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Abstract

Background: Oxidative stress indicators affect chronic orofacial pain (COFP), but how
to reduce these effects is uncertain.

Objectives: 11 oxidative stress biomarkers were collected as exposures, while four
forms of COFP were chosen as outcomes for Mendelian randomization (MR) study.
Methods: The effect estimates between oxidative stress and COFP were calculated
using inverse variance-weighted MR (IVW-MR). Then, functional mapping and anno-
tation (FUMA) was utilized in order to carry out SNP-based functional enrichment
analyses. In addition, the IVW-MR method was applied to combine effect estimates
when using genetic variants associated with oxidative stress biomarkers as an instru-
ment for exploring potential druggable targets.

Results: The results indicated that oxidative stress biomarkers (causal OR of uric acid
(UA), 0.998 for myofascial pain, 95% Cl 0.996-1.000, p <.05; and OR of glutathione
transferase (GST), 1.002 for dentoalveolar pain, 95% Cl 1.000-1.003, p <.05) were
significantly linked with the probability of COFP. Functional analysis also demon-
strated that UA and myofascial pain genes were prominent in nitrogen and uracil
metabolism, while GST and dentoalveolar pain genes were enriched in glutathione
metabolism. Also, the study provided evidence that solute carrier family 2 member
9 (SLC2A9) and glutathione S-transferase alpha 2 (GSTA2) cause discomfort in the
myofascial pain (OR=1.003, 95% CI| 1.000-1.006; p <.05) and dentoalveolar region
(OR=1.001, 95% Cl 1.000-1.002; p <.05), respectively.

Conclusions: In conclusion, this MR study indicates that genetically predicted myofas-
cial pain was significantly associated with decreased UA and dentoalveolar pain was
significantly associated with increased GST level. SLC2A9 inhibitor and GSTA2 inhibi-
tor were novel chronic orofacial pain therapies and biomarkers, but clinical trials are
called to examine if these oxidative biomarkers have the protective effect against oro-

facial pain, and further research are needed to explore the underlying mechanisms.
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1 | INTRODUCTION

With a frequency of about 25% of the population, orofacial pain is
one of the most serious pain disorders worldwide, including pain in
the teeth and gums, the muscles, the temporomandibular joint, the
cranial nerves, pain that is similar to primary headaches, and pain
that has no known cause.! Orofacial pain has a mixed pain pheno-
type (nociceptive, neuropathic and neoplastic or dysfunctional pain),
and the mechanism underlying their aetiology and pathogenesis is
not well understood.? Latest research has revealed that because
of the complexity and lack of clarity of the detailed mechanisms
many pains are difficult to identify and treat conditions and become
chronic.® It is estimated that 7%-11% of orofacial pain develops
chronic because of poorly managed acute recurrent orofacial pain.
Patients suffering from orofacial neuropathic pain often do not find
satisfactory alleviation despite the availability of many pain manage-
ment options.’ Since it can affect mood and severely worsen the
patient's quality of life, the management of chronic orofacial pain
is the most important factor in medicine and dentistry. Thus, the
pathophysiology and effective treatment options for chronic orofa-
cial discomfort are still being researched.

There is mounting evidence that one's oxidative stress level
is crucial to health.® Hyperalgesia and allodynia are two painful
conditions that patients experience because of oxidative stress.
This stress can be caused by either an increase in the production
of reactive oxygen species or a decrease in the body's antioxidant
defences.” Recent research has shown that individuals with the
temporomandibular joint disorder (TMD), one of the most com-
mon chronic orofacial pain disorders, have considerably increased
levels of indicators of oxidative stress and a commensurate de-
crease in total antioxidant capacity.® Furthermore, hyperalgesia
and allodynia in orofacial pain have been linked to elevated levels
of prooxidative substances like nitric oxide, lipid peroxidation and
mitophagy.9 A previous study suggested chronic orofacial pain
is significantly influenced by oxidative stress indicators.’® These
indicated that oxidative stress indicators may serve as essential
mediators of chronic orofacial pain. In addition, antioxidant treat-
ment has recently been shown to have new applications in the
prevention and management of chronic orofacial pain patients.
Improved treatment outcomes are discussed, including the use of
dietary changes,'! hyperbaric oxygen therapy? and antioxidative
drugs.’® According to these findings, reducing the harmful effects
of oxidative stress on facial neurons may be an effective treatment
of chronic orofacial pain.

