°C for 4 hours, the immunoprecipitated DNA
was extracted and recovered by means of ethanol precipitation. DNA
was divided into equal aliquots and analyzed by means of PCR with
a series of primers (matched for Tm) surrounding the IL-4 transcrip-
tion start site (primer sequences available on request). Each PCR
reaction contained 2 mmol/L MgCl,, 2 pg/mL primers, and 2.5 units
of HotStarTaq (Qiagen) and was subject to 35 one-minute cycles at
94°C, 66°C, and 72°C, followed by a 10-minute extension cycle at
72°C. One tenth of the final reaction was then analyzed by means of
1% agarose gel electrophoresis with ethidium bromide staining.

RESULTS
TSA enhances IL-4 production in PBT cells

We first studied the effects of stimulating PBT cells in
the presence or absence of the HDAC inhibitor TSA.34
As shown in Fig 1, A, coincubation with TSA signifi-
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FIG 1. TSA increases IL-4 and IL-13 production from activated PBT cells. A, T cells (2 x 108/condition) were
enriched from peripheral blood by using countercurrent elutriation and stimulated with calcium ionophore
plus phorbol myristate acetate in the presence or absence of TSA, as indicated (see “Methods” section).
Data points from individual donors are indicted by ovals, and means + SEM are indicated by squares. *P <
.05. B, In contrast, TSA inhibited anti-lgE-mediated IL-4 production in enriched human basophils (9.0% =
0.6% pure) in a concentration-dependent manner (median effective concentration, approximately 10
nmol/L). Data shown are the average of 3 experiments in which IL-4 production in the absence of TSA was

607 + 154 pg per 106 basophils.

cantly increased IL-4 production in T cells stimulated
with calcium- and protein kinase C—mediated signals.
TSA increased IL-4 and IL-13 production with PBT cells
from multiple donors (Fig 1, A). Unstimulated cells
secreted no detectable IL-4 or IL-13, and even prolonged
incubation with TSA alone (up to 72 hours) had no effect
on cytokine production (data not shown). Dose-response
experiments revealed that higher concentrations of TSA
(40—400 nmol/L) did not further enhance (and occasion-
ally inhibited) IL-4 secretion (data not shown). Two
observations suggest that basophils, which can produce
abundant IL-4 in cultures of PBMCs,33 did not contribute
to the TSA response. First, the PBT cell preparations
used for these experiments contained less than 1%
basophils, as determined by means of alcian blue stain-
ing (data not shown). Second, we analyzed the effects of
TSA on anti-IgE-mediated IL-4 production with
basophils enriched from the peripheral blood of addi-
tional donors. In these experiments TSA inhibited IL-4
secretion in a concentration-dependent manner (Fig 1,
B). Histamine release was unaffected by TSA (<5% inhi-
bition) at all tested concentrations (data not shown). To
determine the specificity of TSA for enhanced cytokine
secretion, we analyzed supernatants of stimulated PBT
cells obtained from 4 additional donors for IL-2 secre-
tion. Interestingly, we found that TSA did not signifi-
cantly affect IL-2 secretion in A23187/phorbol myristate
acetate—stimulated cells (data not shown).

Regulation of IL-4 transcriptional activation
by coexpressed HDAC or CBP

Although TSA is currently thought to be a specific,
reversible inhibitor of HDAC,34 enhancement of IL-4
expression by this agent could clearly be an indirect
effect caused by regulated expression of other gene prod-
ucts. To determine whether histone deacetylation played
a direct repressive effect on /L4 gene transcription, we
studied the effect of overexpressing 3 different HDACs
on I[L-4 promoter activity with a transfectable T-cell line.
Fig 2 shows that HDAC 3 potently inhibited both consti-
tutive and calcium-induced transcription driven by a full-

length IL-4 promoter construct in cotransfected Jurkat T
cells. In contrast, overexpression of CBP, which possess-
es intrinsic histone acetyltransferase activity, enhanced
both constitutive and calcium-driven IL-4 promoter acti-
vation (Fig 2, B). In parallel experiments each type 1
HDAC (HDACs 1, 2, and 3) inhibited IL-4 promoter
activity to a comparable degree (Fig 3, A). Thus,
although HDACSs may associate with different cofactors
and possess distinct deacetylation activities, inhibition of
IL-4 transcription is shared by 3 different HDAC molec-
ular species. A recent structure-function analysis con-
cluded that a series of conserved histidine residues was
required for the repressive effects of HDAC 1 on gene
transcription, in part because of their interaction with the
corepressor mSin3A.835 We therefore analyzed the abil-
ity of 2 HDAC 1 histidine mutants (H141A and H199A)
to repress IL-4 promoter activity in cotransfection assays
and found that both were less efficient repressors than
wild-type HDAC 1, although at high concentrations of
cotransfected plasmid, we did observe some inhibition of
the IL-4 promoter (Fig 3, B).

