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ABSTRACT

Primary headache disorders (PHD), specifically migraine, are strongly associated with temporomandibular
disorders (TMD), sharing some patterns of orofacial pain. Both disorders have significant genetic con-
tributions already studied. PRISMA guidelines were followed to conduct this systematic review, which
comprehensively summarize and discuss the genetic overlap between TMD and PHD to aid future research
in potential therapy targets. This review included eight original articles published between 2015 and 2020,
written in English and related to either TMD and/or PHD. The genes simultaneously assessed in PHD and
TMD studies were COMT, MTHFR, and ESR1. COMT was proved to play a critical role in TMD pathogenesis, as
all studies have concluded about its impact on the occurrence of the disease, although no association with
PHD was found. No proof on the impact of MTHFR gene regulation on either TMD or PHD was found. The
most robust results are concerning the ESR1 gene, which is present in the genetic profile of both clinical
conditions. This novel systematic review highlights not only the need for a clear understanding of the role of
ESR1 and COMT genes in pain pathogenesis, but it also evaluates their potential as a promising therapeutic

target to treat both pathologies.
© 2022Published by Elsevier Ltd on behalf of The Japanese Association for Dental Science. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/
CC_BY_NC_ND_4.0

1. Introduction

Although this condition may affect children and adolescents, its peak
occurrence is between 20 and 50 years old, depending on the spe-

The expression ‘temporomandibular disorders’ (TMD) is an
“umbrella term” that involves alterations of the temporomandibular
joint (TM]), masticatory muscles, and related structures. Among its
most frequent features, we can find limitations in the mandible
motion, regional pain in the face, and the preauricular zone [1]. It
affects up to 31% of the adult population and approximately 11% of
the children [2,3], but only a tiny portion of them seek treatment [4].

cific TMD condition [5,6]. It usually affects more women than men,
with female-to-male ratios between 2:1-8:1 [7-9].

Many of the clinical aspects of these disorders overlap with other
medical conditions in otology, neurology, and psychiatry [10]. In-
deed, TMD and primary headache disorders (PHD), including mi-
graine, cluster headache and tension-type headache, usually cause
similar oral parafunctional behaviors and share some
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analysis; TMD, temporomandibular disorders; TMJ, temporomandibular joint
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pathophysiological mechanisms [11,12]. Both are highly prevalent
and disabling [13-15]. Together, these disorders present a detri-
mental synergistic effect, and the presence of either disorder is
considered a risk factor for the other [16-19], also increasing the
probability of progression to a chronic condition [20-22].

The prevalence of headaches in the population with TMD is about
67%, while in the general population, the prevalence of headaches is
around 46% [23,24]. Besides that, both disorders have a major ge-
netic component associated with the pathophysiological mechan-
isms’ onset [25-27]. Thus, this evidence suggests that common
genes may genetically predispose the development of TMD and PHD.

Gathering this information and knowing the high publication
rate on the genetic of these two disorders lately, we considered it
pertinent to conduct a systematic review comparing the genes in-
volved in each of the referred pathologies in studies published
thereafter. In this sense, we intended to analyze the recent advances
on the genetic profile of PHD and TMD to comprehensively discuss
the potential of overlapping genes to work as a therapeutic target.
This will certainly aid the development of novel diagnostic and/or
monitoring techniques needed to revolutionize the treatment of
both disorders simultaneously in the early stages of these disorders.

2. Methods
2.1. Review guidelines and registration

This systematic review was elaborated following the Preferred
Reporting Items for Systematic Review and Meta-analysis (PRISMA)
guidelines [28]. The study protocol was registered in the PROSPERO
database (CRD42020222922).

2.2. Eligibility criteria

The focused question was defined according to the Population
characteristics, Intervention type, Comparison parameters,
Outcomes and Study design (PICOS) strategy, as presented in Table 1.

Therefore, the following focused questions of this systematic
review were defined as (i) “Is there a genetic overlap between pri-
mary headaches and temporomandibular disorders?” and (ii) “If so,
what are the genetic factors involved?”. In this sense, the eligibility
criteria for the studies to be included were defined accordingly with
PICOS strategy and completed by the criteria described in Table 2.