The antioxidant defence system is important for regulating
oxidative stress, including enzymatic and non-enzymatic antiox-
idants. The primary antioxidant systems in the cell are enzymatic
antioxidants, which primarily include glutathione transferase
(GST), catalase (CAT), superoxide dismutase (SOD) and glutathione
peroxidase (GPX).** Non-enzymatic antioxidants include the main
extracellular fluid antioxidant system, glutathione (GSH), vitamins
(such as vitamins A, E and C), uric acid (UA), albumin, total bilirubin
and some metal ions, such as zinc. Above antioxidants have also

been shown to be linked to pain oral facial. In a rat neuropathic
pain model, CAT, GSH and GST levels significantly decreased.!>¢
Additionally, it was demonstrated that GPX decreased in female
rats after stimulating nociceptive pain.t” According to research by
Hae et al,, slice pretreatment with ROS scavengers like SOD or CAT
reduced the nociceptive pain in the orofacial area in a rat model.”
However, CAT, SOD and total antioxidant capacity between TMD
patients and healthy controls did not differ significantly in clinical
studies.'® Following UA injection into the rabbit's temporoman-
dibular joint, hyper-analgesic relief over the craniofacial region
was found.'? Rats' pain thresholds were upregulated along with
a substantial increase in bilirubin in both their cerebrospinal fluid
and serum.?® In dental clinics, zinc is consistently and frequently
used as an analgesic,'! and anecdotal placebo-controlled studies
using tocopherol revealed short-term pain alleviation,?! the results
listed above imply that enzymatic antioxidants and non-enzymatic
antioxidants are involved in the mechanism of chronic pain and
can be exploited as possible therapeutic targets; however, further
clinical validation is required because the majority of research is
done using animal models.

The Mendelian randomization (MR) study is a technique that
analyses the probable causal relationships between environmental
factors and outcomes by employing genetic variants in the role of
instrumental variables (IVs) for those factors.?? This strategy can
reduce the influence of confounding factors and eliminate the re-
verse causation bias. Genetic variants are assumed to be inherited
at random, and alleles are not influenced by diseases. As a result,
in this study, we utilized a two-sample MR analysis to investigate
whether or not oxidative stress biomarkers (enzymatic antioxidants
and non-enzymatic antioxidants) and chronic orofacial pain are as-
sociated with one another. In addition, an investigation was carried
out to determine the possible druggable targets of oxidative stress

on chronic orofacial pain.

2 | MATERIALS AND METHODS
2.1 | Study design

In order to identify the association and possible druggable targets
for oxidative stress indicators in patients with chronic orofacial
pain, a MR design was utilized (Figure 1). A collection of oxida-
tive stress biomarkers included GST, CAT, SOD and GPX, as well
as uric acid (UA), zinc, alpha-tocopherol, ascorbate, retinol, al-
bumin and total bilirubin; chronic orofacial pain included: facial
pains for 3+ months (facial pain), TMD muscular pain linked with
fibromyalgia (myofascial pain), TMD- related pain (temporoman-
dibular joint (TMJ) pain) and mouth/teeth dental problems: painful
gums (dentoalveolar pain). To begin, an MR design was utilized in
order to investigate the potential causes of three distinct types
of chronic orofacial discomfort caused by 11 different oxidative
stress indicators. The following is a list of the MR assumptions:
(1) the single nucleotide polymorphisms (SNPs) from genome-wide
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FIGURE 1 Flow chart of a Mendelian [

randomization study design. Notes: CAT,
catalase; dentoalveolar pain, mouth/

SNP, )
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teeth dental problems: painful gums; facial
pain, Facial pains for 3+ months; GPX,
glutathione peroxidase; GST, glutathione

Exposures
Enzymatic antioxidants: GST, CAT, SOD, GPX

Non-enzymatic antioxidants:UA, ZInc, Tocopherol, Ascorbate, Retinol, Abumin, Total biirubin

S-transferase; IVW-MR, inverse
variance weighted MR; MR, Mendelian
randomization; myofascial pain, TMD
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[ Druggable analysis J

Gene KEGG Genetic variants associated with
ontology pathway oxidative stress biomarkers
analysis analysis i/

association studies (GWAS) applied as instrumental variables (I1Vs)
are related to exposures; (2) the IVs are not associated with the
confounders; and (3) the Vs affect the risk of outcome only by
the exposure. Following that, functional mapping and annotation
(FUMA) was utilized in order to carry out SNP-based functional
enrichment analyses. In addition, the inverse-variance-weighted
(IVW-MR) method was applied in order to combine effect esti-
mates when using genetic variants associated with oxidative
stress biomarkers as an instrument for exploring potential drug-
gable targets in chronic orofacial pain. This was done in order to
determine whether or not these biomarkers could be treated with

medication.

