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Abstract
Although more than half of genomic loci are believed to have antisense transcription, whether
antisense transcription is involved in cytokine expression has not been studied. Here we show that
some loci of innate immunity related genes do have antisense transcripts. We investigated the
effect of several antisense RNAs, including anti-4-1BBL, anti-p100 and anti-IL-1β, on their
cognate sense gene’s expression in macrophages. We found that overexpression of antisense IL-1β
transcript suppressed IL-1β expression. Anti-IL-1β is complementary to the sequence in the 5′
upstream region of the IL-1β promoter. Its mediated inhibition of IL-1β production occurred at the
transcriptional level. Anti-IL-1β did not alter the methylation status of the IL-1β promoter.
However, chromatin immunoprecipitation (ChIP) assays revealed that the anti-IL-1β transcript can
change the chromatin structure of the IL-1β promoter by decreasing H3K4 trimethylation on the
promoter, which is at least part of the mechanism underlying the reduced binding of RNA
polymerase II to the IL-1β promoter upon anti-IL-1β expression. Our data suggest that some
antisense-transcripts of innate immunity related genes play a role by regulating cytokine
expression.

Introduction
A broad definition of antisense RNA is the transcript(s) derived from any part of a gene
including intron, exon, and promoter in the opposite direction of sense mRNA. Genome-
wide transcriptional analyses have revealed a large amount of antisense transcription not
only in repetitive regions but also in protein-coding areas. It is estimated that up to 72% of
murine genomic loci showed evidence of antisense transcription (1). Although some of the
antisense transcripts may represent transcription noise, there is clear evidence that many
natural antisense direction transcripts play a role in gene regulation (2, 3). Genome-wide
analyses suggested that natural antisense transcripts are over represented in certain genes
such as the genes related to catalytic functions, nucleotide binding, etc., and are
underrepresented in some others. The processed antisense RNA is significantly
underrepresented on the mammalian X chromosome. This X chromosome bias only applies
to transcript sense/antisense pairs in which there is exonic complementarity (4). These
findings argue against the idea that natural antisense RNA is merely transcriptional noise or
experimental artifact. Studies on selected antisense RNAs have revealed their functions in
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both positively and negatively regulating gene expressions. There is evidence suggesting
that natural antisense RNA might function by affecting transcription (5), RNA splicing (6),
RNA editing (7), or activation of PKR (8–10). It is proposed that the formation of RNA-
RNA hybrids by sense and natural antisense RNA can generate “endo-siRNAs” (1, 10, 11).
The antisense transcripts that complement to non-coding regions also affect gene expression
(12). Despite the extensive data that has been accumulated, the function of the majority of
these natural antisense RNAs remains obscure. Although it is anticipated that there are
natural antisense RNA of immune response genes, the role of natural antisense RNA in
cytokine gene expression has not been studied.

Macrophages constitute the first line of host defense and participate in inflammation
triggered by both exogenous and endogenous stimuli. Production of pro-inflammatory
cytokines such as tumor necrosis factor-α (TNF) or interleukin-1β is one of the most
important functions of macrophages in modulating inflammation since the inflammatory
cytokines are known to be involved in various acute and chronic inflammatory diseases;
these include inflammatory bowel disease (13, 14), rheumatoid arthritis (15–17) and sepsis
(18) among others. Bacterial endotoxin (or lipopolysaccharides, LPS), an outer membrane
component of Gram negative bacteria and a potent activator of macrophages, triggers the
abundant secretion of many cytokines from macrophages including IL-1β and TNF (19). It
is known that LPS-induced cytokine expression is subject to regulation at multiple levels
including at transcription, post-transcription, and translation. The involvement of
transcription factors, RNA binding proteins, and miRNA in cytokine expression has been
demonstrated. However, to date there is no report regarding to whether there is an
involvement of natural antisense transcripts in cytokine expression. In this paper, we show
the presence of natural antisense RNA for some innate immunity related genes. By
analyzing the effects of the expression of these antisense RNAs, we found that some of the
antisense RNAs had no effect on their cognate gene’s expression while others, such as IL-1β
antisense transcript, suppressed their cognate gene’s expression. We further show that the
suppression of IL-1β expression by antisense IL-1β is at least partially due to anti-IL-1β
RNA-mediated changes of chromatin structure.

