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15-Lipoxygenase-1 (15-LOX-1) contributes significantly to
inflammation regulation and terminal cell differentiation.
15-LOX-1 is transcriptionally silenced in cancer cells, and its
transcriptional reactivation (e.g. via histone deacetylase inhibi-
tors (HDACIs)) is essential for restoring terminal cell differen-
tiation to cancer cells. STAT-6 acetylation via the histone
acetyltransferase KAT3B has been proposed to be necessary for
15-LOX-1 transcriptional activation. However, the exact mech-
anismunderlying 15-LOX-1 transcriptional reactivation in can-
cer cells is still undefined, especially in regard to the contribu-
tion of 15-LOX-1 promoter histonemodifications.We therefore
examined the relative mechanistic contributions of 15-LOX-1
promoter histonemodifications and STAT-6 to 15-LOX-1 tran-
scriptional reactivation by HDACIs in colon cancer cells. We
found that: 1) histone H3 and H4 acetylation in the 15-LOX-1
promoter through KAT3B was critical to 15-LOX-1 transcrip-
tional activation; 2) 15-LOX-1 transcription was activated inde-
pendently from STAT-6; and 3) dimethyl-histone H3 lysine 9
(H3K9me2) demethylation in the 15-LOX-1 promoter via the
histone lysine demethylase KDM3A was an early and specific
histonemodification andwasnecessary for activationof transcrip-
tion. These findings demonstrate that histone modification in the
15-LOX-1 promoter is important to 15-LOX-1 transcriptional
silencing in colon cancer cells and that HDACIs can activate gene
transcription via KDM3A demethylation of H3K9me2.

15-Lipoxygenase-1 (15-LOX-1)2 is a critical enzyme for the
production of various inflammation-regulatory lipid signaling
mediators, including 13-S-hydroxyoctadecadienoic acid from

linoleic acid (1, 2), lipoxins from arachidonic acid (3), and
resolvins and protectins from docosahexaenoic acid (4).
15-LOX-1 has an important regulatory function in terminal cell
differentiation (5–11) and inflammation (3, 12), and its expres-
sion is inducible and highly regulated in normal human cells
(13). 15-LOX-1 is down-regulated in various human cancers,
including colon cancer (14–16), esophageal cancer (17), breast
cancer (18), and pancreatic cancer (19). 15-LOX-1 re-expres-
sion in cancer cells via pharmaceutical agents or plasmid or
adenoviral vectors induces growth inhibition and re-establishes
terminal cell differentiation and apoptosis (10, 15–17, 20–26).
15-LOX-1 expression, regulated at the translational level in

normal cells (27), is transcriptionally silenced in cancer cells
(28–32). Reversal of 15-LOX-1 transcriptional silencing in can-
cer cells has been proposed to occur via various mechanisms:
global histone H4 (H4) acetylation (28), STAT-6 acetylation
and phosphorylation (33), inhibition of GATA-6 transcrip-
tional repression of the 15-LOX-1 promoter (29, 34), and
15-LOX-1 promoterDNAdemethylation (30, 35). Nonetheless,
the exact mechanisms underlying 15-LOX-1 transcriptional
reactivation in cancer cells remain unknown. For example, it is
unclear whether global H4 acetylation activates 15-LOX-1
transcription through direct 15-LOX-1 promoter chromatin
modification or through the expression of transcriptional fac-
tors that subsequently influence the 15-LOX-1 promoter. Sub-
eroylanilide hydroxamic acid (SAHA) down-regulates STAT-6
expression (36) but still activates 15-LOX-1 expression (23),
raising the question of whether STAT-6 is necessary for
15-LOX-1 transcriptional activation. GATA-6 knockdown
inhibits GATA-6 binding to the 15-LOX-1 promoter but fails to
activate 15-LOX-1 transcription (31). 15-LOX-1 promoter
DNA demethylation is insufficient to reactivate 15-LOX-1
expression (32).
To identify the crucial molecular mechanisms underlying