2.2 | Datasets

The available summarized data were obtained from the open da-
tabase (The NHGRI-EBI Catalogue of human genome-wide asso-
ciation studies: https://www.ebi.ac.uk/gwas/, The Finngen GWAS
summary  statistics:  https://www.finngen.fi/en/access_results
and The IEU OPEN GWAS PROJECT: https://gwas.mrcieu.ac.uk/)

[Outcomes:chronic orofacial pian]

(accessed on 1st April 2023). Only the data that were summarized
for the European population were used in this study so that we could
eliminate any potential for bias caused by the heterogeneity of the
population. Table S1 contains a description of the information that is
specific to the GWAS data sets.

2.21 | GWAS summary datasets with oxidative
stress biomarkers

The research of Zhe et al. served as the basis for selecting the 11
oxidative stress biomarkers from the most recent GWAS.Z® Data
of GST, CAT, SOD and GPX were obtained from the INTERVAL
study24; UA data were referred from the UK biobank??; zinc data
were derived from a data set that was established for MR-Base and
was produced by a number of different consortia®®; the information
about tocopherol, ascorbate and albumin was taken from the Twins
UK cohort and the KORA project?’; the data collected on the reti-
nal focused on older people of European descent?®; The Vanderbilt
University Medical Center provided the total bilirubin data that was
used in this study.?’
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2.2.2 | GWAS summary datasets with
chronic orofacial pain

The criteria provided by the International Classification of
Orofacial Pain (ICOP) served as the foundation for the compila-
tion of summary data on chronic orofacial pain. Facial pain, my-
ofascial pain, TMJ pain and dentoalveolar pain were selected as
outcomes.®® The following is a breakdown of the sample sizes for
each category: facial pain (3107 cases and 3403 controls), myofas-
cial pain (2530 cases and 216 262 controls) TMJ pain (8907 cases
and 333592 controls) and dentoalveolar pain (13314 cases and
447799 controls).

2.2.3 | Genetic correlation analysis

Through the use of linkage disequilibrium (LD) score regression,
genetic correlations between oxidative stress biomarkers and the
outcomes of patients with chronic orofacial pain were determined.
It was possible to assess the LD structure of European populations
because to the 1000 Genome Project Phase 3 data. SNPs that had
a minor allele frequency of 0.05 or above were eliminated from the
analysis using a subset of 1000 Genomes and HapMap3 which had
1.1 million variations. Independent SNPs (p<5x107¢, r*<.001, and
distance >10000kb) associated with exposures were acquired.3!
Statistics based on the letter F were utilized in order to look for
weak instrumental variables. Moreover, each and every one of the
included SNPs had an F statistic that was higher than 10. After re-
moving the individuals who had conflicting alleles, the effects of
SNPs, including their values and orientations, were compared and
harmonized across each pair of data sets. The results, including all of

their specifics, are available in the (Table S2).

2.2.4 | Selection of genetic instruments for
potentially druggable genes

We additionally proposed an instrument by selecting SNPs within
100kb windows from target genes for oxidative stress biomarkers
that were significantly associated with chronic orofacial pain at a
genome-wide significance level (p<5x1078) to proxy the expo-
sure of oxidative stress drugs.3? Only common SNPs with MAFs
greater than 1% were considered for inclusion. This was done in
order to further explore the potential causal effects of potentially
druggable genes of oxidative stress biomarkers on chronic orofa-

cial pain.

2.3 | Statistical analysis

The Two-Sample MR package found in the R program, version 4.1.0,
was utilized in order to carry out the processes as follows:

2.3.1 | Primary MR analysis

The IVW model was utilized for most investigations because it
presupposes an intercept value of zero and determines the level
of causality through a fixed-effect meta-analysis. In order to
evaluate the sensitivity of the causal linkages, multiple MR ap-
proaches that are complementary to one another were utilized,
such as the MR-Egger method, the weighted median method and
the weighted mode method. A comparison was made between the
directions and magnitudes of their effect estimations and those of
the IVW (Table $3).3% P-values that were less than .05 was taken
into consideration as possible evidence of a causal connection be-
tween the two variables.

