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Introduction

Interleukin-14 (IL-1f) is one of the most potent pro-
inflammatory cytokines and is essential for the immune
system." The main producers of this cytokine are mono-
cytes and macrophages, but IL-1f has also been detected
in the supernatants of endothelia, fibroblasts, natural
killer cells and T cells.> Important functions are the
induction of tumour necrosis factor-o. (TNF-o), IL-6, col-
ony-stimulating factors, interferons and prostaglandin E2.
The link to the adaptive immune system is shown by its
ability to stimulate antibody production in B lympho-
cytes.! Concentration of IL-1f in the blood has to be
tightly regulated because elevated levels can cause severe
diseases such as joint destruction in rheumatoid arthritis

and other autoimmune diseases.>*

The human IL-1f8 gene is regulated by two regions.>’
One of those is the proximal promoter, which is
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Summary

Interleukin-18 (IL-1f) induces the expression of a variety of proteins
responsible for acute inflammation and chronic inflammatory diseases.
However, the molecular regulation of IL-1f expression in myeloid differ-
entiation has not been elucidated. In this study the chromatin structure
of the IL-1f promoter and the impact of methylation on IL-1f expression
in monocytic development were examined. The results revealed that the
IL-1f promoter was inaccessible in undifferentiated promyeloid HL-60
cells but highly accessible in differentiated monocytic cells which addition-
ally acquired the ability to produce IL-1p. Accessibilities of differentiated
cells were comparable to those of primary monocytes. Lipopolysaccharide
(LPS) stimulation did not affect promoter accessibility in promyeloid and
monocytic HL-60 cells, demonstrating that the chromatin remodelling of
the IL-1B promoter depends on differentiation and not on the transcrip-
tional status of the cell. Demethylation via 5-aza-2’-deoxycytodine led to
the induction of IL-1f expression in undifferentiated and differentiated
cells, which could be increased after LPS stimulation. Our data indicate
that the IL-1p promoter is reorganized into an open poised conformation
during monopoiesis being a privilege of mature monocytes but not of the
entire myeloid lineage. As a second mechanism, IL-1f expression is regu-
lated by methylation acting independently of the developmental stage of
myeloid cells.

Keywords: cytokines; haematology; immunogenetics; inflammation; tran-
scription factors/gene regulation

described as packed into a poised architecture.” The tran-
scription start is reported to be free of core histones in
IL-1p-producing monocytes with transcription factors
PU.1 and C/enhancer binding protein-f (EBPf) already
bound to the proximal promoter. The modification of
both enables the recruitment of the transcription complex
and the initiation of IL-1§ expression.”® Recent papers
show that the proximal promoter is inaccessible in IL-1f
non-producing primary T and B lymphocytes,”” indicat-
ing that the poised structure is limited to only a subset of
cell types. The second regulating region includes two co-
operative enhancer regions located at positions — 2782 to
— 2729 and — 2896 to — 2846 upstream from the tran-
scription  start.”® Stimulation with lipopolysaccharide
(LPS) leads to post-translational modifications of the pre-
formed transcription factors nuclear factor-IL-6 and cyc-
lic adenosine monophosphate response element-binding
protein, which then bind to the enhancer regions.>®®
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Co-operative events at the proximal promoter and enhan-
cer region guarantee a fast and efficient transcription in
monocytes after stimulation.””

The influence of epigenetic mechanisms on the IL-1f
expression has not been investigated in detail. Although
Kovacs et al.’ showed that demethylation activates IL-1f
expression in promyeloid U937 and monocytic THP-1
cells and Sato et al.'® described that de-acetylation affects
IL-1f expression in choriodecidual tissue after LPS stimu-
lation, the influence of methylation and acetylation on
the IL-1f expression in different cell types and at diverse
developmental stages have not been compared.

To analyse how monocytes gain their ability to secrete
large amounts of IL-1f during monopoiesis the promy-
eloid acute myeloid leukaemia cell line HL-60 was used.
HL-60 cells have widely been accepted as a cell line that
can be differentiated into monocytic cells using 1,25-
dihydroxyvitamin D3 (VD3)."! Differentiation enables
HL-60 cells to express genes for TNF-o, toll-like receptor
4 (TLR4) and TLR2, and the surface marker for mono-
cytes, CD14.171

In this report we elucidate the epigenetic changes
occurring in the IL-1f gene during monocytic differentia-
tion. We address the question whether the poised struc-
ture of the IL-1 promoter is a characteristic of the entire
myeloid lineage or whether it is a privilege for monocytes.
Hence, the accessibilities of the IL-1 promoter in
promyeloid and monocytic differentiated HL-60 cells were
investigated and compared with that in primary human
monocytes. Furthermore, the influence of methylation in
this differentiation model was analysed as another mecha-
nism that might regulate IL-1f expression.

