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SUMMARY:

El dolor es una parte integral de la practica odontoldgica y médica actual, y siempre es
necesario entenderlo para tratarlo de la mejor manera posible.

El dolor puede ser nociceptivo o neuropatico; también puede definirse como agudo o crénico,
asociado a la inflamacion. Para entender el dolor, es necesario comprender la respuesta
inflamatoria.

Pueden describirse dos tipos diferentes de dolor orofacial: dolor relacionado con los dientes o
dolor no relacionado con los dientes. La odontologia se centrara en el dolor orofacial; de
hecho, es necesario estudiar los mecanismos y qué proteinas o moléculas estan implicadas.
Las citoquinas y el dolor orofacial estan estrechamente relacionados con la respuesta
inflamatoria.

Las citoquinas son proteinas implicadas en la inflamacion que van a intervenir en los lugares
de las lesiones, patologias o zonas dolorosas. Ante un estimulo doloroso, tendremos una
respuesta inflamatoria. Se han descrito dos tipos de citoquinas, que pueden tener funciones
pro o anti-inflamatorias. Trabajan conjuntamente en los focos de la inflamacion.

Forman parte de una compleja maquinaria que funciona como un todo en respuesta a la
inflamacion, el dolor o el dafio tisular. Las citoquinas se activan en respuesta a un estimulo y
se reclutan y producen en el lugar de la lesién. Su implicacion se ha descrito en el trastorno
temporo-mandibular, la caries dental, la pulpitis, la artrosis y muchas mas patologias
orofaciales que producen dolor. Cada tipo de citoquina se reclutard en funcién de la
afectacion. Trabajan en equipo. En el caso de una sobreproduccion de estas tltimas,
tendremos una inflamacion de larga duracion. En esta situacion, en lugar de tener las
funciones restauradoras habituales, podrian dafiar los 6rganos. Deberian investigarse mas a

fondo para que sirvan de herramienta diagnoéstica y terapéutica.



ABSTRACT

Pain is an integral part of today's dental and medical practice, and there is always a need to
understand it to treat it in the best way possible.

Pain can be nociceptive or neuropathic; it can also be defined as acute or chronic, associated
with inflammation. In order to understand pain, there is the need to understand the
inflammatory response.

Two different orofacial pain types can be described: pain related to teeth or pain unrelated to
teeth. The dentistry focus will be on orofacial pain; indeed, it is necessary to study the
mechanisms and what proteins or molecules are involved. Cytokines and orofacial pain are
closely linked to the inflammatory response.

Cytokines are proteins involved in inflammation that will be intervening at sites of injuries,
pathologies, or painful areas. In response to a painful stimulus, we will have an inflammatory
response. Two types of cytokines have been described, which can have either have pro- or
anti-inflammatory functions. They will work together on inflammation sites.

They are part of a complex machinery that works as a whole in response to inflammation,
pain or tissue damage. Cytokines are activated in response to a stimulus and will be recruited
and produced at the injury site. Their involvement has been described in Temporo-
mandibular disorder, dental caries, pulpitis, osteoarthritis and many more orofacial
pathologies producing pain. Each type of cytokine will be recruited depending on the
affectation. They work as a team. In the case of an overproduction of the latter, we will have
a long-lasting inflammation. In this situation, instead of having the usual restoring functions,
they could damage organs. They should be further investigated to serve as a diagnostic and

therapeutic tool.



ABREVIATIONS :
High-threshold mechanoreceptors (HTM), Polymodal nociceptors (PMN), Osteoarthritis

(OA), Neuropathic orofacial pain (NOP), Temporo-mandibular joint (TMJ), Temporo-

mandibular disorder (TMD), Central nervous system (CNS), Peripheral nervous system
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1 Introduction:

This essay will focus on the relationship between cytokines and orofacial pain, particularly
how cytokines modulate orofacial pain. In order to explain the link between them, there will
be the need to describe and have complete knowledge of each of them separately. With the
aim of understanding the relationship between cytokines and orofacial pain, it will be
necessary to describe the pain pathways and their origins in order to link them to cytokines.
The acute inflammatory process can be linked to pain, redness, loss of function, swelling and
heat. Inflammation is not necessarily acute it can also be silent or also known as chronic. In
response to a stimulus, the inflammatory process could take place in different structures of
our bodies, for example in cartilage, bone, skin, ligaments, joints, muscle or teeth.

We can encounter different types of pain, being acute, chronic, inflammatory, arthritis,
neuropathic and nociceptive that will all be preceded by an inflammation process. (1)

These types of pain may course with allodynia which is caused by a stimulus that in normal
condition will not produce pain and hyperalgesia which is a greater sensitivity to pain. One or
the other is reversible with the elimination of the painful stimulus. (2)

Orofacial pain is mostly described as having a link to trigeminal nerve injury or with orofacial
inflammation. The pain can be either acute or chronic they will produce different pain
syndromes like arthritis, fibromyalgia, back and neck pain, migraine. (1) (3)

Pain can be found in different sorts but more specifically as neuropathic pain, nociceptive or
inflammatory pain. (4)

Orofacial pain comprises pain triggered in the oral cavity, face, neck, trigeminal nerve, and
temporomandibular disorders (TMD), which is the main common orofacial pain. (5)
Disregarding the origin and type of pain the emergence is the inflammatory process, for our

system to inform about a potential o real damage and to take any action to solve and cure it.



It will require the intervention of basic mechanism which includes neurons, more specifically
type Ad and group C, action potential, synaptic transmission. (1)(4)
Regarding the type Ad and C neurons, they are sensory neurons, they are located peripherally
and they will respond to a thermal, mechanical, and chemical stimulus. (6)
Cytokines are small proteins that play an important role in pain, inflammatory diseases and
also tumor necrosis. They have different forms of actions through receptors to act on the
regulation of cell growth, maturation or cell response. (4) Cytokines are produced by different
cells of our body that have immune or non-immune activity. We can find them under different
names such as chemokines, interleukins (ILs) or interferons (IFNs). (4) Cytokines will have a
different response according to the inflammatory stimulus. (4)
Cytokines are based on immune response, which is what this essay will be focusing more
specifically on their response to orofacial pain.
We can find cytokines that are mediators of innate immunity:

- TNF-a,

- IL-1,

- IL-10,

- IL-12,

- INF-a
and mediators of adaptive immunity:

- IL-2

- IL-4

- IL-5

- TGF-b

- IL-10



There are also mediators of hematopoiesis (granulocyte, macrophages).

They are defined more commonly as pro-inflammatory or anti-inflammatory cytokines. (7)
Cytokines can be differentiated as pro-inflammatory that will induce and enhance the
inflammatory response or anti-inflammatory that can diminish inflammation and trigger the
healing process. In the pro-inflammatory cytokines, we will find the TFN-a, IL-6 and IL-1b,
IL-23, IL-17, IL-2, CCL2 that are associated with hyperalgesia. (3)(5)(8) In the anti-
inflammatory we can find the IL-4, IL-10, IL-13. We will take into consideration that some

cytokines can be either pro or anti-inflammatory, for example IL-6. (3)(9)(10)

2 Objectives:
The main objective of this essay is:

- To understand the relationship between cytokines and orofacial pain
The secondary objectives are:

- To understand the physiology of orofacial pain.

- To understand the functioning of cytokines.

- To understand why cytokines are important for dental pathology.
In the intention to describe and understand the involvement of cytokines in orofacial pain.
This essay will be subdivided into different parts in order to first understand pain itself and to
be able to focus and gain knowledge and understanding of orofacial pain. Cytokines need to
be described and separated depending on their subgroups, either as pro-inflammatory or anti-
inflammatory or the one that combines both functions. We will center our attention on the

main cytokines involved in inflammation, pain, tissue regeneration.



As an opening, we will review how cytokines in this day and age are used in orofacial pain
management. On account of most of the studies found the experiences were performed on

mice or rats, further investigations should apply today’s knowledge to a human being.

3 Materials & Methods:

To perform this essay, I based my research on scientific articles, scientific books and formerly
conducted studies. I used different websites to find information and studies supporting my
subject. Of those websites I searched articles on:

- Cochrane, https://www.cochranelibrary.com

- PubMed, https://pubmed.ncbi.nlm.nih.gov

- Medline, https://www.nlm.nih.gov

- Crai library (UEM), https://web-uem.bibliocrai.universidadeuropea.es/recursos-

digitales/bases-de-datos

- Google Scholar, https://scholar.google.com

On different days specific keywords were used in order to educate myself on this precise
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subject. Keywords chosen were “cytokines and pain”, “cytokines”, “orofacial pain”,
“cytokines and orofacial pain”, “physiology of pain”, “periodontitis”, “trigeminal nucleus”,
“osteoarthritis” (OA), “pulpitis and cytokines”. My criteria of exclusion were any articles
published before 2005 regarding "physiology of pain", all the other keywords were only
selected from 2000 to the present time. As inclusion criteria, the two languages selected were
English and French.

Using the keyword “cytokines pain” we found 5,660 results out of which only 3 articles were

selected, as inclusion criteria: language French or English and as time laps from 2010 to 2021.

While information was gathered from each article, the research was also focused on the



articles used and cited by the authors. Some of the following journals have been distinguished
as having a potentially significant outcome for this review: International Journal of Molecular
Sciences, Journal of pain research, Journal of Neuroinflammation, Journal of Oral Science,
The Journal of Headache and Pain, British Journal of Anesthesia, Progress in Neuro-
Psychopharmacology & Biological Psychiatry, The journal Cytokine, International Journal of

Oral Science.

4 Discussion
This essay will be divided into several parts to be able to answer our main objective which is:

to understand the relationship between cytokines and orofacial pain.
4.1 Pain

4.1.1 Physiology of pain

Pain has been described before by many. It will be perceived as an undesirable feeling coming
from physical and psychological response to an injury, for example, bruise, cut, burn, hit, and
so on; as an important type of pain for our study nerve injury should be integrated. (11)
Physical pain can be divided into two types nociceptive or neuropathic pain. The main
purpose of the painful response is to either hinder or stop the damages that are taking place at
a certain moment in a very specific part of our bodies, for example when taking our hands off
a burning element the pain is produced by the sensation of extreme heat at the level of the
hand. (4) Guidelines, definitions and descriptions of pain have been cited by the International
Association for the Study of Pain (IASP), used by many references and articles in their

descriptions of pain. (4)



Pain can be defined as acute or chronic, it will depend on the stimulus, whether it is
continuous or not, on the duration of it, and the intensity. (12) Each and every stimulus will
lead to pain perception produced by a painful stimulus that will or will not last in time. (12)
We individualized the type of pain more precisely depending on if it is considered as acute or
chronic; explaining these differences will be more focused in our case on how orofacial pain
is differentiated between those concepts. (13) This means that for example acute pain will be
more linked to tooth pain for example caries, pulp inflammation, periodontal disease (except
chronic periodontitis). (13) Regarding chronic pain we will do the acknowledgment of
muscle pain, muscle dysplasia, Temporo-mandibular disorders TMD, masticatory disorder,
nerve injury and neck pain. (13)

Pain in its pathological meaning will be outlined by an extreme response to a low pain
threshold to a noxious stimulus and it will be considered as neuropathic or inflammatory pain.
(14)

The painful stimulus will gather two specific types of fiber: Ao fibers and C fibers. They will
be activated by nociceptors which remain silent in the absence of a stimulus. (4) The fibers
are also established as axons which can be differentiated into myelinated or unmyelinated. (4)
The Ao are myelinated axons expressed as fast-conducting fibers, they will be mobilized by
heat and mechanoreceptors. (12) On the other hand C fibers are non-myelinated fibers thus
slow-conducting and will have a reduced field to receive painful impulses. (12)(6)

Pain will use different pathways to create a correct interpretation by the nervous system, we
will find many receptors for pain. This essay will be focused on nociceptors which are
activated by painful stimulus in response to actual or hypothetical harm. (4) Several types of

nociceptors can be encountered; there is two main groups which will include other subgroups



of receptors, first the high-threshold mechanoreceptors (HTM) and second the polymodal
nociceptors (PMN) which include cytokines.

