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.e aim of this study is to probe the possible molecular mechanisms underlying the effects of propofol on HT22 cells. HT22 cells
treated with different concentrations were sequenced, and then the results of the sequencing were analyzed for dynamic trends.
Expression pattern clustering analysis was performed to demonstrate the expression of genes in the significant trend modules in
each group of samples. We first chose the genes related to the trend module for WGCNA analysis, then constructed the PPI
network of module genes related to propofol treatment group, and screened the key genes. Finally, GSEA analysis was performed
on the key genes. Overall, 2,506 genes showed a decreasing trend with increasing propofol concentration, and 1,871 genes showed
an increasing trend with increasing propofol concentration. WGCNA analysis showed that among them, turquoise panel genes
were negatively correlated with propofol treatment, and genes with Cor R >0.9 in the turquoise panel were selected for PPI
network construction. .e MCC algorithm screened a total of five key genes (CD86, IL10RA, PTPRC, SPI1, and ITGAM). GSEA
analysis showed that CD86, IL10RA, PTPRC, SPI1, and ITGAM are involved in the PRION_DISEASES pathway. Our study
showed that propofol sedation can affect mRNA expression in the hippocampus, providing new ideas to identify treatment of
nerve injury induced by propofol anesthesia.

1. Introduction

Propofol is one of the intravenous hypnotic medicines used
to induce and maintain sedation and general anesthesia. It
exerts its action through potentiation of the inhibitory
neurotransmitter c-aminobutyric acid at the GABA-A re-
ceptor [1, 2]. It is highly lipophilic and thus can rapidly cross
the blood-brain barrier, leading to early onset of action. .e
characteristics of propofol are well known. It has fast
metabolism and short recovery time, regardless of the depth
or length of sedation time [3]. In addition to being used as an
anesthetic, researchers also found that propofol is also re-
lated to many cancer-related pathophysiological processes
and can play an important role in cancer by regulating the

expression of a variety of downstreammolecules, long-chain
noncoding RNA, microRNA, and signal pathways [4].
Propofol upregulates miR-195, and then JAK/stat and NF-
κB pathway is inactivated to inhibit the proliferation, mi-
gration, and invasion of gastric carcinoma MKN45 cells [5].

Although propofol can play an excellent role in main-
taining sedation and general anesthesia, studies have also
focused on changes in regional cerebral blood flow or
neuronal activity during propofol sedation. Only one study
showed that as the depth of propofol sedation increased, the
activity in the area corresponding to the stimulus applied
during propofol sedation decreased. In addition, they found
that propofol sedation impaired the function of basal ganglia
circuits and thalamocortical connections [6]. It is
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understood that learning and memory occur mainly in the
hippocampus, and propofol may cause hippocampal neu-
rotoxicity [7, 8]. General anesthetics may induce develop-
mental neurotoxicity, including subsequent long-term
memory, acute extensive nerve cell death, and abnormal
learning behavior [9]. Although many researchers have
figured out that propofol induced neurotoxicity in the brains
of developing animals, its exact mechanism of action re-
mains largely unknown. .en, this manuscript, on the other
hand, was conducted to observe the potential biological
processes and signaling pathways that may play an im-
portant role during propofol sedation through the biology
information analysis of genes with different expression
patterns.

2. Methods

2.1. Cell Processing and Sequencing. .e HT22 hippocampal
cell line used in the present studywas purchased from Shanghai
Yaji Biotechnology Co. (Shanghai, China). .e cells were
fostered in DMEM containing 10% FBC, 100μ/mL penicillin,
100ng/mL streptomycin at 37°C, and 5% CO2. When the cell
density reached 60–70%, the HT22 cells were exposed to
propofol at concentrations of 25μg/ml, 50μg/ml, 75μg/ml, and
100μg/ml for 1 day. .e experiment was repeated three times.
.e cDNA/DNA/Small RNA was sequenced on the Illumina
sequencing platform by Genednovo Biotechnology (Guangz-
hou, China). .e libraries were sequenced.

2.2. Effects of Treatment on CCK-8. Cells were inoculated in
96-well plates at 1× 10 3 cells per well. Cell Counting Kit-8
(CCK-8; Beyotime Biotechnology, Shanghai, China) assays
were performed daily. Briefly, the cells were incubated in a
100 μL medium containing 10 μL of CCK-8 (0.5mg/mL)
reagent at 37°C for one to four hours. Absorbance was
measured at 450 nm by an enzyme-labeled assay (Figure 1).
.e experiment was performed at least three times in three
replicate wells.

2.3. Trend Analysis. .e results obtained from sequencing
were subjected to follow-up experiments. .e expression of
each gene was grouped according to different concentration

points, and then a dynamic trend analysis was completed
using OmicShare Tools. A P value <0.05 would show a
significant difference.

