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Abstract. — OBJECTIVE: Neuroinflammation
in the hippocampus has been determined to
contribute to postoperative cognitive dysfunc-
tion (POCD) occurrence in elderly individuals.
Histone deacetylases (HDACs) have been iden-
tified as important regulators of inflammation.
However, the roles of different types of HDACs
in POCD have never been fully explored.

MATERIALS AND METHODS: POCD mouse
models were established using isoflurane and
validated by the Morris water maze test. The
mice were pretreated with UF010 [a Class |
HDAC inhibitor (HDACi)], MC1568 (a Class Il
HDACi) and SAHA (a Class | and Il HDACi) be-
fore POCD establishment. HDAC protein levels
and the activity of the NF-kB/p65, JAK/STAT and
TLR/MyD88 signaling pathways in the hippo-
campus were investigated by Western blot (WB).
The enrichment of HDACs on the promoters of
genes was detected using ChIP-qPCR.

RESULTS: Class | HDACs, including HDAC2
and HDAC8, and Class Il HDACs, including
HDAC4, HDAC7 and HDAC10, were all upregulat-
ed in the POCD group compared to the control
group. Furthermore, compared to the MC1568
pretreatment group and the control group, the
groups pretreated with UF010 and SAHA exhib-
ited amelioration of the effects of anesthesia/
surgery induced POCD and compromised in-
flammatory reactions in the hippocampus. Like-
wise, the NF-kB/p65, JAK/STAT and TLR/MyD88
signaling pathways were inactivated upon pre-
treatment with UF010 and SAHA compared to
MC1568. Finally, the transcription of the genes
negatively regulating these three pathways de-
clined, and the enrichment of HDAC1, HDAC2
and HDAC8 was significantly elevated in the
context of POCD.

CONCLUSIONS: Class | HDACs, especially
HDAC1, HDAC2 and HDACS, play crucial roles in
enhancing neuroinflammation in the hippocam-
pus and causing POCD. Class | HDACs are po-
tential therapeutic targets for POCD prevention
and treatment via neuroinflammation inhibition.
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Introduction

Postoperative cognitive dysfunction (POCD)
is a clinical syndrome associated with perioper-
ative reversible mental disorders, including cog-
nitive dysfunction, memory impairment, anxiety,
personality changes and mental confusion, in
patients after surgery under volatile anesthetics.
POCD diminishes patients’ quality of life and
increases social dependence, the likelihood of
postoperative complications and the risk for post-
operative mortality'.

Inhaled sevoflurane can promote the progres-
sion of cognitive dysfunction in the elderly pop-
ulation, especially in individuals over 65 years
old**. One of the underlying mechanisms of
the pathogenesis of POCD involves the release
of multiple inflammatory factors and cytokines
due to microglia-mediated overactive neuroin-
flammation that further enhances the injury of
neurons in the hippocampus. Despite the recent
improvements in interventional strategies tar-
geting inflammation in POCD, simple anti-in-
flammatory treatments fail to provide curative
effects. Classic signaling pathways, such as the
nuclear factor of kappa light polypeptide gene
enhancer in B cells/RELA proto-oncogene, NF-
kB subunit (NF-kB/p65)°, Janus kinase/signal
transducer and activator of transcription (JAK/
STAT)® and toll-like receptor/myeloid differenti-
ation primary response gene 88 (TLR/MyD88)’
pathways, play critical roles in inflammatory
responses and the inflammation-induced cogni-
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tive impairment process. Thus, the development
of better therapeutic targets that inhibit the
above endogenous signaling pathways involved
in cerebral neuroinflammation will be of great
significance in the field of neurobiology.

Histone deacetylases (HDACs) contribute to
the maintenance of histone acetylation on ge-
nomic DNA in coordination with histone acetyl-
transferases (HATSs), and their dysregulation is
connected with multiple human diseases. Based
on their different protein structures, HDAC
family members can be divided into four dis-
tinct groups: Class I (HDAC1, HDAC2, HDACS3,
HDACS), Class 1la (HDAC4, HDACS5, HDAC7,
HDACY), Class 1Ib (HDAC6, HDACI10), Class
III (Silent information regulator factor 2-related
enzyme 1, SIRT1) and Class IV (HDACI1). Al-
though HDACs play roles in regulating histone
deacetylation and gene silencing, the differences
in target genes among HDAC members have
rarely been explored. Previous studies have re-
vealed that Class I HDACs play essential roles in
inflammatory disorders related to POCD via NF-
kB/p65 inhibition®. On the other hand, the other
classes of HDACs have also been determined to
be closely connected with inflammation-asso-
ciated regulatory pathways. Thus, determining
the patterns and roles of different HDACs in the
pathogenesis of POCD was the objective of this
study. The results of our investigation extend the
underlying mechanism of POCD and provide
insights into effective HDAC-targeting therapies
for POCD.