15-LOX-1 transcriptional reactivation in cancer cells, we
examined the mechanisms by which HDACIs activate
15-LOX-1 transcription, given that HDACIs are the most
potent class of agents known to induce this activation (23, 28,
32). In particular, we examined whether HDACIs activated
15-LOX-1 transcription via promoter histone modification or
STAT-6, which has been proposed to be crucial to 15-LOX-1
transcriptional activation (33). In a series of experiments, we
identified novel chromatin modification events in the
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FIGURE 1. 15-LOX-1 promoter histone acetylation and 15-LOX-1 transcriptional activation. A and B, effects of depsipeptide on acetylation of histones H3
and H4 in the 15-LOX-1 promoter. Caco-2 (A) and SW480 (B) cells were treated with depsipeptide (5 nM) or the vehicle solvent for depsipeptide (control). The
cells were harvested 48 h after treatment and subjected to ChIP assays using specific antibodies against acetylated histone H3 (H3) or acetylated histone H4
(H4). � and � indicate immunoprecipitation with and without H3 or H4 antibodies, respectively, and Input indicates total DNA before immunoprecipitation.
Depsipeptide induced H3 and H4 acetylation in the 15-LOX-1 promoter. C, kinetics of effects of depsipeptide on H3 acetylation. Caco-2 cells were treated
with depsipeptide (5 nM), harvested at the indicated times, and subjected to ChIP/real-time PCR assays using specific acetylated H3 antibodies. The
results are percentages of the respective input genomic DNA for the 15-LOX-1 promoter. The values are the means � S.D. of triplicate measurements.
D, effects of depsipeptide on 15-LOX-1 expression in colorectal cancer cells. Colorectal cancer cells were treated with either depsipeptide (5 nM) or
solvent (control). The cells were harvested 24 h later and processed for 15-LOX-1 mRNA by real-time reverse transcription-PCR. The data are presented
as the difference in 15-LOX-1 relative expression levels between depsipeptide- and control-treated cells. The values shown are the means � S.D. of
triplicate experiments. E, effects of SAHA on 15-LOX-1 expression in colorectal cancer cells. Colorectal cancer cells were treated with either SAHA (1 �M)
or solvent (control) and processed for 15-LOX-1 mRNA measurements as in D. The values shown are the means � S.D. of triplicate experiments. F and G,
effects of depsipeptide and SAHA on H3 acetylation in the 15-LOX-1 promoter. Colorectal cancer cells were treated with depsipeptide (F), SAHA (G), or
solvent only (control). The cells were harvested and subjected to ChIP/real-time PCR using specific antibodies against acetylated histone H3. The data
are presented as the difference in the H3 acetylation levels in the 15-LOX-1 promoter between depsipeptide- or SAHA-treated and control-treated cells.
The values shown are the means � S.D. of triplicate experiments. H and I, correlation between 15-LOX-1 expression and H3 acetylation in the 15-LOX-1
promoter in colorectal cancer cell lines. Scatter plots of the differences in 15-LOX-1 mRNA expression (treated � control) in relation to those in 15-LOX-1
promoter H3 acetylation levels (treated � control) in colorectal cancer cell lines treated with depsipeptide (H) or SAHA (I). The values shown are the
means � S.D. of triplicate experiments.
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15-LOX-1 promoter that activate 15-LOX-1 transcription
independently of STAT-6 via KAT3B acetylation of histone H3
and H4 and KDM3A demethylation of histone H3 dimethyl-
lysine 9 (H3K9me2).