Materials and Methods
Cells and Cell Culture

RAW 264.7 cells were maintained in DMEM supplemented with 10% FBS, nonessential
amino acids and glutamine. After 48 hours of transfection with linearized antisense
transcripts overexpression plasmids and reporter plasmids, cells were selected with 800 μg/
ml G418 for 6 days to set up stable overexpression lines. Primary peritoneal macrophages
were prepared as previous described. Briefly, mice received intraperitoneal injections 2 ml
of 3% thioglycolate 3 days before the preparation of peritoneal macrophages. After
anesthesia, peritoneal macrophages were harvested from the mice by lavage of the peritoneal
cavity with 5 ml of saline. The cells were then washed with PBS and resuspended in DMEM
supplemented with 10% FBS, glutamine and antibiotics. After 2 hours of incubation at 37
°C, the non-adherent cells were removed by washing three times with PBS and cultured
overnight.

Quantitative Real-Time PCR
RNA was isolated from RAW 264.7 cells and primary peritoneal macrophages with TRIzol
(Invitrogen). First-strand cDNA was synthesized with SuperScript III (Invitrogen). Relative
transcript levels were measured in a duplicate set of reactions for each gene. GAPDH levels
were used for normalization. Quantitative real-time PCR was performed with SYBR Green
Master Mix (Applied Biosystems) on an ABI Prism 7900HT Sequence Detection System
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(Applied Biosystems). Data analysis was performed with the manufacturer’s software (SDS
version 2.4).

Chromatin Immunoprecipitation
The chromatin immunoprecipitation (ChIP) kit was purchased from Cell Signaling
Technology (Cell Signaling Technology, #9002). ChIP was performed following the
manufacturer’s instructions with control and anti-IL-1β overexpressing RAW 264.7 cells
with antibodies against RNA polymerase II (Millipore), H3K4Me3 (Cell Signaling
Technology) and H3K27Me3 (Cell Signaling Technology). ChIP DNA was analysed with
SYBR Green Master Mix (Applied Biosystems) on an ABI Prism 7900HT Sequence
Detection System (Applied Biosystems). Data analysis was performed using the
manufacturer’s software (SDS version 2.4).

DNA Methylation Assay
DNA methylation analysis was performed following the manufacturer’s instructions using
the EZ DNA methylation-gold kit (ZYMO Research). 100 ng genomic DNA from control
and anti-IL-1β overexpression cells was applied for the assay. Converted DNA was used for
PCR amplification. PCR products were cloned and sequenced.

mRNA Stability Assay
RAW 264.7 cells were pretreated with 10 ng/ml LPS for 4 hours followed by treatment with
50 μg/ml Actinomycin D. Total RNA was extracted with TRIzol reagent and reverse
transcripted into cDNA. IL-1β and TNF-α cDNAs were quantitated by real-time PCR.

In vitro translation Analysis
Anti-IL-1β was cloned into pT7CFE1-CHis vector. The in vitro translation assay was
performed following the manufacturer’s instructions (Pierce, #88855). Briefly, 1 μg
linearized plasmid was used as the template to transcribe mRNA with T7 RNA polymerase.
Transcription products were translated with [35S] methionine containing amino acid mixture
for protein expression at 30 °C for 90 min. Translation products were analyzed by SDS-
PAGE.

Strand-specific RT-PCR
According to the manufacturer’s protocol, 200ng of total RNA was used for reverse
transcription. A final concentration of 2.5μM Oligo (dT)16 primer, 200 nM forward or
reverse strand primer were used to synthesize the first-strand cDNA with the SuperScript III
(Invitrogen). Relative transcript levels were measured in a duplicate set of reactions for each
gene.

Web sites references
http://genome.gsc.riken.go.jp/m/antisense/viewer/ List of antisense transcripts. http://
genome.ucsc.edu/ Genome Browser.

RESULTS
Expression of innate immunity related antisense RNAs

To get an overall idea of the expression of antisense RNAs that relate to innate immune
responses, we searched the FANTOM2 database (4) for 216 genes that are involved in
innate immune reactions; we found 27 natural antisense transcripts (Table 1). The genes that
have antisense RNA include cytokines (IL-1α, IL-1β, IL-18, IFNγ, etc.), receptors (IL6rα,
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IL1r2, IL20rα, etc.), and signal transduction genes (IRF1, Traf5, Tirap, p100, p105, etc.).
We did not find antisense transcripts of MyD88, IRAK1/4, CD14 and MD2, which are
known to be important in innate immunity. Although we cannot exclude the possibility that
their antisense transcripts have not yet been identified, based on current studies in natural
antisense RNA, we believe that as with the genes involved in other biological processes,
only a fraction of the innate immunity related genes have antisense transcripts.

