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[ Abstract] Objective To define the gene expression characteristics in the peripheral blood of patients with
lumbar disc extrusion (LDE) and the effect of nonoperative treatment on the gene expression. Methods DNA
microarray was used to identify semi-quantitatively the differentially expressed genes (DEGs) in the peripheral blood of
patients with LDE and that of the healthy controls and the variation trend of these DEGs after nonoperative treatment.
Enrichment analysis was done to reveal the functional characteristics of these DEGs, and network analysis was done to
identify key genes that contribute to gene dysregulation. The levels of these key genes were measured by qRT-PCR to
examine their expression in LDE patients and the controls, and the effect of nonoperative treatment on the expression
level. Results We identified 153 DEGs in the peripheral blood of LDE patients and healthy controls, including 131
upregulated genes and 22 downregulated genes. Enrichment analysis revealed that most of the DEGs were related to
immunity and the inflammatory response. Network analysis revealed that toll-like receptor 4 (TLR4), matrix
metallopeptidase 9 (MMP9) and myeloperoxidase (MPO), cathelicidin antimicrobial peptide (CAMP), resistin (RETN),
toll-like receptor 5 (TLR5) were the key genes in the protein-protein interaction network. These key genes were all
enriched into the terms releated to immunity and the inflammatory response. The patients experienced pain relief after
nonoperative treatment. Among the 153 DEGs, TLR5 , interleukin 1 receptor antagonist (IL1RN) and solute carrier family
8 member Al (SLC8A1) were downregulated after nonoperative treatment. QRT-PCR revealed that the levels of TLR4,
MMP9, MPO, CAMP, RETN, TLR5, ILIRN and SLC8A1 in the peripheral blood of the LDE patients were higher than
those of the healthy control group (P<0.05). In addition, TLR5, IL1RN and SLC8A1 expression levels decreased after
treatmentin in comparison with the levels before treatment (P<0.05). Conclusion Gene expression in the peripheral

blood of LDE patients was characterized by the dysregulation of immune and inflammatory response-related genes,
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among which, TLR4, MMP9, MPO, CAMP, RETN and TLRS5, the genes relevant to immune and inflammatory response,

played a key role in the dysregulation of gene expression in the peripheral blood of LDE patients. The outcome of non-

operative treatment may be related to the downregulation of the overexpressed TLR5, ILIRN and SLC8AIl in the

peripheral blood of patients.
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1.65 ug, FEVEEL  F Agilent BLE e il &l vE Fr,
B J5 Fl Agilent Microarray Scannerf 558 432 AUt A,
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BT M 2& e S 805 B . “degree cutoff=2", “node score
cutoff=0.2", “k-core= 2"and “max depth= 100",
1.9 gRT-PCR

REPE AT A REA P 5 1 ] QuantStudio
5 Real-Time PCR Z& 4t (ABI, USA), 3K FH2*“%L FqRT-

PCRAE S, NS I EFE B-actin, 514K FPrimer
Express 3.0. 15fFi&it, 51 P9 WK1, B ek
cDNASE—4%, WK R HE5XRT Buffer 4 uL, Enzyme
Mix 1 pL, Primer Mix 1 uL, RNA template (0.5 pg) + H,O
14 L. RNAJMIA 0.2 mL PCR 45 e il )2 0 %5 i #
PCRAFHE T PCRAL L, idf TR : 37 °C, 15 min; 98 C,
5 min; 4 °C, #47qPCRINE, WK R AL 4%: 2xSYBR
Green PCR buffer 17.5 pL, Forward primer (10 pmmol/L)
1.75 uL, Reverse primer (10 pmmol/L) 1.75 puL, cDNA
Template(5 ng)3.5 uL, H,0 10.5 pLo K9 pLKERAR R
qPCRIZ NI AN WLFE F 0 A 384FL#k H B F QuantStudio
5 Real-Time PCR &%, HIQuantStudio™ Design &
Analysis B2 72T 50 °C, 2 min; 95 °C, 10 min; (95 °C,
155360 C, 1 min)40MEFF . e Jm BRI £ o