EXPERIMENTAL PROCEDURES

Materials—SAHA was provided by Merck and the National
Cancer Institute. Depsipeptide was provided by Gloucester
Pharmaceuticals, Inc., and the National Cancer Institute. Anti-
bodies against acetyl-histone H3, acetyl-histone H4, acetyl-hi-
stone H3 lysine 9 (H3K9ac), dimethyl-histone H3 lysine 4
(H3K4me2), monomethyl-histone H3 lysine 9 (H3K9me1),
dimethyl-histone H3 lysine 9 (H3K9me2), trimethyl-histone
H3 lysine 9 (H3K9me3), dimethyl-histone H3 lysine 27
(H3K27me2), trimethyl-histoneH3 lysine 27 (H3K27me3), and
trimethyl-histone H4 lysine 20 (H4K20me3) were purchased
fromUpstate Cell Signaling Solutions (Lake Placid, NY). Rabbit
anti-human KDM3A polyclonal antibody was purchased from
Abcam, Inc. (Cambridge, MA). Anti-STAT-6 antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Rabbit polyclonal antiserum to recombinant human 15-LOX-1
protein was obtained as described previously (21). Recombi-
nant human interleukin 4 (IL-4) was purchased from Bio-
source (Camarillo, CA). Caco-2, HT29, SW480, and HCT-
116 colon cancer cells were purchased from the American

Type Culture Collection (Manas-
sas, VA), and RKO and DLD-1
colorectal cancer cell lines were
obtained as described previously
(21). Other reagents, molecular
grade solvents, and chemicals
were obtained from commercial
manufacturers or as specified.
Cell Cultures and Treatments—

HT29, SW480, HCT-116, RKO, and
DLD-1 cells were grown in RPMI
1640 medium, and Caco-2 cells
were grown in Eagle’s minimal
essential medium (Cambrex,
Walkersville, MD) with l-gluta-
mine in a humidified atmosphere
containing 5% CO2 at 37 °C. Both
types of medium contained 10%
fetal bovine serum and were sup-
plemented with 1% penicillin-
streptomycin as described pre-
viously (21). Depsipeptide, a
selective HDAC1 and HDAC2
inhibitor (37, 38), and SAHA, a
nonselective HDAC inhibitor (38),
were dissolved in dimethyl sulfox-
ide and added to the culture media
at the indicated concentrations.
Small Interfering RNA (siRNA)

Transfection—SW480 and Caco-2
cells were cultured to 40–50% con-
fluence and then transfected with
100 nM of a pooled mixture of four

siRNA duplexes (SMARTselected or OnTarget; Dharmacon,
Inc., Lafayette, CO) for the targeted gene (e.g. STAT-6,KAT3B)
or with nonspecific control siRNA (Dharmacon, Inc.) using
Lipofectamine 2000 (Invitrogen).
RNA Extraction and Real-time PCR—Total RNA was

extracted from cells using TRI reagent (Molecular Research
Center Inc., Cincinnati, OH). RNA from each sample was
reverse transcribed and then measured quantitatively by real-
time PCR using a comparative Ct method, as described previ-
ously (31).
Chromatin Immunoprecipitation (ChIP) and ChIP/Real-

time PCR Assays—Cross-linking was performed by adding
formaldehyde to the cell culture medium to a final concentra-
tion of 1% and incubating for 10 min at 37 °C. ChIP assays were
performed using a commercial kit according to the manufac-
turer’s protocol (Upstate Cell Signaling Solutions). Chromatin
was immunoprecipitated using the indicated antibodies. ChIP
assays using an agarose gel electrophoresis method were per-
formed similarly to what was described previously (31). For
studying STAT-6 binding to the 15-LOX-1 promoter, we used
primers that amplified a 182-bp fragment of the human
15-LOX-1 promoter that covers a specific STAT-6 binding site
located 952 bp upstream of the 15-LOX-1 start codon (39):
5�-TAA TTC ACT CTG GTG GGG TGG-3� (sense) and
5�-CAG TTT CTT TTT GGG CTG GA-3� (antisense).