Materials and Methods

Animal Study

C57BL/6 (18 months old) male mice were
obtained from SLAC Laboratory Animal Co.,
Ltd. (Shanghai, China). The animals were kept
in a pathogen-free environment with a laminar
flow system and maintained at 22 + 2°C with a
constant 12-hour light/dark schedule. The ani-
mals were allowed free access to food and water.
The studies were conducted in accordance with
the Animal Component of Research Protocol
guidelines at Fudan University. The mice were
randomly assigned to five groups. The negative
control (NC) group contained ten individuals
without any intervention that were used as nega-
tive controls. In the POCD group, as previously
described’, fifty individuals were placed in a
transparent chamber fitted with a 30 x 15 x 15

cm?® vaporizer and kept anesthetized with 3%
isoflurane for 6 hours before undergoing pure
oxygen treatment. After the mice were woken
naturally, the POCD mice were evaluated by the
Morris water maze test and used for the next
experiments. The last three groups were the
UF010 (UF), SAHA and MC1568 (MC) groups.
Fifty individuals each in the UF, SAHA, and
MC groups were intraperitoneally administered
15 mg/kg UF010, 20 mg/kg 4-iodo-SAHA and
20 mg/kg MC1568 (APExBIO, Houston, TX,
USA), respectively, for 0.5 h of pretreatment
before POCD model preparation®. For these pre-
treatment groups, behavioral examinations were
not conducted; the animals were directly sacri-
ficed for the next experiments because the rate
of isoflurane induced POCD did not reach 100%
and because we failed to identify the non-POCD
individuals. These issues were probably related
to the natural probability of POCD induction or
HDAC inhibitor (HDACI) pretreatment effects.

The Morris water maze test was used to verify
the successful establishment of the POCD model
as indicated previously'. Briefly, a platform was
initially set in the center of a pool 0.5 m in height
and 1.2 m in diameter at a level 5 cm higher than
the water surface. Mice were trained at the same
entrance for a total of 2 min per trial from the 2
to the 7™ day after isoflurane treatment. The path
taken, the escape time and the distance were all
recorded.

Western Blot (WB) Assay

Hippocampus samples were homogenized in
radioimmunoprecipitation assay (RIPA) buffer
solution (Beyotime Biotechnology, Nantong, Ji-
angsu, China), and then, centrifuged at 4°C
at 13,000 rpm for 10 min. The protein quan-
tity in the supernatant was determined using
a bicinchoninic acid (BCA) protein assay kit
(Sango, Shanghai, China). Equal amounts of
protein samples were separated by sodium do-
decyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred to polyvi-
nylidene difluoride membranes. The membranes
were blocked with 5% nonfat milk in TBS
for 90 min, and then, incubated with prima-
ry antibodies against Histone H3ac (1:2000,
AB 2687871, Activemotif, Carlsbad, CA, USA),
HDACI (1:2000, #34589, CST, Beverly, MA,
USA), HDAC2 (1:2000, #5113, CST), HDAC3
(1:2000, #85057, CST, Beverly, MA, USA),
HDAC4 (1:2000, #5392, CST, Beverly, MA,
USA), HDACS5 (1:2000, #20458, CST, Bever-
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ly, MA, USA), HDAC6 (1:2000, #7612, CST,
Beverly, MA, USA), HDAC7 (1:2000, #33418,
CST, Beverly, MA, USA), HDACS8 (1:2000,
abl87139, Abcam, Cambridge, MA, USA),
HDAC9 (1:2000, ab59718, Abcam, Cambridge,
MA, USA), HDACI0 (1:2000, ab108934, Ab-
cam, Cambridge, MA, USA), HDACI1 (1:2000,
abl18973, Abcam, Cambridge, MA, USA), SIRT1
(1:2000, #8469, CST, Beverly, MA, USA), JAK?2
(1:2000, #3230, CST, Beverly, MA, USA),
p-JAK2 (1:2000, #3771, CST, Beverly, MA,
USA), STAT3 (1:2000, #9139, CST, Beverly,
MA, USA), p-STAT3 (1:2000, #9145, CST, Bev-
erly, MA, USA), IkBa (1:2000, #4814, CST,
Beverly, MA, USA), p65 (1:2000, #8242, CST,
Beverly, MA, USA), p-p65 (1:2000, #3033, CST,
Beverly, MA, USA), TLR4 (1:2000, #14358,
CST, Beverly, MA, USA), MyD88 (1:2000,
#4283, CST, Beverly, MA, USA) and GAPDH
(1:5000, Beyotime Biotechnology, Shanghai,
China) overnight at 4°C. The membranes were
washed in TBST and incubated with HRP-con-
jugated rabbit anti-mouse and goat anti-rabbit
IgG (1:20000 dilution, Beyotime Biotechnology,
Shanghai, China) at room temperature (RT)
for 1 h. The membranes were then treated with
an enhanced chemiluminescence detection kit
(ECL; Millipore, Billerica, MA, USA), and the
intensity of each band was quantified by a Tanon
4600SF system (Tanon, Shanghai, China).