2.3. Search strategy

A bibliographic search was conducted in three databases:
PubMed, Scopus, and Web of Science, until December 2020. Articles
published between 2015 and 2020 and written in English were se-
lected. The following keywords and MeSH terms were employed in
the search strategy:

i) For genes and pathways associated with PHD: ("primary head-
ache disorder” OR "primary headache disorders” OR "migraine
disorders" OR "tension type headaches" OR "cluster headache")
AND ("genetic analysis” OR “genes”) AND (“human” OR “hu-
mans”) AND (2015/01/01:2020/12/31).

Table 1
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ii) For genes and pathways associated with TMD: ("tempor-
omandibular disorders” OR "temporomandibular disorder" OR
"temporomandibular dysfunction" OR "temporomandibular dys-
functions” OR "craniomandibular dysfunction” OR "cranio-
mandibular dysfunctions” OR "orofacial pain") AND ("genetic
analysis" OR “genes”) AND (“human” OR “humans”) AND (2015/
01/01:2020/12/31).

2.4. Articles selection and data collection

An advanced search was performed using the search terms pre-
viously exposed. Duplicates were manually removed. The title and
abstract of the identified and potentially relevant articles were
submitted to a preliminary evaluation to determine whether they
met the study’s intended purpose. This task was carried out in-
dependently by two authors (DC and MAF) for genes and pathways
associated with PHD, and by (DC and TP) for genes and pathways
associated with TMD. The clinical studies that met the inclusion
criteria were fully analyzed and evaluated for eligibility. Then, other
eligible articles were identified from the reference list of all included
articles (manual screening). Finally, data were extracted and
chronologically organized in Table 3 (PHD) and Table 4 (TMD) among
the full-text selected articles.

2.5. Quality assessment

Two authors (DC and MAF) independently assessed the quality of
the selected articles based on six broad perspectives: selection bias;
study design; cofounders; blinding; data collection method and
withdraws; and dropouts. EPHPP Quality Assessment Tool was used
for randomized controlled trials.

3. Results

From the included studies, a brief description of the study design
and sample is provided, followed by identifying the genes involved
in the pathophysiology of either PHD (Table 3) [29-80] or TMD
(Table 4) [81-107] and their respective pathways. Then, the main
findings and the associated conclusions are reported.

3.1. Articles’ selection

The electronic literature search resulted in 998 articles found for
primary PHD and/or TMD. After duplicates removal, 948 articles
remained. Titles and abstracts were assessed, and 804 articles were
selected for further evaluation. These studies were thoroughly read
and analyzed individually for eligibility, from which 79 articles were
selected and included in this systematic review. Besides the articles
selected from this procedure, a manual search was carried out in the
bibliography of the included studies to identify and retrieve articles
that were not found in the electronic search. This selection process is
described in Fig. 1.

PICOS (population, intervention, comparison, outcomes and study design) strategy applied to the current review.

PICOS Categories Applied Criteria

Population Human patients clinically diagnosed with primary headaches and/or temporomandibular disorders

Intervention Genetic screening/sequencing/characterization

Comparison Healthy patients in whom the genetic study has been carried out that were compared to patients either having temporomandibular disorders and/or
primary headaches

Outcomes Genetic profile of patients with primary headache and/or temporomandibular disorders

Study design Randomized trials, cross-sectional studies, prospective and retrospective studies, case-control and case-studies
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Table 2
Eligibility criteria for this review.
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Inclusion criteria

Exclusion criteria

® (linical studies, case-controls, association study, Genome-wide association studies (GWAS), genetic
expression studies that report genetic involvement in PHD, as migraine, cluster, and tension-type headaches;

® (linical studies, case-controls, association study, GWAS, genetic expression studies that report impairment of
the jaw muscles, TMJ, and the nerves linked to chronic facial pain were included as TMD;

® Studies published from 2015 to 2020;
® Studies written in English.

® Family hemiplegic migraine studies;

® Studies in which specific genes/alleles are not
clearly described;

e Studies that do not refer to the population size.

3.2. Profile of the reviewed studies

Data from the included studies about genes and pathways as-
sociated with PHD and TMD was organized and systematized in
Tables 3 and 4, respectively. The reported outcomes were considered
significant for a significance level of 0.05, and a tendency for im-
provement was indicated as such.

The main features and findings of the 79 selected articles are
systematized in Tables 3 and 4. Of these studies, 65 articles were
case-control studies, being 51 of them related to PHD and 24 related
to TMD. Also, four cohort studies were reviewed, of which three
were related to TMD and one to PHD. Moreover, six genome-wide
association studies (GWAS) studies were included (four PHD and two
TMD studies). Finally, one PHD prospective-observational study was
also revised.