FIGURE 2. Effects of KAT3B on 15-LOX-1 promoter histone acetylation and 15-LOX-1 transcriptional
activation. A, effects of KAT3B siRNA transfection on KAT3B mRNA expression. Caco-2 cells were transfected
with a pool of four siRNA duplexes for KAT3B (KAT3B siRNA), a nonspecific siRNA sequence (Nonspecific siRNA),
or transfection medium only (Control) and then treated 24 h later with either depsipeptide (5 nM) or control
solvent. The cells were harvested 48 h after transfection. KAT3B mRNA levels were measured by using real-time
reverse transcription-PCR. The relative expression levels were calculated as the values relative to those of the
calibrator samples (Nonspecific siRNA). B and C, effects of KAT3B knockdown on H3 (B) and H4 (C) acetylation in
the 15-LOX-1 promoter. Caco-2 cells were transfected and treated as in A and then subjected to chromatin
immunoprecipitation/real-time PCR. The results are presented as percentages of the respective input genomic
DNA for the 15-LOX-1 promoter. The values are the means � S.D. of triplicate measurements. D, effects of
KAT3B knockdown on depsipeptide activation of 15-LOX-1 transcription. Caco-2 cells were transfected and
treated as described in A, and 15-LOX-1 expression was measured by using real-time reverse transcription-PCR.
The relative expression levels were calculated as the values relative to those of the calibrator samples (Control).
The values shown are the means � S.D. of triplicate experiments.
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The relative enrichment of transcription factors or histone
modifications (e.g. KDM3A, H3K9me2) was measured using
ChIP/real-time PCR with the following primers and FAM dye-
labeling probe: forward, GTGTTTTCGGTCCAAATCCTTT-
TCT; reverse, GAGAGCAGGGAGTGGAAACC; probe,
CCTCCCGTCAAGATAGT to amplify the �280 bp to �212
bp region of the 15-LOX-1 promoter relative to the ATG site.
Histone acetylation levels in the 15-LOX-1 promoter were
measured by ChIP/real-time PCR with the following primers
and FAM labeling probe: forward, GAGACCTGCCACCCA-
CATT; reverse, GAGCTAAATAACCCAGCCTGAGA; probe,
CCGACCCCAAGCGAC to amplify the �120 bp to �47 bp
region of the 15-LOX-1 promoter relative to theATG site. Real-
time PCR was performed as described previously (32).
Statistical Analyses—We used the t test for two-group com-

parisons. For analyses involving single factors and more than
two groups, we performed a one-way analysis of variance. If the
overall analysis of variance test result was significant, we per-
formed pairwise comparisons, adjusting formultiplicities using
the Bonferroni correction. We analyzed data involving the
simultaneous consideration of two factors using two-way anal-
ysis of variance. We first tested the interaction effect, and if it
was statistically significant, we subsequently performed specific
comparisons to investigate which differences were driving this
effect, using the Bonferroni correction to adjust for themultiple

testing problem. An individual
comparison was considered signifi-
cant only if the p value was less than
0.05/k, with k representing the
number of comparisons performed.
If the interaction effect was not sig-
nificant, we tested the individual
main effects. Then, if thosewere sig-
nificant, we determined which pair-
wise comparisons were significant,
again adjusting for multiplicities
using the Bonferroni correction.
We used the Pearson correlation
method to correlate differences in
the levels of the studied variables
(e.g. 15-LOX-1 mRNA expression
level, histone H3 acetylation in the
15-LOX-1 promoter) between
depsipeptide- or SAHA-treated
and control cells. All of the tests
were two-sided and conducted at
the p � 0.05 level. Quantitative
data log transformation was used
to account for the normal distri-
butional assumptions underlying
the methods. The data were ana-
lyzed using SAS software (SAS
Institute, Cary, NC).