®1 EHEEEEPCR3IHEFT
Table1l Sequences of primers used for quantitative real-time

polymerase chain reaction (QRT-PCR)

Gene Sequence (5’ to 3')

TLR4 F: CCTGAGGCATTTAGGCAGCTA

R: GATAAATCCAGCACCTGCAGTTC

MMP9 F: CACGCACGACGTCTTCCA

R: AAGCGGTCCTGGCAGAAAT

MPO F: CGGTACCCAGTTCAGGAAGCT

R: CCCTCGTTCTCCCACCAAA

CAMP F: TCAAGGATTTTTTGCGGAATCT

R: GCCAGGGTAGGGCACACA

RETN F: AGCCATCAATGAGAGGATCCA

R: AGGCCAATGCTGCTTATTGC

TLR5 F: TCTGCTAGGACAACGAGGATCA

R: CCATGAGCACCACTCCTAGGA

ILIRN F: CAGCTGGAGGCAGTTAACATCA

R: GAAGCGCTTGTCCTGCTTTC

SLC8A1 F: CCAGACACATTTGCCAGCAA
R: CTATGGAGGCGTCTGCATACTG
B-actin F: CTGGAACGGTGAAGGTGACA

R: CGGCCACATTGTGAACTTTG

F: Forward; R: Reverse.
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Table2 The 10 differentially expressed genes (DEGs) with the largest fold change of up-regulation and down-regulation between peripheral blood

samples of patients with lumbar disc extrusion (LDE) and the control group

Gene P Fold change Function
Up-regulated
PRDMS 0.01 3.56 DNA binding, protein binding, methyltransferase activity, transferase activity, metal ion binding.
OLFM4 0.03 3.15 Catalytic activity, structural molecule activity, protein binding, cadherin binding.
RPGRIP1 0.03 3.00 Protein binding, extracellular matrix structural, constituent, protein binding, DNA binding
COL9A2 0.02 2.84 Extracellular matrix structural constituent, protein binding, extracellular matrix structural constituent conferring
tensile strength
BATF2 0.02 2.81 RNA polymerase Il proximal promoter sequence-specific DNA binding, DNA-binding transcription factor

activity, RNA polymerase Il -specific

FCGR1A <0.001 2.53

Transmembrane signaling receptor activity, protein binding, IgG binding

Lipopolysaccharide binding, DNA binding, serine-type endopeptidase activity, iron ion binding

Protease binding, iron ion binding, protein binding, small molecule binding, identical protein binding

CEACAMS 0.02 2.42 Protein binding, protein heterodimerization activity
LTF <0.001 241

LCN2 0.02 2.24

DEFA4 0.02 2.15 Protein homodimerization activity

Down-regulated

PLXDC1 0.01 0.63 Protein binding
CD160 <0.001 0.63
KLRC3 <0.001 0.63

AKR1C3 <0.001 0.63

dehydrogenase activity
KLRF1 <0.001 0.62

activity
KLRB1 <0.001 0.62
KRT86 <0.001 0.62 Protein binding

LEPROTL1  <0.001 0.61

FCGBP <0.001 0.60 Protein binding
ADAMTS10  0.01 0.52
1G] 0.04 0.52

Transmembrane signaling receptor activity, signaling receptor binding, protein binding, kinase binding

Transmembrane signaling rceptor activity, carbohydrate binding

Retinal dehydrogenase activity, NADP+1-oxidoreductase activity, aldo-keto reductase (NADP) activity, retinol

Transmembrane signaling receptor activity, protein binding, carbohydrate binding, MHC class | receptor

Transmembrane signaling receptor activity, protein binding, carbohydrate binding

Protein binding, identical protein binding

Metalloendopeptidase activity, protein binding, peptidase activity, metallopeptidase activity