Material and methods

Cell culture and HL-60 differentiation conditions

The HL-60 and THP-1 cells were grown in RPMI-1640
(Cambrex, Verviers, Belgium) supplemented with 10%
low-endotoxin fetal calf serum (PAA, Pasching, Austria),
2 mM L-glutamine, 100 U/ml penicillin and 100 pg/ml
streptomycin (all Cambrex) in a 5% CO, humidified
atmosphere at 37°. Cell cultures were initiated at a den-
sity of 0-4 x 10° to 2 x 10° cells/ml. For monocytic differ-
entiation 100 nM VD3 (Biomol, Hamburg, Germany) was
added to 4 x 10° HL-60 cells/ml for 72 hr. Progress of
differentiation was assessed morphologically by acquired
CD14 expression and via production of the pro-inflam-
matory cytokines IL-1f, IL-6 and TNF-o.

The HL-60 and differentiated HL-60 cells were
stained with phycoerythrin-conjugated CD14 monoclonal
antibody (mAbs; BD Biosciences, Heidelberg, Germany)
or with the isotypic control phycoerythrin-conjugated
immunoglobulin 1gG2bx mAb (BD Biosciences) for
15 min. Washed cells were then analysed in a FACscan
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(BD Biosciences) using CELLQUEST software 3-0. In experi-
mental approaches, differentiated cell populations with
> 50% CD14-positive cells were used.

HL-60 cells were incubated with 10 pm 5-aza-2'-deoxy-
cytidine (AZA, decitabine; Sigma-Aldrich, Munich, Ger-
many) for 48 hr in demethylation studies. Media were
changed daily and supplied with freshly prepared AZA.
For expression studies. 0-5 X 10° to 2 x 10° cells/ml were
incubated with or without LPS from Escherichia coli sero-
type O111:B4 (250 ng/ml; Sigma-Aldrich) for 4 and
24 hr.

Enrichment of CD14" HL-60 cells

After 3 days of differentiation with VD3, CD14" HL-60
cells were separated using anti-human CD14 mAbs (BD
Biosciences) and magnetic dynabeads labelled with anti-
mouse antibodies (Invitrogen, Karlsruhe, Germany) fol-
lowing the manufacturers’ instructions. In brief, CD14"
cells were purified by incubation with anti-human CD14
mAbs (10 pg/ 107 cells) for 15 min followed by incubation
with pre-washed antibody-labelled anti-mouse dynabeads
(bead : target ratio 8 : 1) for 30 min under rotation at 4°.
The positively enriched CD14" cells were then separated
using a magnetic particle concentrator reaching a mean
purity of approximately 80%. The magnetically bound
CD14" cell fraction was lysed for the purpose of nucleus
isolation and for further usage in subsequent chromatin
accessibility by real-time (CHART) PCR assay.

Isolation of human peripheral blood mononuclear cells
and enrichment of monocytes

Blood from healthy volunteers was obtained by venepunc-
ture with informed consent and ethics committee
approval (Medical Faculty, RWTH Aachen University,
document No.: EK 023/05). Peripheral blood mononu-
clear cells were prepared by Ficoll (Biochrom, Berlin, Ger-
many) gradient centrifugation as previously described."
The pellet was washed twice with phosphate-buffered
saline (Cambrex) and adjusted to the appropriate cell
concentrations in the same medium as HL-60 cells.
Monocytes were enriched after plastic-adherence on
10 ml Petri dishes (2 x 10° cells/ml for 1 hr at 37° in 5%
COy).