To map the HDAC-responsive elements in the IL-4
promoter, we next analyzed the repressive effects of
HDAC 2 on transcription driven by a series of IL-4 pro-
moter deletional fragments. In these experiments we
chose HDAC 2 because Jurkat cells are relatively defi-
cient in this factor (Fig 4, A, lane 1).8 We verified that
cotransfection of the HDAC 2 expression vector signifi-
cantly enhanced HDAC 2 protein expression in Jurkat
cells (Fig 4, A, lane 4). As shown in Fig 4, B, the repres-
sive effect of HDAC 2 maps to the proximal 145 bp of the
IL-4 promoter. None of the factors that bind within this
region of the promoter (Fig 4, C) is currently known to
interact with an HDAC.

Nucleosomes near the IL-4 promoter are
acetylated after cell activation

We next used ChIP assays to specifically study the
structure of histones associated with the native IL4 gene.
These assays rely on the ability of specific DNA sequences
to be immunoprecipitated with antibodies against associ-
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FIG 2. Regulation of IL-4 promoter activity by an HDAC or a histone acetyltransferase. Jurkat T cells were
cotransfected with /L4 270 luc (1 ug, see “Methods” section) and with expression vectors encoding HDAC
3 (0.5, 1, 2, and 4 ug; A) or the histone acetyltransferase CBP (0.5, 1, 2, and 4 ug; B). Cells were incubated
for 18 hours in the absence (open bars) or presence (filled bars) of a calcium ionophore (0.5 umol/L A23187),
followed by cell lysis and analysis of reporter gene activity by luminometry. Results are means + SEM of 3
experiments expressed relative to the activity of /L4 270 luc in unstimulated cells (which averaged 14,785 +
6821 RLU). *P < .05 for effect of cotransfection. DMSO, Dimethyl sulfoxide.
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FIG 3. Inhibition of IL-4 promoter activity by type 1 HDAC. Jurkat T cells were cotransfected with /L4 270 luc
(1 ug), together with expression vectors for the type 1 HDACs (HDACs 1, 2, and 3; 4 ug each; A) or wild-type
and mutant HDAC1 constructs (0.5, 1, and 2 ug; B; see “Methods” section). Cells were stimulated and ana-
lyzed as in the legend for Fig 2. Results are means + SEM of 3 to 5 experiments expressed as percentage
of inhibition (A) or luciferase activity (B) relative to the cotransfection of empty vector alone. Averages in
unstimulated and stimulated cells were 17,437 RLU and 30,874 RLU, respectively. *P < .05 for effect of
cotransfection. The 5 histidine residues conserved among type 1 HDACs, 2 of which are mutated in the
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expression vectors, are indicated (open boxes) below B. DMSO, Dimethyl sulfoxide.

ated proteins after protein-DNA cross-linking by
formaldehyde.3¢ Solubilized chromatin was prepared from
resting and activated cells by means of sonication after for-
malin cross-linking and then immunoprecipitated with
antibodies specific for acetylated forms of histone H4. In
preliminary experiments with Jurkat cells, we detected a
promoter-specific band with an anti-acetyl H4 antibody in
calcium-ionophore activated cells (Fig 5). Equal amounts
of DNA were analyzed in resting and activated cells with
the ChIP assay, as determined by analyzing a fraction of
the chromatin preparation before immunoprecipitation

(input control; Fig 5, B). This result indicates that nucleo-
somes in or near the IL-4 promoter are acetylated on cal-
cium-mediated cell activation and are in keeping with the
transient transfection data.

