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Abstract

Objective—We have previously demonstrated that pre- and post-treatment of animals with
suberoylanilide hydroxamic acid (SAHA), a histone deacetylase inhibitor (HDACI), can improve
survival in a mouse model of lipopolysaccharides (LPS)-induced severe shock. This study was to
assess whether SAHA affects LPS/Toll like receptor4 (TLR4) signaling through acetylation of
HSP90 and degradation of its client protein interleukin-1 receptor associated kinase 1 (IRAK1).

Methods and Results—RAW264.7 cells were exposed to LPS (1 pg/ml) for two hours
followed by treatment with SAHA (10 M) or one of HSP90 inhibitors, geldanamycin (GA) (3
pM). Sham (no SAHA, no LPS) macrophages served as a control. The cells were harvested at
different time points, and time zero served as the reference point. LPS dramatically increased
protein expression of myeloid differentiation factor 88 (MyD88) and IRAK1, and stimulated
nuclear translocation of nuclear factor kB (NF-kB), leading to increases of gene expression and
protein production of TNF-a and IL-6. Treatment with SAHA significantly attenuated these LPS-
stimulated alterations. LPS or SAHA did not change the levels of HSP90 protein, but
immunoprecipitation studies demonstrated that SAHA treatment enhanced acetylation of HSP90,
and increased the dissociation of IRAK1, compared to the LPS control.

Conclusions—SAHA suppresses LPS/TLR4 signaling in LPS-stimulated macrophages through
multiple possible mechanisms. It inhibits the function of HSP90 through hyperacetylation of the
chaperone protein, which results in dissociation and degradation of the client protein IRAK1 and,
at least in part, leads to a resultant decrease in nuclear translocation of NF-xB and attenuation of
key pro-inflammatory cytokine expression.
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INTRODUCTION

Despite the recent advances in antibiotics and critical care, the current mortality rate remains
unacceptably high for patients who develop severe sepsis and septic shock (1). Recently, we
have shown that pre (before insult) and post (after insult) treatment with suberoylanilide
hydroxamic acid (SAHA), a histone deacetylase (HDAC) inhibitor (HDACI), can improve
survival in a mouse model of lethal lipopolysaccharide (LPS) induced shock (2, 3).
However, the mechanism remains largely unknown.

The detection of bacterial lipopolysaccharide (LPS) by macrophages is mediated by Toll-
like receptor 4 (TLR4) (4, 5). Prominent components of the LPS/TLR4 pathway include
MyD88, IL-1 receptor associated kinases (e.g. IRAK1 and IRAK4), TRAF6 (TNF receptor-
associated factor 6), and transcription factors including NF-kB (nuclear factor kB).
Activation of this signaling pathway can result in the release of critical pro-inflammatory
cytokines that activate potent immune responses. However, an excessive LPS/TLR4 signal
can result in overproduction of pro-inflammatory cytokines which can exaggerate systemic
inflammation and worsen the sepsis physiology (6, 7).

Heat shock protein 90 (HSP90) is a molecular chaperone which can hold and stabilize client
proteins such as IRAK1. Inhibition of HSP90 with its inhibitor geldanamycin (GA) in
macrophages can result in rapid loss of IRAK1 protein, which impairs the ability of TLR4 to
stimulate the release of inflammatory cytokines (8). More recently, Meng et al reported that
carbamazepine, an HDACI, can promote Her-2 onco-protein degradation by modulating
acetylation of HSP90 to inhibit proliferation of breast cancer cell (9). It remains unclear,
however, whether SAHA exerts its protective effects by dampening the LPS/TLR4 signaling
and the downstream cascade. Our goal was to test whether treatment with SAHA would
attenuate inflammation in LPS-stimulated mouse macrophages through increased acetylation
of HSP90 and degradation of IRAK1 in the TLR4 pathway.