Enzyme-Linked Immunosorbent Assay
(ELISA)

Interleukin 6 (IL-6), C-reactive protein (CRP),
and tumor necrosis factor alpha (TNF-0) levels
in serum and hippocampal tissues were detect-
ed using ELISA kits (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufac-
turer’s instructions.

Flow Cytometry (FACS)

Hippocampus samples were digested with 0.1
mg/ml collagenase IV and 2 mg/ml papain (Mil-
lipore, Billerica, MA, USA) at 37°C for 20 min
and gently passed through a 70 pum strainer.
Next, the samples were washed twice with PBS,
resuspended in 5 ml of 70% Percoll (GE Health-
care Life Sciences, Pittsburgh, PA, USA), gently
treated with 37% Percoll, and centrifuged at 500
x g for 30 min. The cell layer between the 37%
and 70% Percoll was harvested and incubated
with the appropriate antibodies (1:50) on ice for
15 min in the dark. The flow cytometry samples
were all stained with 1 pl of 50 pg/ml propidium
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iodide (PI; Millipore, Billerica, MA, USA) for
5 min. Antibodies against all of the following
proteins were purchased from Thermo Fisher
Scientific (Waltham, MA, USA): CD3 (FITC, 11-
0031-82), CD4 (PE, 12-0041-82), and NK1.1 (PE,
17-5941-82). All Pl-negative cells were defined as
the following cell types: NK cells (CD3—NK1.1+)
and CD4 T cells (CD3+CD4+).

Chromatin Immunoprecipitation (ChiP)
Assay

Briefly, 107 cells were fixed with 1% formal-
dehyde, quenched with 0.125 M glycine at room
temperature, and then, lysed in 500 pl of lysis
buffer [10 mM Tris-HCI (pH 8.0)], 10 mM NaCl,
and 0.2% IGEPAL CA-630 (Thermo Fisher Sci-
entific, Waltham, MA, USA) on ice for 30 min.
The genomic DNA was sonicated into 200-500
bp. Ten percent of each whole-cell lysate was
stored as input, and the rest of the lysate was
incubated with 1 pg of the appropriate prima-
ry antibodies at 4°C overnight. Then, an addi-
tional 2-hour pull-down was performed at 4°C
with protein-A beads (Thermo Fisher Scientific,
Waltham, MA, USA). Primers (Table I) designed
to encompass approximately 150 bp around the
target regions were used to detect the enrichment
of HDACs using qPCR.

Quantitative PCR (qPCR) Assay

RNA was extracted using TRIzol, quantified
with a NanoDrop (Thermo Fisher Scientific,
Waltham, MA, USA), and converted to cDNA
using a reverse transcription kit (Roche, Basel,
Switzerland). The templates were detected using
Fast Universal SYBR Green Real-time PCR Mas-
ter Mix (Roche, Basel, Switzerland) under the
following conditions: 95°C/2 min and 50 cycles of
95°C/15 seconds, 55°C/15 seconds, 72°C/1 min,
and 72°C/10 min. The primers used in this study
are listed in Supplementary Table 1.

Statistical Analysis

All statistical analyses were conducted in SPSS
20 (IBM Corp., Armonk, NY, USA). For qPCR
data, the 2% 2 method was used to calculate the
expression, enrichment or probable DNA contact.
Student’s z-test was used to evaluate differences
between groups. The y? square test was used to
assess differences between genes negatively reg-
ulating and positively regulating inflammatory
signaling pathways. A p-value less than 0.05 was
considered to indicate a significant difference.
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A heatmap was prepared using our qPCR data
and described using the pheatmap package of
RStudio.

