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Abstract

Background: Although integrated traditional Chinese medicine (TCM) has long been indicated to be effective in
the treatment of sciatica and is widely used in the management of this condition, the mechanism by which
integrated TCM alleviates sciatica has not yet been fully defined, and the effect of integrated TCM on gene
expression in the peripheral blood of patients with sciatica is still unknown. We performed this study to investigate
the effect of integrated TCM on peripheral blood gene expression in patients with sciatica and to explore new
clues for studying the mechanism of integrated TCM in alleviating sciatica.

Methods: We used a microarray to identify differentially expressed genes (DEGs) in the peripheral blood of patients
with sciatica and healthy controls (DEGs-baseline), bioinformatic analysis to reveal the characteristics of DEGs-
baseline, and the key genes that contribute to the gene dysregulation. A microarray was also used to identify DEGs
in the peripheral blood of patients with sciatica after integrated TCM treatment compared with those at baseline,
and the expression levels of DEGs were validated by gRT-PCR.

Results: We identified 153 DEGs-baseline, which included 131 upregulated genes and 22 downregulated genes.
Bioinformatic analysis revealed that most of the DEGs-baseline were related to immunity and the inflammatory
response and that TLR4, MMP9, MPO, CAMP, RETN, TLR5, and IL1RN were key genes involved in the dysregulation
of genes in the peripheral blood of patients with sciatica. The expression levels of TLR5, ILTRN, SLC8A1, RBM20,
GPER1, IL27, SOCST, and GRTP1-AST were decreased in the peripheral blood of patients after integrated TCM
treatment compared with that at baseline, which was accompanied by relief of pain.

Conclusion: Integrated TCM treatment relieved pain while regulating the gene expression of TLR5, ILTRN, SLC8AT,
RBM20, GPER1, IL27, SOCS1, and GRTP1-AS1 in the peripheral blood of patients with sciatica. Our study provides
new clues for studying the mechanism of TCM in treating sciatica.

Keywords: Sciatica, Peripheral blood, Gene expression, Traditional Chinese medicine

* Correspondence: yiwang1984@hotmail.com
!Cervicodynia/Omalgia/Lumbago/Sciatica Department 2, Sichuan Provincial
Orthopedics Hospital, No. 132 West First Section First Ring Road, Wuhou
District, Chengdu, Sichuan Province, China

Full list of author information is available at the end of the article

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-021-02280-1&domain=pdf
http://orcid.org/0000-0002-8580-3341
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:yiwang1984@hotmail.com

Wang et al. Journal of Orthopaedic Surgery and Research

Background

Sciatica is characterized by neuropathic pain in the sci-
atic nerve, and the lifetime incidence is up to 40% [1].
Lumbar disc herniation is a major cause of sciatica and a
major concern in studies about sciatica [2]. It is gener-
ally recognized that during lumbar disc herniation,
mechanical compression in combination with immunity
and inflammation causes sciatica. Many studies have re-
vealed inflammatory transcriptome characteristics of
degenerated discs [3—6], and many cytokines related to
immunity and inflammation were activated in herniated
lumbar discs [7—10]. However, since sciatica involves a
focal lesion, gene expression changes in peripheral blood
caused by sciatica have rarely been studied.

Many methods have been reported to improve sciatica,
and 90% of acute sciatica can be effectively relieved by
nonsurgical treatment [11]. Integrated traditional Chin-
ese medicine (TCM) has long been indicated to be ef-
fective in the treatment of sciatica and is widely used in
the management of this condition [12—14]. However, the
mechanism by which integrated TCM relieves sciatica
has not yet been fully defined. Therefore, we performed
the present study to investigate the gene expression
changes after integrated TCM treatment in the periph-
eral blood of patients with sciatica, aiming to explore
new clues for studying the role of traditional Chinese
medicine in alleviating sciatica.