Enzyme-linked immunosorbent assay

Supernatants were harvested after 4 hr, stored at —80°
until measurement, and only thawed once for cytokine
detection. To measure IL-1f, IL-6 and TNF-o, enzyme-
linked immunosorbent assay (ELISA) kits purchased from
BD Biosciences were used. All ELISAs were quantified
using the Magellan ELISA-reader (Tecan, Crailsheim, Ger-
many).
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CHART-polymerase chain reaction assay

Accessibility assays were performed as described previ-
ously.” Briefly, nuclei isolated from 5 x 10° cells were
digested with 200 U micrococcal nuclease (MNase) at 37°
for 60 min. Reactions were terminated by addition of
80 pl MNase stop buffer (100 mM ethylenediaminetetraac-
ettc acid and 10 mm ethyleneglycoltetraacetic acid). Pro-
tein digestion was performed through incubation with
proteinase K (25 mg/ml) and 2% sodium dodecyl sul-
phate (SDS) overnight at 37°. A control without MNase
was run in parallel to analyse endonuclease activity. The
genomic DNA was isolated using a QIAamp DNA Mini
kit (Qiagen, Hilden, Germany). Real-time polymerase
chain reaction (PCR) was performed in 25-pl reaction
volumes in duplicates using Brilliant Sybr Green qPCR
Master Mix (Stratagene, Waldbronn, Germany) including
100 ng DNA and primer pairs for IL-1f promoter regions
—I, —=II and —VIII as described elsewhere.” To correlate
the Ct values (threshold values) from the IL-1 CHART-
PCR amplification plots to per cent accessibility, a stan-
dard curve was generated using serial dilutions of geno-
mic DNA.? For MNase accessibility, the data were plotted
as a percentage of the accessibility observed in the
unstimulated digested DNA sample using the following
formula:

. ’100 B (quantity(MNase—l—) . 100)

quantity(MNase—) %

Apparent negative accessibility is a mathematical arte-
fact that is probably the result of an error in DNA quan-
tification and is neither reproducible nor biologically
significant, and therefore was set to 0% accessibilities as
described before.””

Reverse transcription and PCR

Total cellular RNA was isolated using a NucleoSpin RNA
II-Kit (Macherey-Nagel, Diiren, Germany) according to
the users’ manual. One microgram RNA was reversed
transcribed using qScript ¢cDNA Synthesis Kit (Quanta
Bioscience, Gaithersburg, MD). The IL-1 PCR was per-
formed in a thermal cycler using a cycle programme of
40 seconds denaturation (95°), 60 seconds annealing
(60°) and 3 min amplification (72°) for 30 cycles. As a
control, all samples were amplified using f-actin primers.
All primers used were as previously described.'®

Cell extracts and Western blotting

A total of 2 x 10° cells were lysed in 100 pl buffer con-
taining 0-5 M Tris=HCl (pH 6-8), 26:6% glycerin, 10%
SDS and 100 mm NasVO,. The cells were sonicated for
10 seconds, then boiled for 3 min at 95°. An SDS—poly-
acrylamide gel electrophoresis was performed using 15 pg
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protein and Western blot analysis was performed as
described previously.'” Nitrocellulose membranes (Bio-Rad,
Munich, Germany) were blocked for 1 hr with TBS-T
[20 mm Tris—HCI, pH 7-6, 136 mm NaCl, 0-1% (volume/
volume) Tween-20] containing 5% fat-free dry milk,
and incubated with the primary antibody (biotin-anti-
IL-1f; R&D Systems, Wiesbaden-Nordenstadt, Germany)
at 1 : 500 dilution in TBS-T containing 5% bovine serum
albumin for 2 hr. Subsequently, membranes were washed
three times with 25 ml TBS-T and incubated for 1 hr
with the secondary antibody (anti-biotin horseradish
peroxidase-conjugated immunoglobulin; Cell Signaling
Technology, Frankfurt am Main, Germany) followed by
detection with LumiGlo Reagent (Cell Signaling Technol-
ogy). The membrane was stripped and then reprobed for
f-actin as described above (rabbit-anti-f-actin, anti-rabbit
immunoglobulin G horseradish peroxidase-linked immu-
noglobulin; Cell Signaling Technology).

Statistical analysis

Significances of differences were analysed by Student’s
t-test using the program spss version 15 (SPSS Inc., Chi-
cago, IL).