From a genetic point of view, the catechol-O-methyltransferase
(COMT) gene was the most frequent gene being investigated in the
selected period. Indeed, four studies associated with PHD
[29,48,51,66,72] and six studies in TMD patients [81,83,86,89,90]
have reported the role of COMT in the onset/progression of the
disease, resulting in a total of 10 articles. The estrogen receptor 1
(ESR1) gene was also evaluated in six studies (two and four asso-
ciated with PHD [52,56] and TMD [84,87,95,108], respectively). At
last, the methylenetetrahydrofolate reductase (MTHFR) gene was
studied twice, once in each pathology.

3.3. Overview of the included studies

A schematic representation of the collected data using the Venn
diagram is depicted in Fig. 2. This illustration reveals that the re-
viewed studies present a genetic overlap for three specific genes (i.e.,
ESR1, MTHFR, and COMT) in the genetic profile of PHD and TMD
patients. The possibility of these three genes being associated with
the reviewed pathological conditions will be addressed during the
discussion.

3.4. Quality assessment data

Concerning the methodological quality assessment, the
Newcastle-Ottawa Quality Assessment Scale criteria was used to
classify the reviewed studies: (i) a total of 54 studies (npyp =35 and
nmvp = 20) were scored as having a “good quality” (case-control and
three cohort studies), (ii) 15 studies were classified as “fair quality”
(npyp =10 and nqvp = 5), and (iii) nine studies (npyp = 7 and nyp = 2)
were considered to have “poor quality”. The majority of the included
case-control studies presented a weak global rating due to blinding
issues or because of the lack of a selection of controls, whereas some
studies did not report the non-response rate. On the other hand, all
the cohort studies fail in the definition of accurate follow-ups, while
other issues in the selection of the non-exposed cohort and in the
assessment methods of the outcomes were highlighted. These as-
pects should be addressed in future clinical trials in the field to
guarantee transparency and reduce the risk of bias within the re-
levant assessments in each study. The complete quality assessment
data can be consulted in Supplementary Tables 1 and 2.

71

4. Discussion

Unlike monogenic diseases (as in the case of family hemiplegic
migraine in which there is only a gene responsible for the disease),
PHD and TMD behave like complex disorders whose inheritance
cannot be explained by the simple genetic segregation of a single
gene and therefore it is not trivial to identify the associated genetic
cause. Thus, this review reinforces the existence of a network of
genes that interplay with each other, plus the environmental effects,
which ultimately result in the phenotype of these diseases (Fig. 3).

4.1. Evaluation of the genetic overlap between PHD and TMD

After finding the overlap of three genes in the analyzed studies,
the next methodological step was to thoroughly analyze the 19
works that drew conclusions about the impact of MTHFR, COMT or
ESR1 genes in the revised pathologies. MTHFR gene encodes an en-
zyme crucial for Homocysteine metabolism, necessary in the pro-
cessing of vitamin B1, B6, B12, and folate. Some studies have shown
that vitamin supplementation (folate, vitamin B6, and B12), de-
creasing homocysteine concentrations, improves migraine fre-
quencies [109]. For this reason, the MTHFR gene has been highly
investigated as a genetic risk factor for migraine, especially for the
migraine with aura subform. Likewise, the nutritional deficiency of
these vitamins can induce myofascial dysfunction and pain, and
these efficiencies are relatively common in cases of TMD mechanical
stress [110]. Although, for lack of solid evidence, it was concluded
that the MTHFR gene was not linked to either TMD or PHD [41,104].

COMT gene’s polymorphisms were proved to be a major influence
in the studies focused on TMD, as all of them have drawn conclu-
sions of its impact on the occurrence of the disease [81,83,86,89,90].
However, none of the reviewed PHD studies have associated this
gene and the disease [48,51,66,72], except for Fernandez-De-Las-
Pefias et al. (2019) [29], who stated that COMT is associated with a
lower widespread pressure pain thresholds in determined genotypes
of their study population [29].

The most substantial results are definitely the ones concerning
the ESR1 gene. Of the four studies exploring this gene in the TMD,
three of them observed a positive association between the ESR1 gene
and this pathological condition [84,95,108]. Among the two studies
exploring the referred gene in PHD patients, both have stated posi-
tive associations between the ESR1 gene and this pathology [52,56].

