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Abstract

There has been no previous study investigating DNA methylation profiles in patients
with postoperative delirium (POD). In this study, we aimed to identify DNA methylation
(DNAmM) markers associated with POD using pre- and post-surgical blood samples
obtained from patients who underwent brain resection for treatment-resistant epilepsy.
Pre- and post-surgical blood samples were collected from 37 patients, including 10 POD
cases. DNA samples were analyzed using the lllumina EPIC array genome-wide platform.
We examined differences in blood DNAm profiles between patients with and without
POD, and conducted enrichment analyses using Gene Ontology and Kyoto
Encyclopedia of Genes and Genomes terms. When DNAm changes before and after
surgery were examined in POD cases, enrichment analyses revealed numerous
statistically significant signals in immune response—-related pathways and inflammatory

”

cytokine—related pathways, including “cellular response to cytokine stimulus,” “regulation

” o«

of immune system process,” “regulation of cell activation,” and “regulation of cytokine
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production.” Furthermore, after excluding the potential effects of common factors related
to surgery and anesthesia between POD cases and non-POD controls, enrichment
analyses demonstrated significant signals such as “immune response” and “T cell
activation.” This genome-wide DNAm investigation of POD identified promising signals
related to immune response, inflammatory response, and other relevant pathways
considered to be associated with the pathophysiology of delirium. These findings support
the hypothesis that epigenetic mechanisms play an important role in the pathophysiology
of delirium and suggest the potential utility of an epigenetics-based biomarker for POD.
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immune response

Introduction DNA methylation (DNAm) is a key
Postoperative  delirium (POD) is epigenetic mechanism dynamically
delirium occurring after surgery. It is regulating gene expression?? and is
associated not only with short-term known to be regulated with advancing
disadvantages such as increased age, a major risk factor for
accident risk  post-surgery and  delirium.¥1929 These findings suggest
corresponding healthcare staff burnout, that DNAm is a promising target for
but also long-term cognitive decline and elucidating the molecular mechanisms
high mortality rates. 1319172039 of delirium and may function as a
Assessing delirium risk and detecting biomarker for the  condition.3®
and managing delirium early are crucial.  Previously, our group  reported
This requires understanding of the differences in DNAm of genes related to
pathophysiology of delirium and the immune response, inflammatory
utilizing biomarkers. Previous studies response, and cholinergic synaptic
showed elevated serum levels of function,?” a decrease in DNAm of the
inflammatory markers and cytokines in inflammatory cytokine gene TNF-a with
elderly  delirium patients?1535)36); age,3” and an increase in DNAm of the
however, there is significant variability neurotrophic factor gene BDNF with
between reports, necessitating further age?® in delirium patients. These
elucidation of the molecular reports suggest that DNAm contributes
mechanisms. to the pathophysiology of delirium and

may serve as a biomarker. However,
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delirium cases in these previous studies
were drawn from populations with
diverse underlying medical and surgical
conditions leading to hospitalization,
indicating a non-uniform etiology of
delirium. Furthermore, as these were
cross-sectional studies, it was unclear
whether the epigenetic signals observed
in delirium subjects were due to
delirium itself, the underlying disease
causing delirium, or if they reflected a
pre-delirium state.

To overcome these limitations, this
study aimed to collect blood samples
before and after surgery from patients
epilepsy  surgery for
treatment-resistant
identify DNAm
patients who developed postoperative

delirium (POD).4V

undergoing
epilepsy, and

characteristics in

I. Methods and Results
1. Recruitment and patient information
acquisition

This

approval from the Human Subjects

study was conducted with
Research Institutional Review Board at

the University of Iowa. Subjects
scheduled for brain resection surgery
for drug-resistant epilepsy at the
University of Iowa Hospital between
April 2015 and July 2019 were
recruited.?? Written informed consent
was received at study enrollment.
Parental consent was obtained for

minors. Medical history, surgical history,

and demographic information were

obtained from electronic health records

and patient interviews. Detailed
medical record reviews were conducted
to  determine  whether delirium
developed  post-resection surgery.