The PMN will acknowledge any inputs related to tissue-damaging injuries. (11) We can find
the nociceptors in the skin, joints and viscera, they will be encountered in fluctuating amounts
depending on their location. (12)

Generally pain pathway follows a certain order, the information sent from the epidermis or
dermis will transmit through motor neurons the information to the brain and spinal cord,
which then will create an adequate response. (4)

The basic mechanisms of pain will include three main events, transduction, transmission and
modulation, those three mechanisms will be activated in the presence of a noxious stimulus.
(4) In the description of the physiology of pain, we should also describe the types of pain and
what they might be associated to. (4) Pain physiology is including many participants as the
central nervous system (CNS), peripheral nervous system (PNS), neurons, axons (Group A
and C), action potential, synaptic transmission. (4) The CNS and PNS are both included in the
machinery of pain. Neurons are the first components that will link and transmit the
information to the PNS and CNS. (4) Concerning which neurons, the sensory will receive the
information from the skin and tissue and the motor will obtain the response from the brain
and create a response. (4)

The axons which are also nerve fibers are the main conducting channel, they will conduct
action potentials. (4) The interesting axons in the case of pain are type Ad for thermal and
mechanical nociceptors and Type C for carrying nociceptive information. (4) The action
potential will create the synaptic transmission which will allow the release of their content

into the neurotransmitters. (4)



Concerning the type of pain nociceptive pain is a response to a potentially harmful stimulus,
when activated we will observe the recruitment of Ad fibers and C fibers. (4) Whereas
neuropathic pain is closely related to a nerve injury, which is often related as allodynia. A
stimulus provoking pain when it is not supposed to is described as allodynia. (4)
Inflammatory pain can be classified into acute or chronic and it is a natural response to an

harmful stimulus so the body can engage a reparative response. (4)(15)

4.1.2 Orofacial pain

Orofacial pain has been defined by many, in different scientific and medical fields. This essay
will focus on the definition given by the American Academy of Orofacial Pain (AAOP) they
interpret it as "pain conditions that are associated with the hard and soft tissues of the head,
face, neck, and all the intraoral structures". (16)

Orofacial pain can be first differentiated as dental-related or non-dental-related. In the case
that it is dentally related it can be originated from different conditions: long-term tooth
clenching, caries, fracture, demineralization, pulpar, trauma, tooth-wear, periodontal
pathologies, pericoronitis, cracked tooth syndrome. (5)(17) In comparison non-dental related
could be any pain related to facial muscle including masseter, sternocleidomastoid muscle,
temporalis muscle, orbicularis oculi and the buccinator, nerve injury, headache, Temporo-
mandibular disorders (TMD), mucosal, sino-nasal, salivary gland disease, idiopathic facial
pain, myofascial pain, headache, fibromyalgia. (5)(17)

Neuropathic orofacial pain (NOP) can occur due to many pathologies such as infections that
can be from either virus or bacteria, nerve injury, dental pain or disorders including
periodontal diseases. (15) NOP can be associated with pathology normally painful or from a

non-painful stimulus. (15)



To understand neuropathic pain there is the need to have a further look at the pathway.
Neuropathic pain is yet to be fully understand but it is transcribed as stimuli coming from a
site of injury or not. (15) The central nervous system plays a key role in neuropathic pain and
we will also have increased stimulus at the neuronal level. (5)(17)

TMD pain is the most common and known orofacial pain so far it includes myalgia, muscle
pain in the jaw, pain on palpation and can induce reduced mouth opening and headache.
(15)(18)

The orofacial muscle pain includes TMD myalgia with jaw muscle pain that is increased by
function, pain on palpation, pain referral, restricted mouth opening, and headache. (18)
Orofacial pain can be very limiting in any aspect of the daily habits of people. (18) For
example, headache and limit mouth opening or even myalgia will have a real impact on the
day-to-day habit. (18) It will have an impact on the psychological, physical, social interaction
of the patient, which can also create emotional distress. (18)

Orofacial pain is mostly incapacitating in its chronic form. (18) Chronic is defined as
sustained prolonged pain, which can on a long-term basis create depression, fatigue and
psychological distress as some of those myalgias can have an ectopic origin. (18) In many
studies the fact that women were more inclined to suffer from orofacial pain was supported.
(19)

In the description of orofacial pain we should include another specific type of pain also
known as atypical odontalgia which is a sub-form of idiopathic orofacial pain that will subsist
for a long time, indeed considered as chronic pain. (20) Orofacial pain described as
osteoarthritis (OA) is the most common chronic disease of the joint that leads to pain. (21) In
this study the interest will be focused on the OA of the Temporo-mandibular joint (TMJ)

which is a part of the orofacial area. (21)
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Regarding OA of the TMJ, this type of orofacial pain will be highly related to inflammatory
and anti-inflammatory cytokines, as its sustained action during its degenerative process it will
be producing persistent pain also described as chronic orofacial pain. (21)(22)

Neuropathic orofacial pain (NOP) is considered as a decapacitating pathology, even if the
understanding of this pathology is still at the beginning of the process, it has been recently
discovered that glial cells were involved in NOP. (15)

Concerning the dental field one of the most frequent painful diseases appearing after the
progression of caries into pulpitis, we can also consider periodontitis as painful in its early
stages it is described as the inflammation of the tissues we will in the last part of our

discussion describe how this pathology can be directly linked to cytokines. (23)

4.2 Cytokines

4.2.1 Cytokine classification

In the human body we will be facing two very important types of cytokines the pro-
inflammatory and the anti-inflammatory cytokines. The main purpose of cytokines is to create
an equilibrium between their functions in favor of protecting our human body and immune
system. Cytokines are described as modulators of immunity and are made up of proteins.
Literature has described that they can have either an autocrine, paracrine and endocrine
activity in order to maintain the body in equilibrium. (9)(24) The regulation of the expression
of cytokines will be done by post-transcriptional mechanisms. (25)

Cytokines are emitted in the body in response to a painful, immune or inflammatory stimulus
by neurons, microglia, astrocytes and also T-cells which will trigger a painful stimulus. (26)

In response to this specific stimulus, the cytokines will produce through binding at the

11



membrane receptor a catabolic or anabolic response, mainly in response to mechanical load.
2

Cytokines will be activated and will give a response when the body will be in an imbalanced
state which can be described as inflammation, pain, injury, joint destruction or overload. (21)
Cytokines work as a team depending on the disease or inflammatory process we will have
more predominant behavior as pro- or anti-inflammatory cytokines. (27)

Cytokines have pleiotropic and redundancy properties, meaning they can produce different
actions on different targets and also different cytokines can have the same effects on a
different target. Cytokines possess synergism and antagonism properties, synergism is defined
as the combined effect of several cytokines on one target and antagonism in the sense that one
cytokine can inhibit the other. (28) Cytokines will bound to the extracellular receptor, those
receptors will play a major role in the transduction of signals and immune response. (28)
Cytokines regulation is occurring at several levels first at the production level, during the
maturation and during cell signaling and bounding to receptors. (29) In the case that we will
be facing a disparity between cytokines, it will lead to an excessive inflammatory response.
(29)

Cytokines are released through several pathways, through classic secretion, exocytosis,
vesicular release. (30) Each cytokine should be studied one by one in order to understand their
pathways of secretion by the cells of the immune system. (30) It appears that their production

and excretion are directly related to the cell type they are produced by. (30)
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4.2.2  Pro-inflammatory or inflammatory cytokines

The pro-inflammatory or also known as inflammatory cytokines are as indicated cytokines of
the inflammation. Inflammatory cytokines have a varying effect and result in the
immunological and inflammation response of the body. Their excessive production during
sustained inflammatory processes could lead to inflammation, fever, tissue destruction, organ
function impairment and in some cases death. (14)

In the pro-inflammatory cytokines the ones described by articles and which are interesting for

our essay are: IL-1p, TNF-a, IL-6, IL-17 and IL-18. (21)

Pro-inflammatory cytokines Functions

IL-1B and TNF-a Pro-inflammatory, will induce proliferation and cell apoptosis.
Increase the cartilage degradation and bone resorption. Stimulate

other cells to produce more pro-inflammatory cytokines.

IL-6 Involved in the immune system. Regulator of acute phase response
and inflammation. Generated from infectious sites. Cytokine

production.

IL-17 Role of host defense in infectious disease and promote inflammatory

processes. Play a role in some types of arthritis.

IL-18 Role in lupus erythematosus, macrophage activation syndrome,
rheumatoid arthritis, Crohn's disease, psoriasis, and graft-versus-host

disease.

Table I: Pro-inflammatory cytokines action (31)(32)

TNF-a presence is observed in most of our body tissues, it is a major pro-inflammatory
cytokine expressed in nociceptive conditions. (33)(21)(34) TNF-a will create sensitization of

the neurons in close relation to the trigeminal ganglion. (33)(21)(34) TNF-a cytokines are

13



discharged by monocytes, macrophages, eosinophils, glial cells, neurons, myocytes; they will
then produce allodynia and have a direct impact on muscles. (24)

IL-1 are pro-inflammatory cytokines emitted by monocytes, macrophages, non-immune-cells
and will give rise to hyperalgesia and sensitization. (24)

IL-6 are considered as both pro-inflammatory and anti-inflammatory cytokines which are
engendered by monocytes, macrophages, eosinophils, glial cells, myocytes. (24) IL-6 will
trigger a powerful inflammatory reaction and also hyperalgesia in the orofacial area and
muscles of the head and neck. (24)

IL-1PB cytokines are most described in scientific literature it is formed of 269 amino acids and
it will be creating a cytosolic precursor protein. (21)(35) IL-1B cytokines have a pleiotropic
action, in other terms in its cascade can produce a different mechanism of action than the one
it is specifically known for. (21) Therefore it is described as having many regulatory effects
on sleep, temperature and homeostasis. (21)(35)

It should be taken into account that one of the most important cytokines is IL-6, known to be
depending on its sub-group either pro-or anti-inflammatory cytokine. (10) Cytokine IL-6 will
indeed play a role in inflammation, infection but also will have a purpose in metabolic
regulation, regenerative and neural processes. (10) Cytokines IL-6 have an important role in
the following type of pain: neuropathic pain, pain from nerve injury, nociceptive and they also

play a role in allodynia and hyperalgesia. (14)
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4.2.3  Anti-inflammatory cytokines

Anti-inflammatory cytokines have the capacity to control and regulate the response of the
pro-inflammatory cytokines, they are considered immunoregulatory. (9) They indeed have a
role in the immune response of the human body inhibiting the synthesis of pro-inflammatory
cytokines. (9)(21) In the anti-inflammatory cytokines we can find the interleukin IL-1
receptor antagonist, IL-4, IL-6, IL-10, IL-11and IL-13. (9)(21) Their fundamental role is to
limit any excessive inflammatory process that could, in the end, result in a tissue injury
caused by the sustained action of the pro-inflammatory cytokines. (9) They have the function
to regulate the pro-inflammatory response but they also can enhance their anti-inflammatory

response. (34)

Anti-inflammatory cytokines Functions

IL-4 Inhibitory effect on the expression and release of pro-inflammatory
cytokines. Able to block or suppress IL-1, TNF-a, IL-6, IL-8 and

other inflammatory proteins. Role in fertility and pregnancy

IL-6 It will decrease the pro-inflammatory cytokines IL-1 and TNF.

Involved in the immune and regenerative system.

IL-10 Role in fertility and pregnancy, immune suppression, play a role in

uncontrolled inflammation.

IL-11 Role in airway diseases

IL-13 Role in airway diseases, regulation of cell-mediated immunity.

Table 2: Anti-inflammatory cytokines actions (9)

The anti-inflammatory cytokines will work as a helper of the virus or bacteria to hide and
escape from the clearance work of the body. (9) In the case of a higher than the normal

number of anti-cytokines present at the site we were to see a profuse inflammation. (9) An
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intense inflammation will engender an unbalance in the body hemostasis and then the body
will not be able to wash away the virus or bacteria. (9)
Regarding the main anti-cytokines, IL-4 is made of 129 amino-acids, their production and

apparition at the site of the injury will be traduced by a protective mechanism. (21)

4.3 The role of cytokines in orofacial pain

This essay describes how cytokines have a role in the day-to-day pathologies and pain felt in
the orofacial area, which is important for us dentists to understand as it is the area we are
focused on.

Further investigation will be necessary as the function and mechanism of cytokines are still
considered as highly complex as it is taking part in a bigger response of our body involving
glial, immune and neuronal activity.