Results

Characterization of HDAC Expression in
the Hippocampus in POCD

Initially, a POCD mouse model was estab-
lished using isoflurane as previously described’.
The behavioral phenotype was assessed daily
from the 2™ to the 7" day post induction by
Morris water maze examination. Thirteen of
fifty mice that displayed an increased escape
latency (Figure 1A) and reduced number of
crossings (Figure 1B) from the 4™ to the 7" day
were identified as having POCD. Furthermore,
HDAC protein levels in the hippocampus were
investigated using Western blot (WB) (Figure
1C, D). Class I HDACs, including HDAC2
and HDACS, and Class II HDACs, including
HDAC4, HDAC7 and HDACI10, were upreg-
ulated in the POCD group, while SIRT1 was
downregulated in the POCD group compared
to the NC group. No significant differences in
HDACI1 or other HDACs were observed. Ad-

ditionally, histone H3ac levels were detected,
and we observed that overall histone acetyla-
tion was compromised in the hippocampus in
the POCD group compared to the NC group.
However, a change in HDACs similar to that
in the hippocampus failed to occur in the ce-
rebral cortex or amygdala. Overall, our study
revealed abnormal changes in HDACs in the
hippocampi of POCD mice.

Analysis of Anti-Inflammatory Properties
of Class | HDACis Via Pretreatment
Furthermore, HDACis, including UF010 (a
Class I HDACi), MC1568 (a Class II HDAC!)
and SAHA (a Class 1 and II HDACI), were
used to pretreat mice before the POCD model
was established. The FACS assay showed that
the infiltration of CD4+ T cells (Figure 2A, B)
and NK cells (Figure 2C, D) in hippocampal
tissues was weakened in the UF010-pretreated
and SAHA-pretreated groups compared to the
MC1568-pretreated and POCD groups. Consis-
tently, inflammatory parameters, such as interleu-
kin 6 (IL-6), C-reactive protein (CRP), and tumor
necrosis factor alpha (TNF-a) levels, in serum
and hippocampal tissues were also reduced in the
UF010-pretreated and SAHA-pretreated groups
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Figure 1. Characterization of HDAC expression in the hippocampi of POCD mice. The escape latency periods (A) and
numbers of grid crossings (B) of POCD mice as examined by the Morris water maze test. The data are presented as the mean
+ standard error of the mean for 65 mice. One-way ANOVA followed by a post hoc test was used. The expression of HDACs
in the hippocampus, cerebral cortex and amygdala in POCD was examined by WB assay (C) and grayscale value analysis (D).
The grayscale value is defined as the mean of the integrated optical density of the pixels in the selection. The data are presented
as the mean + standard error of the mean from three individual experiments. *p<0.05 vs. the NC group.
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Figure 2. Inflammatory effects in POCD mice treated with HDACis. Flow cytometry sorting of CD4-positive T cells (A)
and NK cells (C) and the results of statistical analysis for these cells (B, D) from the hippocampi of POCD mice treated with
HDAC:s. Serum levels of interleukin 6 (IL-6) (E), C-reactive protein (CRP) (F) and tumor necrosis factor alpha (TNF-a) (G)
in POCD mice treated with HDACis. The data are presented as the mean + standard error of the mean from three individual
experiments. #p<0.05 vs. the NC group and *p<0.05 vs. the POCD group.

(Figure 2E-G), which indicates that the inflam-
matory effects of POCD are effectively alleviated
by Class I HDAC:s.

NF-kB/p65, JAK/STAT and TLR/MyD88
Signaling Pathway Inactivation is
Regulated by Class | HDACis in POCD
Next, we tried to determine the correspond-
ing signaling pathways for inflammatory regu-
lation. Classic pathways involved in inflamma-
tion, including the NF-kB/p65, JAK/STAT and
TLR/MyD88 pathways, were investigated. We
observed that all three pathways were mark-
edly activated in the POCD group compared
to the NC group but were less activated in the
UF010 and SAHA pretreatment groups than in
the MCI1568 pretreatment and POCD groups
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(Figure 3). The results above suggest that Class
I HDACs contribute considerably to the inflam-
matory regulation of hippocampal neurons in
POCD.