2.4. Protein-Protein Interaction (PPI) Network Construction.
All associations got from STRING were provided with a
confidence score and imported into Cytoscape software.
Modules of the PPI network were screened using the Mo-
lecular Complex Detection plugin in Cytoscape. A P value
<0.05 would show a significant difference.

2.5. Gene Ontology (GO) Function. Gene ontology annota-
tions and KEGG pathway enrichment analyses were per-
formed using the Enrichr database GO terms consisting of
the following three components: biological process (BP),
cellular component (CC), and molecular function (MF).

2.6. WGCNA Analysis. Co-expression networks were con-
structed using the WGCNA data bank in R software. Paired
Pearson correlations were first used to evaluate the weighted
co-expression relationships between all subjects in the
dataset in the adjacency matrix. .e matrices were then
converted to TOMs using the topological overlap matrix
(TOM) similarity function, and the resulting TOMs were
used to measure co-expression relationships between genes
based on biologically meaningful genetic similarity.

2.7. GSEA Analysis. .e genes were classified into high and
low-expression parts, and then GSEA V3.0 software was
used to analyze the enrichment results for the genes. A
nominal P value of <0.05 and false discovery rate (FDR) of
<25% were selected as cut-off criteria. We selected the top
two ranked analysis results.

3. Results

3.1. Trend Analysis. We first subjected the expression data
obtained from sequencing to trend analysis to observe the
genes whose expression continued to increase or decrease
with increasing propofol concentration. .e results of the
trend analysis showed that genes concentrated in module 0
decreased in expression with increasing propofol concen-
tration, and genes concentrated in module 19 increased in
expression with increasing propofol concentration; both
panels were differentially significant. .ere were 2,506 genes
in module 0 and 1,871 genes in module 19 (see Figure 2).

3.2. Heat Map Showing the Expression of Each Gene in Each
Sample. Subsequently, we selected statistically significant
modules for expression pattern clustering analysis. .e heat
map shows the expression of each trendmodule gene in each
group of samples (see Figure 3).

3.3.WGCNAAnalysis. We selected module 0, in which gene
expression was downregulated with propofol concentration,
and module 19, in which gene expression increased with
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Figure 1: CCK8 shows the processing effect.
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Figure 2: Continued.
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propofol concentration; we collected genes from both
modules forWGCNA analysis..e analysis identified a total
of two panels, in which the turquoise panel genes were
negatively correlated with the treatment of propofol (see
Figure 4).

3.4. PPI Network Construction. We selected the genes with
Cor R >0.9 in the turquoise panel, a total of 1,698 genes, to
construct the PPI network. Subsequently, the top 5 key
genes, i.e., CD86, IL10RA, PTPRC, SPI1, and ITGAM, were
screened using the MCC algorithm (see Figure 5).

3.5. GSEA Analysis. We grouped the samples as high and
low parts, while GSEA analysis was performed on single
genes afterward. .e analysis figured out that the low ex-
pression of CD86, IL10RA, PTPRC, SPI1, and ITGAM all
have important roles in the PRION_DISEASES pathway,
and CD86, PTPRC, SPI1, and ITGAM are also all involved in
the NUCLEOTIDE_EXCISION_REPAIR signaling path-
way. Furthermore, IL10RA is involved in the CIRCA-
DIAN_RHYTHM_MAMMAL signaling pathway (see
Figure 6).

4. Discussion

Propofol causes fewer anesthetic side effects and facilitates
faster recovery compared to other intravenous anesthetics.
.e benefits of propofol include the rapid onset of anes-
thesia, short recovery time, and neuroprotective effects in
pathogenic situations [8, 10]. Hence, concerns have been
raised about the possible effects of the widespread use of
propofol on the central nervous system. Propofol does have
neurotoxic effects on children. It affects brain development
by inhibiting neuronal activation of hippocampal neurons,
which may lead to the reduction of neurocognitive function
[11]. Animal experiments have shown that exposure to
subanesthetic doses of isoproterenol alters the long non-
coding RNA profile in the hippocampus of immature mice
and leads to disruption of hippocampal circuits, while

exposure to high doses of isoproterenol inhibits long-term
potentiation in the CA1 region of the adult hippocampus
[12]. Previous studies have suggested that this may be
because propofol is the most potent drug for activating the
GABA-A currents in the immature hypothalamus [13]. To
date, the specific molecular mechanisms involved in pro-
pofol affecting the hippocampal neuronal cells still remain
unclear. To find the potential mechanisms by which pro-
pofol may affect hippocampal neuronal cells, we performed
a trend analysis of the results obtained from sequencing.
We found that 2,506 genes may decrease in expression with
increasing propofol concentrations, and 1,871 genes may
increase in expression with increasing propofol concen-
trations. We then subjected these 4,377 genes to WGCNA
analysis and found that the turquoise plate genes were
significantly and negatively correlated with the propofol in
your treatment group. We then selected the genes in this
panel with correlation coefficients greater than 0.9 for PPI
network construction and screened five key genes: CD86,
IL10RA, PTPRC, SPI1, and ITGAM.