RESULTS

15-LOX-1 Promoter Histone
Acetylation and 15-LOX-1 Tran-
scriptional Reactivation—Depsi-

peptide induced acetylation of histones H3 and H4 in the
15-LOX-1 promoter (Fig. 1, A and B). The level of acetylated
histone H3 in the 15-LOX-1 promoter increased significantly
within the first 60 min and continued to increase during 6 h
after depsipeptide treatment in Caco-2 cells (Fig. 1C; p �
0.0001). Depsipeptide and SAHA differentially induced
15-LOX-1 expression (Fig. 1, D and E, p � 0.0001) and histone
H3 acetylation in the 15-LOX-1 promoter (Fig. 1, F and G, p �
0.0001) in the six tested colorectal cancer cell lines. The induc-
tion of 15-LOX-1 expression correlated highly with the
increase in histoneH3 acetylation in the 15-LOX-1promoter by
both depsipeptide (Fig. 1H; Pearson correlation coefficient,
0.94; p � 0.006) and SAHA (Fig. 1I; Pearson correlation coeffi-
cient, 0.99; p � 0.0003) in the six tested colorectal cancer cell
lines.
15-LOX-1 Promoter Histone Acetylation Is Required for

15-LOX-1 Transcriptional Activation—KAT3B is a very well
known histone acetyltransferase (40, 41). We used KAT3B
knockdown by siRNA to examine whether 15-LOX-1 promoter
histone acetylation is necessary for 15-LOX-1 transcriptional
activation. Transfection of KAT3B siRNA reduced the level of
KAT3B expression by 85% in Caco-2 cells (Fig. 2A; p � 0.0001)
and 78% in SW480 cells (supplemental Fig. S1; p � 0.0001). In
Caco-2 cells, depsipeptide markedly increased 15-LOX-1 pro-
moter enrichment with acetylated histone H3, and KAT3B

FIGURE 3. Effects of STAT-6 on 15-LOX-1 transcriptional activation. A and B, effects of STAT-6 siRNA trans-
fection on STAT-6 mRNA expression. Caco-2 (A) and SW480 (B) cells were transfected with a pool of four siRNA
duplexes against STAT-6 (STAT-6 siRNA), a nonspecific siRNA sequence (Nonspecific siRNA), or transfection
medium only (Mock) for 48 h and then treated with 5 nM depsipeptide for 24 h. STAT-6 mRNA levels were
measured with real-time reverse transcription-PCR. Expression levels were calculated as the values relative to
those of the calibrator samples (Nonspecific siRNA). The values are the means � S.D. of triplicate experiments.
C and D, effects of STAT-6 siRNA transfection on STAT-6 binding to the 15-LOX-1 promoter. Caco-2 (C) and
SW480 (D) cells were transfected and treated as described in A and B. The cells were subjected to chromatin
immunoprecipitation assays using a specific anti-STAT-6 antibody. STAT-6 antibody � and � indicate immu-
noprecipitation with and without STAT-6 antibody, respectively, and Input indicates total DNA before immu-
noprecipitation. E and F, effects of STAT-6 down-regulation by siRNAs on depsipeptide induction of 15-LOX-1
expression. Caco-2 (E) and SW480 (F) cells were transfected and treated as described in A and B. 15-LOX-1 mRNA
relative expression levels, real-time reverse transcription-PCR, were calculated as the values relative to those of
the calibrator samples (Mock). The values are the means � S.D. of triplicate experiments.
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siRNA reduced this increase by 60% (Fig. 2B; p � 0.0001). In
SW480 cells, depsipeptide increased 15-LOX-1 promoter
enrichment with acetylated histone H3, and KAT3B siRNA
reduced this increase by 70% (supplemental Fig. S1; p �
0.0001). Similarly, in Caco-2 cells, depsipeptide markedly
increased 15-LOX-1 promoter enrichment with acetylated H4,
and KAT3B siRNA reduced this increase by 55% (Fig. 2C; p �
0.0001). In SW480 cells, depsipeptide increased the relative
level of acetylatedH4, and KAT3B siRNA reduced this increase
by 82% (supplemental Fig. S1; p � 0.0001). In Caco-2 cells,
depsipeptide increased 15-LOX-1 expression, and KAT3B
siRNA reduced this increase by 84% (Fig. 2D; p � 0.0001). The
same pattern was seen in SW480 cells (supplemental Fig. S1;
p � 0.0001).
15-LOX-1 Transcriptional Activation in Colorectal Cancer