To gain a better understanding of antisense RNA in innate immunity, we chose six antisense
transcripts, anti-IL-1α, anti-IL-1β, anti-4-1BBL, anti-IL-4i1, anti-p100 and anti-p105, for
further analysis. The UCSC Genome Browser was used to plot the loci of these sense-
antisense pairs of genes and revealed that these antisense transcripts can be divided into two
groups according to the classification by Werner et al (1) (Fig. S1). One is head-to-head
(Fig. S1A); their overlap is in the 5′ region of the genes. The other is tail-to-tail (Fig. S1B);
they overlap in the 3′ region of the genes. Primers were designed based on this information
to specifically detect expression of these antisense RNAs in macrophage cell line
RAW264.7 and peritoneal macrophages. Since LPS activation of macrophages is a model
cell system to innate immune responses, we treated RAW264.7 cells with LPS for different
periods of time and measured the above mentioned six antisense RNAs by real-time PCR.
As shown in Figure 1A, LPS stimulation reduced the level of anti-4-1BBL, but increased the
expression of the other five antisense transcripts to different extents. As previously reported,
the expression of all of the six sense genes were induced to different levels by LPS
stimulation (20–24). Similar results were obtained when the expression of these antisense
RNAs were analyzed using murine primary peritoneal macrophages (Fig. 1B). It needs to be
noted that the expression levels of the sense transcripts are much higher than the antisense
transcripts. The expression of sense and antisense transcripts decreased in similarly at a later
time (6 to 24 hours) of LPS stimulation (data not shown). In short, we confirmed the
presence of anti-IL-1α, anti-IL-1β, anti-4-1BBL, anti-IL-4i1, anti-p100 and anti-p105
transcripts in macrophages and found that their expression is dynamically regulated during
LPS-induced macrophage activation.

Overexpression of antisense IL-1β transcript suppresses the induction of IL-1β
To further study the function of antisense RNA in LPS-induced macrophage activation, we
chose highly induced anti-IL-1β, moderately induced anti-p100, and suppressed
anti-4-1BBL for further study. All of these three antisense RNAs are head to head type (Fig.
S1). To specifically study these antisense transcripts in RAW 264.7 cells, we cloned anti-
IL-1β, anti-p100, and anti-4-1BBL from this cell line. The anti-IL-1β transcripts we cloned
are varied in length and shorter than the sequence in the database (named AK076405) (Fig.
2). Multiple attempts did not add more antisense transcripts than those shown in Figure 2.
Northern blot analysis only detected smeared signals but not bands (data not shown),
suggesting that the antisense transcripts might be heterogeneous in length. The sequence
alignment of our longest anti-IL-1β cDNA (Clone 3, Fig. 2) with AK076405 and IL-1β
genome is shown in Figure S2. We used our longest anti-IL-1β transcript for further study.
The anti-4-1BBL transcripts we cloned are similar to the sequence in the data base except
that six different splicing forms were isolated in our experiments. We chose to use the
transcript that has the same sequence as that in the database for further study (Clone 7, Fig.
2). The anti-p100 we cloned is the same as that in the database (Clone 10, Fig. 2).