We next studied PBMCs isolated from 4 subjects. Using
a panel of specific primers (each of which produced a sin-
gle band of the expected molecular weight with genomic
DNA as a control, data not shown), we found that the
induction of H4 acetylation extended both upstream and
downstream of the IL-4 transcription start site (Fig 6).
Because the resolution of the ChIP technique is relatively
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FIG 4. Deletion analysis of the repressive effects of HDACs on IL-4 promoter activity. A, Whole-cell lysates
from the indicated cell lines (10 ug each) were analyzed by means of immunoblotting with an anti-HDAC2
antibody (see “Methods” section). Transfection with the HDAC 2 expression vector (lane 4) significantly
increased HDAC 2 protein levels, which were barely detectable in cells transfected with empty vector (lane
1). Equal amounts of protein were loaded in each lane, and the results shown are representative of 2 addi-
tional experiments. B, Jurkat T cells were cotransfected with the indicated reporter constructs (1 ug) and
HDAC 2 expression vector (4 ug), as indicated. Results are means + SEM of 3 experiments expressed rela-
tive to the activity of /L4 270 luc in unstimulated cells (which averaged 96,702 RLU). C, Schematic diagram
of the IL-4 promoter (not drawn to scale), indicating 5 NFAT-binding P elements (P0-P4), as well as a bind-
ing site for NF-Y (Y box),4! a recently characterized repressor element (P2NRE),6' and an AP-1 site adjacent
to P1.62 DMSO, Dimethyl sulfoxide.
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FIG 5. Nucleosomes near the IL-4 promoter are acetylated in activated Jurkat T cells. Solubilized chromatin
was prepared from formalin-fixed Jurkat T cells that had been stimulated for 18 hours in the absence or
presence of a calcium signal (0.5 umol/L A23187) or TSA (40 nmol/L), as indicated, and immunoprecipitat-
ed with antibodies directed against acetylated forms of histone H4 (0« AcH4), or mouse IgG (mIgG). Copre-
cipitated DNA fragments were eluted and analyzed by means of PCR with primers specific for the /L4 gene
(indicated on the lower part of the figure), followed by agarose gel electrophoresis of the amplified prod-
ucts. In B, a fraction (approximately 10%) of the sheared and cross-linked chromatin was analyzed before
administration of immunoprecipitation as a control (input). The gels were visualized with ethidium bromide
staining, and the inverse image is shown in A for better resolution.

large, it is not possible to precisely correlate these data
with single binding sites for individual factors. Nonethe-
less, H4 acetylation was detected in promoter regions
known to bind nuclear factor of activated T cells (NFAT)37
(primer pair C) and other factors (primer pair D).19 The
negative control antibody (rabbit IgG) gave no signal
when analyzed with primer pair D (data not shown).

DISCUSSION

Knowledge of how chromatin structure affects gene
expression in T cells is accumulating at a rapid pace.
Research in this area has been greatly accelerated by the
availability of specific pharmacologic and molecular
probes to study chromatin remodeling. Our study was
prompted by the observation that TSA enhanced /L4 and
IL13 gene expression in pharmacologically activated

human PBT cells (Fig 1). Because even prolonged incu-
bation with TSA alone did not induce IL-4 expression,
other factors in addition to HDAC-dependent repression
are involved in silencing the /L4 gene in unstimulated T
cells. TSA has been proven to be a remarkably specific
antagonist that specifically contacts an active site con-
served across the HDAC family.3® That TSA selectively
enhanced IL-4 production in T cells and not basophils
underscores the differences between these 2 cell types in
the molecular regulation of cytokine production.39
Future studies will be needed to determine whether TSA-
mediated inhibition of basophil IL-4 secretion involves
indirect effects on other gene products (eg, enhanced
expression of a basophil-specific inhibitor) or other novel
effects of this compound. The fact that histamine release
was not affected argues against, for example, a proapo-
ptotic effect of TSA in basophils.40
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FIG 6. Nucleosomes surrounding the IL-4 transcription start site are acetylated on activation of PBMCs.
PBMCs isolated from 4 subjects were primed with PHA (5 ug/mL) for 20 hours and then stimulated for 6
hours with phorbol myristate acetate (20 ng/mL) plus A23187 (0.5 umol/L). DNA sequences surrounding the
IL4 gene were analyzed by means of ChlP assay with an anti-acetyl H4 antibody and PCR primers specific
for the /L4 gene (indicated on the lower part of the figure). Equal amounts of DNA per condition were sub-
ject to immunoprecipitation. The gel was visualized with ethidium bromide staining, and the inverse image
is shown for better resolution. Primer pairs are indicated below the respective lanes, and a 100-bp ladder
(with intense 500-bp band) is indicated as M. Dark boxes in the cartoon denote exons, and the asthma-asso-
ciated polymorphism is indicated.23
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FIG 7. Schematic diagram of histone acetylation near the /L4 gene in resting and activated T cells. Cellular
activation enhances NFAT nuclear translocation, which recruits CBP (and possibly other factors) to DNA,
which then acetylates lysine residues in the histone octamer (blue cylinder). Acetylated histones do not
associate as strongly with DNA, allowing transcription of the /L4 gene by means of RNA polymerase and
associated factors.
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114 gene expression is regulated at the level of tran-
scription by a proximal promoter and other regulatory
elements.15:3741-44 Although essential for tissue-restrict-
ed gene expression, 4346 the IL-4 promoter alone is a rel-
atively weak activator of transcription. We have previ-
ously shown that maximal IL-4 promoter activity is
induced in Jurkat T cells by a calcium signal alone,
reflecting the need for NFAT activation.3!:43 The nonin-
ducibility of the minimal promoter construct 65 luc (Fig
4) is not surprising because it lacks the P1 NFAT ele-
ment, which is known to be required for promoter acti-
vation.#” Our observation that cotransfected CBP poten-
tiated IL-4 promoter activity likely reflects its ability to
interact with NFAT43 and is reminiscent of results recent-
ly obtained with a multimerized NFAT response ele-
ment.49 CBP is a versatile coactivator, and different
domains appear to activate transcription in a cell type—
and promoter-specific manner.4 Studies aimed at identi-
fying the precise basis by which CBP transactivates the
IL-4 promoter are under way.