2.3.2 | Sensitivity analysis

MR-Egger regression and Mendelian randomization pleiotropy re-
sidual sum and outlier (MR-PRESSO) analysis was used to assess
the potential horizontal pleiotropy of the SNPs used as instrument
variants. And we examined the possibility of heterogeneity by em-
ploying Cochran's Q test. A significance level of p<.05 suggests
that there is evidence of horizontal pleiotropy.®* The leave-one-
out sensitivity method was utilized in order to ascertain whether
or not a particular genetic locus had an effect on the random
estimates. In addition, scatter plots and funnel plots were con-
structed for the purpose of additional analysis. The condition that
the outcome can only be affected by the exposure-related SNPs
themselves is an essential component of the prerequisite for the
MR technique.

2.4 | Functional enrichment analysis

In the first step of our research, we constructed oxidative stress
biomarker-driven pathways in order to regulate chronic orofacial
pain. We began by performing functional annotation analysis with
FUMA, which was accessed on 1 April 2023. As a criterion for
classifying lead SNPs, we decided to use a threshold of 2 less
than 0.1.%° For the purpose of this study, the LD estimates were
computed using the reference panel from phase 3 of the 1000
genomes project, which consisted of 503 European people. Only
gene-trait relationships that were significant in both the primary
and sensitivity analyses were taken into consideration as probable
causative genes.36 Then, using the Kyoto Encyclopedia of Genes
and Genomes, we found significant Gene Ontology (GO) terms
associated with chronic orofacial pain. These terms included bio-
logical processes, molecular functions, cellular components and
potential pathways (KEGG). For the purposes of the functional
enrichment study, those GO keywords and KEGG pathways were
considered significant if they achieved adjusted p-values of less
than .05.
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3 | RESULTS

In order to identify the association and possible druggable targets
for oxidative stress indicators in patients with chronic orofacial pain,
a MR design was utilized (Figure 1).

3.1 | Causal effect of genetically predicted
oxidative stress biomarkers on chronic orofacial pain

The primary MR results showed there was no significant correla-
tion effect of oxidative stress biomarkers on facial pain (all p>.05)
(Table S3). However, part of the oxidative stress biomarkers was
associated with myofascial pain and dentoalveolar pain (Figure 2).
Genetically predicted UA was associated with low odds myofascial
pain (OR=0.998, 95% Cl 0.996-1.000; p <.05), while GST was asso-
ciated with high odds dentoalveolar pain (OR=1.002, 95% CI 1.000-
1.003; p<.05). The multiple complementary MR methods aligned
in their directions and magnitudes of effects (MR-Egger, weighted
median and weighted mode), providing no evidence for pleiotropy.
Pleiotropy and heterogeneity analyses are shown in Table 1.
None of the MR-Egger intercepts significantly deviated from O, with
p-values of .216 for UA on myofascial pain, and .529 for GST on den-
toalveolar pain. By using the MR-PRESSO test, there is no outliers
were detected, and the magnitude of all these associations persisted
were consistent (OR=0.998, 95% Cl 0.996-1.000 for UA on myofas-
cial pain and OR=1.002, 95% Cl 1.000-1.003 for GST on dentoal-
veolar pain). Cochran's Q statistic indicated low heterogeneity and
more reliability of these SNPs (all p>.05). Furthermore, the findings
of the sensitivity analysis between UA on myofascial pain, and GST
on dentoalveolar pain were consistent (Figure 3). The leave-one-out

sensitivity method is shown in Figures S1 and S2.
3.2 | Construction of oxidative stress-driven
pathways regulating orofacial pain

There were 746 genes shared between UA and myofascial pain

from extensive functional annotation for lead SNPs between UA

and myofascial pain (Table S4). GO enrichment analysis showed
the genes were significantly enriched in Urate metabolic process
(Biological processes), Nucleoplasm part (Cellular component),
Active transmembrane transporter activity (Molecular functions),
and so on. Specifically, Solute carrier family 2 member 9 (SLC2A9)
gene was closely related to the above pathways. KEGG pathways
analysis showed that Maturity-onset diabetes of the young path-
ways and the nitrogen metabolism pathway were related to UA regu-
lation on myofascial pain.

Eight potential associated genes were shared between GST and
dentoalveolar pain (Table S5). GO enrichment analysis showed the
genes were significantly enriched in glutathione metabolic process
(Biological processes), DNA packaging complex details (Cellular
component) and glutathione transferase activity details (Molecular
functions) (Figure 4). KEGG pathways analysis showed four path-
ways relating to oxidative stress regulation, including glutathione
metabolism, drug metabolism-cytochrome P450 and 1 pathway re-
lating to Systemic lupus erythematosus (Figure 4). The associated
pathway to oxidative stress regulation was driven by three genes
(glutathione S-transferase alpha 1 (GSTA1), GSTA2 and glutathione
S-transferase alpha 1 (GSTA5).