Regarding the pro-inflammatory cytokines IL-1p they are described as having a role inducing
painful feelings and also inflammatory and immune implication. (35) IL-1p action is mainly
understood as intra-cellular signal protein, one of its principal activity will be as pro-
nociceptive mediator inducing painful response. (35) IL-1p has an important role in pain
induction, acute pain, the maintenance of chronic pain for example in nerve injuries. (35) As
described previously, cytokine IL-1p is not only present in the PNS but also found in the
CNS. (35) It has been detailed that it can also be acting in any stage of the regulation of the
inflammatory response either augmenting it or reducing it. (35) IL-1p will operate on the
neuronal and non-neuronal cellular circuit of pain creating more neuronal excitability and
persistent pain. (35) It will subsequently create hyperalgesia and central sensitization which

will explain painful and inflammatory reactions in the body. (35)
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There is a relationship between the immune and the nervous system that will impact the
maintenance or disappearance of neuropathic pain and pro-inflammatory cytokines. (35)

The clinical field has described the role of cytokines in inflammation that to some extent can
lead to pain and other disorders generating pain. (21) In the interesting case of the joint
pathology of the TMJ it can be described as OA. (21) OA is considered as a syndrome that
will induce chronic orofacial pain, located in the TMJ area. In the case of the orofacial area
during the transmission of the signals, they will be activation of IL-1B, TNF-a, IL-6, IL-15,
IL-17 and IL-18 which are part of the pro-inflammatory cytokines. (21) These cytokines will
have an impact on the extra-cellular pathway including the binding of the cytokines and at the
same time it will recruit the necessary molecules regarding inflammation. (21) In further
description of OA and cytokines correlation it has been observed that during the inflammatory
process the chondrocytes, synovial and inflammatory cells of the Temporo-mandibular joint
(TMJ) will in response produce TNF-a in the early onset of the inflammation. (22) The
inflammatory process will activate nociceptors for induction of TMJ pain and in the case that
it is not controlled could lead to tissue damage. (22)

Painful signaling in the orofacial area will, in many occasions, come from the trigeminal
nucleus which is highly related to the trigeminal nerve. (22) The inflammatory process of the
TMJ in the case of OA will create a neuropathic sensitization which in its pathways will
recruit pro-inflammatory cytokines. (22) It has been described that more than one cytokine is
present during the inflammation process, they work as a team. (21) IL-1p involvement in OA
will act as a blockage in the restorative process of hemostasis in the joint because of the
autocrine capacity it will in a cascade manner recruit further pro-inflammatory cytokines such

as TNF-q, IL-6, IL-18. (21)
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Cytokines present in our body are not necessarily active at any given time, but they are
available, they are recruited when a painful stimulus occurs. (36) It is possible that they will
be recruited in a higher number the longer the painful stimulus is present in the body. (36)
Their recruitment will depend on the neuronal sensitization, and their specific threshold. (36)
Is our body sensitive to pain only when it is alert and awake or is it susceptible to weaken up
in the middle of the night by a throbbing pain? The answer is yes. Many have been woken up
by a toothache or other type of orofacial pain because our body is in permanent functioning
trying to stay in an equilibrium state. (17) Sleep is known as a recovery period for the human
body. This is the reason why when lacking sleep the body is more sensitive to exterior
stimulus, it will decrease the efficiency of our immune system directly related to cytokines
(TNF-a, IL-6, IL-5, IL-1B). (17) There is a direct impact of sleep on immunity and vice versa,
lack of sleep will alter cytokine levels, as an inflammatory response to pain will impair sleep.
(17) Further findings should demonstrate the precise role of cytokines on sleep. (17) The
relationship between cytokines and the nociceptors will lead to an over-production of IL-1f3
and indeed create hypersensitivity and increase production of other cytokines during a painful
long-lasting stimulus. (17) The more severe the chronic orofacial pain pathology the higher
the cytokines levels will be in the body, in response to this long-lasting well situated painful
stimulus. (17) The higher the cytokines levels, the more important the sleep disturbance will
be. (17)

As described by investigators, to understand the relationship between orofacial pain and
cytokines, we need to follow the pathways the pain activation will go along with. It is
observed that a painful stimulus will include the action of neurons and glial cells. The route of
transmission will be based on the equilibrium between the excitatory and inhibitory actions of

the neurons. (4)(15)
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Describing orofacial pathology we can focus on nerve damage first. Schwann cells are
responsible for the release in the body of cytokines, and more specifically TNF-a, IL-6, IL-
15. (15) Cytokines have a role in increasing neuronal excitability in their inflammatory
response to painful stimulus as it is oral or coming from other parts in the human body. (15)
In all the orofacial pain model described in the first part we are now going to center our
attention on neuropathic pain. (15) Neuropathic pain is considered as a chronic type of pain
that will at the site of the injury recruit cytokines IL-1B, TNF-a. (15)

It has been highlighted that allodynia and hyperalgesia are mechanisms involving sensory
neurons that will lead to the inflammatory process and then a recruiting of cytokines in their
proceeding. (34) In some cases of inflammation, it will be observed that anti-inflammatory
cytokines will not have a reversing effect on the activity of pro-inflammatory cytokines
recruited at the site of the injury but instead will be magnifying their action. (34)

The immune response is highly related to pro-inflammatory and anti-inflammatory cytokines.
(9) In the case of extreme and lasting injuries, the pathogens have learned to adapt in order to
use our immune response to their advantage. The process of anti-cytokines will create
alterations in the cytokines chain of action, which is particularly relevant in chronic orofacial
pain. In the case that it is misdiagnosed the therapeutic therapy will not produce the expected
response. (9)

Recent studies have established the relationship between pathological pain which includes
neuropathic pain, allodynia, hyperalgesia and inflammatory pain. (14) Inflammatory cytokine
IL-6, which plays an important role as a regulator in our body regarding pain. (14)

In the TMD we need also to include masticatory myofascial pain, as it is related to
neuromuscular function which is directly correlated to cytokines that will do the junction

between the immune and nervous system. (24)
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Describing orofacial pain and cytokines relationship there is the need to observe the pathway
and signal produced in painful situation. (24) When located in the orofacial region, it will
involve the trigeminal ganglion which will transmit the sensory painful information to the
central nervous system. (24)

Pro-inflammatory and anti-inflammatory cytokines work in tandem while occurring pain or
inflammation. The pro-inflammatory cytokines will be in charge of transmission of pain and
inflammation. (24) The anti-inflammatory cytokines will enter into action to restore the
normal function and repair damaged tissue; the level of cytokines will depend on the
implication required depending on the injury. (24)

Orofacial pain, as described in the first part of our discussion, is closely related to allodynia
and hyperalgesia; lateral facial skin will produce allodynia. (52) The pathway followed by the
allodynia process is integrating. Microglia will express cytokines IL-1b; and is induced in
another part of the body -in this case, inflammation of the trapezius muscle; thus is
understood as an ectopic pain. (52) Microglia activation will recruit pro-inflammatory
cytokines that directly coincide what pain pathologies. (52) Orofacial pain is emerging from
inflammatory pain more often located in areas of the face, head and neck. (52)

Concerning orofacial pain headache is the most common orofacial pain encountered in society
nowadays. (37) It has been recently linked that some diseases like the SARS-CoV-2 will have
a relation with the trigeminal nerve ending that will directly recruit more pro-inflammatory
cytokines, at the painful site. (37) There is also a direct link to fever-induced pain as we
know, when fever is present it will recruit pro-inflammatory cytokines in its course of action.
(37)

When describing the actions of IL-6 cytokines, it has been observed that it plays many roles,

for example in our immune system but also as a regenerative agent in bone hemostasis.
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However, the important case of our study is the neural function. The strong implication of IL-
6 in inflammation and chronic pain makes it a marker of pain and should be studied as a
source of possible therapy. (10) Chronic pain also defined by neuropathic pain is a process
produced by lesions in the nervous system, it is observed in many patients presenting or not
any other pathology. (14) IL-6 will play a major role in this type of pain as it is a peripheral
nerve injury and IL-6 is directly recruited for this kind of lesions. (14) IL-6 are recruited in
periodontal disease, oral mucosal inflammation, gingivitis, periodontitis, pulpitis, oral Lichen
planus. (38) Considering inflammatory pain associated with hyperalgesia and distinguished
by the sensitization of our nociceptive neurons. It has been discovered that we will have
recruitment of cytokines, and more specifically IL-1B, TNF-a and IL-6. This supports the
relationship between cytokines and orofacial pain. (14) In further studies regarding
neuropathic pain the trigeminal ganglia involvement should be put under the light, it has been
demonstrated that the closest to the inflammatory process the higher levels of IL-10 will be
encountered. (39) It has also been described that trigeminal neuropathic pain will decrease the
threshold for pain in the orofacial area, it has been then linked that neuropathic pain will
produce an increase of cytokines present in the body. (39)

Maintaining our attention on the trigeminal nerve possible pathologies we will now focus on
trigeminal neuralgia and the involvement in hemifacial spasm. This pathology will produce
painful stimuli in the orofacial area. (40) Cytokines have been studied for their association
long-lasting pain in the neural system. (40)It has been described that their inflammatory
action is capable of inducing a painful sensation, but depending on their action could also
induce analgesia. (40) The production of the opposite effect is the pleiotropic characteristic of

cytokines. (28) The increase of the presence of cytokines concerning trigeminal neuralgia has
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been associated more specifically to IL- 1B, IL-6, IL-8 and TNF-a with a higher
predominance for IL-6. (40)

The cytokines are complex inflammatory actors, to further understand why they would be
pro- or anti-inflammatory, the activating signal, the nature of the produced cytokines, the
timing, their sequence of actions should be taken into consideration. (41)

In today's practice the most predominant pathology seen is dental caries. Dental caries is an
inflammatory disease with a multifactorial etiology, it is produced by an unbalance between
pathological and protective factors. (42)

Pathological factors are bacteria, reduced salivary function and protective factors are proteins,
fluoride, calcium. (42) The evolution of dental caries caused by bacteria will induce the innate
and adaptive immune response. (42) During the immune response there will be the release of
cytokines IL-6, IL-4, IL-1B, TNF-a. (42)

Cytokines will produce a positive effect on the dental tissue. The fact that cytokines have
restoring effects can make us believe that in some situations they will produce a restoration of

the balance after an injury or bacterial invasion. (43)(42)

Centering the last part of our discussion on the real impact and relationship between dental
orofacial pain and cytokines. (23) The most common dental pathology is dental caries, it has
been seen that it can lead to pulpitis in some cases depending on the extent. Dental caries is an
inflammatory disease induced by bacteria. (42) Dental pathology shows similar patterns of
pro-inflammatory cytokine activation. (44) Dental caries will show a significant increase in
IL-1B, IL-2, IL-4 and IL-6 compared to healthy teeth. (44)

Pulpitis is known as one of the most predominant dental diseases that will require an

emergency visit to the dentist due to the intensity of the pain. (23)(16) The apparition of
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pulpitis is directly related to a site of infection of the host. (23)(16) The infection will indeed
result in the production of an inflammatory process triggered by both pain and the immune
response of the host. (23)(16)

Regarding some of the latest findings, the inflammatory cytokines involved in pulp diseases
such as pulpitis, play a role at the starting point of the inflammatory process triggered by the
bacterial invasion of the pulp tissue. (23) Bacterial invasion can also in the case of pulpitis
produce inflammation and tissue damage. Nonetheless, they produce a protective immune
response for the host. Regarding the most prevalent cytokines acting in the case of pulpitis the
presence of IL-1, IL-6, IL-2 IL-1p, IL-8 was recorded. (23) In this case, IL-1 is observed only
in inflamed pulps as IL-2 and IL-6 are seen in both healthy and inflamed pulps. (23)

TNF-a is upregulated in the patient who had caries that lead to pulpitis, they are secreted by
odontoblasts. (45) The cytokines expression could help in the diagnosis of certain dental

diseases through their salivary biomarkers. (23)(45)

Nevertheless, we can find other pathologies in the oral cavity such as periodontal diseases.
Periodontal disease includes gingivitis and periodontitis, one or the other is related to
inflammation of oral tissues. (46)

In the case of gingivitis which is the inflammation of the gingiva, this will result in an
inflammatory response. (42) In the case of this response being amplified it can lead to the
destruction of periodontal tissues or periodontitis. (42)

Periodontitis is an unresolved chronic inflammation of the periodontal tissues. (44)

More specifically chronic periodontitis is an inflammatory disease that will include many
orofacial structures, such as periodontal ligament, gingiva, cementum, and alveolar bone.

(47)(48) The pain expressed while the inflammatory process is taking place is what will in the
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purpose of this essay explain the link between orofacial pain and cytokines which are the
main parts of the inflammatory response. (47)(48) In a patient suffering from periodontitis IL-
1, TNF-a, IL-6 will be detected in their pro-inflammatory forms and will in their action
recruit IL-10 in the long-lasting inflammatory period. (48) Chronic periodontitis is
distinguished by an unbalanced action of the inflammatory cytokines in both innate immunity
and acquired immunity facing this disease. (48) The anti-inflammatory cytokines involved are
IL-35, IL-10 and IL-12. (48)(49) They will have a preservative function and will have a
prominent imbalance with pro-inflammatory cytokines in the specific case of pro-
inflammatory cytokines. (49)

Lastly in our quest to restore masticatory function with implants, the dentist can be confronted
to peri-implantitis which is not necessarily defining an implant failure. (50) Peri-implantitis is
any infection along its course will produce inflammatory response and pain. (50) Similarities
between periodontal diseases and peri-implantitis have been acknowledged as they will both
induce an immune response from the host. (50) The painful feeling that peri-implantitis will
induce can be associated with inflammation of the surrounding soft tissues. (51) The
inflammatory process could create bone destruction when it is maintained for a long period of
time. (51) During the inflammatory response to peri-implantitis, cytokines will have a
damaging action of those we can encounter TNF-a as the most present, I1L-4, IL-10, IL-12.
(50)(51) Their presence will depend on the inflammatory stage of the disease, it is supposed
that after removal of the causing agent their level will return to normal in their dormant
situation. (50)(51) During the prolonged action of TNF-a, IL- 1B, IL-6, the more nociceptors
will be sensitized the longer the painful stimulus and pain sensation around the implant will
last. (51) The study conducted by Tariq Abduljabbar and collaborators in 2013 has reflected

that it has been found before by other scientists that cytokines and the pain described by the
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patient as it is symptomatic or not will boost the presence of cytokines in the salivary
medium. (51) Indeed they found elevated levels in the case of injury as if it is mucosa-related
or bone-related, even nerve damage can be involved. (51) This study is self-limiting because
the cytokines salivary levels will depend on more factors than just the pain experienced by the
patient in response to an inflammatory process. (51) The need for further investigation
regarding how cytokines are expressed depending on the pain felt by the patient remains a
field that needs to be further understood and discovered. (51) Nevertheless, the study
concluded that the cytokines TNF-a, IL- 1P, IL-6 were encountered in significantly higher
levels in a patient presenting peri-implantitis than the patient considered having a healthy
implant healing. (51)

It has been understood before in this essay that dental pain like pulp pathologies pain is not
always described in the exact area as it can be diffused, this is why ectopic pain should be
considered as an important part of inflammatory processes. (52) Microglia is the main
producer of pro-inflammatory cytokines TNF-a, IL- 1B, IL-6 most common inflammatory
cytokines understood and studied so far. (52) It is concluded that there is a positive
relationship between orofacial pain as it is ectopic or localized and the painful process

producing an inflammatory response of the cytokines by the microglia. (52)
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5 Conclusion

Cytokines are closely related to the immune response of the body and also to the
inflammatory response as they can induce or stop it. The understanding of orofacial pain
needs to rely on the understanding of the pain pathway which includes the first stimulus, glia,
neurons, cytokines considered as regulating factors of immunity because all of them will be
described in the orofacial pain disorders and functioning. (15) We can link orofacial pain and
cytokines as they are proteins that will be recruited at the site of the injury. (15)

To this day, the understanding of the relationship between orofacial pain and cytokines is still
unsolved. Because orofacial pain can be very debilitating, we need further investigation to be
able to help the population. It has been discovered in the past years that pain was related
closely to the inflammatory process this is why we need a further investigation that will give
an understanding of this relationship and how it could be developed and used by Science in

order to decrease the pain in the patient suffering from orofacial pain. (53)

6 Limitations & future perspectives:

It was observed along with this work of investigation that writing articles with proper study of
data were time and money-consuming. In the case of this essay, the limitations were the
impossibility of animal study and founding. Studies on animals need to respect the guidelines
of the health institutes of the country concerned. In order to properly realized any study on
animals on humans, it would require a time-lapse of at least 12 months. Cytokines have a
broad way of acting in the body and it will be interesting to study them further in their action
for the management of chronic pain. Cytokines could in the future be used as a diagnostic tool

in the evolution of dental pathologies.