MATERIALS AND METHODS

Cell Culture and Treatment

Murine macrophages RAW264.7 cells (American Type Culture Collection, Manassas, VA)
were maintained in advanced DMEM (Invitrogen, Grand Island, NY) supplemented with
10% FBS (Invitrogen, Grand Island, NY). These cells were grown at 37 °C in a humidified
incubator in 5% CO2 and 95% air. The cells were subcultured before 70-80% confluence
and seeded at a density of 0.25 x 108 cells/mL, allowed to attach to the bottom of the 75 cm?
flasks for 24 hours and then serum starved (0.5% FBS) overnight before treatment with LPS
(from S typhosa) (Sigma Chemical Co, St. Louis, MO) (final concentration:1 pg/mL). Two
hours later, SAHA (Biomol International, Plymouth Meeting, PA) (final concentration: 10
M) or GA (Cell Signaling Technology Inc, Danvers, MA) (final concentration: 3 M)
were added into the cell culture medium. Sham (no SAHA, no LPS) macrophages served as
control. The cells were harvested in pellets and the cell culture supernatants were collected
at different time points. The time of LPS treatment served as the reference point (time zero)
on which all time points in this study were calculated. Whole cell lysate and cell
fractionation were prepared from the cell pellets using Whole Cell Extraction Kit (Millipore
Corporation, Temecula, CA) and ProteoExtractTM Subcellular Proteome Extraction Kit
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(EMD Biosciense, Inc., La Jolla, CA), respectively. The fractionated nucleus was used for
analysis of nuclear translocation of NF-xB protein from cytosol.

Immunoprecipitation (IP)

Each sample of whole cell lysate was incubated with 15 g antibody against HSP90
(Millipore Corporation, Billerica, MA) with rotation over night at 4°C and then 50 p.l
TrueBlot Anti-Mouse Ig IP Beads (eBioscience, Inc., San Diego, CA) were added. The
mixtures were incubated for two hours with rotation at room temperature to allow Ag-Ab
complex to bind to the beads. The supernatants were separated by spin and removed. The
(pelleted) beads were washed three times with Lysis Buffer. 30 I of double-distilled water
and 6 pl of SDS- sample buffer (6X, redc.) (Boston Bioproducts, Ashland, MA) were added
into each pelleted bead. Heated for 5 min at 99°C, samples were prepared for following
western blot analysis.

Western Blot Analysis

Equal amounts of whole cell lysate, nuclear fraction and immunoprecipitate SDS samples
were separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis and
transferred onto nitrocellulose membranes (Bio-Rad Laboratories, Hercules, CA). The
membranes were blocked in 0.05% PBS-tween (PBST) containing 5% milk (Bio-Rad
Laboratories) and then incubated with primary antibodies against following proteins:
MyD88 and IRAK1, NF-xB p65 (Cell Signaling Technology Inc, Danvers, MA), HSP90
(mouse Hsp90 monoclonal antibody, AC88; Millipore Corporation, Billerica, MA), acetyl-
lysine (Millipore Corporation) and actin (Sigma-Aldrich, Inc., St. Louis, MO), at 4 °C
overnight. The primary antibodies were detected by incubation with horseradish peroxidase-
coupled second antibodies against rabbit or mouse IgG (Amersham Biosciences,
Piscataway, NJ) (1:3,000 in PBST with 5% milk) at room temperature for 2 hours. The
chemiluminescence detections were performed by using Western Lighting
Chemiluminescence Reagent Plus (Perkin-Elmer LAS, Inc., Boston, MA). Films were
developed using a standard photographic procedure and quantitative analysis of detected
bands was carried out by densitometer scanning using the VersaDoc Imaging System (Bio-
Rad Laboratories).

RNA Isolation and Real-Time Polymerase Chain Reaction (Real-time PCR)

Total RNA was prepared from macrophage cell pellets in RNAlater solution using the
RNeasy Mini Kit (Qiagen, Valencia, CA), and mRNA was reverse transcribed into cDNA
using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City,
CA) according to the manufacture’s instructions. Equal amounts of cDNA were submitted
for PCR in the presence of SYBR Green Master Mix (Roche Diagnosis, Indianapolis, IN)
and forward and reverse primers using the ABI PRISM 7300 Real-Time PCR detection
machine (Applied Biosystems). The primers for TNF-a (forward: 5'-CCC ACT CTG ACC
CCT TTACT-3"; reverse: 5'- TTT GAG TCC TTG ATG GTC GT-3") and IL-6 (forward:
5-CTA CCC CAATTT CCA ATG CT-3'; reverse: 5-ACC ACA GTG AGG AAT GTC
CA-3") were synthesized by Real Time Primers (Elkins Park, PA). GAPDH (forward: 5’-
CCTGGAGAAACCTGCCAAGTAT-3"; reverse: 5'-CTCGGCCGCCTGCTT-3") was used
as an internal control and was synthesized by Invitrogen (Carlsbad, CA). PCR was
performed with 40 cycles of 15 seconds at 95 °C, and 1 minute at 60 °C. Each sample was
run in triplicate. Relative quantification of mMRNA expression was performed using the

