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Background: Dorsal root ganglia (DRGs) contain sensory neurons that innervate intervertebral discs (IVDs) and may play a critical
role in mediating low-back pain (LBP), but the potential pathophysiological mechanism needs to be clarified.

Methods: A discogenic LBP model in rats was established by penetration of a lumbar IVD. The severity of LBP was evaluated
through behavioral analysis, and the gene and protein expression levels of pro-algesic peptide substance P (SP) and calcitonin gene—
related peptide (CGRP) in DRGs were quantified. The level of reactive oxygen species (ROS) in bilateral lumbar DRGs was also
quantified using dihydroethidium staining. Subsequently, hydrogen peroxide solution or N-acetyl-L-cysteine was injected into DRGs
to evaluate the change in LBP, and gene and protein expression levels of transient receptor potential vanilloid-1 (TRPV1) in DRGs
were analyzed. Finally, an inhibitor or activator of TRPV1 was injected into DRGs to observe the change in LBP.

Results: The rats had remarkable LBP after disc puncture, manifesting as mechanical and cold allodynia and increased expression of
the pro-algesic peptides SP and CGRP in DRGs. Furthermore, there was significant overexpression of ROS in bilateral lumbar DRGs,
while manipulation of the level of ROS in DRGs attenuated or aggravated LBP in rats. In addition, excessive ROS in DRGs stimulated
upregulation of TRPV1 in DRGs. Finally, activation or inhibition of TRPV1 in DRGs resulted in a significant increase or decrease of
discogenic LBP, respectively, suggesting that ROS-induced TRPV1 has a strong correlation with discogenic LBP.

Conclusion: Increased ROS in DRGs play a primary pathological role in puncture-induced discogenic LBP, and excessive ROS—
induced upregulation of TRPV1 in DRGs may be the underlying pathophysiological mechanism to cause nerve sensitization and
discogenic LBP. Therapeutic targeting of ROS or TRPV1 in DRGs may provide a promising method for the treatment of discogenic
LBP.

Keywords: lower back pain, reactive oxygen species, dorsal root ganglion, transient receptor potential vanilloid-1, substance p,
calcitonin gene related peptide, intervertebral disc

Introduction

Low-back pain (LBP) impairs the physical and mental health of millions of people and is one of the most common
chronic diseases of the musculoskeletal system. The 1-year incidence rate of first-onset LBP is estimated to be 15.4%."
According to a meta-analysis, the prevalence of LBP is approximately 48—66%.% Acute or chronic LBP affects the health
of patients and causes an enormous impact on individuals and communities throughout the world." Therefore, it is
important to understand the pathological and pathophysiological mechanisms underlying the prevention and treatment
of LBP.
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LBP may originate from different sites, such as damaged muscles, injured ligaments, or degenerated facet joints.
However, degenerated intervertebral discs (IVDs)—also known as discogenic LBP—are thought to be one of the most
important sources of LBP.> Anatomically, normal IVDs are poorly innervated organs because they are only innervated by
sensory and sympathetic perivascular nerve fibers in the outer layer of the annulus fibrosus. However, the number of
nociceptive nerve fibers increases, and the fibers even grow into the nucleus pulposus in degenerated IVDs, which is
thought to be the primary pathophysiological factor for discogenic LBP.>*

The dorsal root ganglia (DRGs) are one of the most important neurological tissues that are responsible for
nociception, vibration, fine touch, and proprioception.>® In the process of neural signal transmission, gnostic sensory
information is gathered in DRGs and projected into the spinal cord and cortex.”® A previous study showed that
stimulation of the L2-L3 DRGs induced significant and effective pain relief in the patients’ low back.” Therefore,
further studies should focus on DRGs to reveal the pathological and pathophysiological mechanisms of discogenic LBP.

Reactive oxygen species (ROS) play complex pathophysiological roles when cells or tissues are damaged or
stimulated. In the central and peripheral nervous systems, ROS also play vital roles in various pathological processes,
such as cellular apoptosis and inflammatory reactions.® The role of ROS in neuropathic pain has been validated, and
previous studies have also demonstrated that increased ROS levels in IVDs have a strong relationship with LBP.” Thus,
ROS play important pathological and pathophysiological roles in various kinds of pain.

Considering that DRGs are the core system that mediates discogenic LBP, here we attempted to prove the potential
pathological effect of ROS in DRGs in an animal model. In addition, we explored whether transient receptor potential
vanilloid-1 (TRPV1)—an important ion channel in neurotransmission—participates in ROS-mediated pathophysiological
changes in DRGs. Overall, this study provides insights into ROS and DRGs in discogenic LBP and provides a new
strategy for treatment.