26



Cytokines as receptors from anti-inflammatory pain medication should be considered in the
future in order to reduce the opioid intake in the population and then it could in this way
decrease addiction to opioids that is more and more frequent nowadays. (24)

The option of therapeutic blockage of IL-6 is included in the response to chronic pain.
Chronic pain is for many patients a day to day suffering, and in order to alleviate their pain,

the blockage of IL-6 agents should be explored. (10)

7 RESPONSIBILITY

This bibliographic review gave me a broader view on orofacial pain and all the characteristics
and regions it includes, it was eye-opening on the fact that orofacial pain should not be only
considered as dental pain. In the future, I will be able to diagnose orofacial pain and have the
necessary knowledge to send my patients to the proper specialist that will guide them towards
healing. Reading the latest reviews was vital to understand how much more we still have to
discover about the functioning of the human body, and how pain management can be
improved. I hope that in the future I will be able to prescribe cytokine therapy medications to

my patients as a replacement for opioids in the treatment of pain.
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The Biochemical Origin of Pain: The origin of all Pain is
Inflammation and the Inflammatory Response. PART 2 of 3 -
Inflammatory Profile of Pain Syndromes
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Abstract

Every pain syndrome has an inflammatory profile consisting of the inflammatory mediators that are
present in the pain syndrome. The inflammatory profile may have variations from one person to
another and may have variations in the same person at different times. The key to treatment of Pain
Syndromes is an understanding of their inflammatory profile. Pain syndromes may be treated
medically or surgically. The goal should be inhibition or suppression of production of the
inflammatory mediators and inhibition, suppression or modulation of neuronal afferent and efferent
(motor) transmission. A successful outcome is one that results in less inflammation and thus less
pain. We hereby describe the inflammatory profile for several pain syndromes including arthritis,
back pain, neck pain, fibromyalgia, interstitial cystitis, migraine, neuropathic pain, complex regional
pain syndrome / reflex sympathetic dystrophy (CRPS/RSD), bursitis, shoulder pain and vulvodynia.
These profiles are derived from basic science and clinical research performed in the past by numerous
investigators and will be updated in the future by new technologies such as magnetic resonance
spectroscopy. Our unifying theory or law of pain states: The origin of all pain is inflammation and
the inflammatory response. The biochemical mediators of inflammation include cytokines,
neuropeptides, growth factors and neurotransmitters. Irrespective of the type of pain whether it is
acute or chronic pain, peripheral or central pain, nociceptive or neuropathic pain, the underlying
origin is inflammation and the inflammatory response. Activation of pain receptors, transmission
and modulation of pain signals, neuro plasticity and central sensitization are all one continuum of
inflammation and the inflammatory response. Irrespective of the characteristic of the pain, whether
it is sharp, dull, aching, burning, stabbing, numbing or tingling, all pain arise from inflammation and
the inflammatory response. We are proposing a re-classification and treatment of pain syndromes
based upon their inflammatory profile.
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Pradeep Dinakar, MD, MS, FAAP,*" and Alexandra Marion Stillman, MD*

The pathogenesis of pain sensation includes mechanisms that result in acute or chronic pain.
Pain itself is described as an unpleasant sensory and emotional experience beginning with a
peripheral stimulus that undergoes a physiological process ultimately resulting in the
sensation of pain. Biologists recognize pain to be a common sign of potential tissue damage.
Hence, pain sensation is protective in function. However, pathologic states of pain exist
secondary to disruption of the nociceptive process both peripherally and centrally or secondary
to psychological conditions. It is essential to identify these aberrant states of pain and
distinguish them from situations of potential tissue damage. Chronic pain is defined as pain that
exceeds 3 or 6 months duration. This article is an overview of the essential neuroanatomy and
neurophysiology of normal pain nociception, its clinical implications, and the development of
persistent and pathological pain conditions following improperly or poorly treated pain.
Semin Pediatr Neurol 23:201-208 © 2016 Published by Elsevier Inc.

Epidemiology of Pain

Acute and chronic pain places a significant clinical, economic,
and social burden on the humanity." Pain is the most common
reason for a physician visit. The Institute of Medicine states that
more than a 100 million Americans suffer from chronic pain.”
Lost work-time exceeds 50 million days, and lost productivity
is 61.2 billion dollars per year.” The total direct and indirect
costs of persistent pain is placed at $560-$635 billion annually,
which far exceeds the cost of any of the other 6 major diseases
including cardiovascular ($309 billion), neoplasms ($243
billion), injury and poisoning ($205 billion), endocrine, nutri-
tional, and metabolic ($127 billion), gastrointestinal ($112
billion), and pulmonary ($112 billion) as published by the
National institute of Health (NIH) statistics.” It is also the most
common cause of disability. The comorbidities associated with
pain, add to the burden of patients and families. These include
opioid overuse, misuse, dependence and addiction, depres-
sion, poor social relationships, and financial hardship.
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"Department of Anesthesiology, Brigham and Women's Hospital, Harvard
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Address reprint requests to Pradeep Dinakar, MD, MS, FAAP, Pain Treatment
Service, Department of Anesthesiology, Boston Children'sHospital,
333, Longwood Avenue, Boston, MA 02115. E-mail: Pradeep.dinakar@
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Pediatric pain incidence and prevalence are increasingly
pertinent as there is growing evidence that untreated or
poorly treated pain in childhood predisposes to adult
pain.”® Pain in children not only affects their potential
academically, socially, and physically but also burdens the
family financially with lost parental income. Low back
pain, headaches, and abdominal pain are the most prev-
alent pain complaints in children. In children, the median
1-year incidence is 22.4%, and 1l-month prevalence is
22.9%. Median 1-month prevalence of headache is 47.5%,
abdominal pain 12%, and whole body pain 2.9%."

Process of Nociception

This section reviews the mechanisms that result in acute and
chronic pain. The process by which the unpleasant noxious
stimulus from the periphery is transmitted through the spinal
cord and to various areas of the central nervous system resulting
in the physiological sensation of pain and associated negative
emotional response and memory, ultimately results in the
sensation of pain.

Development of Nociception and Pain
Perception

The widespread view maintained till recently was that the pain
sensation was diminished or even absent in the fetus, newborn,
and infant stage of human development. This was attributed to
the lack of development of the nervous system including the



(‘ frontiers
in Neuroscience

REVIEW
published: 13 November 2019
doi: 10.3389/fnins.2019.01227

OPEN ACCESS

Edited by:

Kazutaka Takahashi,

The University of Chicago,
United States

Reviewed by:

Paul Durham,

Missouri State University,

United States

Jianguo Gu,

The University of Alabama

at Birmingham, United States
Phillip R. Kramer,

Texas A&M University, United States

*Correspondence:
Koichi lwata
Iwata.kouichi@nihon-u.ac.jp

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Perception Science,

a section of the journal
Frontiers in Neuroscience

Received: 16 August 2019
Accepted: 30 October 2019
Published: 13 November 2019

Citation:

Shinoda M, Kubo A, Hayashi Y

and lwata K (2019) Peripheral

and Central Mechanisms of Persistent
Orofacial Pain.

Front. Neurosci. 13:1227.

doi: 10.3389/fnins.2019.01227

Frontiers in Neuroscience | www.frontiersin.org 1

Peripheral and Central Mechanisms
of Persistent Orofacial Pain

Masamichi Shinoda?, Asako Kubo', Yoshinori Hayashi and Koichi Iwata*

Department of Physiology, Nihon University School of Dentistry, Tokyo, Japan

Neuroplastic changes in the neuronal networks involving the trigeminal ganglion (TG),
trigeminal spinal subnucleus caudalis (Vc), and upper cervical spinal cord (C1/C2) are
considered the mechanisms underlying the ectopic orofacial hypersensitivity associated
with trigeminal nerve injury or orofacial inflammation. It has been reported that peripheral
nerve injury causes injury discharges in the TG neurons, and a barrage of action
potentials is generated in TG neurons and conveyed to the Vc and C1/C2 after trigeminal
nerve injury. Long after trigeminal nerve injury, various molecules are produced in the
TG neurons, and these molecules are released from the soma of TG neurons and are
transported to the central and peripheral terminals of TG neurons. These changes within
the TG cause neuroplastic changes in TG neurons and they become sensitized. The
neuronal activity of TG neurons is further accelerated, and Vc and C1/C2 neurons are
also sensitized. In addition to this cascade, non-neuronal glial cells are also involved
in the enhancement of the neuronal activity of TG, Vc, and C1/C2 neurons. Satellite
glial cells and macrophages are activated in the TG after trigeminal nerve injury and
orofacial inflammation. Microglial cells and astrocytes are also activated in the Vc and
C1/C2 regions. It is considered that functional interaction between non-neuronal cells
and neurons in the TG, Ve, and C1/C2 regions is a key mechanism involved in the
enhancement of neuronal excitability after nerve injury or inflammation. In this article,
the detailed mechanisms underlying ectopic orofacial hyperalgesia associated with
trigeminal nerve injury and orofacial inflammation are addressed.

Key pain, tr spinal and upper cervical

spinal cord, satellite cell, glia, Y

INTRODUCTION

Trigeminal nerve injury and orofacial inflammation are known to frequently cause persistent
pain that can spread to adjacent orofacial regions innervated by the uninjured trigeminal nerve
branches. Peripheral and central mechanisms are considered to be involved in the persistent ectopic
orofacial pain associated with trigeminal nerve injury or orofacial inflammation (Imbe et al., 2001).

Abbreviati ATP, ad ine triphosphate; BDNF, brain-derived neurotrophic factor; CCL2, chemokine C-C motif ligand
2; CGRP, calcitonin gene-related peptide; DRG, dorsal root ganglion; ERK, extracellular signal-regulated kinase; FKN,
fractalkine; GFAP, glial fibrillary acidic protein; iNOS, inducible nitric oxide synthase; LIF, leukemia inhibitory factor;
MAPK, mitogen-activated protein kinase; Nav, voltage-gated sodium channel; NGE, nerve growth factor; nNOS, neuronal
nitric oxide synthase; NOS, nitric oxide synthase; RVM, rostro-ventral medulla; SGC, satellite glial cell; SP, substance P;
TG, trigeminal ganglion; TNE, tumor necrosis factor; TNFR, TNF receptor; Vc, trigeminal spinal subnucleus caudalis; Vi,
trigeminal subnucleus interpolaris.
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Abstract: Pain has been considered as a concept of sensation that we feel as a reaction to the stimulus
of our surrounding, putting us in harm’s way and acting as a form of defense mechanism that our
body has permanently installed into its system. However, pain leads to a huge chunk of finances
within the healthcare system with continuous rehabilitation of patients with adverse pain sensations,
which might reduce not only their quality of life but also their productivity at work setting back the
pace of our economy. It may not look like a huge deal but factor in pain as an issue for majority of
us, it becomes an economical burden. Although pain has been researched into and understood by
numerous researches, from its definition, mechanism of action to its inhibition in hopes of finding an
absolute solution for victims of pain, the pathways of pain sensation, neurotransmitters involved in
producing such a sensation are not comprehensively reviewed. Therefore, this review article aims to
put in place a thorough understanding of major pain conditions that we experience—nociceptive,
inflammatory and physiologically dysfunction, such as neuropathic pain and its modulation and
feedback systems. Moreover, the complete mechanism of conduction is compiled within this article,
elucidating understandings from various researches and breakthroughs.