A ACt method where ACt is the calculated difference in the Ct (threshold cycle) values
between TNF-a, IL-6 and GAPDH, and AACt is the calculated difference between the ACt
for a given sample and the ACt for sham, such that the relative quantity of mRNA,
normalized to GAPDH and sham, is calculated as 2~AACt,
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Evaluation of LPS-induced TNF-a and IL-6 Secretion by RAW264.7 Cells

Quantitative determination in the cell culture medium was made using the Quantikine
Enzyme-Linked Immunosorbent Assay (ELISA) Kit (R&D Systems, Minneapolis, MN) for
TNF-a and I1L-6 according to manufacturer’s instruction. The concentration of cytokine was
measured by optical densitometry at 450 nm in a SpectramaxPlus 384 microplate reader
(Molecular Devices, Sunnyvale, CA). All of the analyses were performed in triplicate.

Statistical Analysis

RESULTS

All quantitative data are described as the means + SD (standard deviation). Data were
analyzed using Microsoft Office Excel 2003. Statistical differences were determined by
Student t tests. A p<0.05 was considered as statistically significant.

Impact of SAHA on levels of MyD88, IRAK1 and HSP90 proteins

Cellular levels of MyD88 and IRAK1 proteins in RAW?264.7 cells at 6, 8 and 10 hours were
examined by immunoblotting with anti- MyD88 and anti-IRAK1 antibodies. Normally,
RAW264.7 cells express low levels of MyD88 and IRAK1 proteins. LPS increased MyD88
and IRAK1 protein expression in a time-dependent manner. Post-treatment of the cells with
SAHA significantly inhibited increase of MyD88 (Fig. 1, p<0.05) and IRAK1 (Fig. 2, p
<0.05) protein levels in cells. There was no significant difference in the HSP90 protein
levels among groups of sham, LPS and LPS with SAHA treatment at all the time points
(Fig. 2). These results indicate that LPS induces expression of MyD88 and IRAK1 proteins
in the LPS/TLR4 signal transduction pathway, and SAHA post-treatment attenuates these
changes without alteration in HSP90 protein levels.

Effect of SAHA on nuclear translocation of NF-kB

We examined the levels of NF-xB protein in the nucleus fraction isolated from all groups at
various time points. LPS exposure increased levels of NF-xB at all time points compared to
sham. SAHA treatment significantly decreased NF-xB protein levels in the nuclear fraction
compared to the sham and LPS groups (Fig. 3, p<0.05). These results suggest that SAHA
treatment attenuates nuclear translocation of NF-«xB.

Effect of SAHA on gene expression and protein levels of TNF-a and IL-6

Real-time PCR was employed to measure expression of TNF-a and IL-6 genes. LPS
stimulated expression of TNF-a and IL-6 genes, whereas SAHA treatment significantly
decreased their transcription (Fig. 4, p < 0.05). Further analyses of cell culture supernatant
by ELISA confirmed that extracellular levels of TNF-a and IL-6 proteins were consistent
with their gene expression patterns (Fig. 5, p <0.05). These results suggest that inhibition of
nuclear translocation of NF-xB by SAHA leads to a reduction in TNF-a and IL-6 gene
expression and protein levels.

Impact of SAHA induced HSP90 acetylation on intracellular IRAK1 protein level

We immunoprecipitated HSP90 protein complex with anti-HSP90 antibody. Further
immunoblottings were employed to detect: (1) IRAK1 protein with anti-IRAK1 antibody,
and (2) acetylated HSP90 protein with anti-acetyl lysine antibody. As shown in Figure 6,
there were no significant changes among all treatment groups in term of HSP90 protein
concentration (the second panel from the bottom). However, LPS stimulation increased
association of IRAK1 protein with HSP90, suggesting that more IRAK1 interacted with
HSP90 (the top panel). By contrast, SAHA treatment dramatically induced hyperacetylation
of HSP90 protein and decreased association of IRAK1 protein with HSP90. Geldanamycin
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(GA), an inhibitor of HSP90, decreased association of IRAK1 with HSP90 protein
compared to LPS insult without increasing acetylation of HSP90. These results indicate that
SAHA can induce hyperacetylation of HSP90 protein, which disrupts its chaperon function
and results in disassociation of IRAK1 protein.