Results

Comparison of promyeloid HL-60 and
1,25-dihydroxyvitamin D3-differentiated HL-60 cells

To characterize changes in the IL-1f promoter during
monopoiesis, a HL-60 differentiation model was estab-
lished. In comparison to untreated cells, cells treated with
VD3 became adherent and had a greater cytoplasm/
nucleus ratio (data not shown). Surface expression of
CD14 on HL-60 cells was induced after 72 hr only in
VD3-differentiated HL-60 cells whereas untreated cells
did not show any CD14 expression (Fig. 1, inserted histo-
gram). In addition, differentiated HL-60 cells secreted sig-
nificantly higher amounts of pro-inflammatory cytokines
IL-15, IL-6 and TNF-o than undifferentiated cells
(Fig. 1). Cytokine production in contrast to undifferenti-
ated cells could also be significantly augmented in VD3-
differentiated HL-60 cells after stimulation with LPS for
4 hr (Fig. 1). Based on these data, treatment of HL-60
cells with VD3 is an appropriate method for investigation
of IL-1f regulation during monocytic differentiation.

The IL-18 promoter opens during VD3-mediated
HL-60 differentiation

To uncover whether there is a correlation between IL-1f
promoter chromatin structure and acquired IL-1f expres-
sion of VD3-differentiated HL-60 cells, quantitative chro-
matin accessibility studies were performed. The MNase
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Figure 1. Characterization of undifferentiated and 1,25-dihydroxy-
vitamin D3 (VD3) differentiated HL-60 cells. The inserted histograms
show one representative example out of 11 for the induction of
CD14 expression on VD3-treated cells (right histogram) in contrast
to CD14" untreated HL-60 cells (left histogram); black: isotypic con-
trol, dashed line: CD14. Secretion of interleukin-1f (IL-1f), IL-6
and tumour necrosis factor-o (TNF-a) after lipopolysaccharide (LPS)
stimulation was significantly higher in VD3-treated HL-60 cells com-
pared with controls. Means and standard error of n = 4 independent
experiments are shown. Significant differences between the VD3-
differentiated cells and the appropriate stimulated or unstimulated
controls are indicated (*P < 0-05; **P < 0-01).

sensitivity of three different promoter regions was
compared. Regions —I (= 107 to — 17) and —II (- 199 to
— 109) proximal to the transcription start contain binding
sites for the transcription factors PU.1 and C/EBPf,
which are involved in myelopoiesis.>”'® These regions
have also been described to be highly accessible to MNase
digestion in monocytic cell lines.” Region —VIII (= 673 to
— 583) upstream of the transcription start was used as an
inaccessible negative control. As shown in Fig. 2, approxi-
mately 60% of IL-1f promoter regions —I and —II of
undifferentiated HL-60 cells were accessible for MNase. In
contrast, CHART assays performed with differentiated
HL-60 cells showed significantly higher accessibility of
about 80% in both of these regions. These results are in
common with our finding that undifferentiated HL-60
cells were not able to produce IL-1f whereas the differen-
tiated cells synthesize high levels of the cytokine, which
were increased after LPS stimulation. Control region
—VIII was not accessible in all tested cells (Fig. 2).

The number of CD14" cells after VD3 differentiation
was 50% so CD14" cells were enriched by magnetic posi-
tive cell selection to exclude the possibility that a higher
content of CD14" cells results in higher accessibilities.
The IL-1f promoter structure of the enriched cells was
compared with that of not enriched but VD3-differenti-
ated cells. There were no significant differences in accessi-
bilities in regions —I and -II when compared with
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Figure 2. Regions —I and —II of the interleukin-1f (IL-1f) promoter
are significantly more accessible in differentiated HL-60 than in
undifferentiated HL-60 cells. Chromatin accessibility by real-time
(CHART) polymerase chain reaction analysis of IL-1f promoter
regions —I, —=II and —VIII in human differentiated and undifferenti-
ated HL-60 cells are shown. HL-60 cells were incubated with or
without vitamin D3 (VD3) for 72 hr followed by stimulation with
lipopolysaccharide (LPS; white bars). Control cultures remained
unstimulated for the same time (black bars). CHART assay was per-
formed using primer sets for promoter regions —I, —II and —VIIL
The LPS did not influence accessibility. Mean calculated accessibili-
ties and standard errors for n =8 independent experiments are
shown. (**P < 0-01).

undifferentiated cells (Fig. S1), suggesting that chromatin
remodelling occurs earlier in differentiation to monocytes
than expression of CD14.

To test the effect of stimulation on the accessibility of
the IL-1f promoter, cells were incubated with LPS for
3 hr. Accessibility did not change upon LPS stimulation
in undifferentiated and differentiated cells (Fig. 2). Taken
together, these data confirm that the IL-1f promoter of
monocytic cells is packaged in a poised chromatin archi-
tecture independent of the transcriptional status. In con-
trast, promyeloid cells have a MNase inaccessible
chromatin most likely responsible for IL-1f gene suppres-
sion in a premature stage.