Patients who developed delirium by
post-surgery day 7 or on the discharge
date,

classified as POD cases. Individuals

whichever came first, were

who did not develop delirium were
non-POD

Delirium was considered present when

classified as controls.
there were documented changes in the
level of consciousness or mental status
in the medical record, or a positive
Confusion Assessment Method for the
ICU (CAM-ICU) score.

2. Blood collection and

processing

sample

Blood samples were obtained from a
total of 37 subjects. Whole blood was
collected in the operating room before
and after surgery. This was centrifuged
to separate the blood cell components
and plasma, then stored at -80°C. DNA
was extracted from the blood cells, and
500 ng of DNA from each sample was
DNA
methylation (DNAm) was then analyzed

bisulfite-treated. Genome-wide

using the Infinium Human Methylation
EPIC BeadChip Kit (WG-317-1002,
Illumina, San Diego, CA, USA). The
array was scanned using the Illumina

iScan platform. All statistical analyses
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were performed using R.23 Methylation
data were analyzed using the R
packages ChAMP and Minfi. During
data loading, probes were filtered out if
they met any of the following criteria: (i)
detection p-value > 0.01, (ii) fewer than
3 beads in at least 5% of samples per
probe, (iii) non-CpG, SNP-related, or

multi-hit probes, or (iv) probes located

on the X or Y chromosome. After
normalizing samples using Dbeta-
mixture  quantization, differential

methylation analysis was performed.
Estimated cell ratios for CD8 T cells,
CD4 T cells, natural killer cells, B cells,
and monocytes were calculated using
the online DNAm Age Calculator.1012
Differences in DNAm at each CpG site
were assessed using the limma method
with RnBeads.?2% Differences in DNAm
between the POD cases and non-POD
controls were examined in: (1) pre-
surgery and (2) post-surgery samples.
Additionally, changes in DNAm post-
surgery were assessed by comparing (3)
pre- and post-surgery samples (3a) in
the entire cohort, (3b) in POD cases only,

and (3¢c) in non-POD controls only

(Figure). Age, sex, and cell type
proportions were included as covariates
in the analyses. Genome-wide

significance was set at a p-value < 5.0E-
08.

Enrichment analyses included Gene
Ontology (GO) analysis and Kyoto

Encyclopedia of Genes and Genomes

4

(KEGG) analysis.

analysis was performed using the

Each enrichment

gometh function in the R package
missMethyl, adjusting for variation in
the number of CpG sites tested per
gene.2) For each comparison extracted
by limma, the top 1,500 CpG sites with
P<0.051in both GO and KEGG analyses
were included to capture potentially
relevant pathways. As part of the pre-
versus post-surgery sample
described

analyzed a set of CpG sites showing

comparisons above, we
methylation differences specific to POD
cases in the pre- and post-surgery
samples. This subset of CpG sites was
determined using the following steps: (i)
Filtered CpG sites with P< 0.05 for both
the POD cases and non-POD controls.
(i) Identified CpG sites common to two
subsets of sites that were significant in
each group. (iii) Excluded this common
set of CpG
significant POD case CpG sites. (iv) For
this new set of POD-specific CpG sites,
included the top 1,500 CpG sites to
in GO and KEGG

sites from the set of

detect changes

pathways.

3. Results
1) Participant backgrounds

Blood samples were obtained from a
total of 37 patients scheduled for
neurosurgery and enrolled in this study.
The mean age of patients was 32.8 years
(SD = 15.3), 35.1% were female, and
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97.3% were non-Hispanic white. Ten
patients developed POD (POD cases),
while 27 did not (non-POD controls).
The mean age of POD cases was 41.0
years (SD = 15.6), with 5 out of 10
(50.0%) being female. The mean age of
non-POD controls was 29.8 years (SD =
14.3), with 8 out of 27 (29.6%) being
female. A significant difference in age
was observed between the POD cases
and non-POD controls (Table 1).