Transcription of Inflammation-Associated
Genes is Requlated by Class | HDACs in
POCD

To investigate the transcriptional regulatory
roles of HDACs in inflammation, we collected
data on a total of 970 genes associated with the
NF-kB/p65 (48 terms, 585 genes), JAK/STAT (29
terms, 404 genes) and TLR/MyDS88 (13 terms,
59 genes) pathways from the AmiGO 2 data-
base (http://amigo.geneontology.org/amigo). Sev-
enty-seven genes overlapped across these three
pathways (Figure 4A). We further investigat-
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Figure 3. Activity of the JAK/STAT, NF-kB/p65 and
TLR/MyD8S signaling pathways in the hippocampus after
treatment with HDACis. The WB assay was performed
three separate times.

ed the patterns of HDAC (HDACI, HDAC2,
HDAC3, HDAC4, HDAC6, HDACS, HDAC9)
enrichment on the promoter regions of these 970
genes in published ChIP-seq data from multiple
human tissues and cell lines without any drug or
genetic editing treatment (Supplementary Table
IT). The HDAC enrichment data were normalized
and are shown in Figure 4B. We observed that
HDACI1, HDAC2 and HDACS8 were more highly
enriched in the promoters of genes associated
with these three pathways than HDAC3, HDAC4,
HDAC6 and HDACY9 (p=3.0817E-302) (Figure
4C) and that Class I HDACs contributed consid-
erably to the transcriptional activity of the genes
associated with inflammatory signaling pathways
(Figure 4D-F). We also observed that, compared
to genes involved in the positive regulation of
inflammatory activation, 182 genes participat-
ing in the negative regulation of NF-xB/p65,
JAK/STAT and TLR/MyDS88 pathway activation
were highly enriched for HDAC1 (y*=12.541,
p=0.0037), HDAC2 (x*=16.277, p=0.0028) and
HDACS (y*=14.782, p=0.0046).

BIRC2, BIRC3, CASPS, CD14, CD36,
CHUK, FADD, IKBKB, IKBKE, IRAK1,
IRAK2, IRAK3, IRAK4, IRF3, LY96,
MAP3K7, MYDSS, PRKCE, RIPK1,
RPS27A, TABI, TAB2, TAB3, TANK,

NF-kB/p65

ABLI, ADIPORI, ALK, APP, BCL3,
2

CD40, CYPIBI, EGFR, K: TLR3, TLR4, TLR6, TLR7, TLRS, TLRO,

TNIPI, TNIP3, TRAF3, TRAF6, UBAS2,
UBB, UBC

ACADVL, ACODI, ACTN4, ADDI,

TBK1, TICAMI, TICAM, TIRAP, TLR2,

MA 146a-5p,
miR-155-5p, NRP1, PTPN1, RACK,

RIPK2, RORI, SHCI, STATI, TNF, 509
TNFRSFIA

ADGRG3, ADIPOQ, ADORA3, AGER,

TLRs/MyD88

RABIIFIP2, REG3G, SAR!
AATK, ABII, ABL2, ACE, ADAMI7,
ADORAI, ADRAIA, ADRA2A.

370

JAK/STAT

CD300LF, HSPDI, IRF1, IRF7, MAP3KI,

[ TLR10. TLRS, UBE2D1, UBE2D2, UBE?

B HDAC2 HDAC4 HDACS C o
HDACI1 'HDAC3 H9/>Qé HDAC9 ]

JAK/STAT

35 . ] 13

25
2

(L ™

HDAC 1 2 3 4 6 8 9

oL

The signal idensity (HDAC ChIP/input)
“w_ 3
—
—_—

NF-kB/p65

E

<

==Class 1 HDAC
=Class Il HDAC
Class I1b HDAC

Bins Per Million mapped reads

:

Bins Per Million mapped reads

= Class 1 HDAC
=Class Ila HDAC
= Class IIb HDAC

|

= Class | HDAC
==Class lla HDAC
= Class IIb HDAC

Per Million mapped reads

ins

0025

Bi

TLRs/MyD$8

Figure 4. Transcriptional regulation of HDACs in genes associated with inflammation signaling pathways from published
ChIP-seq data. Overview of 970 genes associated with the JAK/STAT, NF-kB/p65 and TLR/MyD88 pathways (A). Heatmap (B)
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Finally, several genes reported to play anti-in-
flammatory roles, such as adiponectin receptor
1 (ADIPORI1)!, CD300A molecule (CD300A)2,
miR-155-5p, suppressor of cytokine signaling 1
(SOCS1)#, protein tyrosine phosphatase nonre-
ceptor type 2 (PTPN2)" and sterile alpha and
HEAT/Armadillo motif containing 1 (SARM1)",
were selected for further study. We validated
the genomic binding preferences of the differ-
ent HDACs in our POCD mouse model using
ChIP-gPCR and validated the transcript levels
of these HDACs using qPCR. We observed that
the promoters of these genes were highly en-
riched for HDAC1, HDAC2 and HDACS but not
for HDAC3, HDAC4, HDAC6 or HDAC9 in the
hippocampus in POCD (Figure 5A-G), and the
mRNA levels of these six genes were also all
reduced in the hippocampus in the POCD group
compared to the NC group (Figure SH). Taken
together, our data reveal a transcriptional regula-
tory role of HDACs in modulating inflammation
in POCD.