Methods
Establishment of an LBP Model and Intra-DRG Drug Delivery

Following a previous protocol, a rat model of discogenic LBP was established by puncturing lumbar IVDs at L4-5 and
L5-6 levels.”'® Briefly, 2.5% pentobarbital sodium was used to anesthetize 3-month-old male Sprague-Dawley rats
(weighing approximately 250-300 g). Subsequently, the transabdominal median approach was used to reach the spinal
column, and the targeted IVDs were penetrated using an 18G needle under radiographic guidance. After suturing the
incision, the measures of keeping warm and injecting saline were used to promote rapid recovery of the rats; however, no
drugs were used to avoid interfering with the results.

According to a previous study, lower IVDs are innervated predominantly by upper DRGs. Namely, retrograde tracing
methods have suggested that a lower disc (L5-L6) is innervated predominantly by upper (L1 and L2) DRG neurons via
the sympathetic trunk.'®'" Thus, we exposed DRGs L1-L3 for the study. With microscopic assistance, the dorsal surface
of the spinal cord and the bilateral DRGs were exposed after the removal of the spinous process and vertebral laminae.
A microsyringe was used for drug delivery to DRGs. The animals were assigned to the following groups: sham surgery;
LBP; intra-DRG hydrogen peroxide (H,0,); LBP + intra-DRG N-acetyl-L-cysteine (NAC: inhibitor of ROS); LBP +
intra-DRG AMG-9810 (inhibitor of TRPV1); and intra-DRG capsaicin (agonist of TRPV1). H,O, solution was applied at
a dosage of 1 uM per DRG. NAC (Cat No. S1623, Selleckchem, Houston, TX, USA) was administered at
a concentration of 1 pM per DRG. AMG-9810 (Cat No. 2316, R&D Inc., Minneapolis, MN, USA) or capsaicin (Cat
No. HY-10448, MedChemExpress, NJ, USA) was injected at a dose of 0.1 pug per DRG. The Animal Care and Use
Committee of the First Affiliated Hospital of Soochow University granted permission for all animal studies, and the
protocols of the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publications
No. 8023, revised 1978) were strictly adhered to.

Evaluation of Discogenic LBP
For the assessment of LBP, the mechanical or cold allodynia threshold was the critical indicator according to our previous
protocol.'*'® Briefly, after acclimation to the surrounding environment, the plantar surface of the rat hind limbs was
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stimulated with calibrated specific filaments (Stoelting, Wood Dale, 1L, USA), and the presence of a positive reaction
(defined as brisk movement of the hind limbs with/without mouthing or biting of toes) was recorded. If the rats showed
a positive reaction, the next filament with the smallest diameter was applied. If the animals showed a negative reaction,
a larger filament was used. When all the reactions were recorded, the mathematical model from Chaplan et al'* was used
for the calculation. To evaluate cold allodynia, cold stimulation was induced when 0.1 mL of 100% acetone was applied
around the plantar surface of the hind limbs of the rats. Similar to the mechanical stimulation, the percentage of brisk
movement was recorded and calculated. Behavioral investigations were performed 3, 7, 11, and 14 days after surgery.

Gene Analysis of qRT-PCR

Following our previous protocol for real-time quantitative PCR,"” total RNA was extracted from the harvested tissues
using TRIzol reagent (Invitrogen, Life Technologies Corp., CA, USA), and cDNA was synthesized using a reverse
transcriptase kit (TaKaRa Inc., Shiga, Japan). qRT-PCR was performed using the SYBR Premix Ex Tag Kit (TakaRa,
Shiga, Japan) and detected using an ABI 7500 Sequencing Detection System (Applied Biosystems, CA, USA). The
cycling conditions were as follows: 40 cycles of denaturation at 95°C for 5 s, and amplification at 60°C for 24s. The
primer sequences (Sangon Biotech, Shanghai, China) were as follows:

Rat GAPDH: forward 5’-ATGACTCTACCCACGGCAAG-3’ and reverse 5’-TACTCAGCACCAGCATCACC-3’;

Rat SUBSTANCE P: forward 5’-TGGTCAGATCTCTCACAAAGG-3’ and reverse 5’-TGCATTGCGCTTCTTTCATA-3’;

Rat calcitonin gene-related peptide (CGRP): forward 5’-TCTAGTGTCACTGCCCAGAAGAGA-3’ and reverse 5’-

GGCACAAAGTTGTCCTTCACCACA-3’; and

Rat  TRPVI: forward 5-CAGCGAGTTCAAAGACCCAGAGAC-3’ and reverse 5- GGAGCAGA

GCGATGGTGTCATTC-3".