DISCUSSION

We have previously reported that in murine model of LPS-induced severe shock, SAHA
significantly attenuates organ injury and improves survival. This protective effect is equally
pronounced regardless of whether the treatment is administered pre- or post- LPS insult (2,
3). In the present study, we explored the underlying mechanisms by focusing on the impact
of SAHA treatment on TLR4 signaling in a model of LPS-insulted mouse macrophages.
Using this potent HDACI, our experiments revealed some important findings: 1) SAHA
decreases expression of MyD88 and IRAK1 proteins, prevents nuclear translocation of NF-
kB, suppresses transcription of TNF-a and IL-6 genes, and attenuates secretion of these pro-
inflammatory cytokines. This protective effect is present even when the cells are treated two
hours after the LPS insult; 2) Treatment with SAHA hyperacetylates HSP90, which impairs
its chaperone function and results in degradation of its client protein IRAK1. These data
suggest that SAHA attenuates the LPS/TLR4 cascade mediated inflammatory reaction, at
least in part, by interrupting the functions of IRAKZ1. Our study is the first to show the
HDACI-mediated HSP90 hyperacetylation and degradation of IRAK1 in LPS-stimulated
macrophages. These results are consistent with studies of HDACI-induced HSP90
acetylation and client protein degradation in cancer cells (9).

SAHA is a pan-inhibitor of HDAC, including HDACS, and it has been shown to reduce
serum levels of TNF-a, IL-1pB, IL-6, and IFN-y in an /n vivo LPS-induced endotoxemia
animal model, and in LPS stimulated peripheral blood mononuclear cell (PBMC) (2, 11). In
the current /n vitro study, we have identified the mechanisms behind these observations by
demonstrating that SAHA decreases translocation of NF-xB into the nucleus, and suppresses
transcription of TNF-a and IL-6 genes, and subsequent secretion of these cytokines.
Historically, SAHA’s anti-inflammatory effects have been attributed to the inhibition of NF-
xB, and kinases such as mitogen-activated protein kinases (MAPK, p38, ERK), MAPK
phosphatase-1(MKP-1), etc, which are down-stream targets of LPS/TLR4 signaling pathway
(12, 13). Studies had not explored proteins that are up-stream of NF-xB until recently, when
we reported that the anti-inflammatory effects of SAHA may be due to inhibition of MyD88
protein in the TLR4-MyD88 pathway (3). Following up on these results, we now have
shown that SAHA also decreases IRAK1 in addition to MyD88 protein, which are all keys
components of the LPS/TLR4-MyD88 dependent pathway.

Once activated by LPS, TLR4 recruits its downstream adaptors including MyD88. In mice,
MyD88 is a universal adapter cytosolic protein that is used by all TLRs (except TLR3) to
activate the transcription factor NF-xB. It is an essential mediator for the LPS-TLR 4
signaling (14, 15). MyD88- deficient mice are resistant to the LPS-induced septic shock and
MyD88-deficient macrophages fail to produce pro-inflammatory cytokines after LPS
stimulation (16). Data from our laboratory has shown that SAHA suppresses gene and
protein expression of MyD88 in lung tissue following LPS insult in mice (3). Here the
finding that SAHA suppresses expression of MyD88 in murine macrophages supports our
previous /n vivo observations. SAHA inhibited MyD88 expression in lung tissue and
attenuated LPS-induced acute lung injury (3).

As a component of the LPS/TLR4 pathway that is downstream of MyD88, IRAK1 advances
the signaling cascade. IRAK-1-deficient mice are less susceptible to the lethal effects of LPS
than their wild-type counterparts (17), and murine macrophages lacking IRAK-1 exhibit an
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impaired ability to activate NF-xB pathway and multiple MAPK and to secrete TNF-a
when stimulated with LPS (17-19). These findings demonstrate the importance of this kinase
in the pathway. The present study reports for the first time that SAHA suppresses expression
of IRAK1 in macrophages following LPS activation.