2) Comparison of POD and non-POD
controls in epigenome-wide analysis

No CpG sites showing significant
differences in DNAm levels between the
POD cases and non-POD controls were
identified in either the pre- or post-
surgery sample comparison. Similarly,
CpG

changes in DNAm levels between pre-

no sites showing significant

and post-surgery samples were
identified when comparing samples
within the entire patient cohort, POD

cases, or non-POD controls.

3) Enrichment analysis (GO and KEGG)
No

differences between the POD cases and

pathways showing significant
non-POD controls were identified in
either the comparison of pre- or post-
surgery samples. Enrichment analysis
comparing pre- and post-surgery
samples across all patients indicated
“Response to

pathways, such as!

lipopolysaccharide,” “Inflammatory

5

response,” and “Interleukin-6
production” in GO analysis, and “NF-kB
signaling pathway” in KEGG analysis.
However, none of these reached the false
discovery rate (FDR) significance level.
Enrichment analysis of pre- and post-
operative DNAm changes in the 10 POD
alone identified
“Cellular

cytokine stimulation,”

cases pathways,

including: response  to
“Response to
cytokines,” “Regulation of immune
system process,” “Regulation of cell
activation,” and “Regulation of cytokine
production” in GO analysis, and “HIF-1

signaling pathway,” “T cell receptor

signaling  pathway,” “Th17 cell
differentiation,” “NF-kappa B signaling
pathway,” and “Toll-like receptor

signaling pathway.” These pathways
were detected at the FDR significance
level or showed a significant trend (P=
0.058). (Table 2) In contrast, enrichment
analysis comparing pre- and post-
surgery data in the non-POD controls
showed GO pathways, such as:
“Activation of cells involved in immune
response,” “Neutrophil degranulation,”
and “Neutrophil-mediated immunity,”
and KEGG analysis showed pathways
such  as

“Longevity  regulation

pathways.” However, none of these
reached the FDR significance level.
(Table 3)

To compare the POD cases and non-
POD controls while excluding the

influence of common factors related to
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surgery or anesthesia, CpG sites that

showed changes before and after
surgery in either group were excluded
from the non-POD controls as common
signals, and CpG sites associated with
the development of POD were extracted.
Enrichment analysis revealed that the
the FDR

“Immune

top GO pathways at

significance level were:

b5

response,” “immune system process,” “T

cell activation,” and “regulation of
immune system process.” In KEGG
pathways, “HIF-1 signaling pathway”
and “T cell receptor signaling pathway”
were identified at the FDR significance

level. (Table 4)

IL. the
Significance of This Study, Challenges,

Discussion: Including
and Approaches

This study investigated the epigenetics
DNA

methylation analysis. It is the first

of POD wusing genome-wide

study to examine changes in DNA
methylation (DNAm) before and after
surgery in POD patients. Our data

for
with

POD in pre- and post-surgery samples,

revealed important evidence

numerous networks associated

including: cytokine response, immune

system  process  regulation, cell
activation and cytokine production, and
of

analysis to

positive  regulation immune

responses. Furthermore,
capture signals associated with POD

onset while excluding potential effects

6

of surgery and anesthesia revealed
immune responses, T cell activation, T
cell receptor signaling pathways, and

HIF-1 Indeed,
these top signals align with those

signaling pathways.

identified in our previous comparison of
delirium and non-delirium patients
from a hospitalized cohort.2” These data

suggest that POD involves not only

surgery-induced processes but also
dynamic epigenetic processes
influencing delirium onset.