The 22" method was used to calculate the normalized gene expression compared with that of GAPDH. All
reactions were performed in triplicate.

Western Blot Analysis

To conduct Western blot analysis, the total proteins harvested from DRGs were separated using SDS-PAGE and then
transferred onto polyvinylidene difluoride membranes (0.45 pm, Millipore, Bedford, MA, USA). Subsequently, the target
proteins were incubated with primary antibodies against the CGRP of rats (dilution 1:600, Cat. No. AF6495; Beyotime
Biotechnology Inc., Shanghai, China), substance P (SP) of rats (dilution 1:1000, Cat. No. abs110423; Absin Inc.,
Shanghai, China), TRPV-1 of rats (dilution 1:1000, Cat. No. AF8250; Beyotime Biotechnology, Shanghai, China), and -
actin at 4°C overnight. The proteins were then incubated with an HRP-conjugated secondary antibody at room
temperature for 1 h, and the bands were visualized using chemiluminescence (Millipore, Bedford, MA, USA). Images
were analyzed using Fusion FX7 (Vilber Lourmat, Marne-la-Vallée, France).

Histology and Immunohistochemistry

For hematoxylin and eosin (H&E) staining and immunohistochemistry (IHC), immediately after harvesting, the DRGs
were fixed with 4% paraformaldehyde for 24-48 hours. The IVD tissue was decalcified for 1 month. After routine
embedding, sectioning, and deparaffinization, the tissue was stained using an H&E staining kit following the manufac-
turer’s protocol (Cat. No. G1004; Servicebio Inc., Wuhan, China).

For THC analysis, the primary TRPV1 antibody (Cat. No. AF8250; Beyotime Biotechnology, Shanghai, China) was
used for incubation, and a specific IHC kit (Bioworld Technology, MO, USA) was used for the entire process. Nuclei
were counterstained with hemalum (FARCO Chemical Supplies, Hong Kong, China). All images were captured using
a digital microscope (Axio; Carl Zeiss, Oberkochen, Germany).

Immunofluorescence

Following our previous protocol, the harvested bilateral DRGs were treated with 4% paraformaldehyde for 24 hours."”
The tissue was then frozen and sectioned into 5-pum-thick slices. The ROS level was detected using dihydroethidium
(DHE, Cat. No. GDP1018; Servicebio, Wuhan, China) following the manufacturer’s instructions. For co-staining of
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myelin and TRPV1, the DRGs were longitudinally sectioned at 5 um and incubated with primary anti-TRPV1 antibody
(Cat No. AF8250; Beyotime Biotechnology Inc., Shanghai, China) at 4°C overnight. Alexa 488 fluorescent antibody
conjugate (Thermo Fisher Scientific, MA, USA) was used for 1 hour. Subsequently, the axons were stained with
FluoroMyelin™ Red Fluorescent Myelin Stain (Cat No. F34652; Thermo Fisher Scientific, MA, USA). Finally, the
fluorescent images were captured using a microscope (Axio, Carl Zeiss, Oberkochen, Germany) and analyzed using
ImageJ software.

Statistical Analyses

Data are expressed as mean + standard deviation (SD), and a two-sided Student’s #-test was performed for comparison
between two groups. For comparison between three groups, one-way ANOVA with post-hoc Tukey’s HSD test was
conducted, and two-way ANOVA with post-hoc Tukey’s HSD test was performed for repeated measurements. Statistical
significance was set at p < 0.05.

Results
Discogenic LBP in Rats with IVD Degeneration

To induce IVD degeneration, an 18-gauge needle was inserted into the lumbar IVDs at levels L4-5 and L5-6, as shown
in Figure la. Fourteen days after disc puncture, the lumbar IVDs showed remarkable destruction and degeneration, with
the disappearance of the bulging nucleus pulposus and disorganized annulus fibrosus compared with the normal IVDs, as
shown in Figure 1b. With the destruction and degeneration of the lumbar IVDs, the rats exhibited significant discogenic
LBP (Figure 1c), manifested as a decreased threshold of mechanical allodynia and an increased threshold of cold
allodynia relative to the sham surgery group. Similar to the behavioral analysis, the pro-algesic peptides SP and CGRP
were significantly upregulated, as shown by semiquantitative analysis of protein and gene expression, further validating
the presence of discogenic LBP in rats (Figure 1d and e).