Methods

Enrollment and integrated TCM treatment

This study was approved by the Ethics Committee of Si-
chuan Provincial Orthopedics Hospital, and written in-
formed consent was obtained. From April 2018 to
December 2019, 25 patients and 25 healthy volunteers
were enrolled in this observational study. Patients were
enrolled from those who chose to receive nonsurgical
treatment with integrated TCM in our hospital. Diag-
nostic criteria of sciatica was set according to the guide-
lines of the North American Spine Society [15]: (1) a
history of pain in the distribution of sciatic nerve, (2) a
positive Lasegue’s sign, and (3) had findings on magnetic
resonance imaging of lumbar disc herniation at the L4/5
level or L5/S1 level with compression of the correspond-
ing nerve root. The patient inclusion criteria were as fol-
lows: (1) aged between 18 and 60 years, (2) had sciatica
secondary to single-level lumbar disc herniation at the
L4/5 level or L5/S1 level, and (3) had no medication his-
tory within 3 months before the appointment. The ex-
clusion criteria were as follows: (1) concomitant cauda
equina syndrome, other neuropathy, other spinal dis-
eases, infection, rheumatism, cardiovascular disease,
metabolic disease, hematopoietic diseases, dementia,
consciousness disturbance, or mental illness; (2) a his-
tory of surgery, congenital disease, tuberculosis, or
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tumors; (3) pregnancy or lactation; and (4) other medical
conditions that might affect gene expression in periph-
eral blood. Healthy volunteers were recruited as healthy
controls. All patients underwent standard integrated
TCM treatment for sciatica according to our medical
protocol, including electric acupuncture, massage, moxi-
bustion, and Chinese medicine fumigation for waist cir-
cumference. The pain intensity score on the visual
analogue scale (VAS, ranging from 0 to 10, with higher
scores indicating greater pain intensity) was recorded.

Peripheral blood collection, RNA extraction, and
microarray analysis

Peripheral blood was collected and frozen in PAXgene
tubes, and then, total RNA was extracted and purified
using the PAXgeneTM Blood RNA Kit (Qiagen,
Germany). An Agilent SurePrint G3 Microarray (8 x
60 K) was used for the microarray experiment, which
was performed by Shanghai Biotech Co. (Shanghai,
China). These procedures were described in our pre-
vious study [16].

Differentially expressed genes (DEGs)

Two groups of DEGs were identified: DEGs in the per-
ipheral blood of patients with sciatica and healthy con-
trols (DEGs-baseline) and DEGs in the peripheral blood
of patients with sciatica after integrated TCM treatment
compared with those at baseline (DEGs-TCM).

Data from the chip scan were log2 normalized for
comparative analyses. Unrecognized probes were dis-
carded. We deleted unrecognized probes. The average
value of the data from the probes corresponding to the
same gene was used for analysis. Genes with an absolute
fold change (FC) of > 1.5 were identified as DEGs, and
the FC data were filtered by ¢ tests (P < 0.05). Gene ex-
pression data sets are accessible on the Gene Expression
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/
geo) under the number GSE150408 and GSE124272.

Enrichment analysis of DEGs-baseline

Enrichment analysis was performed with the web-based
portal Metascape [17], which included Gene Ontology
(GO) analysis of biological processes (BP), cellular com-
ponents (CC), and molecular functions (MF), and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis.

Protein-protein interaction (PPI) network

To identify key genes in the dysregulation of gene ex-
pression in the peripheral blood of patients at baseline
and in healthy controls, we used the STRING database
to construct the PPI network of DEGs-baseline with a
combined score > 0.4. Cytoscape software (V3.6.1) was
used to visualize the PPI network. Disconnected nodes
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were excluded, the degree of centrality of the DEGs-
baseline was calculated, and a submodule was clustered,
as we previously described [16].

Quantitative real-time quantitative PCR (qRT-PCR) and
statistical analysis

qRT-PCR was performed to measure the expression
levels of DEGs using the 22“Y method. B-Actin was
used as the normalization control for mRNA. The design
and synthesis of the primers and the qRT-PCR proced-
ure were described previously [16]. The primers are
listed in Additional file 1. Significant differences in ex-
pression levels were determined using t test with a P
value < 0.05. Statistical analysis was performed and visu-
alized as we previously described [16].

Results

Patients and leg-pain scores

We enrolled 25 patients with sciatica aged between 19
and 54 years (mean age 40 years) who were seen in our
department for integrated TCM treatment and 25 healthy
volunteers aged between 19 and 30 years (mean age 23
years) as healthy controls. All patients underwent standard
integrated TCM treatment for sciatica for at least 14 days.
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The VAS score for pain in patients decreased (P < 0.000),
from an average of 7.4 + 0.81 at baseline to 2.1 + 0.97 14
days after integrated TCM treatment, indicating that all
patients achieved clinical remission.

Microarray analysis

Microarray analysis identified 153 DEGs-baseline, which
included 131 upregulated genes and 22 downregulated
genes (Fig. 1). After integrated TCM treatment, 8 genes
were differentially expressed in the peripheral blood of
patients compared with those at baseline, and all of
these genes were downregulated (Table 1). When we
compared the DEGs-baseline and DEGs-TCM, we found
that toll-like receptor 5 (TLR5), interleukin-1 receptor
antagonist (IL1RN), and solute carrier family 8 member
A1l (SLC8A1) were present in both groups (Table 1) and
that TLR5, ILIRN, and SLC8A1 were upregulated in sci-
atica patients at baseline compared with healthy controls
and were then downregulated in sciatica patients after
integrated TCM treatment compared with baseline.