Previous studies suggested that

systemic and cerebral inflammation

play important roles in the development

of delirium.Y9933 Indeed, elevated
inflammatory markers in blood and
cerebrospinal fluid have been

demonstrated in POD patients.1® It is
considered that peripherally produced
cytokines act on the brain to cause
abnormal behavior, as the immune-to-
brain signaling pathway leads to
inflammatory cytokine production by
microglia cells.” Indeed, it has been
shown that injecting rodents with

peripheral  lipopolysaccharides  or
performing surgical procedures such as
laparotomy or hepatectomy increases
inflammatory cytokines such as IL-18,
IL-6, and TNF-a in the brain, causing
cognitive impairment-related
behaviors.2? Regarding the impact of
surgery on epigenetics, a recent report
by Sadahiro, R. et al. demonstrated that

various surgeries in elderly subjects
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DNA

methylation (DNAm) of immune system

induce rapid changes in
genes in peripheral blood mononuclear
cells (PBMCs), consistent with the
present data.2? This study further
advances our understanding of delirium
pathophysiology from an epigenetic
perspective. The changes in DNAm
POD

and

observed in patients  for

inflammation- immunity-related
genes via enrichment analysis suggest
involvement n peripheral
inflammation and immunity, followed
by neuroinflammation and delirium
onset.

This study has several strengths. First,
the type of surgery was limited to
neurosurgical procedures for treatment-

resistant Consequently,

epilepsy.
participants in this study experienced
relatively similar invasiveness across
the cohort. This represents a decisive
advantage compared with our previous
approach involving hospitalized
patients with diverse backgrounds and
delirium etiologies.292737 Second, the
pre-surgery sample collection design
facilitated direct comparison of pre- and
post-surgery samples from the same
individuals, enabling direct
measurement of surgery's impact on
DNAm signals and identification of
differences between POD and non-POD
cases. Post-surgery blood was collected
the

immediately

during pre-onset period,

after surgery.

7

Consequently, we could identify
epigenetic state differences associated
with POD based on pre-onset blood data.
based on blood

collected post-surgery but before POD

Such biomarkers

onset could potentially be used to
identify  high-risk patients before
symptom emergence, making them
useful for future clinical applications.
Third, DNAm profiles obtained from
pre-surgery samples may serve as

POD.

significant differences

predictive  biomarkers for
Although no
were observed in this dataset compared
with pre-surgery samples, larger
sample sizes could potentially identify
signals useful for POD prediction. If
such data are replicated and confirmed,
algorithms based on pre-surgery DNAm
profiles could help identify high-risk
POD patients,

interventions and prevention. Overall,

enabling appropriate

the present data are consistent with our

hypothesis and support epigenetic
mechanisms in the pathophysiology of

delirium.

III. Outlook: Future Challenges and
Directions

This study had several limitations, as
outlined below, and overcoming them
also presents a future challenge. (i) The
sample size was small, totaling 37
patients, with 10 POD cases. (ii) The
study population consisted of patients

undergoing brain resection, for the
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investigation of delirium following

direct surgical insult to the brain.

the

relatively young.

were
to

patients
The

generalize these findings to delirium

Furthermore,

ability

commonly seen in clinical practice,
specifically delirium in the elderly
by
problems, is limited. (iii) No genes or

CpG

differences at the genome-wide level

caused non-central  physical

sites showing significant
were identified between the POD cases
and non-POD controls. (iv) The data
showed an association between
epigenetic signals and POD, but do not
indicate a causal relationship. (v) The
study was conducted at a single
Institution, and most subjects were non-
Hispanic Caucasians. (vi) The definition
of POD relied solely on a retrospective
chart review of electronic health records,
potentially leading to false-positive or -
negative cases. To overcome these
limitations and elucidate epigenetic
mechanisms generalizable to delirium
commonly seen in the elderly, it is
important to conduct epigenetic studies
in elderly patients with hip fractures,
malignancies, and those undergoing

cardiovascular surgery.