CD86 is a type I transmembrane protein associated with
T-cell activation in the immune system [14]. CD86 may act
as a key regulator of the immune response to disease through
a Tcell-mediated mechanism, and thus it has great potential
to become a new target for immunotherapy [15]. IL10RA
consists mainly of a heterotetramer of the anti-inflammatory
cytokine IL10 receptor and belongs to class II cytokines
[16, 17]. IL10RA is usually located as a cell surface receptor
upstream of STAT3, and it can bind IL-10 together with
IL10RB to mediate downstream signaling via STAT3 [18].
PTPRC is expressed on all nucleated cells of the hemato-
poietic system. It expresses several isoforms specific to a
certain cell type and cell development or activation state
[19]. PTPRC also plays an important role in autoimmune
diseases and cancers, as well as in infectious diseases; its
deficiency may lead to T and B lymphocyte dysfunction,
manifesting as severe combined immunodeficiency [20].

Spi1 is a major regulator of hematopoiesis because it is
involved in the self-renewal of hematopoietic stem and
progenitor cells, as well as in the stereotyping and
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Figure 2: Trend analysis. (a) Number of genes in each module. (b) P-value of each module. (c) Bar graph showing the number of genes and
P-value of each module.
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maturation of the myeloid and B-lymphatic lineages. In-
appropriate Spi1 expression is oncogenic. However, the
molecular mechanisms mediating the oncogenic function of
Spi1 are complex and not yet fully understood [21]. In
addition, Spi1 transcription factors are important in regu-
lating macrophage and neutrophil development [22].
ITGAM is expressed by a variety of myeloid cell types, which
can form heterodimers with CD18 and mediate adhesion
between cell types in the immune system [23, 24]. ITGAM
deficiency may enhance disease progression and inflam-
mation in multiple autoimmune models, including lupus
[25]. .e above then could show that CD86, IL10RA,
PTPRC, SPI1, and ITGAM all play important roles in im-
mune response. Inflammation is a response triggered by
damage to living tissue. It can be beneficial or may lead to
tissue destruction. Inflammation is particularly dangerous
when the nervous system is involved (so-called

“neuroinflammation”), whether acute or chronic [26]. In
turn, neuroinflammation can cause reversible and irre-
versible neurological sequelae, including cognitive impair-
ment [27]. However, by modulating inflammation, it is also
possible to improve peripheral nerve repair [28]. It has been
suggested that the abnormal expression of CD86, IL10RA,
PTPRC, SPI1, and ITGAM may trigger an immune-in-
flammatory response and thus lead to neurological damage.

In the present experiment, we performed GSEA analyses
of individual genes separately and showed that CD86,
IL10RA, PTPRC, SPI1, and ITGAM are involved in the
PRION_DISEASES pathway. Prion diseases can make the
prion protein (PrP Sc) in the central nervous system itch. In
the early stages, microglia respond to the deposition of PrP
Sc, thereby increasing their phagocytic capacity to clear PrP
Sc. However, this phagocytosis is not sufficient and can have
detrimental effects on the brain [29]. .is is further evidence

Control
Propofol_25
Propofol_50
Propofol_75
Propofol_100

−1
0
1

(a)

Control
Propofol_25
Propofol_50
Propofol_75
Propofol_100

−1
0
1

(b)

Control
Propofol_25
Propofol_50
Propofol_75
Propofol_100

−1
0
1

(c)

Control
Propofol_25
Propofol_50
Propofol_75
Propofol_100

−1
0
1

(d)

Figure 3: Heatmap showing the expression of each gene in each sample. (a)Heatmap ofmodule 0 gene expression in each sample. (b)Heatmap of
module 19 gene expression in each sample. (c) Heatmap of module 18 gene expression in each sample. (d) Heatmap of module 12 gene expression
in each sample.

Computational Intelligence and Neuroscience 5



Pr
op

of
ol

_5
0_

R3
_f

pk
m

Pr
op

of
ol

_5
0_

R1
_f

pk
m

Pr
op

of
ol

_5
0_

R2
_f

pk
m

Pr
op

of
ol

_1
00

_R
1_

fp
km

Pr
op

of
ol

_1
00

_R
2_

fp
km

Pr
op

of
ol

_1
00

_R
3_

fp
km

Pr
op

of
ol

_7
5_

R1
_f

pk
m

Pr
op

of
ol

_7
5_

R2
_f

pk
m

Pr
op

of
ol

_7
5_

R3
_f

pk
m

Co
nt

ro
l_

R2
_f

pk
m

Co
nt

ro
l_

R1
_f

pk
m

Co
nt

ro
l_

R3
_f

pk
m

Pr
op

of
ol

_2
5_

R2
_f

pk
m

Pr
op

of
ol

_2
5_

R1
_f

pk
m

Pr
op

of
ol

_2
5_

R3
_f

pk
m

0
50

00
15

00
0

Sample clustering to detect outliers

H
ei

gh
t

0 5 10 15 20 25 30

−1
.0

−0
.5

0.
0

0.
5

Scale independence

So� �reshold (power)