Single-stranded DNA binding, antigen binding, IgA binding, protein binding, phosphatidylcholine binding
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between the peripheral blood of patients after treatment with that of patients before treatment
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Table 3 DEGs findings of comparison between peripheral blood of patients before treatment and that of the controls, and DEGs findings of comparison

Before treating vs. control

After treating vs. before teating

Gene symbol Description
P Fold change P Fold change

TLR5 Toll-like receptor 5 <0.001 1.55 0.03 0.67
IL1IRN Interleukin 1 receptor antagonist 0.01 1.66 0.03 0.64
SLC8A1 Solute carrier family 8 member Al <0.001 1.48 0.04 0.63
RBM20 RNA binding motif protein 20 >0.05 - 0.03 0.62
GPER1 G protein-coupled estrogen receptor 1 >0.05 - 0.00 0.62
IL27 Interleukin 27 >0.05 - 0.01 0.59
SOCS1 Suppressor of cytokine signalling 1 >0.05 - 0.02 0.56
GRTP1-AS1 GRTP1 antisense RNA 1 >0.05 - 0.04 0.48

153 differentially expressed genes were identified in the comparison of peripheral blood of the patients before treatment and that of the control group. 8

differentially expressed genes were identified in the comparison of peripheral blood of the patients before treatment and that after treatment. The intersection of
the two groups of differentially expressed genes included TLR5, ILIRN and SLC8AL1.

GO enrichment of up-regulated genes

Myeloid leukocyte activation [
Leukocyte activation involved in immune response |
Cell activation involved in immune response |-

2.5 qRT-PCRER
AT HQRT-PCREGI T

BRI HTAY SN MR AEA

Neutrophil degranulation Count
Neutrophil activation involved in immune response : %g
Myeloid cell activation involved in immune response ®20
Neutrophil activation :%g

Neutrophil mediated 1m1.nur?1ty ~Logl0
Granulocyte activation 8 value)
Leukocyte degranulation
Myeloid leukocyte mediated immunity l —1 1
-1.2

Regulated exocytosis

Specific granule |
Tertiary granule |-
Specific granule lumen |

0.050 0.075 0.100 0.125
Gene ratio

FEMEE AT B F AT AT R RESME M AL, LM
%ﬁ%l BEEMEEZEF ( PER/NNISTER)

Fig 1 In the comparison of the peripheral blood samples of patients with

LDE and those healthy controls, the up-regulated genes were

enriched in the above items (15 items with the smallest P value)

TLR5(HUGBEL7) 5 . 256 & 40T iR : TLRAW 35 &
FNE3 A RERE T ANAIE fL . A BRIE A2 5 SR SOn A
20 R Ak 5 2% LA R Al A 300 1 977480 S5 17 DX 40 T 7
BI A B2 107 45 2% H , MMP9 3% 5 42 B 1 2. [ o Sk
o 5 TR A s AN 43R 2% H , MPO i 35 & 4 2 13 PP B R
SERIURL, = G UL RN 0RL Y A 428 % B, CAMP
WEEEHE 2T A % H, RETN W3 & £ 3 513
HHBR =R AN 4 2k B, TLRS W3 & S 20 HoAt A
WU I S I ARRT 24 T P 1 2 1 A5 2 o

MCODEA i 7 H 34~ HE T W 26, 326 o 45
15 A L B E U DEGs L TLR4, MMP9 . MPO
CAMPHIRETN . Z54 PPIIN 45 (1 vty B G AR T I 28 43
¥, TLR4, MMP9, MPO, CAMP. RETNAITLR5# BB 4h
Jed i e PR e 1k R A v ke AR I

AR 3 X B AN B M FE A P TLR4A. MMP9 ., MPO,

GO enrichment of down-regulated genes

Carbohydrate binding |
Positive regulation of lymphocyte mediated immunity -

Positive regulation of leukocyte mediated immunity |-

Count
Regulation of lymphocyte mediated immunity | ;i
Regulation of leukocyte mediated immunity ~Logl0
Positive regulation of immune effector process (P value)
Lymphocyte mediated immunity | e .’0‘4
Positive regulation of innate immune response o :82