Conclusion
Until

evaluated by observing symptoms and

now, delirium has been

conducting interviews. That is, delirium

diagnostic  criteria and  delirium

8

screening tools have been used. At times,
the intuition of experienced staff, such
as: “This patient seems likely to develop
delirium” (which is not mere guesswork
but likely captures subtle delirium
difficult to
has aided

detection of delirium. While these are

symptoms quantify or

verbalize), in the early

undoubtedly important evaluation
methods, at the same time, having
based

understanding of biological mechanisms

objective indicators on an
can simultaneously reduce variability in
assessments across staff and facilities.
The
research on delirium detection using

EEG
these

authors previously conducted

small devices,1931)32)38-40)

Combining approaches is
expected to enable delirium prediction
and early detection, facilitating
approaches such as early intervention

for high-risk patients.

Editor's Note: This paper is a Japanese
adaptation of a recent research article4?
published in PCN, prepared at the
request of the editorial committee and
written by one of the authors, with
additional its

commentary on

significance and future directions.
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Figure: Sample comparison

In this study, pre- and post-surgery samples were collected from each participant,
and they were divided into POD cases and non-POD controls before performing the
following comparisons: 1) Comparison of pre-surgery samples between the POD
cases and non-POD controls, 2) comparison of post-surgery samples between the
POD cases and non-POD controls, 3) 3a) comparison of pre- and post-surgery
samples for all participants in the entire cohort, 3b) comparison of pre- and post-
surgery samples for POD cases only, 3¢) comparison of pre- and post-surgery samples
for non-POD cases only.

(Translated and quoted from Reference 41)
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R1 BEER
Classification | All Subjects :
POD : non-POD
N 37 0 27 P Statistical test
T 32.8 410 | 298 | 0046 t=-207
SD 15.3 156 | 143
8, M (n) 13 5 8 044  x*=059
% 35.1 500 | 29.6
A®E, BA (n) 36 10 26 [ >099  x?<0.01
% 97.3 100.0 96.3
B (n) 12 3 9 >0.99 x> <0.01
% 324 30.0 333
BAE (n) 15 5 10 074  x*=0.11
% 40.5 50.0 37.0
45 ASA-PS 24 2.2 2.5 0.13 t=1.56
SD 0.5 0.4 0.5
45 BMI 29.6 29.7 295 | 096  t=-0.06
SD 104 86 111
TASRBR (4) | 535.9 5338 | 5367 | 093 t=0.09
SD 88.4 884 | 900
L wan .o T . . .. . . .. ene . .- - . .. .. - . .. .. - “ .- .
FISFWEM () | 353.6 3553 | 353.0 | 095  t=-0.07
SD 88.0 954 | 87.0
FiSHmE (mL) 169.3 1450 | 1783 | 046 t=0.74
SD 120.8 1653 | 102.1

POD : post operative delirium, SD : standard deviation, ASA-PS : American
Society of Anesthesiologists physical status, BMI : body mass index
(X 41 L DFIRL T3IH)
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Table 1: Patient backgrounds

Classification All
subjects | POD | non—POD
N 37 10 27 P Statistical test
Mean age 32.8 41 29.8 0.046 |t =-2.07
SD 15.3 15.6 14.3
Sex, Female (n) 13 5 8 0.44 | x2=0.59
% 35.1 50 29.6
Race, White (n) 36 10 26 >0.99 | x3<0.01
% 97.3 100 96.3
Alcohol consumption (n) 32.4 30 33.3
% 12 3 9 >0.99 | x2<0.01
Smoking (n) 15 5 10 0.74 |x*=0.11
% 40.5 50 37
Mean ASA—PS 2.4 2.2 2.5 0.13 | t=1.56
SD 0.5 0.4 0.5
Mean BMI 29.6 29.7 29.5 0.96 |t=-0.06
SD 10.4 8.6 11.1
Mean anesthesia | 535.9 533.8 536.7 0.93 | t=0.09
duration (min)
SD 88.4 88.4 90
Mean surgery duration | 353.6 355.3 353 095 |[t=-0.07
(min)
SD 88 95.4 87
Mean blood loss (mL) 169.3 145 178.3 0.46 |t=0.74
SD 120.8 165.3 102.1

POD: post-operative delirium, SD: standard deviation, ASA-PS: American Society of
Anesthesiologists physical status, BMI: body mass index