Accessibility of IL-1 promoter regions —I and —II of
differentiated HL-60 cells is comparable with primary
blood monocytes

To exclude the possibility that the structure of the IL-1f
promoter is a characteristic of a single cell line, we analy-
sed the structure of the IL-1f promoter in another
human cell line, THP-1. We also compared the chromatin
structure of the differentiated HL-60 cells and THP-1 cells
with that of primary blood monocytes to endorse our
results for primary blood cells. Therefore, by analysing
monocytes from eight healthy donors using the CHART

413



[. Wessels et al.

1004
= =l =Vl

. THP-1
I VD3 HL-60
[ Monocytes
o
o
0 I L

IL-13 promoter regions

o]
o
:
H

)
il

IL-13 promoter accessibility (%)
o
o

N
?

Figure 3. Primary human monocytes display equal accessibilities of
the interleukin-1f (IL-1f5) promoter as differentiated HL-60 cells
and monocytic THP-1 cells. Primary human monocytes, differenti-
ated HL-60 cells and THP-1 cells were analysed as described in
Fig. 2. No significant differences could be detected comparing acces-
sibilities of regions —I and —II, whereas region —VIII was more
accessible in primary monocytes than in differentiated HL-60 and
THP-1 cells (**P < 0-01). Means and standard error of n = 7 inde-
pendent experiments are shown.

assay, it was observed that the IL-1f promoter regions —I
and —II MNase accessibility of VD3-treated HL-60 cells
was similar to those detected in monocytic THP-1 cells
and primary monocytes (Fig. 3). This confirmed that the
differentiated HL-60 cells reflect the monocyte-specific
chromatin fine structure in regions —I and —II. Interest-
ingly, region —VIII was not accessible in HL-60 and
THP-1 cells whereas the accessibility in monocytes was
57% (Fig. 3). The difference in the accessibility of region
—VIII between primary monocytes compared with HL-60
and THP-1 cells is probably the result of the genetic
instability of the leukaemic cell lines.

IL-1p expression is regulated by methylation

Demethylation is often described in context with gene
activation.>>'? In addition, Kovacs et al.” described meth-
ylation as playing a role in the regulation of pro-inflam-
matory cytokine expression in U937 cells. Therefore, the
influence of the demethylase inhibitor AZA alone and in
combination with LPS stimulation on IL-1f expression
was compared in undifferentiated and differentiated
HL-60 cells. We could not detect IL-1f messenger RNA
(mRNA) in unstimulated, undifferentiated HL-60 cells
before AZA treatment but in unstimulated, VD3-differen-
tiated HL-60 cells (Fig. 4a). Treatment with AZA for
48 hr led to IL-1f transcription in undifferentiated and
differentiated HL-60 cells. Pre-incubation with AZA fol-
lowed by LPS stimulation also elevated IL-1 mRNA lev-
els (Fig. 4a). The effects of AZA in combination with or
without LPS on IL-1f mRNA expression were confirmed
at the protein level in ELISA and Western blot (Fig. 4b, c).
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Figure 4. Influence of demethylation of DNA on interleukin-1f (IL-
1) expression of differentiated versus undifferentiated HL-60 cells.
Undifferentiated and vitamin D3 (VD3) -differentiated HL-60 cells
showed significant increase in IL-1f expression after pre-incubation
with 5-aza-2’-deoxycytidine (AZA), additionally increased by lipo-
polysaccharide (LPS) stimulation. Differentiated or undifferentiated
HL-60 cells (5 x 10° cells) were pre-incubated with AZA for 48 hr.
For messenger RNA analysis (a, one representative example of
n=13)5x 10° cells were stimulated with LPS (250 ng/ml) for 4 hr;
IL-1f transcription was determined using polymerase chain reaction
with IL-1f and f-actin primer pair sets. The IL-1f concentrations in
supernatants and lysates of 2 x 10° cells/ml after 24 hr with or with-
out LPS stimulation were measured by enzyme-linked immunosor-
bent assay, (b, mean and standard error of n = 3 experiments are
shown, *P < 0-05, **P < 0-01) and Western blot analysis (c, one rep-
resentative example of n = 3), respectively.