Enrichment analysis of DEGs-baseline
Enrichment analysis by Metascape revealed that upregu-
lated genes at baseline were enriched in 115 GO BP, 25
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Fig. 1 Heatmap of the DEGs in the peripheral blood of patients with sciatica and healthy controls. The expression data were normalized using
the z-score for indexes between — 3 and 3. Red, upregulated; blue, downregulated. P patient with sciatica, V healthy volunteer
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Table 1 Differentially expressed genes. After TCM treatment, 8 genes were differentially expressed in the peripheral blood of
patients compared with those at baseline. TLR5, IL1RN, and SLC8AT were upregulated in sciatica patients at baseline compared with
healthy controls and were then downregulated in sciatica patients after TCM treatment compared with baseline.

Gene Description Baseline vs. control TCM vs. Baseline

symbol P value Fold change P value Fold change
TLRS Toll-like receptor 5 0.00 1.6 0.03 067

ILTRN Interleukin 1 receptor antagonist 0.01 1.7 0.03 0.64

SLC8AT1 Solute carrier family 8 member A1 0.00 1.5 0.04 063

RBM20 RNA binding motif protein 20 > 0.05 - 0.03 062

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 - 0.04 048

TCM traditional Chinese medicine, TLR5 toll-like receptor 5, ILTRN interleukin 1 receptor antagonist, SLC8AT solute carrier family 8 member A1, RBM20 RNA binding
motif protein 20, GPERT G protein-coupled estrogen receptor 1, IL27 interleukin 27, SOCST suppressor of cytokine signalling 1, GRTP1-AST GRTP1 antisense RNA 1

GO CC, 4 GO MF, and 6 KEGG pathways (Table 2).
Downregulated genes at baseline were enriched in 10
GO BP, 1 GO MF, and 2 KEGG pathways (Table 3).
Most of the enriched terms for both upregulated and
downregulated DEGs at baseline were related to immun-
ity and the inflammatory response. Enrichment analysis
revealed immune and inflammatory response-related
gene expression characteristics in the peripheral blood
of patients with sciatica.

PPl network

The PPI network of DEGs-baseline consisted of 77 con-
nected nodes and 255 edges (Fig. 2). To identify key
genes in the PPI network, the plug-in CentiScaPe was

used to calculate the centrality degree of each node.
Genes with a high degree centrality included toll-like re-
ceptor (TLR4, degree 26), matrix metallopeptidase 9
(MMP9, degree 22), myeloperoxidase (MPO, degree 20),
cathelicidin antimicrobial peptide (CAMP, degree 18),
resistin (RETN, degree 18), TLR5 (degree, 17), etc. The
top 10 genes with the highest degree centrality are listed
in Table 4. MCODE analysis identified 1 cluster in the
PPI network with threshold k-core = 5. TLR4, MMP9,
CAMP, and ILIRN were enriched in this cluster. The
PPI network suggested that TLR4, MMP9, MPO,
CAMP, RETN, TLR5, and ILIRN were key genes in the
dysregulation of genes in the peripheral blood of patients
with sciatica.

Table 2 Gene Ontology analysis of upregulated DEGs-baseline. The top 15 enriched terms of the upregulated genes in the
peripheral blood of the patients with sciatica at baseline compared with the healthy controls according to the P value. Log10(P) is

the log10-based P value.

Term Category Description Log10(P)
GO:0002274 GO BP Myeloid leukocyte activation - 19.59
G0:0002366 GO BP Leukocyte activation involved in immune response - 1757
GO:0002263 GO BP Cell activation involved in immune response — 1751
G0O:0043312 GO BP Neutrophil degranulation - 1742
G0:0002283 GO BP Neutrophil activation involved in immune response - 1735
GO:0002275 GO BP Myeloid cell activation involved in immune response - 1732
GO:0042119 GO BP Neutrophil activation - 17.15
GO:0002446 GO BP Neutrophil-mediated immunity -17.12
G0O:0036230 GO BP Granulocyte activation - 17.02
GO:0043299 GO BP Leukocyte degranulation - 1644
GO:0002444 GO BP Myeloid leukocyte-mediated immunity - 16.10
GO:0045055 GO BP Regulated exocytosis - 1436
GO:0042581 GO CC Specific granule - 1434
GO:0070820 GO CC Tertiary granule - 1284
GO:0035580 GO CC Specific granule lumen — 899

GO gene ontology, BP biological processes, CC cellular components, MF molecular function
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Table 3 Gene Ontology analysis of downregulated DEGs-baseline. All enriched terms of the downregulated genes in the peripheral
blood of the patients with sciatica at baseline compared with the healthy controls according to the P value. Log10(P) is the log10-
based P value.