(Translated and quoted from Reference 41)
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®2 GO H&LY KEGG BITOKER (POD )

Fiaih o FiiROEL, Ef120/S27x1

GO (P<0.05, beta>0.03791, 1,500 CpGs) KEGG (P<0.05, beta>0.03791, 1,500 CpGs)

TERM Ont N DE P.DE FDR | Pathway N DE P.DE FDR

cellular response to cytokine BP 1,120 94 1.3E-08 2.9E-04 | HIF-1 signaling pathway 109 21 3.2E-06 0.001

stimulus

response to cytokine BP 1,210 98 3.2E-08 3.6E-04 | Kaposisarcoma-associated 193 26 4.1E-05 0.007
herpesvirus infection

cytokine-mediated signaling BP 794 69 5.1E-08 3.9E-04 | EGFR tyrosine kinase inhibitor 78 17 1.3E-04 0.015

pathway resistance

regulation of immune system BP 1,512 116 8.9E-08 5.1E-04 | Inflammatory bowel disease 63 11 2.7E-04 0.023

process

regulation of cell activation BP 573 58 1.7E-07 7.6E-04 | Rassignaling pathway 231 30 3.6E-04 0.024

positive regulation of immune BP 651 60 6.9E-07 0.002 Prostate cancer 97 17 4.7E-04 0.027

response

T cell activation BP 482 51 7.3e-07 0.002 Hepatitis B 162 20 6.8E-04 0.031

alpha-beta T cell activation BP 145 24 9.1E-07 0.002 Human immunodeficiency 211 24 7.2E-04 0.031
virus 1 infection

regulation of T cell activation BP 331 39 9.8E-07 0.002 PD-L1 expression and PD-1 89 14 8.8E-04 0.033
checkpoint pathway in cancer

positive regulation of immune BP 985 81 1.2E-06 0.003 T cell receptor signaling path- 102 16 0.001 0.034

system process way

regulation of leukocyte activa- BP 528 52 1.7E-06 0.003 Insulin resistance 108 16 0.001 0.035

tion

CD4-positive, alpha-betaT BP 97 18 1.9E-06 0.004 Renal cell carcinoma 68 12 0.002 0.055

cell activation

regulation of lymphocyte acti- BP 440 46 2.0E-06 0.004 | Th17 cell differentiation 105 15 0.002 0.055

vation

alpha-beta T cell differentia- BP 106 20 2.9E-06 0.005 Human T-cell leukemiavirus1 216 25 0.002 0.055

tion infection

CD4-positive, alpha-betaT BP 78 16 3.0E-06 0.005 NF-kappa B signaling pathway 103 13  0.003 0.055

cell differentiation

regulation of cytokine produc- BP 790 62 4.0E-06 0.006 | Hepatocellular carcinoma 168 21 0.003 0.055

tion

regulation of leukocyte cell- BP 328 36 5.9E-06 0.008 Shigellosis 243 25 0.003 0.055

cell adhesion

lymphocyte activation BP 687 62 6.2E-06 0.008 B cell receptor signaling path- 80 12 0.003 0.058
way

leukocyte cell-cell adhesion BP 363 38 9.2E-06 0.011 Viral carcinogenesis 193 21 0.003 0.058

positive regulation of cytokine BP 443 42 9.4E-06 0.011 Toll-like receptor signaling 104 11 0.003 0.058

production pathway

GO : Gene Ontology, KEGG : Kyoto Encyclopedia of Genes and Genomes, FDR : false discovery rate
BDhY AL, PIEHY bAT%EP<0.05 ELT=EE, Ef11,500D CpG YA hEEDHAB LI ICREESNE. TRIGEETRE/NSR VT

1 %ZRY.
(cik 41 & D AR L TEIA)

Table 2: Results of GO and KEGG analyses (POD cases)
Changes from pre- to post-surgery, Top 20 pathways

The B cutoff was determined to capture the top 1,500 CpG sites when the Pvalue

cutoff was set to < 0.05. Underlined text indicates noteworthy pathways.