Cells Is Independent of STAT-6—STAT-6 siRNA reduced
STAT-6 expression relative to nonspecific siRNA by 79% in
Caco-2 cells and 77% in SW480 cells (Fig. 3, A and B; p �
0.0001). STAT-6 binding to the 15-LOX-1 promoter was inhib-
ited in STAT-6 siRNA-transfected cells but not in cells trans-
fected with nonspecific siRNA (Fig. 3, C and D). 15-LOX-1
expression levels were similar for nonspecific siRNA and
STAT-6 siRNA in both Caco-2 cells (p� 0.86) and SW480 cells
(p � 0.8) (Fig. 3, E and F).
15-LOX-1 Promoter ChromatinModification during 15-LOX-1

Transcriptional Activation—During the first hour after depsi-
peptide treatment, the level of acetylated histone H3 in Caco-2

cells increased rapidly (Fig. 4A; p �
0.0001), whereas the level of
H3K4me2 remained unchanged
(Fig. 4A; p� 0.188). Among the var-
ious other histone methylation
markers we evaluated in the
15-LOX-1 promoter (H3K9me1,
H3K9me2, H3K9me3, H3K27me2,
H3K27me3, and H4K20me3), only
the H3K9me2 level changed signifi-
cantly, with a 54% reduction in
recruitment level (p � 0.0001)
measured 30 min after depsipeptide
treatment (Fig. 4B). During the first
30 min after depsipeptide treat-
ment, the level of H3K9ac
increased, whereas the level of
H3K9me2 decreased in a time-de-
pendent manner (Fig. 4, C and D;
p � 0.0001).
Recruitment of KDM3A to the

15-LOX-1 Promoter Is Required for
15-LOX-1 Transcriptional Activa-
tion—Depsipeptide significantly in-
creased the recruitmentofKDM3A, a
demethylase of H3K9me2, to the
15-LOX-1 promoter in Caco-2 cells
(Fig. 5A; p� 0.004). KDM3A siRNA
transfection intoCaco-2 cells signif-
icantly reduced KDM3A recruit-
ment to the 15-LOX-1 promoter

with depsipeptide compared with the recruitment seen with
nonspecific siRNA (Fig. 5B; p � 0.0001). The H3K9me2 level
was significantly increased in KDM3A siRNA-transfected cells
treated with depsipeptide, compared with the level in cells
transfectedwith nonspecific siRNAand treated identically with
depsipeptide (Fig. 5C; p� 0.0001). KDM3A siRNA transfection
reduced the 15-LOX-1 mRNA level in cells treated with dep-
sipeptide compared with the level in cells transfected with non-
specific siRNA and treated with depsipeptide (Fig. 5D; p �
0.0001).

DISCUSSION

Our new findings demonstrate that: 1)15-LOX-1 transcrip-
tional activation in colon cancer cells requires specific histone
modification events in the 15-LOX-1 promoter: H3K9me2
demethylation by KDM3A and histone H3 and H4 acetylation
by KAT3B; and 2) HDACIs can activate transcription via
KDM3A demethylation of H3K9me2.
Histone acetylation in the 15-LOX-1 promoter but not

STAT-6 was necessary for 15-LOX-1 transcriptional activa-
tion. 15-LOX-1 transcriptional activation highly correlated
with histone H3 acetylation as demonstrated by our testing in
six colorectal cancer cell lines using both specific (depsipeptide
(38)) and nonspecific (SAHA) HDACIs. By using KAT3B
knockdown via siRNA to inhibit histoneH3 andH4 acetylation,
we confirmed that acetylation of histone H3 and H4 in the
15-LOX-1 promoter was necessary for 15-LOX-1 activation.