Category Term Description Log10(P)
KEGG pathway hsa04612 Antigen processing and presentation — 434
GO MF G0:0030246 Carbohydrate binding — 407
KEGG pathway hsa04650 Natural killer cell-mediated cytotoxicity - 363
GO BP G0:0002708 Positive regulation of lymphocyte-mediated immunity -392
GO BP G0:0002705 Positive regulation of leukocyte-mediated immunity - 362
GO BP G0:0002706 Regulation of lymphocyte-mediated immunity — 346
GO BP G0:0002703 Regulation of leukocyte-mediated immunity - 308
GO BP G0:0002699 Positive regulation of immune effector process - 299
GO BP G0:0002449 Lymphocyte-mediated immunity - 237
GO BP GO:0045089 Positive regulation of innate immune response - 232
GO BP GO:0045088 Regulation of innate immune response -212
GO BP GO:0002697 Regulation of immune effector process - 208
GO BP GO0:0070997 Neuron death — 240

GO gene ontology, BP biological processes, CC cellular components, MF molecular function, KEGG Kyoto Encyclopedia of Genes and Genomes
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Fig. 2 PPl network of DEGs at baseline. Seventy-seven nodes with a combined score > 04 and 255 edges were included. The size of the nodes
represents the centrality degree. One cluster was identified by MCODE analysis with threshold k-core = 5 and is colored yellow
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Table 4 Top 10 genes with the highest centrality degree in the
PPI network. Centrality degree was calculated by the CentiScaPe
plug-in, and one cluster was identified by MCODE analysis with

threshold k-core = 5

Gene Degree MCODE_cluster
TLR4 26 Clustered
MMP9 22 Clustered
MPO 20 Unclustered
CAMP 18 Clustered
RETN 18 Clustered
TLR5 17 Unclustered
CEACAMS 16 Clustered
CD86 16 Unclustered
LCN2 15 Clustered
ILTRN 13 Clustered

TLR4 toll-like receptor 4, MMP9 matrix metallopeptidase 9, MPO
myeloperoxidase, CAMP cathelicidin antimicrobial peptide, RETN resistin, TLR5
toll-like receptor 5, CEACAMS8 CEA cell adhesion molecule 8, CD86 CD86
molecule, LCN2 lipocalin 2, IL1RN interleukin 1 receptor antagonist

Expression of DEGs
We examined the expression levels of the key DEGs-
baseline (TLR4, MMP9, MPO, CAMP, RETN, TLR5,
and IL1RN) in the peripheral blood of patients at base-
line and in the peripheral blood of healthy controls, as
well as expression levels of DEGs-TCM in the peripheral
blood of patients at baseline and in the peripheral blood
of patients after integrated TCM treatment.

qRT-PCR showed that the expression levels of TLR4,
MMP9, MPO, CAMP, RETN, TLR5, and ILIRN were
increased in the peripheral blood of patients at baseline
compared with the healthy controls (Fig. 3); the expres-
sion levels of TLR5, ILIRN, SLC8A1, RNA binding motif
protein 20 (RBM20), G protein-coupled estrogen recep-
tor 1 (GPER1), interleukin 27 (IL27), suppressor of cyto-
kine signalling 1 (SOCS1), and GRTP1 antisense RNA 1
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(GRTP1-AS1) were decreased in the peripheral blood of
the patients after integrated TCM treatment compared
with that at baseline (Fig. 4).

Discussion

With microarray analysis, we identified 153 DEGs in the
peripheral blood of sciatica patients and healthy con-
trols. Bioinformatic analysis revealed that these DEGs
were mainly related to immunity and the inflammatory
response and that TLR4, MMP9, MPO, CAMP, RETN,
TLR5, and IL1R were the most important genes contrib-
uting to the dysregulation of these DEGs.