Keywords: pain sensitization; neurotransmitters; nociceptive; inflammatory; neuropathic;
presynaptic and postsynaptic; pain transmission; neurons; synaptic transmission

1. Introduction

Pain is considered to be a human primate instinct and can be defined as a distressing sensation,
as well as an emotional experience that is linked to actual or potential tissue damage, with the sole
purpose of notifying the body’s defence mechanism to react towards a stimulus in order to avoid
further tissue damages. The sensation of pain is associated with the activation of the receptors in
the primary afferent fibers, which is inclusive of the unmyelinated C-fiber and myelinated Ao-fiber.
Both nociceptors remain silent during homeostasis in the absence of pain and are activated when there
is a potential of noxious stimulus. The perception of a series of sensory events is required for the brain
in order to detect pain and produce a response towards the threat. There are generally three main
stages in the perception of pain. The first stage is pain sensitivity, followed by the second stage where
the signals are transmitted from the periphery to the dorsal horn (DH), which is located in the spinal
cord via the peripheral nervous system (PNS). Lastly, the third stage is to perform the transmission of
the signals to the higher brain via the central nervous system (CNS). Typically, there are two routes for
signal transmissions to be conducted: ascending and descending pathways. The pathway that goes

Int. J. Mol. Sci. 2018, 19, 2164; doi:10.3390/ijms19082164 www.mdpi.com/journal/ijms
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Increased levels of intramuscular cytokines @
in patients with jaw muscle pain

S. Louca Jounger'?", N. Christidis', P. Svensson'??, T. List** and M. Emberg'~?

Abstract

temporomandibular disorders (TMD) myalgia.

Background: The aim of this study was to investigate cytokine levels in the masseter muscle, their response to
experimental tooth-clenching and their relation to pain, fatigue and psychological distress in patients with

Methods: Forty women, 20 with TMD myalgia (Diagnostic Criteria for TMD) and 20 age-matched healthy controls
participated. Intramuscular microdialysis was performed to sample masseter muscle cytokines. After 140 min
(baseline), a 20-minute tooth-clenching task was performed (50% of maximal voluntary contraction force). Pain
(Numeric rating scale 0-10) and fatigue (Borg’s Ratings of Perceived Exertion 6-20) were assessed throughout
microdialysis, while pressure-pain thresholds (PPT) were assessed before and after microdialysis. Perceived stress
(PSS-10) and Trait Anxiety (STAI) were assessed before microdialysis.

Results: The levels of IL-6, IL-7, IL-8 and IL-13 were higher in patients than controls (Mann Whitney U-test; P's < 0.
05) during the entire microdialysis. IL-6, IL-8 and IL-13 changed during microdialysis in both groups (Friedman;
P's <0.05), while IL-1B, IL-7 and GM-CSF changed only in patients (P's < 0.01). IL-6 and IL-8 increased in response
to tooth-clenching in both groups (Wilcoxon test; P's < 0.05), while IL-7, IL-13 and TNF increased only in patients
(P's < 0.05). Patients had higher pain and fatigue than controls before and after tooth-clenching (P < 0.001), and
lower PPTs before and after microdialysis (P < 0.05). There were no correlations between cytokine levels, pain or
fatigue. Also, there were no differences in stress or anxiety levels between groups.

Conclusions: In conclusion, the masseter levels of IL-6, IL-7, IL-8 and IL-13 were elevated in patients with TMD
myalgia and increased in response to tooth-clenching. Tooth-clenching increased jaw muscle pain and fatigue, but
without correlations to cytokine levels. This implies that subclinical muscle inflammation may be involved in TMD
myalgia pathophysiology, but that there is no direct cause-relation between inflammation and pain.

L Keywords: Cytokines, Bruxism, Masseter muscle, Myalgia, Temporomandibular disorders (TMD)

Background

Temporomandibular disorders (TMD) are the most
common chronic pain conditions in the orofacial region,
affecting approximately 10-15% of the adult population
[1] and twice as many women as men [2]. The most
common subtype is TMD myalgia with jaw muscle pain
that is increased by function, pain on palpation, pain re-
ferral, restricted mouth opening, and headache [3, 4].
The etiology of TMD and the higher prevalence among
women is not well understood.

* Correspondence: sofia.louca@kise

'Section for Orofacial Pain and Jaw Function, Department of Dental
Medicine, Karolinska Institutet, SE 14104, Huddinge, Sweden

?Scandinavian Center for Orofacial Neurosciences (SCON), Huddinge, Sweden
Full list of author information is available at the end of the article

@ Springer Open

One hypothesis is that excessive tooth-clenching/
grinding might contribute by disturbing the local blood
flow in overloaded muscles, leading to ischemia [5]. Epi-
demiological studies show greater odds of having TMD
myalgia when self-reported tooth-clenching is present
[6-8]. Ischemia releases neuroactive and inflammatory
biomarkers, such as neuropeptides, bradykinin, protons,
serotonin (5-HT), glutamate and cytokines that may
activate and sensitize nociceptors on peripheral sensory
afferents to induce muscle pain and allodynia [9, 10]. Re-
peated muscle activity may then maintain chronic
muscle pain by temporal summation [11]. Previous stud-
ies have shown that intense chewing induced pain and
fatigue in pain-free healthy participants with similar, but

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http/creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made.
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Abstract

Over the past 30 years, the world of pharmaceutical toxicology has seen an explosion in the area of cytokines. An overview of the
many aspects of cytokine safety evaluation currently in progress and evolving strategies for evaluating these important entities was
presented at this symposium. Cytokines play a broad role to help the immune system respond to diseases, and drugs which
modulate their effect have led to some amazing therapies. Cytokines may be “good” when stimulating the immune system to fighta
foreign pathogen or attack tumors. Other “good” cytokine effects include reduction of an immune response, for example
interferon B reduction of neuron inflammation in patients with multiple sclerosis. They may be “bad” when their expression causes
inflammatory diseases, such as the role of tumor necrosis factor o in rheumatoid arthritis or asthma and Crohn’s disease.
Therapeutic modulation of cytokine expression can help the “good” cytokines to generate or quench the immune system and
block the “bad” cytokines to prevent damaging inflammatory events. However, care must be exercised, as some antibody
therapeutics can cause “ugly” cytokine release which can be deadly. Well-designed toxicology studies should incorporate careful
assessment of cytokine modulation that will allow effective therapies to treat unmet needs. This symposium discussed lessons
learned in cytokine toxicology using case studies and suggested future directions.

Keywords
cytokines, biotherapeutics, immunomodulators, cytokine release syndrome, biomarkers

Introduction Therapeutic Cytokine-Blocking Antibodies (Daniel

Cytokine Explosion: Rocking the World of Toxicology Weinstock, Janssen Research and Development)
(Thulasi Ramani and Carol S. Auletta, Huntingdon Life  Introduction to anticytokines therapy

Sciences) Understanding the structure, function, and biology of cytokines
This symposium began with a thorough overview of cytokine is essential for developing a rational strategy to intervene in
biology and a discussion of the role of cytokines in the regu- Ccytokine-mediated disease processes. Knowledge of regulatory
lation of the immune system. Strategies for developing guidance and a case-by-case application to those principles is
cytokine-targeted therapies were presented and included a dis- required for successful development of anticytokine
cussion of regulatory guidelines and preclinical development therapeutics.

strategies. Nonclinical development was discussed further in a Cytokine comes from the Greek root words “cyto” for cell
presentation on safety evaluation of cytokine therapeutics with ~and “kinos” for movement. Cytokines are small proteins
illustrations of translation of preclinical data to the clinic. Sub-

sequent presentations summarized special considerations
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thorough discussion of cytokine release syndrome with sugges-  *Medimmune, Gaithesburg, MD, USA

tions for predicting and managing this adverse immune- ° Bristol Myers Squibb Company, New Brunswick, NJ, USA

modulated reaction. A separate presentation reviewed the .
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Abstract: Nociceptive stimuli to the orofacial region are typically
received by the peripheral terminal of trigeminal ganglion (TG) neurons,
and noxious orofacial information is subsequently conveyed to the trigemi-
nal spinal subnucleus caudalis and the upper cervical spinal cord (C1-C2).
This information is further transmitted to the cortical somatosensory
regions and limbic system via the thalamus, which then leads to the percep-
tion of pain. Itis a wcll-cslabhshed fact that the presence of abnormal pain
in the orofacial region is etiol lly iated with ic

that may occur at any point in the pain transmission pa(hway from lhe
peripheral to the central nervous system (CNS). Recently, several studies
have reported that functional plastic changes in a large number of cells,
including TG neurons, glial cells (satellite cclls mxcroglla and astrocytes),
and i cells (macrophages and Is), contribute to the sen-
sitization and disinhibition of neurons in lhc peripheral and CNS, which
results in orofacial pain hypersensitivity.

Keywords; orofacial pain, spinal trigeminal nucl trigeminal li

upper cervical spinal cord

Introduction

Physiological pain induced by noxious stimuli plays an important role
in the body’s defense mechanism and is essential for supporting several
life processes. Alternatively, chronic pathological pain is induced by non-
noxious stimuli or persistent spontaneous pain hypersensitivity, leading to
the impairment of processes involved in the body’s defense mechanism.
Pathological orofacial pain conditi such as tri | neuralgia, burn-

is similar to that of the spinal dorsal horn, the Ve is also referred to as
the medullary dorsal horn. Pathological plastic changes in the trigeminal
neuronal circuitries lead to orofacial pain hypersensitivity.

Recent studies have demonstrated that neuronal hyperexcitability in the
orofacial pain transmission pathway contributes to persistent orofacial pain
mechanisms following orofacial pathogenesis [4-6]. This pathway extends
from the orofacial region to the pain information-processing region in the
cerebrum and is associated with the pathological plastic changes in satellite
glial cells in the trigeminal ganglion (TG), secondary neurons, microglia,
and astrocytes in the Ve and C1-C2. This review utilizes the latest available
studies to outline the mechanisms behind pain abnormalities that occur in
the orofacial region.

Local pathological changes contribute to nociceptive neuronal
hyperexcitability

Dental pulpitis, periodontitis, and pericoronitis lead to the infiltration of
inflammatory cells along with the release and promotion of several inflam-
matory mediators, such as nerve growth factor (NGF) and tumor necrosis
factor-alpha (TNFa), in inflammatory sites [7,8]. TNFa signaling via TNF
receptor-1 (TNFR-1) and TNF receptor-2 (TNFR-2), which are expressed
in nociceptive endings, sensitize voltage-gated sodium channel 1.8 (Nav
1.8) by activating the protein kinase C, which results in the predisposition
to generate action potentials [9,10]. The transient receptor potential (TRP)
channel superfamily plays an important role in functions associated with
sensing pain [11]. Furthermore, TRP vanilloid 1 (TRPV1) is activated in
the presence of high-temperature conditions (>42°C), low pH, capsaicin,
and vanilloid, while TRPA1 is activated by low temperatures (<15°C) and
in the presence of numerous chemical irritants [12]. Facial inflammation

N 1 q

ing mouth syndrome, myof: | pain synd ,qand p dibular
joint dysfunction, are considered variations of chronic pain, and they can

be addresscd by therapeutic intervention. Nevertheless, several aspects

reg; g the pathogenetic 1 of these variations remain unclear,
and, ¢ quently, a number of cl struggle to control abnormal pain
hypersensitivity.

Orofacial inflammation, trigeminal nerve disturbances, and oral cancer
are known to underlie nociceptive trigeminal neuronal hyperexcitability,
leading to orofacial pain hypersensitivity, which is induced by various
molccular signaling mechanisms that are closely associated with several

1 d from i or glial cells [1,2]. Furthermore, the tri-
g 1 sensory nucl consists of the main trigeminal sensory
nucleus and trigeminal spinal nuclei. The main sensory nucleus receives
information regarding touch, pressure, and vibration from the craniofacial
region. The trig | spinal nucleus is | d caudally to the main tri-
geminal sensory nucleus and receives sensory information from the face
and oral cavity. The ophthalmic, maxillary, and mandibular trigeminal
nerves terminate the trigeminal spinal nucleus, which is essentially divided
into three subnuclei: oralis, interpolaris, and caudalis (Vc). The mandibu-
lar, ophthalmic, and maxillary projections are predominantly located in the
dorsal, ventral, and medial regions of the body, respectively. Nociceptive
input from the orofacial region terminates in the Ve as well as the upper
cervical spinal cord (C1-C2) [3]. Since the cellular organization of the Ve

ps 1
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y the acidity in the inflamed site, which increases
TRPVl expression in nociceptors. TRPV1 activation facilitates the intra-
cellular influx of Ca®", which sensitizes TRPA1, leading to orofacial cold
hypersensitivity [13].