We found that overexpression of 3 type 1 HDACs
inhibited IL-4 promoter activity in transiently transfected
Jurkat T cells. In future studies it will be important to
determine whether HDAC family members globally
repress T-cell cytokine gene transcription or if they act in
a subset-specific fashion. The ability of histone-modify-
ing enzymes to regulate transcription driven by transient-
ly transfected reporter constructs has been observed in
other model systems®-32.50 and likely reflects the assem-
bly of nucleosomal structures on nonintegrated plasmid
templates.5! The precise mechanism by which chromatin
is organized in transfected plasmids is not known,
although it has been observed that acetylated histones
can faithfully associate with transfected DNA.50 To
ensure that there was at least some association of his-
tones with reporter plasmids in our experiments, we per-
formed ChIP assays by using transiently transfected
Jurkat cells and analyzed DNA precipitated with the anti-
acetyl H4 antibody by means of PCR with a 5" IL-4 pro-
moter primer and a 3’ primer specific for the luciferase
gene. Interestingly, in these experiments we did detect a
plasmid-specific transcript in transfected but not non-
transfected cells (data not shown). This finding supports
the use of transfection assays to study histone-modifying
enzymes, although we can not exclude the possibility
that these enzymes regulate the expression of integrated
and chromatinized DNA templates in a distinct fashion.

The molecular basis of T2 differentiation has been
studied extensively with transgenic and knock-out mouse
models.52 By using these approaches, several critical
transcription factors have been identified, including
NFATc, cMaf, and Stat6.53-55 Recent studies have also
uncovered chromatin-based regulatory mechanisms
involved in Ty2 differentiation that are dependent on
GATA-3 and other factors.28:30.56-59 Tn different model
systems chromatin remodeling at the T2 locus in differ-
entiating T cells has been shown to involve histone acety-
lation, DNA demethylation, and positioning away from
heterochromatin.26:27.58 A picture is emerging in which
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multiple regulatory elements interact to favorably alter
chromatin structure and allow transcription of the /L4
gene in activated Ty2 cells.3%-:60 It is difficult to extrapo-
late results from mouse T cells studied in vitro under
highly polarizing conditions to peripheral blood human
lymphocytes. Our results provide the first demonstration
to our knowledge that epigenetic modifications can alter
cytokine gene expression in freshly isolated human T
cells (Fig 7). Specifically, the data presented in this arti-
cle show that IL4 gene expression is inhibited in T cells
by means of histone deacetylation and that this is medi-
ated by regulatory elements contained within the proxi-
mal IL-4 promoter. Future studies aimed at uncovering
the specific cell types and signal-transduction pathways
involved in this response should prove to be worthwhile.
It will also be interesting to determine whether alter-
ations in histone structure contribute to dysregulated /.4
gene expression in allergic diseases.

We thank our collaborators, Drs Donald MacGlashan, Edward
Seto, Michael Rosenfeld, and Stuart Schreiber, for their generous gifts
of cells and reagents and Dr Robert Eisenman for helpful suggestions.
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