(Translated and quoted from Reference 41)
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®3 GO H&U KEGG BITOHR (non-POD )
Fiain o Firkozl, £6120/{2V o

GO (P<0.05, beta>0.0816, 1,500 CpGs) KEGG (P<0.05, beta>0.0816, 1,500 CpGs)

TERM Ont N DE P.DE FDR | Pathway N DE P.DE FDR

positive regulation of molecular BP 1,811 143 2.2E-06 0.049 Pyrimidine metabolism 57 9 0.001 0.322

function

tertiary granule cC 164 20 1.2E-05 0.139 Amoebiasis 100 13 0.005 0.781

cytoplasm CC 11,438 598 5.2E-05 0.307 Autophagy-other 32 5 0.023 1

positive regulation of catalytic BP 1,458 114 6.4E-05 0.301 Drugmetabolism-other 80 6 0.032 1

activity enzymes

cellactivationinvolvedin BP 717 54 6.6E-05 0.301  Autophagy-animal 136 14 0.032 1

immune response

leukocyte activation involved in  BP 713 53 9.5E-05 0.361  Longevity regulating pathway 89 11 0.033 1

immune response

enzyme activator activity MF 519 50 1.7E-04 0.423 Phospholipase Dsignaling 147 17 0.033 1
pathway

neutrophil activation BP 500 40 1.7E-04 0.423 Sphingolipid signaling pathway 118 13 0.034 1

positive regulation of cell adhe- BP 426 43 1.7E-04 0.423 Sphingolipid metabolism 49 6 0.035 1

sion

neutrophil degranulation BP 485 39 2.1E-04 0.423 | Shigellosis 243 20 0.035 1

granulocyte activation BP 507 40 2.1E-04 0.423 Nucleotide excision repair 46 5 0.036 1

neutrophil activation involved BP 488 39 2.2E-04 0.423  AMPK signaling pathway 119 13 0.042 1

in immune response

myeloid leukocyte activation BP 659 49 2.7E-04 0.438 | Renin-angiotensin system 23 3 0043 1

protein localization to phago- BP 12 5 29E-04 0.438  Systemic lupus erythematosus 120 7 0.045 1

phore assembly site

tertiary granule membrane cC 73 11 3.0E-04 0.438 Metabolic pathways 1,477 80 0.046 1

myeloid cell activation involved BP 547 42 3.1E-04 0.438 Phosphatidylinositol signaling 97 11 0.05 1

in immune response system

neutrophil mediated immunity BP 499 39 3.3E-04 0.438 Starch and sucrose metabolism 35 4 0.062 1

myeloid leukocyte mediated BP 553 42 3.6E-04 0.438 DNA replication 36 4 0.062 1

immunity

leukocyte migration involved in  BP 16 5 3.7E-04 0.438 | Lipoic acid metabolism 4 1 0064 1

inflammatory response

leukocyte degranulation BP 535 41 4.3E-04 0.468 Galactose metabolism 30 4 0.064 1

GO : Gene Ontology, KEGG : Kyoto Encyclopedia of Genes and Genomes, FDR : false discovery rate

BDAY RFT7(E, PIEAY hAT%EP<0.05 ELT=EE, Ef11,500D CpG YA hEEDHAD LI ICREENE. TRIGEATRE/NX TV
1 EXRY.

(x#t 41 LHMRLTSIA)

Table 3: Results of GO and KEGG analyses (non-POD controls)
Changes from pre- to post-surgery, top 20 pathways

The B cutoff was determined to capture the top 1,500 CpG sites when the Pvalue
cutoff was set to < 0.05. Underlined text indicates noteworthy pathways.