Sc
al

e F
re

e T
op

ol
og

y 
M

od
el

 F
it,

sig
ne

d 
R^

2

1 2 3 4 5
6 7

8
9

10

12
14

16

18

20
22 24 26 28 30

0 5 10 15 20 25 30

50
0

10
00

15
00

20
00

25
00

30
00

35
00

Mean connectivity

So� �reshold (power)

M
ea

n 
Co

nn
ec

tiv
ity

1

2

3

4
5

6
7

8
910

12
14

16 18 20 22 24 26 28 30

(a)

Module−trait relationships

−1

−0.5

0

0.5

1

tu
rq

uo
ise

gr
ey

Control Propofol

0.67
(0.006)

−0.67
(0.006)

−0.17
(0.5)

0.17
(0.5)

(b)

Figure 4: WGCNA analysis. (a) Heat map of correlations between (a) soft threshold (b) module signature genes and propofol treatment
groups.

6 Computational Intelligence and Neuroscience



NLRP3

SLC25A45

NCF4

KCNH7

MBP

HOXB5ASB2

KDELC2

MBNL1

MT2A

GNG10

SLC25A38

AFAP1L1

CD53

DAPP1

MGAT4A

CACNA1A

AP5S1

RASSF5
ARHGEF4

DAPK1

JAK3

JAGN1

RNF157

B4GALT6

BBS12

IRAK2

UNC93B1

RTP4

PHKG1

TCN2

TMX3

CD101

CFH

VRK1

CD33

TRMT12

OXSM

DAGLB

FLAD1

CUL9

MAPK14

MTG2
HNRNPU

DUSP6

MEF2C

FAM19A2

PIK3CG

PLSCR3

CEBPA

HOXB6

ADAMTS10

SLC37A2

TREX1

SEPP1

PDE4A

PTGR2

PCYOX1L

FCER1G

AKAP7

SLC16A10

ANKRD13A

AP5B1 CELF2

RHOG

TRIM13

ASPH

RNLS

USP2

GALNT6

NUDT6

LTB

CRBN

PARP12

DENND2D

TMEM42

AP1S2

PIGW

AGO4

FLI1

GRAP

MGAT2

MCEE

PMM2
ACP5

ERP29

IL5

DDX43

GNAQPTPRE

HNRNPA1

RNF180

MT-ND1

NAGPA

CD3EAP

HOXB3

THBS2

TUBD1

HNRNPM

RMND1

CALCRL

RAB19

AGMO

LAPTM5

ARMC3

SAT1

ATXN7L1

AP1M1

APOBR
SAMD10

NAIF1

RYR1

POLR3B

SVIP

MAN2A2

BCAP29

TICAM2

CD180

UBA7

NOL4L

CCDC166

AP1G2

RAB32

TLR4

CEACAM1
RPL11

CRTAP

ACAT1

PDF

IRF8 CYB561D1

INO80B

IK

NCF1

SPRED1

TNNI3

FAM19A3

FCGR3A

GDA

POLR1E

HPDL

ADAMTS13

TTC30B

NCBP2

RASSF3

HLCS

TMEM205

PTS

CCR1

ALCAM

NPL

TCEA2

CTSZ

MPZL3

NUDT14

RNF149

SMPDL3B

CCDC115

USP25

B7RP1

LRP11

CRADD

PLCB2

C1orf233

KIF17

CCDC28A

AP1S3

TMEM176B

DGKZ

CEACAM16

DOCK2

MAN2C1

BCKDHA

MAN1A2

SUMF1

CYB5A

ID2
DEF6

CCR2

MAPKAPK2
ATF3

FAM212A

PTK2B

GID8

PRKCD

NCOA5

B3GALTL

KLHL38

OAS2

UNC45A

RGS2
RASSF4

SDR42E1

RNASE6 L1CAM

GNPDA2

ARHGAP25

DNASE2

TMEM154

PSTPIP2

NEURL2

FKBP1B

TMOD1 KCNC3

TNFSF9

RTN4IP1

TRAF1

SAMSN1

TMEM51

NEURL1B

ZC3H12D

THG1L

STAB1

GAS7

CEACAM19

INPP5D

HS3ST3B1

PGD

VPS45

CSF1R

CYB5RL

PLEK

LRRC61

BAX

FAM217B

H1F0

SEPHS2

NCF2

SLC13A2

CASP1

MIIPC3

SLC2A6

THRAP3

ZSCAN22

CLTA

TNFAIP8

ALDH3B1

C3AR1

SLC2A9

NAGK
ANKRD44

VAMP8

PCED1B

PLEKHM1

ARMC6

NMI

GATB

YDJC

TNFRSF13B

BCL3
DHDH

CD37

C21orf33

INA

CCDC69

AATK

HCST