We subcloned the above mentioned three antisense transcripts (cDNA) under the control of
EF1α promoter and transfected them into RAW264.7 cells to establish stable cell lines. The
EF1α promoter was chosen because its responsiveness to LPS is less than the more
commonly used CMV and SV40 promoters in RAW264.7 cells (data not shown). The pool
and individual cell lines were isolated and characterized for their expression of the
transfected antisense RNA. Since the expression levels of these antisense RNAs in the
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individual clones and the pools are similar, we used pools to conduct experiments. It was
reported that antisense transcripts can affect the expression of sense genes. So we
determined whether the overexpression of antisense transcripts influenced LPS-induced
induction of endogenous sense genes. Despite of the use of EF1α promoter, the exogenously
introduced antisense transcripts were still induced to various extents by LPS-treatment (right
panels of Fig. 3A–C). These exogenous antisense transcripts were expressed at much higher
levels than the endogenous antisense transcripts and thus it is the result of overexpression
that should be observed in these experiments. Figure 3A shows that RAW264.7 cells
transfected with empty vector or anti-4-1BBL expressing vector had comparable expression
of 4-1BBL sense RNA, although much more anti-4-1BBL RNA was detected in the cells
transfected with the anti-4-1BBL expressing vector. Similarly, expression of anti-p100 had
no significant effect on the induction of p100 after LPS treatment (Fig. 3B). In contrast,
expression of anti-IL-1β significantly reduced LPS-induced IL-1β expression at both time
points (Fig. 3C). As controls, overexpression of anti-4-1BBL or complementary strand of
anti-IL-1β did not affect IL-1β expression (Figure S3). These data indicate that different
antisense RNAs had different effects on the expression of their sense transcripts. It needs to
be noted that the anti-IL-1β we overexpressed is situated about 3 kb away from the sense
transcription unit. Its ability to regulate sense transcription from such a long distance is not a
surprise since regulatory elements of a given gene can be dispersed far away, even hundreds
of kb, from the transcriptional initiation site(25, 26).

We then characterized anti-IL-1β RNA in RAW264.7 cells. We found that only oligo d(T)
primer and reverse primer, but not the forward primer of anti-IL-1β can reverse transcribe
anti-IL-1β RNA, indicating it is a poly-A RNA (Fig. S4A). By extracting cytosolic and
nuclear RNA we found that anti-IL-1β RNA was primarily located in the nuclei of
RAW264.7 cells (Fig. S4B). Furthermore, by using an in vitro translation system we
determined that anti-IL-1β RNA cannot translate into protein (Fig. S4C). Thus, anti-IL-1β
RNA is a non-coding nuclear poly-A RNA.

The two directional transcriptions at IL-1β locus is affected differently by anti-IL-1β RNA
The anti-IL-1β and IL-1β mRNA are in head to head position (Fig. 2). The anti-IL-1β
overlaps with 5′ upstream promoter region of IL-1β gene, suggesting that the promoters of
the two directional transcriptions at IL-1β locus are located at the same or nearby genomic
fragments. We constructed a reporter gene termed IL-1β reporter using ~8 kb IL-1β genome
fragment containing part of IL-1β coding region, promoter, and the 5′ upstream region
corresponding to anti-sense transcript (Fig. 4A). Firefly luciferase gene with a poly A signal
sequence was linked to the second exon of IL-1β gene in the direction of IL-1β
transcription. Renilla luciferase gene with a poly A signal sequence was added after anti-
IL-1β in anti-IL-1β direction (Fig. 4A). The reporter was stably transfected into RAW264.7
cells with the anti-IL-1β expression plasmid or empty vector (control). The cells were
treated with LPS for different periods of time and the luciferase activities were determined.
As shown in Figure 4B, both firefly and renilla luciferase activities were induced by LPS
stimulation, indicating that the reporter mimicked endogenous IL-1β gene in the bi-
directional transcription. We estimated by qRT-PCR that the antisense transcription level is
about one tenth of sense transcription (data not shown), which is a ratio similar to the ratio
of the expression of endogenous antisense IL-1β RNA to that of antisense IL-1β mRNA.
(Fig. 1). As with the endogenous IL-1β (Fig. 3C), the LPS-induced firefly luciferase
expression was inhibited by anti-IL-1β expression (Fig. 4B, left panel). In contrast, the anti-
IL-1β expression did not inhibit but even enhanced LPS-induced renilla luciferase
expression (Fig. 4B, central panel). These results were reproducible when independently
generated stable reporter cell lines were used. This different effect of anti-IL-1β on the two
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directions of gene transcription is unlikely to result from a particular locus of reporter gene
insertion site because we used pools of the stably transfected cells.

Because the reporter contains the anti-IL-1β sequence, we used one primer located in the
flanking sequence derived from the anti-IL-1β expression vector to specifically measure
exogenously introduced anti-IL-1β transcript. We did not detect exogenous anti-IL-1β in
control cells and detected anti-IL-1β in anti-IL-1β transfected cells (Fig. 4B, right panel).
Similar to the data shown in Figure 3C, EF1α driven anti-IL-1β expression was induced by
LPS stimulation.