FIGURE 4. Chromatin modification of 15-LOX-1 promoter during transcriptional activation. A, kinetics of
depsipeptide effects on dimethyl-histone H3 lysine 4 (H3K4me2) in the 15-LOX-1 promoter. Caco-2 cells were
treated with depsipeptide as indicated. ChIP/real-time PCR was performed with the use of specific H3K4me2 or
acetylated histone H3 (acetylated H3) antibodies. The results are the means � S.D. of four replicate experi-
ments. B, effects of depsipeptide on H3 and H4 methylation patterns in the 15-LOX-1 promoter. Caco-2 cells
were treated with depsipeptide (5 nM) or solvent control, harvested 30 min later, and processed for ChIP/real-
time PCR using anti-H3K9me1, anti-H3K9me2, anti-H3K9me3, anti-H4K20me3, anti-H3K27me2, and anti-
H3K27me3 antibodies. The results are the means � S.D. of triplicate experiments. C and D, kinetics of depsipep-
tide effects on H3 acetylation and methylation. Caco-2 cells were treated with depsipeptide for the indicated
times and processed for ChIP/real-time PCR using antibodies against H3K9me2 (C) and H3K9ac (D). The results
are the means � S.D. of four replicate experiments.
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The authors of a prior report proposed that KAT3B activates
15-LOX-1 transcription via STAT-6 acetylation (33). However,
we found that 15-LOX-1 transcriptional activation required
KAT3B acetylation of 15-LOX-1 promoter histones but not
STAT-6. We found that STAT-6 down-regulation via siRNA,
although successful in inhibiting the binding of STAT-6 to the
15-LOX-1 promoter, failed to influence depsipeptide activation
of 15-LOX-1 transcription. These findings agree with those in a
recent report showing that SAHA down-regulated STAT-6
expression (36), which suggested that STAT-6 does not con-
tribute to transcriptional activation by HDACIs. STAT-6 has
been reported to be necessary for IL-4 transcriptional activa-
tion of 12/15-LOX (the mouse homologue of 15-LOX-1) in
mice (42) and for 15-LOX-1 transcription in human BEAS-2B
transformed airway epithelial cells and A534 lung cancer cells
(33, 39). The fact that STAT-6 has been shown to be required
for IL-4-induced but notHDACI-induced 15-LOX-1 transcrip-
tional activationmight reflect differences in themechanisms of
action between IL-4 and HDACIs. IL-4 binds to cell surface
receptors and requires STAT-6 for signal transduction to influ-
ence nuclear events (43), whereas the HDACIs directly influ-
ence transcriptional events (38). In support of this notion, we
found that depsipeptide activated 15-LOX-1 transcription
much earlier than IL-4 did in A534 cells (supplemental Fig. S2).
Specific chromatin modification events in the 15-LOX-1

promoter activated 15-LOX-1 transcription. These events
included very early removal of a transcriptional silencing

histone modification, H3K9me2
(44, 45), and an increase in
H3K9ac, a transcriptional activa-
tion marker (46). The specificity of
these histone changes is supported
by the lack of changes in the other
histone markers of transcriptional
activation (e.g. H3K4me2 (44)) or
transcriptional silencing (e.g.
H3K9me1, H3K9me3, H3K27me2,
H3K27me3, or H4K20me3 (44,
47)) during 15-LOX-1 transcrip-
tional activation. To our knowl-
edge, the pattern we identified is
the first specific chromatin modi-
fication pattern in the 15-LOX-1
promoter to have been identified,
especially in regard to histone
methylation. Previously published
information on 15-LOX-1 pro-
moter modifications is limited to
nonspecific global H4 acetylation
(28) and general histone H3
15-LOX-1 promoter acetylation
(33).
We found that depsipeptide acti-

vated 15-LOX-1 transcription
through demethylation of H3K9me2
by KDM3A, a recently identified
specific H3K9me2 demethylase (48).
Depsipeptide promoted KDM3A