SLC16A3

HOXA7

SPI1

MAN1C1

CRYL1

COL15A1

MITF

NR3C2

VASP

HIST1H1C

HPGDS

ELF1

NF2

FAM49A

TXNIP

GPR68

AIF1

SP110

MMACHC

LEPROT

G3BP2

TMEM260

KCNN4

RWDD2B

DDX5

CD200R1

GATM

AMHR2

SLC4A5

RAB29

CLN3

PRICKLE3
KLHL41

PPP1R26

ATPIF1

NUDT5

IL21R

IRAK3

MFSD6

LRMP

NAT2

FAM173B

FAM129A

JADE2

SERPINB8

TNF

NPTN

TYROBP

CIRBP

UCP2

COLEC12

DCSTAMP

DISC1

YWHAH
MRPL41

ANXA5

EBI3

MYO1F FAM49B

FCGR2B

GPR132

CYBB

TRIM65

ADAP1

LETMD1

IFI44L

SLC6A12

ARHGAP15

SH3BGRL3

CD302

P2RY13
GSTT2B

TMEM150B

PIP4K2A

SNX5

LSR

RGL2

GALK2

EIF4G3

JARID2

B3GALT6

GPR183

BCL6B

FAM73A

IL2RG
C2CD5

RIN2

CCDC71L

MADD

NFAT5

ABCB4

MED11

GNGT2

CISD2

DBT

TTC32

CKB

TUBGCP5

ACTR3B

ERH

STAT6

MRPL19

DDX21

NEK3

MAP3K5

PLA2G5

ITGA4

SGK3 LIX1
PUS3

IFI44

OTULIN
RAB8A

SLC16A12

KMT2C

WDFY4

MGST3

AMICA1

TXLNB

GLB1L
ARAP1

SLC15A3

EFHD2

UQCC3

MT-ATP6

CHPF2

C10orf54

SLC16A7

KBTBD7

DOCK8

WDFY2

KIAA1598

EEPD1

TNIP1

PVRL1

SLCO4A1

TAL1

PLCG2

CXorf57

ATP5A1
NBEAL2

IGF1MAP3K9

IPO8

KPTN

NOD2
NGLY1

CALM1

FAM69A

S100A4

KCTD12

MCL1

TRPV2

SNAPC5

PPAPDC3

LSP1

TM4SF5

P2RY12

SENP8

RUNX1

SIGLEC1

SESN1

TCP11L2

RNF213

SGSH

PCTP

IKZF1

PROS1

CHST12

MT-ND5

PLOD1

CCRL2

SLC16A13

DOK3

PIANP

TPK1

FAM122A

TTC39A

CDK5R1

NFAM1

ATP2A3

LYL1

WAS

MOSPD3

PCCB

SRRD

TGFBR2

KLC4

NOTCH2

PSPC1

FADD

EID1

IRF5

ZNF296

TLR6

TMEM221

CAP1

RBPMS

GPR146

PNPLA7

ZNFX1

SFI1

ITSN2

S100A13

PRMT6

SASH3

SELENBP1

SEMA4D

RFTN2

OPHN1

HHEX

RASAL3

DTX4

CEBPE

MT-CO3

HS6ST1

TNFSF13B

BCL9

MAP4K1

CD300LF
CD93

ZBTB8OS

CCDC88B

B3GNTL1

LAIR1

ABCB8

THTPA

TREM2

SCLY

IDH1

TMC6

CTSS

LST1

MYO1G

MACF1

MGMT

MIF4GDCAMK2A

FBXO9

DHX9

ZNF394

PARVG

SLC37A4CDKN2AIPNL

LRRC14

ZBP1

ZNF8

ARRB1

SERINC3

BUD31

MPEG1

PFKFB4

AMZ1

ANKRD49

CCDC88C

CAMK1D

RAPGEF5

DTX1

MAFB

MT-ND2

XYLT1

TAPBP

FCRL1

PIK3AP1
PIK3R6

CR1L

CAPG

INVS

AMDHD2

MILR1

CLEC5A

CECR6

NCKAP1L

SLC17A9

SDHD

GPSM3

SYK

KLHL23

TUBB2B

GRIPAP1

PTGER4

WDR41

SPN

FBXW4

TLR1

POU2F2

NFRKB

IL15RA

ANP32A

TIFAB

HPSE

NUDT1

ARRB2

SFT2D1

RBM47

FCGR1A

BLVRA

RNF220

BAZ2B

ZRSR1

ARAP3

TRAF3IP3

GSAP

TNFAIP3

MT-ND3

LRRC25

BANK1

FMO5

SCIMP

SF3B6

IL1RN

CRIP1

ZDHHC14

SH3BP5

TRAF3IP2 ATP1A1

RIMBP3

CYFIP1

CLDN11

MDH1

STK4

NFATC2

LPAR5CYBA

DMRT2

TWF2

OGFRL1

VAV1

PCDH7

RAB7B

STARD9

MAP3K7

SIGLEC8

FYB

LYRM2

LY6E

STARD8

ADSSL1

ZFAND1

EME2

CST7

HK3

ANAPC13

NSF
WDR81

SHARPIN

CD52
CCR10

MEF2A