The highest levels of IL-1f expression were detected in
differentiated HL-60 cells pre-incubated with AZA and
additionally stimulated with LPS. The influence of AZA
alone and in combination with LPS on the accessibility of
the IL-1f promoter was also tested, but no changes could
be detected in CHART assays (data not shown). Using
the histone deacetylase inhibitor trichostatin A (TSA) no
increase in IL-1f expression was detected in differentiated
and undifferentiated HL-60 cells after treatment for 24 hr.
Nor did the combination of AZA and TSA show any dif-
ferences compared with the effects of one of the agents
alone (data not shown), suggesting that acetylation is not
involved in IL-1f transcription. These data suggest
that demethylation acts independently from the IL-1f
promoter structure or differentiation status on IL-1f
regulation.
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Discussion

Our data demonstrate that the poised structure of the
IL-1/ promoter is established late in monopoiesis and is
a feature of monocytes but not of the entire myeloid line-
age. We could also show that the suppression of IL-1f
expression via methylation in contrast to chromatin
accessibility is independent of the developmental stage of
the myeloid cells.

The observation that differentiation of promyeloid
HL-60 cells to monocytic cells led to the expression of
the pro-inflammatory cytokines IL-1f, IL-6 and TNF-o
(Fig. 1) is in concordance with the results obtained from
human CD34" progenitors from umbilical cord blood,
which have also been enabled to produce IL-1f and IL-6
after differentiation to monocytes.15 Hence, the events
detected in primary cells during monopoiesis are applica-
ble to the HL-60 differentiation model.

Analyses of the IL-1f promoter chromatin structure
showed that two regions near the transcription start (— 199
to — 17) are significantly more accessible in differentiated
HL-60 cells and in primary monocytes compared with
undifferentiated promyeloid HL-60 cells. A relatively inac-
cessible structure has also been described in human B cells
and murine B-cell precursors as well as in murine T cells.>”
These observations on lymphoid cells and the inaccessible
promoter structure of promyeloid cells detected in our
experiments most likely explain that B cells and undifferen-
tiated HL-60 cells do not produce significant amounts of
IL-1B. Liang et al.’ have postulated that the poised pro-
moter architecture is lineage-specific. Based on the detec-
tion of IL-1f producing pre-activated cultured daughter
cells from haematopoietic stem cells,” this group assumed
the generation of the package of the IL-1f promoter into
an accessible structure very early on the hematopoietic pre-
cursor cell level. In contrast, our data in concert with recent
investigations of CD34" progenitor cells that do not pro-
duce IL-1f after stimulation'® strongly indicate that the
highly accessible IL-1f promoter is actively generated dur-
ing monocytic differentiation and is not a permanent fea-
ture in myeloid precursors. In addition, the generation of
the accessible IL-1f promoter appears to be an earlier event
than induction of the monocyte marker CD14 during
monocytic differentiation, as shown by comparing
enriched differentiated CD14" and not enriched but differ-
entiated HL-60 cells (Fig. S1).%

Interestingly, the accessibility of the IL-1f promoter in
promyeloid and monocytic differentiated HL-60 cells is not
modified upon cellular stimulation (Fig. 2) confirming the
unique status of the IL-1f promoter among IL-4, IL-10,
TNF-o, interferon-f and interferon-y promoters,s’7’22 in
which chromatin is rapidly reorganized after stimulation.

Surprisingly, we found a significantly higher IL-1f pro-
moter accessibility of region —VIII in primary monocytes
in contrast to undifferentiated as well as differentiated
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HL-60 and THP-1 cells (Fig. 3). Putative transcription-
factor-binding motifs of MyoD, GATA-1 and CP2 sur-
rounding the —VIII region were detected, based on results
using TESEARCH software (available online at http://
www.cbrc.jp/research/db/TFSEARCH.html). These tran-
scription factors are involved in myogenesis, normal ery-
throid, megakaryocytic and progenitor cell
maturation.”>** To what extent these binding motifs are
involved in the IL-1f expression of mature monocytes or
whether they are a feature of acute myeloid leukaemia
cells must be elucidated in future studies.