3.3 | Causal effect of potentially druggable
genes of oxidative stress biomarkers on
chronic orofacial pain

Table 2 is a description of the information that is available regarding
genetic tools for possible druggable genes. We selected SLC2A9 as
a target gene for UA level. 23 SNPs were chosen from the SLC2A9
gene as potential UA inhibitors (Table S6). We chose the risk genes
that were shared between GST and dentoalveolar pain, and the
GSTA1, GSTA2 and GSTA5 genes are the ones that would be inves-
tigated further. Five SNPs from the GSTA1 gene, seven from the
GSTA2 gene and two from the GSTAS5 gene were chosen as potential
GST accelerators (Table S7).

IVW-MR results found suggestive evidence for the association
between SLC2A9-against UA and the increasing risk of myofascial
pain (OR=1.003, 95% CI 1.000-1.006; p<.05). MR-Egger, weighted

Exposure Outcome N SNPs Method OR (95% ClI) P value
UA Myofascial pain 348 Inverse variance weighted 0.998 (0.996 to 1.000) 0.048 —'—
348 MR Egger 1.000 (0.996 to 1.003) 0.825 ——
348 Weighted median 1.000 (0.996 to 1.003) 0.806 e
348 Weighted mode 0.999 (0.996 to 1.003) 0.711 +
GST dentoalveolar pain 6 Inverse variance weighted 1.002 (1.000 to 1.003) 0.041 +
6 MR Egger 1.001 (0.997 to 1.004) 0.798 —r'—
6 Weighted median 1.001 (1.000 to 1.003) 0.089 ==
6 Weighted mode 1.001 (1.000 to 1.003) 0.150 —'—
0.9]95 1| 1.0|05 1.61 1.0|15

FIGURE 2 Forest plot showing association UA and myofascial pain, and GST and dentoalveolar pain from MR-Egger, weighted median,
inverse variance weighted and weighted mode analyses. Notes: dentoalveolar pain, mouth/teeth dental problems: painful gums; GST,
glutathione S-transferase; myofascial pain, TMD muscular pain linked with fibromyalgia; UA, uric acid.
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TABLE 1 Pleiotropy and heterogeneity analyses of UA and myofascial pain, and GST and dentoalveolar pain.

Heterogeneity analyses

MR-PRESSO

MR-Egger regression

Q_value

Correctp Method

p_intercept Global test p

Intercept

Nsnp

Outcomes

Exposures

0.222

365.809
367.435

MR-Egger

.080

0.186

0.216

-0.004

348

Myofascial pain

UA

0.216

Inverse variance weighted

MR-Egger

0.146
0.178

6.813

.096

0.364

0.529

0.000

Dentoalveolar pain

GST

7.620

Inverse variance weighted

ZHANG ET AL.

Note: dentoalveolar pain, Mouth/teeth dental problems: Painful gums; GST, glutathione S-transferase; myofascoal pain, TMD muscular pain linked with fibromyalgia; UA, uric acid.

median and weighted mode MR methods aligned in their directions
and magnitudes of effects, which further supported a possible dan-
gerous effect of the SLC2A9 gene against myofascial pain (Figure 5).
Also, the primary MR results showed that there was no significant
association effect of GSTA1 and GSTA5 on dentoalveolar pain
(Table S8), while the association between GSTA2-related GST and
the increasing risk of dentoalveolar pain (OR=1.001, 95% Cl 1.000-
1.002; p<.05) was proved by IVW-MR methods (Figure 5).
Furthermore, MR-Egger intercepts indicated no horizontal plei-
otropy, with p-values of .413 for SLC2A9 on TMD pian and .793 for
GSTA2 on dentoalveolar pain (Table 3). By using the MR-PRESSO
test, the significance and magnitude of all these associations per-
sisted were consistent (OR=1.003, 95% CI 1.002-1.005; p <.05 for
SLC2A9 on TMD pain, and OR=1.001, 95% Cl 1.001-1.002; p<.05
for GSTA2 on dentoalveolar pain). Cochran's Q statistic indicated
low heterogeneity and more reliability of these SNPs (all p>.05). The
leave-one-out sensitivity method was shown in Figures S3 and S4.