We also constructed an IL-1β reporter termed Δ1700 reporter, in which the 1700 bp
sequence corresponding to anti-IL-1β was deleted (Fig. 4A). Δ1700 reporter was stably
transfected into RAW264.7 cells with the anti-IL-1β expression plasmid or empty vector
(control). The expression of anti-IL-1β did not inhibit LPS-induced firefly and renilla
luciferase expression (Fig. 4C), suggesting that the suppression of IL-1β expression by anti-
IL-1β depends on its homologous sequence in the IL-1β promoter.

The suppressive effect of anti-IL-1β RNA on IL-1β expression derives from multiple
regions of this RNA

As noted earlier the anti-IL-1β RNA derives from the promoter region of IL-1β (Fig. 2).
Thus, it cannot form RNA-RNA hybrids with IL-1β mRNA, and therefore, generating
“endo-siRNA” is clearly not the mechanism by which anti-IL-1β functions. We constructed
vectors to express three different truncations of anti-IL-1β to determine whether any
subregion of this RNA plays a key role in suppression of IL-1β expression. The expression
of these deletion mutants was measured using two sets of primers as shown in Figure 5A.
Inhibition of IL-1β expression was observed in the cells expressing any one of these three
deletions (Fig. 5B), suggesting that all sequences in the anti-IL-1β RNA can affect IL-1β
expression. However, the levels of inhibition by anti-IL-1β and its deletions were not
correlated with their expression level (Fig. 5B, 5C), suggesting that some sequences in the
anti-IL-1β RNA may have stronger inhibitory effects than others.

Anti-IL-1β has no effect on IL-1β mRNA stability
Antisense transcripts has been reported to influence sense mRNA stability. Inducible nitric
oxide synthase (iNOS) mRNA can be stabilized by its antisense RNA (27). Although anti-
IL-1β is unlikely to pair with IL-1β mRNA since it is located in the promoter region of
IL-1β (Fig. 2), whether it has an effect on the stability of IL-1β still needed to be
determined. We pretreated RAW264.7 cells with 10ng/ml of LPS for 4h, followed by 50μg/
ml Actinomycin D treatment. Total RNA was collected from 0 to 3 h after Actinomycin D
treatment. The stability of IL-1β mRNA was compared between control and anti-IL-1β
overexpressing RAW 264.7 cells. The stability of TNF mRNA was also measured and
included as a control. The stability of IL-1β mRNA is very similar in vector and anti-IL-1β
expressing lines (Fig. 6A). As expected, TNF mRNA stability was not affected by anti-
IL-1β expression (Fig. 6B). The higher anti-IL-1β level in the overexpressing cell line was
confirmed (Fig. 6C). These results demonstrated that anti-IL-1β has no effect on IL-1β
mRNA stability.

Anti-IL-1β inhibits IL-1β mRNA transcription
RNA polymerase II is the enzyme responsible for the transcription of protein-coding genes.
The binding ability of this enzyme to the promoter would be increased when gene
expression is activated. To determine whether anti-IL-1β mediated inhibition of IL-1β
mRNA expression occurred at transcriptional level, we measured binding of RNA
polymerase II to the transcription start site of IL-1β. Chromatin immunoprecipitation (ChIP)
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assay showed that the binding of RNA polymerase II at the IL-1β transcription start site was
decreased in anti-IL-1β overexpressing cells (Fig. 7A). ChIP assay with anti-IL-1β intron
region showed no difference between vector and anti-IL-1β transfected cells (Fig. 7B),
confirming a specific inhibitory effect of anti-IL-1β RNA on the transcription of IL-1β.

Anti-IL-1β does not affect methylation modification of IL-1β promoter
Since DNA methylation plays an important role in gene expression, we examined whether
anti-IL-1β affected the methylation status of the IL-1β promoter. To investigate this
possibility we analyzed the methylation of the IL-1β promoter. There are five CpG sites in
the −1 to −500 region of IL-1β promoter, and one at the transcription start site (Circles, Fig.
7C). Sodium bisulfite converts cytosines in RNA to uracil while methylation on cytosines
prevents this conversion (28). By treating the DNA sample with sodium bisulfite,
amplifying with PCR and sequencing, the methylation of CpG was determined. We found
that CpG sites at −406, −372 and −355 were always methylated, but the sites at −248, −234
and +1 were not methylated (Fig. 7C). No difference of the methylation was found between
control and anti-IL-1β expressing RAW 264.7 cells. In LPS treated samples, we found that
17% of the CpG at −372 was unmethylated in control cells and 10% of the CpG site at +1
was methylated in anti-IL-1β overexpression cells (Fig. 7C). Since there was only a very
slight difference of CpG methylation between control and anti-IL-1β overexpression cells,
we conclude that DNA methylation is unlikely to play a key role in anti-IL-1β mediated
suppression of IL-1β expression.