None of the revised GWAS has drawn any significant correlation
between the genetic profile that it is sought and PHD and/or TMD
incidence [39,40,79,111].

4.2. Understanding what is the function of the genes that constitute the
genetic overlap between PHD and TMD

The COMT gene encodes an enzyme present in the metabolic
degradation of numerous neurotransmitters, such as dopamine,
norepinephrine, or epinephrine [112]. It is a primarily studied gene
alongside the literature, considered as a potential genetic determi-
nant in chronic pain syndromes. Distinct polymorphisms determine
COMT activity, but the most investigated one is definitely the rs4680
[113]. In fact, the extracted data allow us to understand that, among
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Fig. 1. Flowchart from PRISMA (Preferred reporting items for systematic reviews and meta-analyses) method depicting the articles’ selection process.

Adapted from [21].

the 11 studies that explored the COMT gene expression, the rs4689
(Vall158Met) polymorphism was searched seven times
[29,48,51,66,83,86,90], confirming the upwards information.

Primary Headache

The ESR1 gene is responsible for encoding the estrogen receptor
alpha, which regulates numerous physiological activities such as cell
growth, reproduction, differentiation, and development. The

T™MD

ENPP1
NR3C1

Mmpy RXP2
“MMP2
CrOM 1 TRPV1 o RANK  EsR2  ACTNS3
RAMP1 CYP1A1 ADCYAPIR1 GFRAL DDWR  ankki TNF-B
clock  DBH DAO GABRE /..o \spa Le17a
LRP1 MTDH  C70rf10 SRR GSTM1 IL-1Ra
FSHR VP a TNF-a
ATPIA2 _5-HTR2C ~GABRR2 | oo
GRIA3 CD40  cHRNA3 GSTTl  pMMP1 FGF10 ESRRB
ASTN2 DLG2 e
e U el DKK-1 SMAD3
ENSGO0000286749  acsis comt /DKK-1 ANKH
GABRA4 NBEA DRD2
SRANATS TNFSF10 GABRQ HIF-1a sHTT ADRB2
FHLS
ol ADARB1 NRP1 / rank 80P — )
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CYP19A1 PTX(;R'AI MRAS

Fig. 2. Schematization of the collected data - Venn Diagram of the included genes of both Primary Headaches and Temporomandibular Disfunction.
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- FOXA1
oo}
-4

—

s Databases —— Experiments
wmmes Textming e (Gene neighborhood
== Co-expression mesessssss Gene fusion

s Protein homology mmmssm——— (Sene cCO-OCCUrrence

Fig. 3. Functional networks of genes and proteins interactions found to have an association between PHD and TMD within this systematic review. To build a functional network
map the MTHFR, ESR1 and COMT genes were analyzed using STRING software. The diverse clusters are colored differently.

intracellular pathway begins with the activation of receptor alpha osteocytes, cartilage tissue [115,116], and in mandibular condylar

and estrogen receptor beta [114]. The estrogen receptor alpha acts as fibrocartilage [117,118]. Besides that, the estrogen receptor alpha is
a regulator of intracellular mediators, being found in intra-articular also highly expressed in the human brain [119], explaining why this

83



D. Cruz, E. Monteiro, M. Pago et al.

gene was a recurrent candidate gene found during the data extrac-
tion. We discovered that ESR1 is one of the keys to the core question
of this systematic review, as it was often observed in the genetic
profile of PHD and TMD patients.

4.3. Hypothesis for the reasons behind this genetic overlap

Regarding the COMT gene, although no significant differences
were found in women suffering from headaches, women with
chronic tension-type headaches carrying the Met/Met genotype for
rs4680 had lower widespread pain thresholds than those carrying
the other genotypes [29]. Pathophysiologically, this makes sense as
the COMT gene codifies the COMT enzyme, which degrades nu-
merous neurotransmitters and is highly associated with chronic pain
syndromes. Nevertheless, this study’s results highlight that the
COMT gene should not be considered as part of the genetic overlap
between PHD and TMD.

Although there are several pathways that TMD and PHD patients
share, the data extracted in the present systematic review only re-
veals one common gene among the genetic profile of these pathol-
ogies, the ESR1 gene. From an epidemiological point of view, both
PHD and TMD incidence is higher among women, and the included
studies showed that this gene is obviously more expressed in this
demographic group [52,56,87].