To detect the ROS level in DRGs, we harvested bilateral DRGs on day 14 and found that the expression of ROS was
significantly increased in DRGs, as indicated by immunofluorescence (IF) and DHE staining (Figure 1f and g). Thus, we
can conclude that IVD puncture caused significant discogenic LBP and excessive ROS expression in DRGs.

Overexpressed ROS in DRGs of Rats with Discogenic LBP

Previous studies have suggested that DRGs play a critical role in mediating discogenic LBP because they are the primary
afferent nodes. After the verification of overexpressed ROS in DRGs, we attempted to determine whether ROS are stimuli
for discogenic LBP in DRGs. After exposure of the bilateral DRGs in rats from the LBP group after disc penetration
(Figure 2a), we performed intra-DRG injection of NAC with a microsyringe, and the results showed that discogenic LBP
significantly decreased since day 7 compared with the puncture-induced LBP group, as depicted in Figure 2b. Meanwhile,
the protein and gene expression levels of SP and CGRP also decreased, as shown in Figure 2¢ and d.

In contrast, if we directly injected H,O, into DRGs of normal rats, the animals showed a similar severity of
discogenic LBP compared with the puncture-induced LBP group (Figure 2¢). The intra-DRG injection of H,O, also
caused a significant increase in SP and CGRP levels, as shown in Figure 2f and g. These data indicate that the
upregulated ROS in DRGs contributed to discogenic LBP in rats.

Excessive Expression of TRPVI in DRGs with ROS Stimulation

To investigate the underlying mechanism of ROS-induced LBP in DRGs, we focused on TRPV1—an important pain-
related ion channel in the nervous system—because the expression of TRPV1 is strongly correlated with afferent pain,
according to a previous study. In rats with LBP, we outlined DRGs and neuron afferent axons with myelin staining (red)
and showed that the TRPV1 protein (green) had a significant increase in the punctured-induced LBP rats and a much
higher expression in the intra-DRG H,0, rats, as shown in Figure 3a. Meanwhile, in the transected DRG tissue
(Figure 3b) with IHC staining, the expression of TRPV1 had a more significant increase than that in the LBP rats.
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Figure | Upregulated ROS in DRGs in a rat model of discogenic LBP. (a) lllustration of needle puncture at lumbar intervertebral discs L4-5 and L5-6 with lateral
radiographic examination and anatomical images. (b) Penetration with an 18-gauge needle resulted in significant intervertebral disc degeneration in histological examination.
(c) The rats showed significant LBP after disc puncture, with increased mechanical and cold allodynia. (d and e) Upregulation of pro-algesic peptides SP and CGRP in DRGs
after disc puncture, as shown by Western blot and qRT-PCR examination. (f, g) Increased expression of ROS in DRGs after disc puncture, as shown by H&E and DHE
staining. (00p<0.01 and coop < 0.001 between the sham-surgery group and the LBP group in pain test. **p < 0.001 in qRT-PCR and western-blot test. n = 5 in each animal
group. The data are shown as the mean + SD. Student’s t-test was used for two-group comparisons. RI, R2, and R3 refer to Rat I, Rat 2, and Rat 3, respectively. Two-way
ANOVA with Tukey’s multiple-comparison test was used for multiple-group comparisons.).
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Figure 2 Upregulated ROS in DRGs result in discogenic LBP. (a) Anatomical illustration of DRGs and spinal cord in rats. (b) The intra-DRG injection of NAC into bilateral DRGs
ameliorated discogenic LBP, manifesting as decreased mechanical and cold allodynia. (c and d) Similarly to behavioral examination, the expression of SP and CGRP significantly decreased
in DRGs after the intra-DRG injection of NAC, as shown by Western blot and qRT-PCR examination. (€) In normal rats, the direct intra-DRG injection of H,O, mimicked discogenic LBP,
as shown by behavioral examination. (fand g) The intra-DRG injection of H,O, in normal rats caused the upregulated gene and protein expression levels of SPand CGRP. (00p<0.01 and
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each animal group. The data are shown as the mean * SD. One-way or two-way ANOVA with Tukey’s multiple-comparison test was used for multiple-group comparisons.).
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Figure 3 ROS induce overexpression of TRPV | in DRGs. (a) The intra-DRG injection of H,O, resulted in excessive expression of the TRPVI channel (green) at axons (red)
of DRGs in rats with LBP, as shown by IF examination. (b) In transected DRGs, there was a significant upregulation of TRPVI in neurons and axons of DRGs when injected
with H,O, into DRGs. (c and d) gRT-PCR and Western blot analysis indicated a significant upregulation of TRPVI at DRGs in the LBP and intra-DRG H,0O; rats. (e and f)
The intra-DRG injection of NAC attenuated the overexpression of TRPV|, as shown by IF and IHC analyses. (g and h) The upregulated gene and protein expression levels of
TRPVI were suppressed when DRGs were inoculated with NAC. (n = 3 for each group. *p < 0.05, **p < 0.0l and ***p < 0.00| between different groups in qRT-PCR and
western-blot test. One-way ANOVA with Tukey’s multiple-comparison test was used for statistical analysis.).