Anti-IL-1β expression affects chromatin structure of IL-1β promoter
Histone H3 is a component of nucleosomes. The amino acid tail of histone H3 can be
methylated, acetylated, phosphorylated and ubiquitinated. These modifications affect
chromatin structure and thus regulate gene expression (29). It is known that H3K4Me3 is
enriched on highly activated promoters (30), and H3K27Me3 is associated with low
expression promoters (31). We used ChIP assay to investigate histone 3 modifications in the
IL-1β promoter region (−1 to −150). IL-1β intron was included as a control. As shown in
Figure 7D, LPS stimulation dramatically enriched H3K4Me3 (from 0.73% to 8.2%) at IL-1β
promoter region, which is consistent with IL-1β mRNA induction (Fig. 3C). In the resting
stage (no LPS stimulation), H3K4Me3 at IL-1β promoter was not different between control
and anti-IL-1β overexpression cells. In contrast, following LPS stimulation anti-IL-1β
overexpression significantly reduced H3K4Me3 at IL-1β promoter. The anti-IL-1β mediated
reduction of H3K4Me3 at IL-1β promoter correlated with inhibition of IL-1β mRNA
expression (Fig. 7D and 3C). We also measured H3K27Me3 on IL-1β promoter and found
that neither LPS treatment nor anti-IL-1β overexpression had an effect on the level of
H3K27Me3 at IL-1β promoter (Fig. 7E). These results indicate that inhibition of H3K4
trimethylation on IL-1β promoter is at least part of the mechanism by which anti-IL-1β
mediated suppression of IL-1β gene expression.

DISCUSSION
Inflammatory cytokine expression is known to be controlled at multiple levels. We show in
this report that the antisense transcript of IL-1β may add one more layer of control to IL-1β
expression. Overexpressed anti-IL-1β has an inhibitory effect on LPS-induced IL-1β
expression. We found that at least one of the effects of the anti-IL-1β is to inhibit LPS-
induced trimethylation of H3K4 bound to the IL-1β promoter, thus reducing LPS-induced
IL-1β transcription.

Anti-IL-1β RNA appears to have splicing variants since the anti-IL-1β RNAs we cloned
have different lengths and are also different from the anti-IL-1β sequence in the database.
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Since we were unable to clone the same anti-IL-1β as that in the database, it is possible that
different anti-IL-1β RNAs are transcribed in different types of cells. Although we show in
this report that anti-IL-1β can alter H3K4 trimethylation in the IL-1β promoter, we cannot
exclude the possibility that an anti-IL-1β with a different length, such as that deposited in
the database, might have a different function or functions.

Because anti-IL-1β was expressed at a much lower level than IL-1β mRNA, whether it
would have measurable effect on sense transcription in vivo cannot be assessed by current
techniques. However, the low level of anti-IL-1β might not limit its function in modulating
H3K4 trimethylation because targeting genomic DNA may not need many RNA molecules.
For example, if anti-IL-1β activates demethylation of H3K4Me3, its effect could be catalytic
rather than stoichiometric. The expression of anti-IL-1β RNA is associated with the
activation of sense transcription because the induction of anti-IL-1β by LPS stimulation has
similar kinetics to that of IL-1β sense transcription (Fig. 1). However, the promoter elements
that control the transcriptions in the two directions should not all be the same because the
anti-IL-1β has different effects on sense and antisense transcriptions (Fig. 4B). Probably
H3K4Me3 only affects nearby transcriptional initiation and H3K4 trimethylation near the
initiation site of IL-1β mRNA only reduces IL-1β transcription but not anti-IL-1β
transcription.