To the contrary, heat hypersensitivity following a facial skin incision is
induced by the sensitization of TRPV1 through protein kinase A signaling
and is facilitated by activating TRPA1 in the TG neurons that innervate the
facial skin surrounding the incision [14]. Alternatively, there is a notable
upregulation of artemin (ATN) mRNA expression, a member of the glial
cell line-derived neurotrophic factor family, in the epithelial cells of tongue
mucosa sampled from patients with burning mouth syndrome [5]. ATN
signal upregulation, facilitated by the phosphorylation of p38 mitogen-
activated protein kinase (MAPK) in the tongue mucosa, produces heat
hypersensitivity in the tongue due to the hyperexpression of TRPV1 in
nociceptors that innervate the tongue [5,15). The p75 neurotrophin recep-
tor (p75™™®) and tyrosine kinase receptor A (TrkA) act as NGF receptors
in the primary nociceptive neurons [16]. NGF signaling via p75™™ and
TrkA which are exprcsscd in nociceptive endings, has been reported to

the d in-resi dium current density and decrease
the threshold potential of Nav 1.8, which is etiologically associated with
inflammatory mechanical allodynia [17,18].

Furthermore, the NGF/TrkA complex is formed after NGF successfully
binds to TrkA at the nociceptor endings and is internalized in the end-
ings to be retrogradely transported to the soma of the primary neuron [19].
Neuronal firing induces NGF secretion into the extracellular space in vitro,
which increases the concentration of NGF in the culture medium [20,21].
Following local orofacial inflammation, NGF secreted from the TG neu-
rons innervating the inflamed site binds to NGF receptors expressed in
other TG . This sub ly leads to an increased expression of
TRPV1 within the intact TG neurons innervating the intact sites, which
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Anti-Inflammatory Cytokines*

Steven M. Opal, MD; and Vera A. DePalo, MD

The anti-inflammatory cytokines are a series of i lat lecules that control the
proinfl tory kine response. Cytolcmes actin  concert with specnfic cytokine inhibitors and
soluble cytokine receptors to regulate the h r Their physiologic role in

inflammation and pathologic role in systemic inflammatory states are increasingly recognized.
Major anti-inflammatory cytokines include interleukin (IL)-1 receptor antagonist, IL-4, IL-6,
IL-10, IL-11, and IL-13. Specific cytokine receptors for IL-1, tumor necrosis factor-a, and IL-18
also function as proinflammatory cytokine inhibitors. The nature of anti-inflammatory cytokines

and soluble cytokine receptors is the focus of this review. The current and future therapeutic uses

IL-lra=1IL-1 receptor antagonist;

helper cells; TNF = tumor necrosis factor

of these anti-inflammatory cytokines are also reviewed.

Key words: anti-inflammatory cytokines; cytokines; inflammation; sepsis; septic shock

Abbreviations: GM-CSF = granulocyte- macmplmFe colony-stimulating factor; IFN-y = interferon-y; IL = interleukin;
popolysaccharide;
MIP = macrophage inflammatory protein; NF-kB = nuclear factor kB; TGF-B = transforming growth factor-B; Th =

(CHEST 2000; 117:1162-1172)

MHC = major  histocompatibility ~ complex;

The human immune response is regulated by a

highly complex and intricate network of control
elements. Prominent among these regulatory com-
ponents are the anti-inflammatory cytokines and
specific cytokine inhibitors. Under physiologic con-
ditions, these cytokine inhibitors serve as immuno-
modulatory elements that limit the potentially inju-
rious effects of sustained or excess inflammatory
reactions. Under pathologic conditions, these anti-
inflammatory mediators may either (1) provide in-
sufficient control over proinflammatory activities in
immune-mediated diseases or (2) overcompensate
and inhibit the immune response, rendering the host
at risk from systemic infection.!-

A dynamic and ever-shifting balance exists be-
tween proinflammatory cytokines and anti-inflam-
matory components of the human immune system.
The regulation of inflammation by these cytokines
and cytokine inhibitors is complicated by the fact
that the immune system has redundant pathways
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with multiple elements having similar physiologic
effects. Furthermore, with the potential exception of
interleukin (IL)-1 receptor antagonist (IL-lra), all
the anti-inflammatory cytokines have at least some
proinflammatory properties as well. The net effect of
any cytokine is dependent on the timing of cytokine
release, the local milieu in which it acts, the presence
of competing or synergistic elements, cytokine re-
ceptor density, and tissue responsiveness to each
cytokine.® This is what makes the study of cytokine
biology so fascinating (and so frustrating as well!).

Perturbations of this regulatory network of cyto-
kines by genetic, environmental, or microbial ele-
ments may have highly deleterious consequences.*-%
The major anti-inflammatory cytokines and their
specific roles in human disease will be the focus of
this brief review. These inhibitory cytokines have
already proven to be efficacious in a variety of
clinical conditions marked by excess inflammation.
Their potential therapeutic use in numerous other
inflammatory states will also be described.

The principal anti-inflammatory cytokines and cy-
tokine inhibitors are listed in Tables 1, 2. The
functional definition of an anti-inflammatory cyto-
kine in this review is the ability of the cytokine to
inhibit the synthesis of IL-1, tumor necrosis factor
(TNF), and other major proinflammatory cytokines.

Impact of Basic Research on Tomorrow's Medicine
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Interleukin-6 is a cytokine not only involved in inflammation and infection responses but also in the
regulation of metabolic, regenerative, and neural processes. In classic signaling, interleukin-6 stimulates target
cells via a membrane bound interleukin-6 receptor, which upon ligand binding associates with the signaling
receptor protein gp130. Gp130 dimerizes, leading to the activation of Janus kinases and subsequent
phosphorylation of tyrosine residues within the cytoplasmic portion of gp130. This leads to the engagement of
phosphatase Src homology domains containing tyrosin phosphatase-2 (SHP-2) and activation of the ras/raf/

:ﬁ}é“::;ﬁ.s,-gm"ng Mitogen-activated protein (MAP) kinase (MAPK) pathway. In addition, signal transducer and activator of
SIL-6R transcription factors are recruited, which are phosphorylated, and consequently dimerize whereupon they
gp130 translocate into the nucleus and activate target genes. Interestingly, only few cells express membrane bound
sgp130Fc interleukin-6 receptor whereas all cells display gp130 on the cell surface. While cells, which only express

STAT3 activation
Inflammation associated cancer

gp130, are not responsive to interleukin-6 alone, they can respond to a complex of interleukin-6 bound to a
naturally occurring soluble form of the interleukin-6 receptor. Therefore, the generation of soluble form of the
interleukin-6 receptor dramatically enlarges the spectrum of interleukin-6 target cells. This process has been
named trans-signaling. Here, we review the involvement of both signaling modes in the biology of interleukin-
6. It turns out that regenerative or anti-inflammatory activities of interleukin-6 are mediated by classic
signaling whereas pro-inflammatory responses of interleukin-6 are rather mediated by trans-signaling. This is
important since therapeutic blockade of interleukin-6 by the neutralizing anti-interleukin-6 receptor
monoclonal antibody tocilizumab has recently been approved for the treatment of inflammatory diseases.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Functional pleiotropy and redundancy are characteristic features
of cytokines, which include interleukins, interferons, colony-stimu-
lating factors, and many growth factors. Cytokines are produced by
many different cell types and often show overlapping activities
regulating proliferation or differentiation, depending on the type
and developmental state of the target cells involved. The cytokines
interleukin-6 (IL-6), IL-1, and TNFa are elevated in most, if not all,
inflammatory states and have been recognized as targets of
therapeutic intervention. This review will focus on the cytokine
IL-6, for which also numerous activities outside of the immune
system are known. Interestingly, it has been recognized that,

Abbreviations: ADAM, a disi in and met, . AOM, hane:
CBM, cytokine-binding module; DSS, dextran sodium sulfate; Ig, immunoglobulin; IL,
interleukin; mAb, monoclonal antibody; mb, membrane bound; R, receptor; STAT,
signal transducer and activator of transcription; TNF, tumor necrosis factor; wt, wild
type
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0167-4889/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamcr.2011.01.034

although mostly regarded as a pro-inflammatory cytokine, IL-6
also has many regenerative or anti-inflammatory activities. The
molecular mechanism of how one cytokine can act in a pro- and
anti-inflammatory way is starting to emerge and will be discussed
in this review article.

2. IL-6 family of cytokines

Members of the interleukin 6 (IL-6) family of cytokines include IL-6,
IL-11, leukemia inhibitory factor (LIF), oncostatin M (OSM), ciliary
inhibitory factor (CNTF), cardiotropin-1 (CT-1), cardiotrophin-like
related cytokine and stimulating neurotrophin-1/B-cell stimulating
factor 3 (NNT-1), neuropoietin (NPN), IL-27, and IL-31. With the
exception of IL-31, all IL-6 type cytokines share the membrane
glycoprotein gp130 as a common receptor and signal transducer
subunit (reviewed in references 1 and 2). IL-6 and IL-11 initially bind
to the membrane bound « receptors IL-6 receptor (IL-6R) or IL-11R,
respectively. Subsequently, IL-6/IL-6R or IL-11/IL-11R complexes
associate with gp130, leading to gp130-homodimer formation and
signal initiation. Viral IL-6 (vIL-6) from the human herpes virus 8 (HHV-
8) also signals via a gp130 homodimer but without the need of the alL-
6R [3]. LIF, CNTF, OSM, CT-1, NPN, and NNT-1 signal via gp130/LIF-R-
heterodimeric receptor complexes [4]. In addition, OSM signals via a
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BASIC SCIENCE

The anatomy and
physiology of pain

Charlotte E Steeds

Abstract

Pain is an unpleasant experience that results from both physical and
psychological responses to injury. A complex set of pathways trans-
mits pain messages from the periphery to the central nervous system,
where control occurs from higher centres. Primary afferent pain fibres
synapse with second-order neurons in the dorsal horn of the spinal
cord. Ascending spinothalamic and spinoreticular tracts convey pain
up to the brain, where pain signals are processed by the thalamus
and sent to the cortex. Descending tracts, via the midbrain periaqua-
ductal grey and nucleus raphe magnus, have a role in pain modulation.
When nerves are damaged, neuropathic pain results and various
mechanisms have been proposed for how this takes place. These
mechanisms involve both peripheral and central sensitization.
Keywords Central sensitization; gate-control theory; neuropathic
pain; nociception; pain pathways; peripheral sensitization; somatic
pain; visceral pain

What is pain?

In 1996 the International Association for the Study of Pain (IASP)
defined pain as ‘an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in
terms of such damage’. This statement requires further expla-
nation as it encompasses some important concepts. Pain is a
subjective experience, which cannot be easily measured. It re-
quires consciousness. Describing pain as an ‘experience’ sepa-
rates pain from ‘nociception’. Nociception is the neural process
involving the transduction and transmission of a noxious stim-
ulus to the brain via a pain pathway. Pain is the result of a
complex interplay between signalling systems, modulation from
higher centres and the unique perception of the individual.

We learn about pain when we experience injury in early life.
Scientists recognize that stimuli that cause pain are likely to be
damaging to (or likely to damage) tissue. However, many people
report pain in the absence of tissue damage or any likely patho-
physiological cause; usually this happens for psychological
reasons. Patients misunderstand the relationship between tissue
damage and pain, but sometimes healthcare professionals get it
wrong too. If someone says they are in pain, regardless of whether
a damaging stimulus can be identified, or not, what they are
experiencing should be accepted as pain.

If a person experiences pain as a result of a particular activity,
they usually stop doing that activity, because they identify pain
as a warning sign that harm is occurring. However, if the pain
continues, the person can do less and less. At this point pain is

Charlotte E Steeds Bsc MBBS FFARSCI is a Locum Consultant in
Anaesthesia and Pain Medicine at University Hospitals Bristol, UK.
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not providing the person with a useful signal since the likelihood
of injury occurring with the activity has ceased. In fact lack of
activity may now be becoming physically and psychologically
bad for the patient. The continuing pain is distressing for the
patient and the dissociation between pain and tissue damage is
confusing.

The IASP definition avoids tying pain to the stimulus. In this
article, although we will look at nociceptive pathways, it is
important to recognize that the whole experience of pain is far
more than physical stimuli triggering neural signals.

Pain pathways

Pain receptors and primary afferents

Nociceptors are receptors in tissues which are activated specif-
ically by painful stimuli. This ‘noxious’ information is trans-
duced by the receptors into an electrical signal and transmitted
from the periphery to the central nervous system along axons.
There are two types of nociceptors:

o high-threshold mechanoreceptors (HTM), which respond
to mechanical deformation
polymodal nociceptors (PMN), which respond to a variety
of tissue-damaging inputs:

o hydrogen ions (protons)

o 5-hydoxytryptamine (5-HT)
o cytokines

o bradykinin

o histamine

o prostaglandins

o leucotrienes.

These inflammatory mediators bathe the nociceptors, acti-
vating and sensitizing them. Prostaglandins and bradykinin
sensitize nociceptors to activation by low-intensity stimuli. His-
tamine and 5-HT cause pain when directly applied to nerve
endings. Hydrogen ions and 5-HT act directly on ion channels on
the cell membrane, but most of the others bind to membrane
receptors and activate second-messenger systems via G proteins.