MT-ATP8

SDC3

BLNK

HIST1H3J

TEC

FAM32A

LACTB

IRAK4

CDC37

ABCA1

ICAM2

ABCD1

SUPT4H1

ABTB1

CLMP

MPST

TMC8

NFATC1

PLEKHO2

ARG2

DNAAF3

ADRB2

FAM105A

CXCR3

PCSK7
HIST2H2AA

HIST1H2BC

LMNA

IMMP1L

ADAP2

RNF130

MCOLN2

PPCS

RBKS

SH3TC1

CLP1

CNP

DCLRE1C

CTTNBP2NL

ANKZF1

B4GALNT1

RPGR

DOCK10

SASH1

ATF6B

RPS29

DPY19L1

STAP1

TLE4

CD72

PRPF31

IL10RB

CLEC4E MLH1

LRP1

GPR65

MPLKIP

KBTBD11

HOMEZ

CLEC11A

CMPK1

CORO7

TREML1

D2HGDH

COTL1

DNAJB13

ITPR1

P2RY6

PIK3CD

TBCC

ZEB2

USE1

MYL12B

SNX19

EVI2A

RPP25L

PSMB8

SYNGR1

BBS10

SNX11

H2AFJ

LAT2

TRDMT1

SLC37A1

UBXN8

KIF5A

GMIP

RGS18 SLC25A5

EDEM1

HTATIP2

ST3GAL5

PLEKHA2

BCO2

BLOC1S1

C10orf11

CSF3R

CLEC4D

WNT6

LIPE

SLAMF9

SLC43A3

THOC6

FAM198B

CUTC

ECHDC1

TAOK3

PTPRC

PPCDC

PRDX1

DNAJC12

ADAM17

FRAT1

AIM2

NOSTRIN

CD40

HDHD3

LCP1

METAP1D

CYTH4

SLC25A35

IFITM2

WDR91

GMPR2

SLC10A3

CDS1

NLRC5

C14orf169

ARHGAP9

HNRNPH1

GBA2ARHGEF6
RRAD

KBTBD8

MSH5 MRPL36

B3GNT3

RASGRP3

RETSAT

VPS33A

ZMAT2

C9orf3

IL17RA

CCNY

CD68

THEMIS2

ACSL5

PTBP3

ACAD10

TNIP3

ALDOC

SH3BGRL

CTSO

FRY

SAMHD1

ZMYND15

TLR8

ESPNL

NCOA3

SUSD3

BMI1

HEATR3

ARPC4

TOR4A

BLMH

MEGF9

IFITM1

SLC36A4

MYOZ1

SLC7A8

MOGAT1

CLEC7A

NSUN4

ANG

LGMN

RAP2B

FGD2

FKBP15

MAP2K5

EIF4E3

TXNRD2

ST6GAL1

DNAJB14

EDIL3

HPS3
PYROXD2

ME2

TBKBP1

CDK14

NR0B2

PLXNC1

PLXNB3

CENPB

ISOC1

SRSF6

CMAS

FAM3C

ITGAM

DCHS1

E2F3

VAMP1

RAB8B

EXOC3L2

TYK2

MTMR12

FAM213A

MTUS2

PIP5K1C

ZMAT1

IGSF6

TIGD2

ADCK1

SNX29

NPEPL1

SLC43A2

PLD4

NLRP10

ALOX5AP

FHL3

DNAJC10

CST3

FAM78A

CLCN4

S1PR1

CREB3L1

C14orf2

PIGH

PTPN22
TIMM21

HPS6

PID1

OLFM1

IRGM

PSMB10

CYP27A1

SEMA4A

PEX6

SMPDL3A

UBE2L6

CSTF3

ALDH4A1

HEMK1

TNFRSF11A

HFE

PLD2

DNASE1L1

DAB2

TNFAIP2

ITGB2

FHAD1

MYH3

RPL7L1

H3F3A
INPP5K

CD14

TTC33
KIAA0226L

PDZK1IP1

NUDT16

SLC9A4

AHNAK

TMEM173

LTC4S

PROZ
ENDOD1

RASSF2

HMHA1

RGS14

RGS19

ATHL1

BCS1L
LFNG

LEPREL2

MT-ND6

HPS1

TMEM144

JRK

IL12RB1

CLEC12A

TLR2

CTSA

PEX10

SGPP1

GUSB

RENBP

FHIT

FES

SRGN

DCLRE1B

BIRC3

LRCH4

KHDRBS1

MSRB2

RNASEL

MBLAC1

RPS6KA1

TRMT5

MRGBP

NUPL2

RNF135

MFSD12

ZCCHC17

PYURF

IL4I1WFIKKN1

SERPING1

NLRC3

TAGAP

RNASE4

TPCN1

C10orf128

FGD3

S1PR2

RGS11
ATP13A2

ATP8A1

ST3GAL3

CHRAC1

SDHAF1

MEF2BNB

NOVA1

CACNA1F

RNF186

CD300LB

SORL1

CTSE

PEX12

GALC

ACOX3

NAPSA

MCCC2

CSF2RA

RAC2

RAD52

IFIH1

RNF128

TLN1

FAHD2A

MYO7A

SLC52A2

CD9

HES6