4 | DISCUSSION

An MR analysis was conducted in the current study to assess the
causative relationships and possible therapeutic targets between 11
oxidative stress biomarkers and 4 chronic orofacial pian. The results
showed that genetically predicted myofascial pain was significantly
associated with lower total UA and dentoalveolar pain was substan-
tially associated with increased GST level. Functional studies also
demonstrated that genes associated with UA and myofascial pain
were considerably enriched in the pathways controlling nitrogen
metabolism and uracil metabolism, while genes associated with
GST and dentoalveolar pain were significantly enriched in the glu-
tathione metabolism. The study also offered suggestive evidence for
a possible protective effect of SLC2A9 inhibition against myofascial
pain and a potential protective effect of GSTA2 antagonist against
dentoalveolar pain. These findings pointed to a possible protective
effect of SLC2A9 inhibition against myofascial pain and a potential
protective effect of GSTA2 antagonist against dentoalveolar pain.
There have been relatively few MR investigations on the topic,
despite the fact that several observational studies have highlighted
the link between oxidative stress and orofacial pain. These MR
studies usually concentrated on antioxidant nutrition, like dried
fruit and 25-hydroxyvitamin D, on chronic pain and only performed
unidirectional MR studies.®”®® This is the first time to comprehen-
sively evaluate the significant associations between 11 oxidative
stress biomarkers and 3 chronic orofacial pian using an MR analy-
sis. Suggestive correlation was found between UA and the risk of
myofascial pain, as well as between GST and the risk of dentoal-
veolar pain. These correlations suggest that chronic orofacial pain
may result from an imbalance between peroxides and antioxidant
defence. A previous study discovered a rare case of gout involving
the temporomandibular joint in a 51-year-old woman, which showed
that UA may be a risk factor for TMD pain.%’ However, under physio-
logical conditions, uric acid can directly remove oxygen free radicals,
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FIGURE 3 Sensitivity analyses on oxidative stress injury biomarkers and the risk of chronic orofacial pain. (A,B) Scatterplots showing
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UA exposure and myofascial pain outcome, and GST exposure and dentoalveolar pain outcome. (C,D) A funnel plot was applied to detect
whether the observed association was along with obvious heterogeneity on UA versus myofascial pain and GST versus dentoalveolar pain.
dentoalveolar pain, mouth/teeth dental problems: painful gums; GST, glutathione S-transferase; myofascial pain, TMD muscular pain linked

with fibromyalgia; UA, uric acid.

peroxides and singlet oxygen from the body, increase the activity of
superoxide dismutase and increase the antioxidant capacity of the
body.40 Itis found that peripheral nerve injury usually leads to abnor-
mal chronic pain, and oxidative stress is an important factor leading
to neuropathic injury.**2 Oxidative stress can activate the calcium/
calmodulin-dependent protein kinase Il (CAMK2/CaMKI|) of gluta-
matergic neurons in the spinal cord, causing the increase of neuro-
pathic hyperalgesia and the expression of proinflammatory factors
in mice.* In addition, it is found that the increase in oxidative stress
can aggravate the pain by increasing the excitability of neurons.*?
Donghoon et. al found that autophagy damage of astrocytes in-
creased the level of oxidative stress in neurons, which may be caused
by the decrease of glutathione level released by astrocytes, and this
process plays an important role in maintaining neuropathic pain.43
Oxidative stress is considered as the inducement of many nervous
system diseases, especially migraine.** The decrease of antioxidant
level will destroy the oxidative balance of migraine patients, which

may trigger migraine attacks by causing neurogenic inflammation.*®
Yasin et al. found that UA level decreased in migraine patients, and
UA was an effective extracellular free radical scavenger‘46 This evi-
dence suggests UA is more likely to play a protective role as an an-
tioxidant agent in the pathogenesis of oxidative stress and orofacial
pain. Recently studies mainly focus on evaluating the effective index
of medicine in the treatment of chronic pain through GST levels. For
example, the natural compounds in Paclitaxel increased the protec-
tive GST levels in the sciatic nerve and spinal cord,47 as well as the
therapeutic effects of Atorvastatin'® and Streptozotocin.*® The fact
that our findings also suggested that GST was associated with an
increased incidence of dentoalveolar pain, while additional epide-
miological research and more focused laboratory investigations are
required to understand the biochemical and chemical biological un-
derpinnings for these correlations.