recruitment to the 15-LOX-1 promoter. Inhibition of this
recruitment via KDM3A down-regulation by siRNA increased
the H3K9me2 level in the 15-LOX-1 promoter and suppressed
depsipeptide activation of 15-LOX-1 transcription. These find-
ings indicate that depsipeptide recruitment of KDM3A to the
15-LOX-1 promoter and the subsequent H3K9me2 demethyla-
tion are necessary for activation of 15-LOX-1 transcription.
Data are emerging to support the important role of histone
demethylases in the transcriptional regulation of normal and
pathologic molecular cellular events (49, 50). The only prior
report of a pharmaceutical intervention that enhanced the
recruitment of KDM3A for transcriptional activation was a
report on the hormonal androgen analogue R1881 (48). Our
current results show that KDM3A demethylation of H3K9me2
appears not to be limited to transcriptional activation by hor-
monal agents but also to contribute to transcriptional activa-
tion by the HDACIs.
The strong correlation between the degree of 15-LOX-1

transcription activation in cancer cell lines and histone acety-
lation, although it supports the notion that histone deacetyla-
tion is necessary for maintaining 15-LOX-1 transcriptional
silencing, still leaves open the possibility that other mecha-
nisms might contribute to 15-LOX-1 transcriptional silencing
in cancer cells. For example, we have recently found that the
dissociation of DNA methyltransferase-1 from the 15-LOX-1
promoter can significantly influence 15-LOX-1 transcriptional
activation in colon cancer cells (32). DNA methyltransferase-1

FIGURE 5. Effects of KDM3A on 15-LOX-1 transcription. A, effects of depsipeptide on the recruitment of
KDM3A to the 15-LOX-1 promoter. Caco-2 cells were treated with depsipeptide (5 nM) or control solvent,
harvested 15 min later, and processed for ChIP/real-time PCR using specific anti-KDM3A antibody. The results
are the means � S.D. of triplicate experiments. B, effects of KDM3A siRNA transfection on recruitment of
KDM3A to the 15-LOX-1 promoter. Caco-2 cells were transfected with a pool of four siRNA duplexes for KDM3A
(KDM3A siRNA) or a nonspecific siRNA sequence (Nonspecific siRNA) and then treated with depsipeptide (5 nM).
The cells were harvested 48 h later and then subjected to ChIP/real-time PCR using anti-KDM3A antibody. The
results are the percentages of the respective input genomic DNA for the 15-LOX-1 promoter. The values are the
means � S.D. of triplicate measurements. C, effects of KDM3A siRNA on depsipeptide reduction of the dimeth-
yl-histone H3 lysine 9 (H3K9me2) level. Caco-2 cells were treated as in B and processed for ChIP/real-time PCR
using anti-H3K9me2 antibodies. The values are the means � S.D. of triplicate measurements. D, effects of
KDM3A siRNA on depsipeptide activation of 15-LOX-1 transcription. Caco-2 cells were transfected and treated
as in B. The cells were processed for real-time reverse transcription-PCR of 15-LOX mRNA. The values are the
means � S.D. of triplicate measurements.
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contributes to H3K9me2 formation during replication (51).
Further studies are needed to evaluate the contribution of DNA
methyltransferase-1 to H3K9me2 formation in the 15-LOX-1
promoter.
In summary, our findings demonstrate the important role of

specific chromatin modification in the regulation of 15-LOX-1
transcription. These results provide a new model for the
orchestrated chromatin modification events in the 15-LOX-1
promoter that are involved in 15-LOX-1 transcriptional activa-
tion: KDM3A recruitment to demethylate H3K9me2 and his-
toneH3 andH4 acetylation via KAT3B. Further studies of these
chromatin modification events in the 15-LOX-1 promoter will
not only help to improve our understanding of the mechanism
of 15-LOX-1 silencing in cancer cells but also help to identify
novel molecular targets for inhibiting colonic tumorigenesis.
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