TMSB4X

PUS7L

SLC7A7

MFSD3

OMA1

PRR33

ASRGL1

SMCO3

S100A1

NLRX1

TNFAIP8L2

ANK2

HAVCR2

APBB1IP

LPXN

DUSP3

AS3MT

SLC11A1

DTX3L

FUT11

LIMD2

COX16

UROS

SFXN2

KCNMB1

CLEC6A

IL16

MSR1

OSM

PEX11B

PTPRJ

ACADM

NANP

BDH1

SH2B3

LPCAT2

FANCL

EPAS1

POGLUT1
HCLS1

ITPRIPL1

TCF4

FRMD4B

NOS1

HEXIM2

HIST3H2A

IRF2BP2

EVI2B

SLC38A2

ADCY7

SAYSD1

AEN

ST7L

S100A6

CARD9

PSRC1

EHD4

CD48

SKAP2

PREX1
SHANK1

UQCRH

VPS13C

ATP9B

MFNG
NAA20

FOXRED2LMO2

C11orf57

KCNAB2

CASD1

ZFHX4

SPTLC1

SLC44A1

JAM2

CHML

MKNK1

CMPK2

CNDP2

PRAM1

BIN3
SWSAP1

CD80

SLC35C1

FGF13

FAM117A

IL6R

FXYD5

TLR7

ZMYND8

IRF4

MOCS3

IFI35

MLXIP

GNA15

PTP4A3

DRAM1

TFCP2L1

LHPP

GSDMD

FGR

KCNJ2

EMR1

CSK

PTPRO

EXOC8

C10orf32

CTSF

DCAF11

GALNT3

EIF3E

VPS13D

HOXB4

SLFN5

SLC26A2

ST8SIA4

CXCL14

ICAM1

GPR85

SLC29A3

RAB3D

RMDN1

DCK

PHYH

PTPN18

EGR3

DCP1B

NRP1

FKRP

PLEC

SIDT2

PSTPIP1

MZF1

HIST2H2BE

SCAMP5

IRF7

SLC44A2

TEFM

MOB3A

PDE8B

PLCL2

IMP4

THUMPD1

ANXA9

NLRC4

CSF2RB

TRIM21

CD83
SELPLG

RBM10

PBXIP1

ASB10

ATXN3

TNS3

GALNT4

WDPCP

WDR53

C17orf96

C12orf57

GUCA1A

SIAE

GPR162

LPL

RPS27

ABHD11

TRAPPC1

CDYL2

FAM136A

NUDT7

PTPRA

AGPAT2

FAM53B

PIP5K1B

SNX24

CD28

RGL1

RAP1A

IDUA

TGFBR1

ZNF22

GMFG

TTBK1

ADAR

MOB3C

SNX20

RPL36AL
ZMAT3

ZHX1

AHRR

AKAP3

TBXAS1

EHD2

STXBP2

ITGAL

FBLIM1

PIK3R5

COMMD9

DNAJC5

PQLC1

ST3GAL6

RPL37

BEND4

CITED2

PSMB9

GPR179

PON3

SIRPA

ELMO1

TMEM176A

OVCA2

TRAPPC12

NDRG2

PARP14

UBASH3B

RAVER1

PPT1

SLC10A7

SMARCA2

PIGV

PMAIP1

NCLN

FUT4

GALNT7

LYN

REXO2

ACVRL1

JRKL

ALKBH1

TSACC

PDE4B

RASAL1

DFFB

YIPF2

CNR2

RASGEF1B

SLA

FERMT3

AP4S1
MST1

SUB1

SLC12A5

COMMD4

LY9
SRSF5

GCNT1

GMPPB

CNRIP1

E2F6

TACC1

SAMD9L

CPED1

NEURL3

HADHB

TPCN2

AIG1

DENND4B

ACAD11

PARP9

TYSND1

ISCU

SLC2A3

KRI1

IQGAP1

FAM134C

HEXIM1

HSD17B11

CX3CR1

GAS6

MRC1

LIPT2

ATRN

MESDC1

OAS3

MPPE1

GNG2

SLPI

ZC3H12A

MTRF1L

PRKCH
CYSLTR1

CACNA1D

AP5Z1

CARD11

RCSD1

ARID3A

COMMD7

ATP2B4

NUP210

DOLK

DFFA

TMEM156

BRF1

C14orf159

CALHM2

CASS4

CCRN4L

LIPA
ZNRF2

TTC12

PDK1

HDAC10

EPSTI1

ALDH1B1

TCP11L1

KEAP1

DDX28

S100A11

ULK2

FMNL1

FAM13B

BTK

SLC6A13

TLR9

NFKBID

CXCL16

KBTBD3

APOBEC1

PGAP3

AKAP13

PON2

KIAA0247

UBL5

ARHGEF1

ALPK1

COG8

NRROS

PACSIN1

ARHGAP30

HOXB7

ATP8B4

ORAI3

FEM1A

SLC25A10

LRRC47

BIN2

POLR3GL

PQLC3

TRIM8

RIN3

MKRN1

MYLIP

MPP1

DNAJC30

DENND1C

GTF2B

RNPEPL1

ACP2