Our data presented in this manuscript demonstrate that overexpressed anti-IL-1β can inhibit
H3K4 trimethylation in the IL-1β promoter. The chromatin modification suggests that anti-
IL-1β functions by targeting the DNA of the IL-1β promoter. This notion is supported by
the fact that the sequence of anti-IL-1β is derived from the 5′ upstream sequence of the
IL-1β promoter and anti-IL-1β transcripts are located in the nucleus. Small interfering RNA
or antisense non-coding RNA mediated chromatin remodeling has been reported (32, 33).
Here we provide another example where antisense RNA plays a role in modifying
chromatin. Because pairing with the sequence of the IL-1β 5′ upstream region of its
promoter should be the mechanism for anti-IL-1β to specifically regulate IL-1β promoter,
how RNA interacts with genomic DNA is still an open question. It is highly possible that
anti-IL-1β interacts with the sense strand of the IL-1β promoter immediately after it is
transcribed since unwinding double stranded DNA in the IL-1β promoter region is required
for it to pair with anti-IL-1β RNA. Nuclear RNA and promoter interaction could be a very
important regulatory mechanism of gene expression.

Because of the essential role of IL-1β in inflammation, we expect that suppression of IL-1β
by anti-IL-1β should affect inflammatory responses in vivo. Although no data is available
regarding to the involvement of natural antisense RNA in inflammation, the involvement of
antisense RNA in other diseases have been reported. Span et al reported recently that
overexpression of a natural antisense transcript of hypoxia-inducible factor 1 (αHIF) is
associated with malignant pheochromocytoma/paraganglioma (34). Differential expression
of hundreds of antisense RNAs between colorectal cancer tissues and non-cancerous tissues
was also reported recently (35). It will not be a surprise if alteration of antisense expression
affects inflammatory responses.

In summary, we have analyzed a number of antisense transcripts of innate immune response
genes. Diversities can be found in these transcripts in terms of complementarity regions
(coding, non-coding, promoter, intron/exon), and effects on sense transcripts. We show that
the anti-IL-1β transcript, which should target the promoter region of IL-1β, can suppress
IL-1β transcription by modifying the chromatin structure of the IL-1β promoter. Our data
suggest that interaction of a nuclear RNA with a promoter is a mechanism that regulates
gene expression.
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Abbreviations used in this article