Translocation of transcription factor NF-xB into the nucleus (a downstream result of LPS/
TLR4 signaling cascade) controls the expression of pro-inflammatory cytokines. It has
previously been reported that SAHA suppresses the LPS-induced NF-kB p65 nuclear
accumulation in E11 human synovial fibroblasts cells and THP-1 monocytic cells (20).
While confirming these findings in murine macrophages, we also discovered that SAHA
decreases pro-inflammatory cytokines (TNF-a and IL-6) at gene and protein levels.
Furthermore, we found that SAHA decreases IRAK1 via hyperacetylation of HSP90 protein.
HSP90 protein is a highly abundant molecular chaperone with hundreds of client proteins.
Many of these client proteins are central players in key signal transduction pathways (21)
and the majority of them are protein kinases, including IRAK1 (8, 22). HSP90 consists of an
amino-terminal intrinsic ATPase domain, a central client-binding region, and a carboxy-
terminal dimerization domain (23, 24). A common feature of HSP90 is that the chaperone
binds its clients — in nearly mature conformations, retaining and releasing them in an activity
cycle driven by ATP hydrolysis and regulated by binding of co-chaperones. Thus, HSP90
controls the biogenesis, stability, and activity of its client proteins. GA, an ansamycin
antibiotic, can compete with ATP for binding at the N-terminal site of HSP90, thereby
disrupting its chaperon functions. Upon the pharmacological inhibition of HSP90 by GA,
the client protein undergoes degradation. For example, GA can cause rapid loss of IRAK1
protein in the macrophages (8). Inhibition of HSP90 and degradation of its client proteins
have been targeted to treat a wide range of diseases, in which cancer is the most widely
studied (25).

In addition to its inhibitors, the chaperone function of HSP90 is regulated by a number of
posttranslational modifications. Reversible acetylation has been implicated as a regulatory
posttranslational modification of HSP90 (26). Histone deacetylase inhibitors can cause
acetylation of HSP90, and result in a reduced interaction with several of its client proteins,
such as p53, Rafl, Bcl- Abl, glucorticoid receptor and Herb2 (27). Furthermore, besides the
ability to interact with its client proteins, binding of ATP by HSP90 is also compromised by
acetylation (27). HDACS has been shown to regulate the acetylation and chaperon activity
of HSP90. Inactivation of HDACS6 leads to HSP90 hyperacetylation, its dissociation from
p23 and loss of chaperone activity (28). Loss of HSP90 activity prevents the maturation of
the glucocorticoid receptor, affecting ligand binding, nuclear translocation, and
transcriptional activation (29, 30). By focusing on protein kinases IRAK1 (fairly upstream in
the TLR4 signaling pathway) we have found SAHA can decrease IRAK1 by disassociating
it from its chaperone protein through hyperacetylation of HSP9O0.

This study has several limitations that should be kept in mind. It was by design an /n vitro
mechanistic study, which could not address survival, organ function and other outcome
measures. However, we have performed numerous survival (and organ function) studies in
small and large animal models that have been summarized elsewhere (31). Moreover, the in
vitro pattern of inflammatory cytokine production (TNF-a) found in this study is the same
as that reported previously /n vivo (2). LPS injection increases cytokines and SAHA
treatment attenuates them both /n vitro and in vivo.

Similarly, as our goal was to use a well-controlled and simple model, we decided to use LPS
insult which is only one variable in the etiology of septic shock. Clearly, cellular response to
bacterial infection may be much more complex. Similarly, we focused our attention on
critical components of a well described pathway, and it is highly likely that many more
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pathways are involved that are equally important. Thus, we may be looking at one piece of a
very complex jigsaw puzzle.

In our present study, the dose of SAHA was relatively higher, compared to what is used in
clinical practice (32). We selected this large dose based on our previous study published in
Shock (2) and the data generated by others that have looked at macrophages’ response to
TLR4 agonist LPS (33). In a previous study (2), we didn’t find cell toxicity when
macrophages RAW?264.7 were treated with 10 M of SAHA. Therefore, we wanted to use the
same dose of SAHA not only to ensure an effect, but also to be able to compare our current
results with prior findings.