Semiquantitative gene and protein analyses also revealed an increase in TRPV1 in the punctured-induced LBP rats and
intra-DRG H,0, rats, as shown in Figure 3c and d.

Next, we attempted to neutralize ROS with NAC in DRGs, and longitudinal IF and transected IHC staining revealed
the significantly decreased expression of TRPV1, as shown in Figure 3e and f. Furthermore, the intra-DRG injection of
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NAC significantly suppressed the overexpressed gene and protein of TRPV1, as shown in Figure 3g and h. Thus, the
accumulated data suggested that excessive ROS stimulated the expression of TRPV1 in DRGs.

Upregulated TRPVI in DRGs is Responsible for Discogenic LBP

It has been proven that ROS induce the overexpression of TRPV1 in DRGs. Thus, we sought to investigate whether
blocking the function of TRPV1 would alleviate discogenic LBP. After an intra-DRG injection of AMG-9810—an
inhibitor of TRPV1—the severity of discogenic LBP was significantly ameliorated, as suggested by decreased mechan-
ical and cold allodynia (Figure 4a). SP and CGRP levels in DRGs also decreased after intra-DRG treatment with AMG-
9810, as shown in Figure 4b and c. In contrast, activation of TRPV1 in DRGs with capsaicin in normal rats significantly
increased mechanical and cold allodynia and upregulated the expression of SP and CGRP genes and proteins in DRGs, as
shown in Figure 4d—f. Thus, we may conclude that ROS-induced TRPV1 upregulation is responsible for discogenic LBP,
and a schematic illustration of the potential mechanism is shown in Figure 5.

Discussion

Our data suggest that the ROS-induced upregulation of TRPV1 plays a pivotal role in mediating LBP in rats. In the
discogenic LBP rat model, bilateral DRGs at L1-L3 showed a remarkable increase in ROS levels, and when excessive
ROS were neutralized, discogenic LBP was ameliorated. Additionally, excessive ROS stimulated the upregulation of
TRPVI in DRGs, and the TRPV1 channel played a critical role in mediating DRGs. Thus, we may conclude that the
upregulation of ROS in DRGs causes discogenic LBP by stimulating the upregulation of TRPV1 in DRGs.

There is no doubt that DRGs are critical relay stations that connect the peripheral and central nervous systems.
Afferent nerve fibers from various spinal structures, such as facet joints, spinous processes, back muscles, and sacroiliac
joints, are organized in DRGs and maintained within the dorsal horn.>!" The afferent nerve fibers of IVDs are also
organized in DRGs and project to the central nervous system. The lower IVDs are innervated predominantly by upper
DRGs; namely, retrograde tracing methods have suggested that a lower IVD (L5-L6) is innervated predominantly by
upper (L1 and L2) DRG neurons via the sympathetic trunk, as demonstrated by neurotracer Fluoro-Gold.'® When DRGs
are damaged by physical or chemical stimulation, animals show obvious peripheral pain.'® In contrast, in an LBP model,
different kinds of pain-related peptides, metabolites, or proteins increase in DRG neurons.'” Therefore, the role of DRGs
in disc-related pain is critical.

Previous studies have revealed that excessive ROS strongly correlate with LBP and IVD degeneration,’ but there
have been no reports on how degenerated IVDs induce the overexpression of ROS in DRGs. It has been suggested that
injured discs may produce various neural factors, such as nerve growth factor, brain-derived neurotrophic factor, or
serious proinflammatory factors.'®'® Considering that DRGs innervate the IVD with many nerve fibers and additional
fibers would grow into the IVD after degeneration, we speculated that increased neural factors or proinflammatory factors
may cause overexpression of ROS via retrograde transportation in axons.