In the PPI network of DEGs-baseline, TLR4 had the
highest centrality degree, which was consistent with
our previous study [16]. TLR4 is the most studied
Toll-like receptor because it plays a broad role in the
inflammatory response [18]. It is also involved in in-
nate neuroimmunity and neuropathy and mediates in-
flammatory and neuropathic pain [19]. An animal
model confirmed that the expression of TLR4 in
intervertebral discs and activation of TLR4 in inter-
vertebral discs induced an inflammatory response, in-
cluding the upregulation of tumor necrosis factor «,
IL-1B, IL-6, and nitric oxide [20]. The inhibition of
TLR4 in discs reduced inflammation and reversed
pain-related neuroplasticity, suggesting that TLR4 is a
potential target for treating disc-related inflammatory
and neuropathic pain [21]. MMP9 is associated with
sciatica in both peripheral blood and local discs.
MMPY has long been known to degrade collagen. It
is expressed in intervertebral discs, which are full of
collagen [22], and the expression levels of MMP9 de-
crease in free, protruded, and extruded discs [23].
MMP 9 is also involved in the activation and inacti-
vation of inflammation, although the mechanism has
not been completely elucidated [24]. Focal MMP9
causes leukocytes to migrate from peripheral blood to
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tissues by promoting a chemotactic gradient, which
has a role in the neuroinflammatory process [25].
MPO is mainly produced by circulating neutrophils
and is linked to inflammatory conditions and degen-
erative neurological disorders. By producing hypo-
chlorous acid-sphingomyelinase, which is released as a
source of reactive oxygen species, MPO indirectly me-
diates inflammatory injury [26]. In stroke patients,
MPO expression is increased in both the plasma and
the serum [27]. The expression of MPO is increased
in the brains of patients with Alzheimer’s or Parkin-
son’s disease [28, 29], and MPO has been reported to
be activated in human multiple sclerosis plaques [30].
The exact mechanism of MPO in these neurological
diseases is not completely clear. RETN levels were re-
ported to be associated with inflammatory cytokines,
including  TNF-a  receptor-2, IL-6, ICAM-1,
lipoprotein-associated PLA2, and C-reactive protein
[31, 32]. RETN also upregulates TNF-a and IL-6 in
human peripheral blood mononuclear cells as well as
TNF-a and IL-12 in human macrophages [33, 34].
Combining these studies, a potential link between
TLR4, MMP9, MPO, CAMP, RETN, and sciatica can
be established, but microarray analysis showed that
the expression of these genes was not changed after
integrated TCM treatment. Integrated TCM treatment
does not alleviate sciatica by regulating these genes.
After integrated TCM treatment, the pain of the pa-
tients was relieved, and the expression levels of TLR5,
ILIRN, SLC8A1, RBM20, GPERI1, IL27, SOCS1, and
GRTP1-AS1 in peripheral blood were downregulated
compared with baseline. We also found that TLR5,
ILIRN, and SLC8A1 were upregulated in sciatica patients
at baseline compared with healthy controls and downreg-
ulated after integrated TCM treatment compared with
baseline, indicating that these genes played an important
role in the pathogenesis and remission of sciatica. In the

future, the expression of these genes can be considered as
an objective indicator for evaluating the efficacy of inte-
grated TCM in treating sciatica in the clinical setting.

Animal experiments have shown that the knockout or
blockade of TLR5 can reduce pain [35, 36], which is
consistent with our finding that TLR5 expression was
downregulated in patients with pain relief after inte-
grated TCM treatment. ILIRN polymorphism and gen-
etic variability were reported to be associated with
outcomes of intervetebral disc disease [37, 38], but no
studies have elaborated the role of ILIRN mRNA ex-
pression in sciatica. The roles of SLC8A1, RBMZ20,
GPER1, IL27, SOCS1, and GRTP1-AS1 in sciatica or in
relieving sciatica are currently unknown. Future studies
should further investigate the role of these genes in sci-
atica remission.

Our study had limitations. Some other factors, such as
miRNAs and IncRNAs, are involved in the process of
protein translation from mRNA, and protein expression
is not only determined by mRNA. We did not perform
western blotting to measure the protein levels of these
genes, and the protein levels and mRNA levels of these
genes may not be consistent. Changes in gene expression
and alleviation of sciatica were simultaneously observed
after integrated TCM treatment in the present study;
whether integrated TCM treatment relieved sciatica by
regulating the expression of these genes still needs fur-
ther investigation.

Conclusions

In conclusion, we found that integrated TCM treat-
ment alleviated sciatica while regulating the gene ex-
pression of TLR5, ILIRN, SLC8A1, RBM20, GPERI,
IL27, SOCS1, and GRTP1-AS1 in the peripheral
blood of patients. Our study provides new clues for
studying the mechanism of TCM in treating sciatica.
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