Nociceptors are therefore the free nerve endings of nerve fi-
bres. There are two main fibre types: A and C fibres. A com-
parison of the properties of these pain fibres is shown in Table 1.
These primary afferent nerve fibres have cell bodies in either the
dorsal root ganglia or trigeminal ganglion and terminate in the
dorsal horn of the spinal cord. Although all pain fibres terminate
in the dorsal horn, their route to this end-point varies. Most enter
the dorsal horn in the ventro-lateral bundle of the dorsal root
(Figure 1). They travel just lateral to the larger-diameter
myelinated AP fibres, which respond to non-painful stimuli
such as vibration and light touch. However, 30% of the C fibres
enter the spinal cord via the ventral root. Once they have entered
the spinal cord the nerve roots may bifurcate into ascending and
descending branches, which can enter the dorsal horn one or two
segments higher or lower than the segment of origin.

The spinal cord and the gate-control theory
The dorsal horn of the spinal cord is the site where the primary
afferent fibres synapse with second-order neurons. It is also
where complex interactions occur between excitatory and
inhibitory interneurons and where descending inhibitory tracts
from higher centres exert their effect (Figure 2).

© 2016 Published by Elsevier Ltd.
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When does acute pain become chronic?
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Key points

e The transition from acute
to chronic pain occurs in
discrete
pathophysiological steps
involving multiple
signalling pathways.

The duration and
intensity of the initial
stimulus leads to both
peripheral and central
sensitization that
synergistically exacerbate
pain perception.

A multimodal therapeutic
approach is best suited to
target the complex
mechanisms leading to
the transition from acute
to chronic pain.

Summary. The transition from acute to chronic pain appears to occur in discrete
pathophysiological and histopathological steps. Stimuli initiating a nociceptive response
vary, but receptors and endogenous defence mechanisms in the periphery interact in a
similar manner regardless of the insult. Chemical, mechanical, and thermal receptors,
along with leucocytes and macrophages, determine the intensity, location, and duration
of noxious events. Noxious stimuli are transduced to the dorsal horn of the spinal cord,
where amino acid and peptide transmitters activate second-order neurones. Spinal
neurones then transmit signals to the brain. The resultant actions by the individual
involve sensory-discriminative, motivational-affective, and modulatory processes in an
attempt to limit or stop the painful process. Under normal conditions, noxious stimuli
diminish as healing progresses and pain sensation lessens until minimal or no pain is
detected. Persistent, intense pain, however, activates secondary mechanisms both at
the periphery and within the central nervous system that cause allodynia, hyperalgesia,
and hyperpathia that can diminish normal functioning. These changes begin in the
periphery with upregulation of cyclo-oxygenase-2 and interleukin-1B-sensitizing first-
order neurones, which eventually sensitize second-order spinal neurones by activating N-
methyl-o-aspartic acid channels and signalling microglia to alter neuronal cytoarchitecture.
Throughout these processes, prostaglandins, endocannabinoids, ion-specific channels, and
scavenger cells all play a key role in the transformation of acute to chronic pain. A better
understanding of the interplay among these substances will assist in the development of
agents designed to ameliorate or reverse chronic pain.

Keywords: analgesia; cyclo-oxygenase-2; hyperalgesia; microglia; neuroplasticity;
nociception; pain; postoperative pain; post-surgical chronic pain; sensitization

Pain-related problems account for up to 80% of visits to
physicians. The epidemiological significance of chronic pain
after surgery is enormous.” The prevalence of chronic pain
can range from 10.1% to 55.2% of the populations
studied.” Current theories propose that a prolonged experi-
ence of acute pain in which long-standing changes are
seen within and external to the central nervous system
(CNS) creates chronic pain with a histological and pathologi-
cal basis.> Furthermore, chronic pain development after
surgery likely occurs as a result of complex biochemical
and pathophysiological mechanisms that differ in type
among different surgical procedures. This article focuses on
how postoperative, traumatic, and neuropathic nociception
are generated and inter-related, with the goal of providing
a deeper understanding of how long-term pain develops so
that we can prevent and treat it more effectively, in the
hope of stimulating more research and inquiry.

Mechanism for acute pain generation:
peripheral effects and spinal and central
effects

The generation of acute surgical pain can be summarized
in the following way. Surgery-associated tissue injury is inter-
preted neuraxially in the same way as trauma-
associated injury. Pain sensation varies according to the
intensity, quality, and duration of stimuli. Surgery sets off a
cascade of inter-related events designed to fight infection,
limit further damage, and initiate repair. It involves
nociception, inflammation, and nerve cell remodelling.
Pro-inflammatory cytokines, chemokines, and neurotrophins
induce both peripheral and central nerve sensitization to
heighten pain awareness in order to limit further injury to
the affected area. In the generation of pain, multiple pain
systems are known to be activated.

© The Author [2010]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
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Increasing gender differences in the prevalence
and chronification of orofacial painin the population

Birgitta Haggman-Henrikson®®, Per Liv°, Aurelia ligunas®®, Corine M. Visscher?, Frank Lobbezoo?, Justin Durham®,
Anna Lovgren®*

Abstract \
Although a fluctuating pattern of orofacial pain across the life span has been proposed, data on its natural course are lacking. The

longitudinal course of orofacial pain in the general population was evaluated using data from routine dental check-ups at all Public
Dental Health services in Vasterbotten, Sweden. In a large population sample, 2 screening questions were used to identify
individuals with pain once a week or more in the orofacial area. Incidence and longitudinal course of orofacial pain were evaluated
using annual data for 2010to 2017. To evaluate predictors for orofacial pain remaining over time, individuals who reported pain on at
least 2 consecutive dental check-ups were considered persistent. A generalized estimating equation model was used to analyze the
prevalence, accounting for repeated observations on the same individuals. In total, 180,308 individuals (equal gender distribution)
were examined in 525,707 dental check-ups. More women than men reported orofacial pain (odds ratio 2.58, 95% confidence
interval [Cl] 2.48-2.68), and there was a significant increase in the prevalence of reported pain from 2010 to 2017 in both women and
men. Longitudinal data for 135,800 individuals were available for incidence analysis. Women were at higher risk of both developing
orofacial pain (incidence rate ratio 2.37; 95% Cl 2.25-2.50) and reporting pain in consecutive check-ups (incidence rate ratio 2.56;
95% Cl 2.29-2.87). In the northern Swedish population studied, the prevalence of orofacial pain increases over time and more soin

women, thus indicating increasing differences in gender for orofacial pain.
Keywords: Chronic pain, Facial pain, Gender, Orofacial pain, Temporomandibular disorders, Incidence, Prevalence

1. Introduction

Chronic pain is related to a broad range of interacting external and
internal factors. The complex interplay between such factors
determines the susceptibility for an individual to develop a chronic
pain condition. The enigma of pain with regard to chronification
and treatment resistance has led to the concept of “stickiness”
being proposed, which incorporates how an event or perturba-
tion may influence the development of chronicity in vulnerable
individuals.® For the individual, chronic pain often has a detrimen-
tal impact on the quality of life.2*? Furthermore, chronic pain
incurs substantial societal costs, especially in the context of the
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global burden of pain where pain related to the musculoskeletal
system has been identified as a key element.*

Orofacial pain with a prevalence of 10% to 15% in the adult
population®®2® is one of the most common causes of chronic
pain after back, neck, and knee pain.”®" Acute pain in the
orofacial area is often tooth related,** whereas chronic orofacial
pain is most commonly related to musculoskeletal disorders,
temporomandibular disorders (TMDs).®! Temporomandibular
disorder is the umbrella term embracing pain and dysfunction
that involves the masticatory muscles, the temporomandibular
joint, and associated structures.’"?* The economic burden on
society from orofacial pain is substantial®; this stresses the
importance of enhancing understanding of its natural course. The
incidence and prevalence of TMD pain have been investigated in
adults overall,'® adults aged 18 to 44,% and in adolescents.??
From early adolescence, the prevalence of orofacial pain
increases and more so in girls,?*® and it is twice as high in
adult women compared with men.'??* |t was suggested that
development of TMD pain in adolescence may reflect an
underlying vulnerability for musculoskeletal pain.??

The biopsychosocial model, as a concept, is firmly embedded
in the understanding and assessment of chronic pain. Thus,
psychosocial factors have been shown to have a strong
association with the development and persistence of orofacial
pain'®** and common comorbidities in chronic pain conditions.
In light of reports of increasing prevalence of psychosocial factors
such as stress, depression, and anxiety in the general population,
especially in young adults and adolescents,“® it is reasonable to
assume that this trend may also be reflected as an increase in the
prevalence of orofacial pain.
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Interleukin-6: an emerging regulator of @ e
pathological pain
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Abstract

Interleukin-6 is an inflammatory cytokine with wide-ranging biological effects. It has been widely demonstrated that
neuroinflammation plays a critical role in the development of pathological pain. Recently, various pathological pain
models have shown elevated expression levels of interleukin-6 and its receptor in the spinal cord and dorsal root
ganglia. Additionally, the administration of interleukin-6 could cause mechanical allodynia and thermal hyperalgesia,
and an intrathecal injection of anti-interleukin-6 neutralizing antibody alleviated these pain-related behaviors. These
studies indicated a pivotal role of interleukin-6 in pathological pain. In this review, we summarize the recent progress in
understanding the roles and mechanisms of interleukin-6 in mediating pathological pain associated with bone cancer,
peripheral nerve injury, spinal cord injury, chemotherapy-induced peripheral neuropathy, complete Freund's adjuvant
injection, and carrageenan injection. Understanding and regulating interleukin-6 could be an interesting lead to novel

therapeutic strategies for pathological pain.

Keywords: Interleukin-6, Bone cancer pain, Neuropathic pain, Inflammatory pain

Background

Pathological pain is characterized by a low threshold and
an exaggerated response to noxious stimuli, and it can be
categorized as cancer pain, neuropathic pain, or inflamma-
tory pain [1, 2]. Although physiological pain is essential for
the elimination of damaging stimuli, pathological pain sig-
nificantly affects the quality of life [3—5]. Currently, patho-
logical pain is thought to be mainly induced by a
combination of peripheral drives and central processing
[6-9]. Despite growing knowledge of the mechanisms of
pathological pain, this type of pain still represents a major
challenge in clinical practice and basic science. Cytokines
have been reported to participate in the regulation of nu-
merous cellular functions including the inflammatory re-
sponse and expression of cell surface proteins [10-12]. In
addition, we previously reported that several cytokines
could potentially serve as targets for the management of
bone cancer pain (BCP) [13-19]. Recently, mounting evi-
dence has suggested that one cytokine in particular,
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interleukin-6 (IL-6), may play a critical role in the develop-
ment of pathological pain [20-24].

IL-6 is an inflammatory cytokine with wide-ranging bio-
logical effects. It was first described as B-stimulatory factor
2, which induces B lymphocytes to produce immuno-
globulin [25]. IL-6 exerts its biological effect on target cells
by interacting with the non-signaling membrane-bound
IL-6 receptor (mIL-6R) [26, 27]. The IL-6 and mIL-6R
complex then associates with the signal transducing mem-
brane protein gp130, promoting its dimerization and the
subsequent activation of intracellular signaling including
the Janus-activated kinase/signal transducer activator of
transcription  (JAK/STAT), mitogen-activated protein
kinase/extracellular signal-regulated kinase (MAPK/ERK),
and phosphatidylinositol 3-kinase/protein kinase B (PI3K/
Akt) signaling pathways [28-30]. This manner of IL-6 sig-
naling is often referred to as “classical IL-6 signaling.”
gp130 is expressed by almost all cells in the body, whereas
the mIL-6R has a highly restricted expression profile, and
is mainly expressed by hepatocytes, neutrophils, mono-
cytes/macrophages and certain other leukocytes (31, 32].
Only cells expressing mIL-6R can bind and respond to IL-
6. Thus, until the discovery of a naturally occurring soluble
form of IL-6R (sIL-6R), it was difficult to understand how

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commens Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zera/1.0/) applies to the data made available in this article, unless othenwise stated.
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Abstract: Neuropathic orofacial pain (NOP) is a debilitating condition. Although the pathophysiology
remains unclear, accumulating evidence suggests the involvement of multiple mechanisms in the
development of neuropathic pain. Recently, glial cells have been shown to play a key pathogenetic
role. Nerve injury leads to an immune response near the site of injury. Satellite glial cells are
activated in the peripheral ganglia. Various neural and immune mediators, released at the central
terminals of primary afferents, lead to the sensitization of postsynaptic neurons and the activation of
glia. The activated glia, in turn, release pro-inflammatory factors, further sensitizing the neurons,
and resulting in central sensitization. Recently, we observed the involvement of glia in the alteration of
orofacial motor activity in NOP. Microglia and astroglia were activated in the trigeminal sensory and
motor nuclei, in parallel with altered motor functions and a decreased pain threshold. A microglial
blocker attenuated the reduction in pain threshold, reduced the number of activated microglia,
and restored motor activity. We also found an involvement of the astroglial glutamate-glutamine
shuttle in the trigeminal motor nucleus in the alteration of the jaw reflex. Neuron—glia crosstalk thus
plays an important role in the development of pain and altered motor activity in NOP.