ChIP chromatin immunoprecipitation

H3K4Me3 tri-methylated Histone H3 at lysine 4

H3K27Me3 tri-methylated Histone H3 at lysine 27

IL-1β interleukin-1β

LPS lipopolysaccharides

NF-κB nuclear factor-κB

TNFα tumor necrosis factor-α

TRAF6 TNF receptor-associated factor 6
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Figure 1. Antisense transcripts were induced by LPS in both RAW 264.7 cells and primary
peritoneal macrophages
(A) Sense and antisense transcript expression in LPS stimulated RAW 264.7 cells. RAW
264.7 cells were treated with 100ng/ml LPS from 0 to 6 hours. Total RNA was extracted for
real-time qPCR. (B) Sense and antisense transcript expression in LPS stimulated primary
peritoneal macrophages. Cells were treated as in (A). All values were represented as mean
from triplicated samples (n=3) and all samples at time 0 are set to relative abundance of 1.
One representative experiment out of three is shown.
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Figure 2. Schematic of anti-IL-1β, anti-4-1BBL and anti-p100 clones and their annotated EST in
GenBank
Lines represent gene loci; black boxes represent coding region; grey boxes represent non-
coding region.
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Figure 3. Over-expression of anti-IL-1β suppressed the induction of IL-1β triggered by LPS
(A) Effect of anti-4-1BBL on LPS induced 4-1BBL expression. RAW 264.7 cells were
transfected with anti-4-1BBL over-expression vector and selected as a stable line. After the
treatment of LPS, total RNA was extracted, reverse transcribed to cDNA and applied to real-
time qPCR. The expression levels of 4-1BBL and total anti-4-1BBL were converted to
absolute units and normalized to GAPDH expression. The relative RNA levels were
obtained by setting the control samples at time 0 as abundance of 1. Data are the mean ±
SEM of triplicates. (B) Effect of anti-p100 on LPS induced p100 expression. Samples
collected and data presented as in (A). (C) Effect of anti-IL-1β on LPS induced IL-1β
expression. Samples collected and data presented as in (A).
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Figure 4. Different effects of anti-IL-1β overexpression on sense and antisense transcription in
IL-1β locus
(A) Schematic of the reporters of bi-directional transcription. (B) The RAW264.7 cells,
stably transfected with a bi-direction reporter (IL-1β reporter) together with empty vector
(Ctrl) or anti-IL-1β overexpression vector, were treated with LPS for different times as
indicated. The sense expressions were determined by measuring firefly luciferase activity
and the antisense expressions were determined by measuring renilla luciferase activity. The
expression levels of exogenously introduced anti-IL-1β were determined by qPCR. (C) The
same as in B except that Δ1700 reporter was used.
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Figure 5. All parts of anti-IL-1β are important for its suppression effect on IL-1β expression
(A) Schematic of anti-IL-1β mutants and primer sets. Anti-IL-1β (1–231) has the sequence
from 1 to 231bp of anti-IL-1β. Anti-IL-1β (1–470) has the sequence from 1 to 470bp of anti-
IL-1β. Anti-IL-1β (231–726) has the sequence from 231 to 726bp of anti-IL-1β. Primer set
A was designed for anti-IL-1β (1–231)/ (1–470), set B was designed for anti-IL-1β (231–
726) only. (B) Effect of anti-IL-1β mutants on IL-1β induction. Stable cell lines of control,
anti-IL-1β and the three mutants were treated with LPS for 6 hours. IL-1β mRNA
expression was determined by real-time qPCR. (C) Expression of the three anti-IL-1β
mutants. Primer sets A and B were used to determine the expression of the mutants. All
values were represented as mean±SEM from triplicated samples (n=3). One representative
experiment out of three is shown.
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Figure 6. Overexpression of anti-IL-1β has no effect on IL-1β mRNA stability
RAW 264.7 cells were stimulated with LPS for 4 hours, followed by 50μg/ml Actinomycin
D treatment. Total RNA was extracted for real-time PCR. IL-1β (A) and TNFα (B)
degradation, and anti-IL-1β (C) overexpression were determined by real-time qPCR.
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Figure 7. Anti-IL-1β leads to modification IL-1 β chromatin structure.
(A) Over-expression of anti-IL-1β decreased recruitment of RNA polymerase II to the IL-1β
transcription start region. Genomic DNA was pulled down by anti-RNA polymerase II
antibody and quantitated by real-time qPCR with the primers specific to the IL-1β
transcription start region. The amount of DNA determined by qPCR is plotted. (B) Anti-
IL-1β has no effect on the binding of RNA polymerase II to the anti-IL-1β intronic region.
Samples were collected as in (A) and quantitated by qPCR with anti-IL-1β intron specific
primers. All values were represented as mean±SEM from triplicated samples (n=3). (C)
Schematic of IL-1β promoter region. Filled circles represent CpG sites and the filled box
represents the start of the IL-1β mRNA. Anti-IL-1β overexpression did not lead to CpG
methylation change at these sites. (D) Anti-IL-1β reduced H3K4Me3 bound to the IL-1β
promoter. Genomic DNA, pulled down with anti-H3K4Me3 antibody from control and anti-
IL-1β overexpression cell lines, were analysed by real-time PCR analysis to quantitate the
IL-1β promoter (-1 to -150) and intronic DNA. (E) H3K27Me3 levels were not affected by
anti-IL-1β overexpression. Genomic DNA was pull down as in (D) with H3K27Me3
antibody. All values were represented as mean±SEM from triplicated samples (n=3). One
representative experiment out of three is shown. The symbol * marks a significantly
different result (p<0.05) compared to respective control value.
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Table 1

Antisense Transcripts to Innate Immune Response Related Genes

Sense Gene Antisense EST/Gene Sense Gene Antisense EST/Gene

Ifng AK089852 Ilf2 Snapap

Ifrd1 AK004585 Ilf3 AK076941

Il12rb2 AK046984 Irf1 AK053162

Il16 AK052238 Irf2 AK082031

Il17b AK005683 Isg20 AF159455

Il18 AK014896 Nf3b1 AK090099

Il1a AK042010 Nf3b2 AK029443

Il1b AK076405 Triap AK084664

Il1r2 AK089728 Tnfaip8 AK043286

Il20ra AK039957 Tnfsf9 AK154177

Il2r Zfp281 Traf5 AK016485

Il4i1 AK087754 Trap1 Dnase1

Il6ra AK054125 Peli2 AK020658

Cradd AK087886

Antisense transcripts were chosen from FANTOM2 antisense database.
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