Estrogen’s role in the occurrence of TMD and PHD has been long
investigated [52,56,84,87,101]. Regarding the TMD, its prevalence
presumes the role of sex hormones, particularly estrogen, in the TM]
alterations through time [9,120]. Indeed, the severity of pain seems
higher in females for many body regions, one of them being the TM]
[121]. Moreover, the menstrual cycle seems to worsen the TMD’s
pain. Its severity in many women has its peak during the phase of
rapid estrogen fluctuations [122]. Corroborating all this information,
we know that either hormone replacement therapy or the use of
hormonal contraceptives is associated with a higher chance of de-
veloping TMD among women [121,122].

The same goes for PHD, as there is evidence that a late luteal
decrease in estrogen is both a trigger [123,124] and an aggravating
factor [125] in the migraine’s pain intensity. There are studies in
which, similarly to the TMD, between 20% and 60% of females report
relation to menstruation [126,127]. The evidence of the estrogen
relationship was strong enough to originate the sub-classification of
Menstrual Migraine credited by the International Classification of
Headache Disorders (ICDH-3) [128].

4.4. Possible pathophysiological relationship between genes and pain

What is the possible pathophysiological relationship between the
results found in this study (i.e., different expressions of the COMT,
MTHFR and ESR1 genes), in patients with various types of headaches
(e.g., migraine, tension-type, trigeminal autonomic cephalalgias) and
pain related to temporomandibular joint pathology? A possible ex-
planation has to do with the most primary afferent nociceptive
neurons that innervate the head and neck region, which are located
in the trigeminal ganglion (TG). Also, the processing of the painful
information of the two entities may also take place in a common
encephalic system [129]. Temporomandibular disorders are also
linked to the V3 branch of the trigeminal system [130].

Clinical evidence suggests that ESR1 expression may be influ-
enced by 17p-estradiol, which activates two types of receptors,
namely ERa and Erp [130]. ERa was found throughout the whole
brain and in several migraine-related structures [130]. In the TG, ERa
was found in the nucleus of neurons where there could be a mod-
ulatory role on the trigeminal neuron function, which is very sen-
sitive to variations in the levels of this hormone [130]. Interestingly,
the number of Era- and Erp-expressing cells are significantly higher
in female TG compared to male TG [130].
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Also, a functional polymorphism (Val158met) of the gene coding
for the COMT has been demonstrated to be associated with pain
regulation in healthy subjects, being also observed in several pain-
processing brain regions, including dorsolateral prefrontal cortex,
posterior parietal cortex, lateral globus pallidus, as well as anterior
and posterior insula [131].

Moreover, MTHFR expression may be different in the pathologies
addressed here, which is reflected in homocysteine plasma con-
centrations, which could elicit an increase of the spontaneous tri-
geminal cell firing, leading to inflammation in the meninges and
dilation of cerebral vessels [132]. These and other data, which re-
quire a more detailed investigation regarding molecular and func-
tional features (for instance, by functional magnetic resonance
imaging) may explain the different but common expression of the
ESR1, COMT and MTHER genes in the studied pathologies.

4.5. Limitations of the study

As previously explained, we decided to narrow the limit to five
years only (i.e., 2015-2020) as this systematic review focus on the
last achievements (after the period of significant publication in the
topic) on the genetic overlap between these two pathologies.
Nevertheless, this could be a limitation, and it would be important
that further studies would enlarge the time frame before 2015,
probably finding other common genes between TMD and PHD. Also,
it could be interesting if future studies could focus on the incidence
and severity of the disease. Taking that into account, in these re-
views, the authors could stratify the findings and deepen the genetic
associations found. Another limitation of most genetic association
studies is the attention given to rare variants with larger effect sizes
and, therefore, the omission of genes with common variants whose
effect sizes fell under significance thresholds.

5. Conclusions

PHD and TMD are extremely complex clinical conditions that
have numerous genes involved in their etiology. The most remark-
able result emerging from the data extracted in this systematic re-
view was the association of the ESR1 gene in both disorders. This is
in complete agreement with the current literature that highlights
the multifactorial role of estrogen, ranging from cellular and genetic
modifications to pain perception. By narrowing the shared pathways
of these disorders and the evidence of common genes involved will
lead to a better understanding of the pathophysiological mechan-
isms and may in the future help in developing better therapeutical
approaches. Recent and forthcoming advances of the 'omics era,
namely genomics, will certainly contribute to further discoveries in
candidate pathways and mechanisms involved in the pathophy-
siology of these two diseases.
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