CTDSP1

XBP1

DPH1

RHOB

DUSP22

P2RX7

N6AMT2

POLI

WDR37

HDAC9

SAFB2
PSEN2

KCNK6

DHX58

TMEM246

NTPCR

TMEM69

PIDD1

CD74

FGD4

MALT1

ARF4

EBAG9

SLC6A6

ARHGAP27

SP100

COMMD5

GANC

ATRAID

CERK

MKS1

FNBP1

ZFP36L1

FAM212B

TRPM2

CCDC106

FAM26F

ACTB

SLC46A3

ABI3

RINL

DHRS3

LCMT2

CTSD

MAN2B1

CORO1A

RPUSD4

IL18
PTPN7

CD86

METTL21A

MAG

PGAP1

DBNL

RBM45

TNFRSF1B

KIAA1244

OASL

MRPS21

ENTPD1

SLC38A6

CCNG1

LCP2

ARHGEF10L

TIFA

SLC16A6

REPS2PTPN6

ARHGDIB

MED16

ASB13

STIM2

FAM96A

GLIPR1

RPS25

DOK2
SEC11C

SETMAR

TNNI2

VWA5A

AAGAB

RBM4

ABCG1

EID2B

LY86

RAB3IL1

ARHGAP24

CNPY2

LAMP1

VIPAS39

CCND1

RBFA

MYCN

MDN1

SMAD3

FAM174A

PLAU

GCA

HCK

RBM12

ADAM8

KCNK13

LGALS3BP

ST14

MOCS1

SPPL2B

FAM161A

IL10RA

ARHGEF7

AMD1

MYBPC3

HEATR5A

RECQL

RHOF
ARL11

FBXO40

STOM

PIGC

HEXA

RPL37A

CTSC

BST1

C19orf66

RGS10

CCDC116

AARSD1

TMEM71

SYNE1

MXD4
WIPF1

CHMP1B

RFTN1

SEC61B

TPP1

HINT3

CD69

HGH1

KANSL1L

EPM2A

CDKN3

TRIM14

(a)

ITGAM

SPI1

PTPRC

IL10RA

CD86

(b)

Figure 5: PPI network construction. (a) PPI network building block diagram. (b) 5 key genes obtained from MCC algorithm analysis.
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Figure 6: Continued.
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that CD86, IL10RA, PTPRC, SPI1, and ITGAM have an
important relationship in neurological impairment of the
brain. .is could also suggest that propofol may lead to
neurological impairment by affecting the abnormal ex-
pression of CD86, IL10RA, PTPRC, SPI1, and ITGAM; thus,
the exact mechanism remains to be investigated.

5. Conclusion

In conclusion, CD86, IL10RA, PTPRC, SPI1, and ITGAM
may play an important role in propofol affecting mouse
hippocampal neuronal cells. Propofol may affect mouse
hippocampal neurons by affecting the expression of PTPRC,
CD86, il10ra, spi1il10ra and ITGAM. .ereby, these find-
ings may imply potential new targets for the treatment of

patients with propofol anesthesia-induced neurological
injury.
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Figure 6: GSEA analysis. (a) .e first two signaling pathways involved in CD86 low expression. (b) .e first two signaling pathways
involved in IL10RA low expression. (c) .e first two signaling pathways involved in PTPRC low expression. (d) .e first two signaling
pathways involved in SPI1 low expression. (e) .e first two signaling pathways involved in ITGAM low expression.
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