(Translated and quoted from Reference 41)
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R4 GO B&LU KEGG RITOEER (POD 2¥)
Fifiain o Fifinzl, E120/822 x4 (non-POD # & B# U7z E{I CpG Efu%RV)

GO (P<0.05, beta>0.03655, 1,500 CpGs)

KEGG (P<0.05, beta>0.03655, 1,500 CpGs)

TERM Ont N DE P.DE FDR | Description N DE P.DE FDR

immune response BP 1,577 108 1.3E-06 0.030 | HIF-1 signaling pathway 109 19 3.5E-05 0.012

immune system process BP 2,455 162 6.1E-06 0.046 | EGFR tyrosine kinase inhibitor 78 17 1.1E-04 0.014
resistance

T cell activation BP 503 49 7.8E-06 0.046 | Prostate cancer 97 18 1.3E-04 0.014

regulation of immune system BP 1,358 100 8.0E-06 0.046 | Ras signaling pathway 234 31 1.6E-04 0.014

process

leukocyte activation BP 876 72 1.3E-05 0.060 | Kaposi sarcoma-associated her- 194 24 24E-04 0.014
pesvirus infection

lymphocyte activation BP 717 62 2.1E-05 0.081 | Inflammatory bowel disease 63 11 2.5E-04 0.014

CD4-positive, alpha-beta T cell BP 82 15 3.2E-05 0.102 | Hepatitis B 162 20 6.1E-04 0.030

differentiation

regulation of cell activation BP 602 53 3.8E-05 0.102 | T cell receptor signaling path- 102 16 9.1E-04 0.038
way

alpha-beta T cell activation BP 156 22 4.0E-05 0.102 | Hepatocellular carcinoma 168 22 9.8E-04 0.038

cell activation BP 1,017 79 4.9E-05 0.111 | PD-L1 expression and PD-1 89 13 24E-03 0.084
checkpoint pathway in cancer

alpha-beta T cell differentiation BP 111 18 5.8E-05 0.113 | Viral carcinogenesis 193 21 3.0E-03 0.088

leukocyte activation involved in BP 283 29 6.0E-05 0.113 | Human immunodeficiency virus 211 22 3.2E-03 0.088

immune response 1 infection

CD4-positive, alpha-beta T cell BP 101 16 6.4E-05 0.113 | Toll-like receptor signaling 104 11 3.3E-03 0.088

activation pathway

regulation of immune response  BP 810 62 7.5E-05 0.123 | AGE-RAGE signaling pathway in 100 14 3.8E-03 0.088
diabetic complications

intracellular signal transduction BP 2,640 192 8.7E-05 0.133 | Cellular senescence 155 19 4.0E-03 0.088

cellactivationinvolvedin BP 287 29 9.5E-05 0.136 | African trypanosomiasis 36 6 4.0E-03 0.088

immune response

regulation of leukocyte activa- BP 550 47 1.6E-04 0.2271 | Acute myeloid leukemia 67 11 49E-03 0.089

tion

regulation of lymphocyte acti- BP 455 41 1.9E-04 0.237 | Th17 cell differentiation 106 14 5.0E-03 0.089

vation

adaptive immune response BP 438 37 2.0E-04 0.237 | Shigellosis 244 24 52E-03 0.089

cytidine to uridine editing BP 12 4 2.2E-04 0.238 | Human cytomegalovirus infec- 225 24 5.4E-03 0.089

tion

GO : Gene Ontology, KEGG : Kyoto Encyclopedia of Genes and Genomes, FDR : false discovery rate
BDAY RAT(E, PIEAY bAT%EP<0.05 ELT=EE, Ef11,500D CpG YA hELEDHAD LI ITREESNSE. TRIGEETRENR Y

1 %RY.
(i 41 £DFRLTEIA)

Table 4: Results of GO and KEGG analyses (POD cases)
Changes from pre- to post-surgery, top 20 pathways (excluding top CpG sites

overlapping with non-POD controls)

The B cutoff was determined to capture the top 1,500 CpG sites when the Pvalue

cutoff was set to < 0.05. Underlined text indicates noteworthy pathways.

(Translated and quoted from Reference 41)
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