Regulation of innate immune response o
Regulation of immune effector process (o

Neuron death | o

0.0100.0150.0200.025
Gene ratio

B 2 BEMEE R BE ST AR R REN A MRS, TiEE
EFRPEREEEU ELIAMEZBES

Fig 2 In the comparison of the peripheral blood samples of patients with
LDE and those of healthy controls, the up-regulated genes were

enriched in the above items

KEGG pathway enrichment

Legionellosis |-
Phagosome | «
NOD-like receptor signaling pathway - Count
Osteoclast differentiation |- -3
Leishmaniasis |- :g
Influenza A 6
Malaria | *7
Toll-like receptor signaling pathway —Log10
Tuberculosis (P value)
Inflammatory bowel disease (IBD) | :8‘5‘
Measles |-« 0%
Transcriptional misregulation in cancer -
PPAR signaling pathway : t
0.04 0.06 0.08
Gene ratio
B3 £RREEEKEGGEREESTER

Fig 3 The results of KEGG pathway enrichment analysis for differentially

expressed genes (DEGs)
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Fig 4 The PPI network

The PPI network consisted of 77 nodes and 255 edges. The size of the node represented the centrality degree of the node. The three key sub-networks selected by the

MEODE plug-in were displayed in green, purple, and yellow in the PPI network.

F4 PPINKPAGESHOEHNNGNEARERERESE
MCODEF W&

Table4 The 15 genes with the highest centrality degree in the PPI

network and whether they were included in the MCODE sub-

network

Gene symbol Centrality degree MCODE_Cluster
TLR4 26 Cluster 1
MMP9 22 Cluster 2
MPO 20 Cluster 2
CAMP 18 Cluster 2
RETN 18 Cluster 1
TLR5 17 Unclustered
CEACAMS 16 Cluster 1
CD86 16 Cluster 2
LCN2 15 Cluster 1
ILIRN 13 Cluster 1
PGLYRP1 13 Cluster 1
LTF 13 Cluster 1
SOCS3 12 Unclustered
CTSG 11 Cluster 1
STAT1 11 Cluster 2

CAMP, RETN, TLR5, ILIRNFISLC8A1f) ik, KX
SO SR A SRR YT BT SR MR RE A th 3k i B i 5 1
TEARFEXT IS0 A A AR i R 35 5 (1&]5) . qRT-PCRE,
KGRI 458 —3, /R TLR4. MMP9., MPO,
CAMP, RETNFITLR5:LDEH 3 4 M I 35 H 2 1k P4 1
SERELIA L AN, FoATIE H QRT-PCRIGIN T 52 #9477 i
AT G A ANE AR AS B TLRS , ILIRNFISLCSA1RY 3
ik, K IAEE T ARG YT ET MK SE R R 1 ik A R
FARIGITE BRI (ES) .

3 1ig

AT BIFFE AT A4 AR 1) 55 A A1 ] A= b s
R 2 [ G IR BRI AR I, S RIA B FE 45 I
(EUR X SE A ] i A PIAR S M) AIA IR 5 b B S SEERE TR 22
A BT B, T RESE PO AT ST B A B B A A
ol RN T3 S AR BB FEA R BT 2
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5 BEHEE AR H BE 47T B /S MNE M TLR4. MMP9 . MPO. CAMP.RETN, TLR5 . ILLRNFISLCS A1 E F FiA 5 R
Fig 5 The expression levels of TLR4, MMP9, MPO, CAMP, RETN, TLR5, IL1RN and SLC8A1 in the peripheral blood of LDE patients before and after

treatment

Control: Healthy volunteers; Baseline: Patients with LDE before nonoperative treatment; TCM: Patients with LDE after traditional Chinese medicine nonoperative

treatment. n=25, * P<0.05.
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