Functional analyses showed that 746 genes shared between UA
and myofascial pain were significantly enriched in Urate metabolic
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TABLE 2 Information of genetic

. . E
instruments for potential druggable genes. S

SLC2A9

GST

9
TS\ EY

Genetic instruments Outcomes

Twenty-three common SNPs (MAF >1%) in low
linkage disequilibrium (r?<.3), associated
with UA (p<5.0x 1078), located within
+100kb windows from SLC2A9 region

Twenty-three common SNPs (MAF >1%)
in low linkage disequilibrium (r?<.3),
associated with glutathione S-transferase
(p<5.0x1078), located within +100kb
windows from GSTA1, GSTA2 and GSTAS
region

Myofascial pain

Dentoalveolar pain

Note: dentoalveolar pain, Mouth/teeth dental problemds: Painful gums; GST, glutathione
S-transferase; myofascial pain, TMD muscular pain linked with fibromylgia; UA, uric acid.

Exposure Outcome N SNPs Method OR (95% CI) P value
SLC2A9 Myofascial pain 23 Inverse variance weighted 1.003 (1.000 to 1.006) 0.025 ——*—
23 MR Egger 1.006 (0.999 to 1.012) 0.092 —
23 Weighted median 1.004 (1.001 to 1.008) 0.018 =
23 Weighted mode 1.004 (1.000 to 1.009) 0.071 —'—
GSTA2 dentoalveolar pain 7 Inverse variance weighted 1.001 (1.000 to 1.002) 0.027 +
7 MR Egger 1.001 (0.997 to 1.005) 0.743 —r'—
7 Weighted median 1.001 (1.000 to 1.003) 0.041 =
7 Weighted mode 1.001 (1.000 to 1.003) 0.116 —
0.9|95 1I 1.0[05 1.1)1 1.0115

FIGURE 5 Forest plot showing associations between expression of SLC2A9 and GSTA2 for potential druggable genes and the risk of
chronic orofacial pain from [VW-MR analysis. Notes: dentoalveolar pain, mouth/teeth dental problems: painful gums; GST, glutathione S-
transferase; myofascial pain, TMD muscular pain linked with fibromyalgia; UA, uric acid.

process and regulating the nitrogen metabolism pathway. In human
beings, the end product of purines being broken down by the liver,
muscles and intestine is called UA, which maintains the equilibrium
between generation and excretion and necessitates the presence of
specialized transporters in renal proximal tubule cells, intestinal ep-
ithelial cells and vascular smooth muscle cells in order for excretion
to occur.*? A, a by-product of purine metabolism, has been linked to
a variety of human diseases. There is a negative correlation between
illness severity and an elevated blood uric acid level, especially in the
context of cardiovascular disease, which is consistent with the ten-
dency of UA to regulate myofascial pain.50 The production of nitro-
gen speciesis characterized by a series of metabolic events that occur
collectively in the absence of oxygen and lead to the contentious
stimulation of oxidative metabolism.>! A previous study indicated
that UA is produced as a nontoxic soluble vehicle for the elimination
of nitrogen originating from the catabolism of amino acids.>? These
indicated that Urate metabolic process and regulating the nitrogen
metabolism pathway may be a potential mechanism for UA regulat-
ing myofascial pain. Furthermore, GO/KEGG enrichment analysis
showed the genes associated with GST and dentoalveolar pain were
significantly enriched in glutathione metabolic process, glutathione
transferase activity, which was related to oxidative stress regulation.
Maintaining antioxidant defence mechanisms in cells, such as redox
management, signal transduction and gene regulation, which are

disrupted in many disorders, is crucial for maintaining the ratio of

glutathione in the reduced (GSH) and oxidized state (GSSG).>® As an
illustration, decreased GSH metabolism and a low GSH/GSSG ratio
after oxidative stress are linked to mitochondrial dysfunctions and
play a crucial role in the neuroinflammatory and neurodegenerative
processes that go along with neurological disease, which is a puta-
tive explanation of dentoalveolar pain.>*

According to the findings of this study, oxidative stress injury
biomarkers can cause chronic orofacial pain by disrupting several
redox-sensitive signalling pathways, resulting in an imbalance
between pro-oxidant species and antioxidant systems. Thus, we
address the most recent findings in order to identify novel molec-
ular actors and pharmacological agents that could prevent chronic
orofacial pain, which could be translated into novel chronic orofa-
cial pain therapies and biomarkers for patient benefit. The study
found suggestive evidence that SLC2A9 was positively related to
myofascial pain, showing SLC2A9 inhibition could reduce the risk
of myofascial pain. SLC2A9 was shown to transport essentially
UA.>> SLC2A9 constitutive deletion in whole mice causes hyper-
uricemia and hyperuricosuria.’® SLC2A9 is a critical player in renal
UA handling in vivo and a potential target for uricosuric drugs.®”
Previous study selected 195 participants to discover the possible
influencing factors of TMJ pain.58 Moreover, MR investigation
has the potential to overcome the constraints of more conven-
tional forms of epidemiological research, which are observational
studies. In this MR study, the exposure to therapy was estimated
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TABLE 3 Pleiotropy and heterogeneity analyses of expression of SLC2A9 and GSTA2 genes and the risk of chronic orofacial pain.