Experimentally, a broad range of LPS (1 ng/ml to 1 g/ml or even more) have been used to
stimulate RAW 264.7 macrophages in cell culture. In fact, 1 pg/ml of LPS was used
specifically for TLR-4 elicitation in RAW 264.7 macrophages (34). The LPS concentration
used here (1 pg/ml) compares well with our previous studies (2) as well as other researchers
(35, 36). In prior (2) and current studies, macrophages were cultured in DMEM medium
containing 0.5% FBS before stimulation with LPS (1 g/ml). Starvation of the cells with low
concentration of FBS (0.5 — 1%) has been used by many investigators to study LPS
stimulated RAW 264.7 cells (37, 38). In conclusion, in the /n vitro study using LPS-insulted
macrophages, we have shown that treatment with SAHA suppresses inflammatory cytokines
by preventing nuclear translocation of NF-xB, and by inhibiting its upstream proteins
(MyD88 and IRAK1) in the LPS/TLR4 signaling cascade. In addition, hyperacetylation of
chaperon HSP90 leads to degradation of its client protein IRAK1, which may also be, at
least in part, responsible for a decrease in IRAK1 levels in the cells.
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FIG. 1. Effects of SAHA on protein expression of MyD88 in L PS -stimulated macrophages
Cellular levels of MyD88 protein in RAW264.7 cells at 6, 8 and 10 hours were examined by
immunoblots with anti- MyD88 and anti-actin antibodies. Specific bands were quantified by
densitometry and expressed as mean values + SD (n = 3). LPS significantly increased and
SAHA decreased the MyD88 protein expression, respectively. # denotes a significant
difference compared with the sham group (p < 0.05). * denotes a significant difference
compared with the LPS group (p < 0.05). Values at time zero used as the reference point.
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FIG. 2. Effects of SAHA on protein expression of IRAK1and HSP90 in L PS-stimulated

macr ophages

Cellular levels of IRAK1 and HSP90 proteins in RAW264.7 cells at 6, 8, and 10 hours were
examined by immunoblots. Specific bands were quantified by densitometry and expressed
as mean values + SD (n = 3). LPS significantly increased and SAHA decreased IRAK1
protein levels, respectively. Neither LPS nor SAHA affected expression of HSP90. #
denotes a significant difference compared with the sham group (p < 0.05). * denotes a
significant difference compared with the LPS group (p < 0.05). Values at time zero used as
the reference point.

J Surg Res. Author manuscript; available in PMC 2013 December 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1X3]-){Jewtarems

Chong et al. Page 12

NF-kB
35 -
30 4
= 254
[
=
2201
@
E
S 154
w
S
S 10+
5 4
0 4
LPS + + + + + +
SAHA  Sham - + - & - +
Tl 6 6 8 8 10 10

HIStONE H3 e s . . S, aupow o

FIG. 3. Effects of SAHA on nuclear transocation of NF-xB in L PS-stimulated macr ophages
Nuclear fractions were subjected to western blotting with anti- NF-xB p65 and anti-Histone
H3 antibodies. Specific bands were quantified by densitometry and expressed as mean
values + SD (n = 3). LPS significantly increased and SAHA decreased the nuclear
translocation of NF-xB, respectively.# denotes a significant difference compared with the
sham group (p < 0.05). * denotes a significant difference compared with the LPS group (o <
0.05). Values at time zero used as the reference point. Histone H3 serves as an internal
control for equal sample loading.
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FIG. 4. Effects of SAHA on gene expression of TNF-a and IL-6 in L PS-stimulated macr ophages
TNF-a and IL-6 mRNA levels were determined by real-time PCR and expressed as mean
values + SD (n = 3). LPS significantly increased and SAHA decreased the expression of
TNF-a and IL-6 genes, respectively. # denotes a significant difference compared with the
sham group (p < 0.05). *denotes a significant difference compared with the LPS group (p <
0.05). Values at time zero used as the reference point.
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FIG. 5. Effects of SAHA on protein secretion of TNF-a and IL-6 in L PS-stimulated macr ophages
Concentrations of TNF-a and IL-6 in the cell culture mediums were determined by ELISA.
The cytokine concentration was expressed as mean values £ SD (n = 3). LPS significantly
increased and SAHA decreased the TNF-a and IL-6 secretion from the macrophages,
respectively. # denotes a significant difference compared with the sham group (p < 0.05). *
denotes a significant difference compared with the LPS group (p < 0.05). Values at time
zero used as the reference point.
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FIG. 6. Effects SAHA on acetylation of HSP90 and association of IRAK1 with HSP90 in LPS

stimulated macr ophages
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The IRAK1 and acetylated HSP90 proteins in HSP90 protein complexes were examined by
immunoprecipitation and immunoblots. LPS significantly increased and SAHA decreased
association of IRAK1 protein with HSP90, respectively. Moreover, SAHA increased HSP90
acetylation compared to the LPS group. Ig G heavy chain, derived from external antibodies,
serves as an internal control for equal amount of antibody used in the experiment.
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