Discussion

POCD is a common complication of the
central nervous system after surgery, but there
are few therapeutic options available to prevent
it. POCD results in cognitive and behavior-

al impairment by damaging the hippocampus,
which plays specific and fundamental roles in
learning, memory and cognition. Due to the
long-term effects of exposure to surgical or nar-
cotic stress on the structure and function of the
hippocampus, POCD may also cause irrevers-
ible disability in patients'®. The hippocampal
inflammatory response is the main mechanism
involved in the pathogenesis of POCD'". Kong
et al'"® have reported that anesthesia/surgery-in-
duced trauma enhances activation of the NF-xB
but not the JAK/STAT or TLR/MyDS&8 signal-
ing pathway. The NF-kB/65 pathway is specu-
lated to be the only pathway for inflammatory
activation in POCD, but there is insufficient
evidence to support this hypothesis.

HDACs display specific expression patterns
associated with specific tissues, cellular loca-
tions and functions in different tissues. The ex-
pression of HDACs clearly differs among various
monoaminergic and neuropeptidergic neuronal
groups". Class I HDACs are generally restrict-
ed to the nucleus and impose transcriptional
control, while Class II HDACs move between
the nuclear membrane and cytoplasm and are
governed by phosphorylation?®. The observed
changes in HDAC2, HDAC4, HDAC7, HDACS,
HDACI10 and SIRT]1 levels in POCD (Figure 1C,
D) indicate that compared to the cerebral cor-
tex and amygdala, the hippocampus is severely
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affected by neuroinflammation, and the tran-
scription of HDACs in hippocampal neurons is
impacted by POCD. The opposite tendencies of
HDACSs and SIRT1 expression in POCD suggest
that Class III HDACs may play roles opposite
those of Class I and Class Il HDACs with regard
to neuroprotective effects?’. However, the enzy-
matic activity rather than the protein expression
of HDACs determines the function of these tran-
scriptional regulators, especially upon HDACi
treatment.

Expression of inflammatory cytokines may
be induced by activation of microglial cells
in the hippocampus and that peripheral im-
mune cells may further cause a proinflamma-
tory effect during POCD development. Once
the initial microglia-mediated inflammation is
alleviated, subsequent extensive proinflamma-
tion is quenched due to the shielding effect of
the blood-brain barrier®. In the present study,
pretreatment with Class I HDACis efficiently
relieved the inflammatory effects better than
pretreatment with Class 11 HDACis (Figure 3,
4C). Based on these outcomes, we determined
that Class I HDAC:s, especially HDAC1, HDAC2
and HDACS, are likely to contribute to regulat-
ing the transcription of genes involved in the
inflammatory regulatory network.

Strictly speaking, the JAK/STAT and NF-xB/
p65 signaling pathways overlapped little (Figure
4A), although they can both result in inflam-
matory activation. In this study, we determined
that neuroinflammation in POCD is coordinate-
ly regulated by multiple pathways and that the
particular binding motif of Class I HDACs cov-
ers most genes in these three pathways (Figure
4D-F). Moreover, we also revealed that HDACs
primarily occupy the promoters of negative in-
flammatory regulators and negatively regulate
their transcription (Figure 5). These findings
suggest that the enriched and activated Class
I HDACs suppress the expression of negative
factors of inflammation, thereby enhancing the
inflammatory effect of POCD in the hippocam-
pus; however, Class I HDACis can reverse this
process and repress the enhanced inflammatory
effect to prevent further nerve injury in POCD.

This study reverse-traced all the genes associ-
ated with inflammation from the Gene Ontology
database and employed published ChIP-seq data
to compare the common targets of HDACs. This
is a novel approach for screening of target genes
associated with diseases without high-throughput
sequencing.

Conclusions

Taken together, our results provide evidence
that specific inhibitors of Class I HDACs are
potential therapeutic agents for POCD prevention
and treatment via neuroinflammation inhibition.
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