Heterogeneity analyses

MR-PRESSO

MR-Egger regression

Q_value

Method

Correctp

p_intercept Global test p

Intercept

Nsnp

Outcomes

Exposures

0.998

7.025

MR-Egger

.001

23 -0.029 0.413 0.996

Myofascial pain

SLC2A9

0.998

7.722
1.122
1.199

Inverse variance weighted

MR-Egger

0.952

.003

0.974

0.793

0.000

Dentoalveolar pain

GSTA2

0.977

Inverse variance weighted

Note: dentoalveolar pain, Mouth/teeth dental problems: Painful gums; GST, glutathione S-transferase; myofascial pain, TMD muscular pain linked with fibromyalgia; UA, uric acid.

through the use of genetic variations associated to SLC2A9-
mediated UA as proxies.’® These results provided some evidence
supporting the finding from the largest cohort study for patients
with myofascial pain.59 In the liver, GSTA2, which is a member of
the alpha class of genes, is the glutathione S-transferase that is
expressed at the highest level. The alpha class of these enzymes
not only metabolizes bilirubin and certain anti-cancer medications
in the liver,%° but they also exhibit glutathione peroxidase activ-
ity, which protects the cells from reactive oxygen species and the
products of peroxidation. GSTA2 is a member of glutathione s-
transferase family, which plays an important role in cell antiox-
idant stress. Oxidative stress is related to ischemic injury. Choi
et al. found that GSTA2 has a cell-permeable protein transduction
domain, which can protect cell death by inhibiting the production
of reactive oxygen species (ROS) and DNA damage induced by
oxidative stress. In addition, by constructing an animal model of
ischemia in vivo, it is found that GSTA2 can prevent the loss of
hippocampal neurons and reduce the activation of microglia and
astrocytes. These studies show that GSTA2 can inhibit hippocam-
pal cell death. Therefore, GSTA2 protein may play an important
role in ischemic injury induced by oxidative stress.®! This study ex-
plored that GSTA2 genetic variations associated with dentoalveo-
lar discomfort have been investigated as a potential instrument to
imitate the exposure of GST. In spite of the fact that the findings
suggested that inhibiting GSTA2 would be a potential target for
reducing the risk of dentoalveolar discomfort, additional in vivo
and in vitro investigations need to be done before the hypothesis
can be verified.

This study has several limitations. Firstly, although level of
biomarkers in the blood is a way to analyse the oxidative stress,
there are no available eQTLs for GSTA2 gene from eQTLGen
Consortium, we were unable to investigate the association be-
tween GSTA2 expression in blood and dentoalveolar pain out-
comes. In addition, although there are available eQTLs in blood
for SLC2A9, the top SNP is rs10805346, which appears to have a
less significant relationship to the expression of the genes in the
PhenoScanner and may provide evidence that is less convincing of
the observed association. Secondly, the efficacy of SLC2A9 inhi-
bition and GSTA2 antagonist most likely differs between different
subgroups. However, since the use of summary-level data pre-
vented us from performing subgroup analyses, additional MR re-
search utilizing individual-level data is required in order to provide
additional information of a more specific nature. Thirdly, although
we have undertaken a variety of sensitivity analyses in order to
evaluate the assumptions of the MR study, confounding bias and/
or horizontal pleiotropy cannot be totally ruled out as causes of
the results. Fourthly, the GWAS data that were employed in this
investigation were largely collected from European population an-
cestry; these findings should be regarded with caution when gen-
eralizing to other populations. Hence, additional epidemiological
research and more focused laboratory investigations are needed
to convince evidence linking changes in oxidative stress status to
experiencing chronic orofacial pain.
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In conclusion, this MR study indicates that genetically predicted
myofascial pain was significantly associated with decreased UA and
dentoalveolar pain was significantly associated with increased GST
level. SLC2A9 inhibitor and GSTA2 inhibitor were novel chronic oro-
facial pain therapies and biomarkers, but clinical trials are called to
examine whether these oxidative biomarkers have the protective
effect against orofacial pain, and further research are needed to ex-

plore the underlying mechanisms.
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