A key candidate for the induction of IL-1f transcrip-
tion as well as for the establishment of the poised chro-
matin structure is the transcription factor PU.1 (Spi-1).%
It has been reported that PU.1 is constitutively bound to
the IL-1f promoter, either in association with interferon
regulatory factor 8 or C/EBPf before stimulation or C/
EBPS binding after stimulation.>”** Grondin et al.*’
found the proximal promoter bound by PU.1 and C/
EBPf only after monocytic differentiation of the erythro-
monocytic cell line TF-1. In context with our results, one
can assume that the IL-1f promoter opens during mo-
nopoiesis facilitating constitutive binding of mainly PU.1
and C/EBPp. This triggers the establishment of the poised
structure and activating factors post-translationally altered
upon stimulation enable the fast secretion of huge
amounts of pro-inflammatory IL-1f by mature mono-
cytes. Chromatin remodelling and transcription-factor-
binding to the IL-1f promoter may be independent
processes controlled within monopoiesis resulting in the
poised architecture as a prerequisite for rapid IL-1f
expression in mature monocytes.

As LPS stimulation did not modify the chromatin struc-
ture within the IL-1f promoter, the impact of methylation
on IL-1f gene regulation was examined. Demethylation
induced IL-1f expression in promyeloid cells and resulted
in enhanced expression in differentiated HL-60 cells
(Fig. 4). Kovacs et al.’ found induced IL-1§ expression in
U937 cells and enhanced IL-1f mRNA levels in THP-1
cells, although in their experiments the presence of calcium
ionophores was crucial, because AZA treatment alone
could not induce IL-1f expression in unstimulated cells.
This might be because of the usage of different cell lines, a
different, less sensitive IL-1f detection assay (D10.G4.1
mitogenic assay) and diverse stimulation conditions (48 hr
instead of 4 hr). The decrease of responsiveness in this time
period might result from remethylation of formerly deme-
thylated sites. Additionally, not responding cells might
overgrow AZA-responsive cells during long-term stimula-
tion, because AZA inhibits cell proliferation.

However, we could show that demethylation influ-
ences IL-1f expression independent of the developmental
status of the cells by detecting a high response to AZA
before and after differentiating promyeloid HL-60
into monocytic cells. Many reports showed that AZA
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treatment led to the reactivation of a variety of genes, but
did not result in a non-specific up-regulation of all
genes, because glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), f-actin (Fig. 4a and data not shown) and
IL-10” expression remain unchanged. The IL-18 gene®®*’
and also other genes without CpG islands can be induced
by AZA, suggesting promoter-independent effects of
AZA%" This raises the possibility that AZA treatment
led to the reactivation of genes involved in IL-1f tran-
scription or to the demethylation of upstream regulators
that control IL-1f production or mRNA stability.
DNA-incorporated AZA not only binds and inactivates
DNA-methyltransferases but can also act as an inhibitor
of the methylation of histones.”>*> Therefore, histone
methylation cannot be ruled out to affect the establish-
ment of the poised structure during monopoiesis and
IL-18 transcription. Experiments using the histone-
deacetylase inhibitor TSA revealed that IL-1f transcrip-
tion is independent of acetylation in differentiated and
undifferentiated HL-60 cells. This is in line with data
from Liang et al.” who observed that IL-18 promoter
regions —III to —I are not packaged by hyper-acetylated
histone 3 in monocytic Mono Mac 6 cells. Sato et al.'®
reported an increased IL-1f expression in choriodecidual
tissue after TSA treatment, which might be the result of
different regulation of pro-inflammatory cytokines in
haematological and non-haematological cells.

In summary, the results for the differentiation model
can be transferred to the processes taking place during
monopoiesis. Our data strongly suggest that the closed,
inaccessible form of the IL-1f promoter of promyeloid
cells is remodelled into a poised structure during differen-
tiation, enabling differentiated monocytic cells to rapidly
secrete IL-1f after stimulation. Furthermore, the poised
structure of the IL-1ff promoter is cell-specific for mono-
cytes but not for the entire myeloid lineage. Additionally,
we found that demethylation resulted in IL-1f expression,
probably by activation of IL-1f regulating genes. Methy-
lation in contrast to chromatin remodelling appears to
regulate IL-1f expression independently of the differentia-
tion status of the cell.

However, our data indicate that other cells of the mye-
loid lineage might display distinctive capabilities based on
different promoter accessibilities, for example of pro-
inflammatory genes. Analysis of promoter accessibilities
might offer an additional diagnostic tool for the classifica-
tion of acute myeloid leukaemia.
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Additional Supporting Information may be found in the
online version of this article:

Figure S1. Enriched CD14" vitamin D3-differentiated
HL-60 cells do not display any differences in interleukin-
1/ promoter accessibility in comparison to not enriched,
but vitamin D3-differentiated HL-60 cells.
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