20 and the elimination of

ROS are involved in many nervous system activities, especially in neuropathic pain,
excessive ROS significantly reduces neuroexcitability and restricts pain-related pathological pain signal transmission.”'
For example, Xu et al demonstrated that upregulated ROS levels resulted in the plasma membrane translocation of PKCg
in rat DRG neurons during neuropathic pain.*? It has also been suggested that ROS could induce neurite outgrowth to
remodel nerve sensitivity.>>** Our results are in accordance with the first mechanism that the upregulation of ROS
induces the overexpression of TRPV1 and that the neutralization of excessive ROS inhibits the expression of TRPV1,
thereby resulting in chronic nerve sensitivity.

TRPV1 is a nonselective cation channel expressed in nociceptors, and it is involved in a variety of physiological and
pathophysiological neural processes.”>*® Previous studies have verified that inhibition of the function or expression of

TRPV1 in DRGs significantly attenuates injury-induced neuropathic pain,?’~*

and clinical trials on TRPV1 antagonists
for pain treatment have progressed remarkably.”® TRPV1-induced hypersensitivity may induce the upregulation of
a series of neural peptides or enhance synaptic transportation.”” In our study, inhibition of TRPV1 with AMG-9810
also resulted in a decrease in SP and CGRP levels, which is in accordance with a previous explanation. Thus, TRPV1

may represent an alternative target for LBP relief.
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Figure 4 Increased TRPV| plays a pivotal role in mediating discogenic LBP. (a) Blocking the function of TRPV| with the intra-DRG injection of AMG-9810, an inhibitor of
TRPVI, significantly attenuated discogenic LBP in rats. (b and c) Inhibition of the function of TRPVI also resulted in decreased SP and CGRP expression. (d) The intra-DRG
injection of capsaicin, an agonist of TRPVI, significantly promoted LBP in normal rats. (e and f) Upregulation of SP and CGRP genes and proteins was found in DRGs when
TRPVI was activated with capsaicin. (00p<0.01 and ooop < 0.001 between the sham-surgery group and the LBP group in pain test; +p < 0.05, ++p < 0.01 and +++p < 0.001
between the LBP group and the LBP + intra-DRG AMG-9810 group in pain test; ## p < 0.01 and ### p < 0.00] and between the sham-surgery group and the intra-DRG
capsaicin group in pain test. *p < 0.05, **p < 0.0] and ***p < 0.001 between different groups in qRT-PCR and western-blot test. n = 5 in each animal group. The data are
shown as the mean * SD. One-way or two-way ANOVA with Tukey’s multiple-comparison test was used for multiple-group comparisons.).
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Figure 5 lllustration of ROS-induced upregulation of TRPVI in DRGs of rats. Schematic illustration of DRG anatomy and potential mechanism.

Treatment of DRGs is an important strategy for alleviating chronic and refractory LBP. In clinical practice, DRG
stimulation has progressed significantly in patients with chronic LBP.*>*' The potential mechanism for DRG stimulation
is that electric fields may have effects on immune modulation, which inhibits the expression of proinflammatory
cytokines.*” In addition, in the study by Richardson et al, the bilateral L1 and L2 DRGs of 12 patients were blocked
using drug cocktail therapy (methylprednisolone 80 mg, clonidine 75 pg, and 0.5% bupivacaine 4 mL), but the
therapeutic effect was controversial.>® Our present results suggest that neutralizing ROS or blocking TRPV1 has
a significant analgesic effect, but further exploratory preclinical research is needed to verify this hypothesis.

However, this study has some limitations. Further cellular investigations are needed to demonstrate how ROS induce
TRPV1 upregulation. In addition, we proved that TRPV1 is a downstream effector protein of ROS in DRGs. The pathological
effects of other potentially important proteins, such as NaV1.7 or Piezo-1, may also contribute to discogenic LBP. Finally, the
long-term pharmacological effectiveness of this novel treatment requires further clinical and research evidence.

In conclusion, increased ROS in DRGs play a primary pathological role in puncture-induced discogenic LBP, and
excessive ROS—induced upregulation of TRPV1 in DRGs is the underlying pathophysiological mechanism that causes
nerve sensitization and discogenic LBP. Therapeutic targeting of ROS or TRPV1 may be a promising method for
discogenic LBP treatment.

Abbreviations
LBP, low back pain; IVD, intervertebral disc; DRG, dorsal root ganglion; ROS, reactive oxygen species; TRPV1,
transient receptor potential vanilloid-1; SP, substance P; CGRP, calcitonin gene related peptide.
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