Keywords: satellite glial cells; microglia; astroglia; neuropathic orofacial pain; orofacial motor activity

1. Introduction

Chronic pain is a major public health problem that has a significant impact on both the individual
and community [1,2]. Acute pain is beneficial as it warns against impending or current tissue damage,
whereas in contrast, there appear to be no beneficial functions of chronic pain [3]. Neuropathic pain,
a type of chronic pain, can result from nerve injury, inflammation, or diseases of the peripheral or
central nervous systems, and is characterized by spontaneous pain (ongoing or episodic), pain resulting
from stimuli that would not normally provoke pain (allodynia), and exaggerated pain responses
to noxious stimuli (hyperalgesia) [3,4]. Neuropathic pain in the head, neck, face, oral or perioral
regions is termed neuropathic orofacial pain (NOP) [3-5]. The etiology of NOP can include systemic
diseases (e.g., diabetes), viral infections (e.g., herpes zoster), nerve compression, and injury to
peripheral nerves during dental operative procedures, such as tooth extraction, root canal treatment
and dental implant surgery [6,7]. Neuropathic pain is associated with dysfunction throughout the
pain pathway, including the nociceptors, the peripheral ganglia, the brainstem or the spinal cord,

Int. J. Mol. Sci. 2017, 18, 2051; d0i:10.3390/1jms18102051 www.mdpi.com/journal /ijms
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Aims: To assess the degree and interrelationship of sleep disturbance and
plasma cytokine levels in temporomandibular disorder (TMD) pain patients.
Methods: Forty female TMD patients and 20 age-, sex-, and body mass index
(BMI)-matched healthy subjects were enrolled. TMD was diagnosed using the
Research Diagnostic Criteria for TMD. The TMD patients were classified as
having low or high disability according to Graded Chronic Pain Scale findings.
The Pittsburgh Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS)
were used to measure sleep quality. Plasma concentrations of interleukin (IL)-1B,
IL-6, IL-10, tumor necrosis factor-a (TNF-a), and C-reactive protein (CRP) were
measured from blood samples collected between 9 am and noon. Statistical
analyses included Kruskal-Wallis and one-way analysis of variance tests to
compare results between different groups and multivariate general linear models
to evaluate the effect of sleep status on cytokine levels. Results: The high-
disability group had the highest PSQl and ESS scores (P < .001). Plasma levels
of IL-1B, IL-6, IL-10, and TNF-a were significantly higher in the patient groups,
with the high-disability group exhibiting the highest values (P = .001). The
plasma cytokine levels were significantly correlated with PSQl scores (P < .05).
Plasma levels of IL-10 and TNF-a were significantly associated with the disability
level after adjusting for both sleep indices (both P < .05). Conclusion: Patients
with TMD, especially those with high disability, had elevated plasma cytokine
levels and increased ESS and PSQl scores suggestive of sleep disturbance.
J Oral Facial Pain Headache 2016;30:27-33. doi: 10.11607/0fph.1367

Keywords: cytokine level, pain, sleep disturbance, temporomandibular disorders

portance but is now recognized as a dynamic and active state that
is essential for the normal functioning of an individual.! Furthermore,
the association between disturbed sleep and chronic pain syndromes,
including fibromyalgia, myofascial pain, and tension-type headache, is
now well known.2® A study comparing patients with temporomandibular
disorders (TMD), fibromyalgia, or chronic fatigue syndrome showed that
sleep disturbances were reported by approximately two-thirds of TMD
patients, more than half of whom reported fatigue lasting longer than 6
months.* Moreover, TMD patients had a high degree of primary insomnia
and associated hyperalgesia outside the orofacial region. These results
suggest that disturbed sleep may eventually increase pain levels in pa-
tients with pain disorders by means of central sensitization.®
The mechanisms by which abnormal sleep affects pain are still un-
clear. Decreased sleep time impairs the immune response, and immune
reactions affect sleep time and quality.? Changes in sleep duration alter
the level of inflammatory cytokines such as C-reactive protein (CRP), tu-
mor necrosis factor-a (TNF-a), and interleukin (IL)-1B, IL-5, and IL-6.7-°
Furthermore, elevated levels of CRP and IL-6 after prolonged sleep
deprivation have been found to increase pain sensitivity in healthy sub-
jects,'?and patients with disorders highly associated with sleep problems
(eg, fibromyalgia, chronic low back pain, chronic fatigue syndrome) have
been found to have altered cytokine levels.""'* These findings suggest

S leep was once considered a passive state with low physiologic im-
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Abstract

Aims—To test if patients with masticatory myofascial pain, local myalgia, centrally mediated
myalgia, disc displacement, capsulitis/synovitis, or continuous neuropathic pain differed in self-
reported satisfaction with life. The study also tested if satisfaction with life was similarly predicted
by measures of physical, emotional, and social functioning across disorders.

Methods —Satisfaction with life, fatigue, affective distress, social support, and pain data were
extracted from the medical records of 343 patients seeking treatment for chronic orofacial pain.
Patients were grouped by primary diagnosis assigned following their initial appointment.
Satisfaction with life was compared between disorders, with and without pain intensity entered as
a covariate. Disorder-specific linear regression models using physical, emotional, and social
predictors of satisfaction with life were computed.

Results —Patients with centrally mediated myalgia reported significantly lower satisfaction with
life than did patients with any of the other five disorders. Inclusion of pain intensity as a covariate
weakened but did not eliminate the effect. Satisfaction with life was predicted by measures of
physical, emotional, and social functioning, but these associations were not consistent across
disorders.

Conclusions —Results suggest that reduced satisfaction with life in patients with centrally
mediated myalgia is not due only to pain intensity. There may be other factors that predispose
people to both reduced satisfaction with life and centrally mediated myalgia. Furthermore, the
results suggest that satisfaction with life is differentially influenced by physical, emotional, and
social functioning in different orofacial pain disorders.

Correspondence to: Ian A. Boggero, Department of Psychology, University of Kentucky, 111-B Kastle Hall, Lexington, KY
40506-0044, USA, ian.boggero@uky.edu.
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Management of patients with orofacial pain may benefit from a better understanding about patient factors that may
lead pain chronicity. In this study, we retrospectively compared physical and psychological factors in patients with
acute and chronic orofacial pain. We analyzed data from 854 patients presenting to the Orofacial Pain Center,
Department of Dental Anesthesiology, Tokyo Dental College, Suidobashi Hospital between April 2010 and March
2014. We categorized patients into the acute group if their condition had persisted <6 months and the chronic group if
their condition had lasted 6 months or longer, based on the classification by the International Association for the
Study of Pain. The retrospective data were analyzed by using univariate analysis on background factors from a health
questionnaire, pain evaluation sheet, and psychological test completed at the time of presentation. Multiple logistic
regression was applied on these factors. Our results suggest that female gender and high trait anxiety may be involved
in orofacial pain becoming chronic.

Key Words: Chronic pain; Psychological distress; Myofascial pain; Neuropathic pain; Glossodynia.

number of studies have reported that pain is a risk with healthy individuals,'*'® few studies in the dental

factor for depression andfor anxiety.'™® It is field have compared the characteristics of patients with
estimated that approximately 70% of patients with acute or chronic pain. Treatment of patients with
chronic pain have depression and/or anxiety.> 7 Various orofacial pain may benefit from a better understanding
physical, psychological, and social factors are involved regarding various elements of patients’ backgrounds,
in chronic pain,® increasing the complexity of the clinical which might lead to pain chronicity. We therefore
condition. It has been reported that anxiety and retrospectively compared physical and psychological
depression have a negative impact on treatment for variables in patients with acute and chronic orofacial
chronic pain.’ There are various chronic pain conditions pain presenting to a hospital orofacial pain center.

occurring in the orofacial region, including neuropathic
pain, myofascial pain/temporomandibular joint (TMJ)

syndrome, and glossodynia.'™"" Correct diagnosis can METHODS
be difficult due to the complex anatomy and neuro- .
physiology of the orofacial complex, as well as Subjects

numerous biopsychosocial factors.'>!?

Although previous research into the psychological
state of patients with chronic orofacial pain focused on
particular diseases or compared chronic pain patients

Data from patients presenting with pain in the orofacial
region visiting the Orofacial Pain Center, Department of
Dental Anesthesiology, Tokyo Dental College Suidobashi
Hospital between April 2010 and March 2014 were
involved in this retrospective study. This study was
approved by the Tokyo Dental College Ethics Committee

Received August 2, 2016; accepted for publication May 16, 2017.
Address correspondence to Dr Yoshifumi Honda, Department of

Dental Anesthesiology, Tokyo Dental College, 101-0061, Japan; (approval number 500). The requirement for written
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Anesth Prog 65:162-167 2018 | DOI 10.2344/anpr-65-02-05 College Ethics Committee because this study was
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Neuropathic orofacial pain:
Facts and fiction

Lene Baad-Hansen''? and Rafael Benoliel®

Abstract

Definition and taxonomy: This review deals with neuropathic pain of traumatic origin affecting the trigeminal nerve,
i.e. painful post-traumatic trigeminal neuropathy (PTTN).

Symptomatology: The clinical characteristics of PTTN vary considerably, partly due to the type and extent of injury.
Symptoms involve combinations of spontaneous and evoked pain and of positive and negative somatosensory signs.
These patients are at risk of going through unnecessary dental/surgical procedures in the attempt to eradicate the cause
of the pain, due to the fact that most dentists only rarely encounter PTTN.

Epidemiology: Overall, approximately 3% of patients with trigeminal nerve injuries develop PTTN. Patients are most
often female above the age of 45 years, and both physical and psychological comorbidities are common.
Pathophysiology: PTTN shares many pathophysiological mechanisms with other peripheral neuropathic pain
conditions.

Diagnostic considerations: PTTN may be confused with one of the regional neuralgias or other orofacial pain

conditions. For intraoral PTTN, early stages are often misdiagnosed as odontogenic pain.
Pain management: Management of PTTN generally follows recommendations for peripheral neuropathic pain.
Expert opinion: International consensus on classification and taxonomy is urgently needed in order to advance the field

related to this condition.

Keywords

Painful post-traumatic trigeminal neuralgia (PTTN), atypical odontalgia, neuropathic pain, orofacial pain
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Definition and taxonomy

This review deals primarily with the taxonomy, symp-
tomatology, epidemiology, pathophysiology, diagnosis
and management of the condition termed painful post-
traumatic trigeminal neuropathy (PTTN) as defined
(Section 13.1.2.3) in the International Classification of
Headache Disorders (ICHD-3 beta) published in 2013
(1). In addition, we will review related entities such as
atypical odontalgia (AO) (2), an orofacial pain condi-
tion without well-established diagnostic criteria and
with significant gaps in the understanding of its patho-
physiology. Originally, diagnostic criteria for AO did
not include the evaluation of signs of nerve damage
even though the condition was hypothesized to be
neuropathic (2-7). However, at present, many consider
AO as a subform of persistent idiopathic facial pain
(PIFP) (ICHD 13.11), where sensory disturbances
have been excluded and a neuropathic background is
therefore unlikely in such patients (1). Thus, it is

important to distinguish between “‘early criteria” AO
(subsequently referred to as early criteria AO) (2) and
“PIFP subform™ AO (1). For the latter, the reader is
referred to the article by Gaul and Benoliel in the pre-
sent issue of Cephalalgia. The Classification of Chronic
Pain by the International Association for the Study of
Pain (IASP) is discussing the terminology for the
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Osteoarthritis (OA) is the most common chronic disease of human joints. The basis of pathologic changes involves all the tissues
forming the joint; already, at an early stage, it has the nature of inflammation with varying degrees of severity. An analysis of the
complex relationships indicates that the processes taking place inside the joint are not merely a set that (seemingly) only includes
catabolic effects. Apart from them, anti-inflammatory anabolic processes also occur continually. These phenomena are driven by
various mediators, of which the key role is attributed to the interactions within the cytokine network. The most important group
controlling the disease seems to be inflammatory cytokines, including IL-1f3, TNFa, IL-6, IL-15, IL-17, and IL-18. The second group
with antagonistic effect is formed by cytokines known as anti-inflammatory cytokines such as IL-4, IL-10, and IL-13. The role of
inflammatory and anti-inflammatory cytokines in the pathogenesis of OA with respect to inter- and intracellular signaling pathways
is still under investigation. This paper summarizes the current state of knowledge. The cytokine network in OA is put in the context
of cells involved in this degenerative joint disease. The possibilities for further implementation of new therapeutic strategies in OA

are also pointed.

1. Introduction

The most common chronic and currently regarded as poten-
tially irreversible disease that affects the joints is osteoarthritis
(OA) [1, 2]. The constantly growing number of causes for
the development of the disease includes, for example, genetic
predisposition, aging, obesity, trauma, and other systemic
diseases (Figure 1). Although we are dealing with a diverse
aetiology, which is most often the result of a number of
overlapping factors, processes occur during the development
of the pathomechanisms of disease at the tissue, cellular
and ultrastructural level that gradually take a similar nature,
resulting in the phenotypic image of OA. According to the
latest medical knowledge, the participation of the immune
system in the development and progression of OA is one of
the key elements in the pathogenesis of the disease [3]. Cur-
rently, many independent authors are focused on identifying
and describing the factors responsible for the development
of inflammatory processes involved in OA [4]. An analysis
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of the ever-increasing number of reports directs attention to
the special role of the cytokine network in the pathogenesis
of OA. During the progression of OA, the production and
operation of various cytokines can vary depending on the
duration and severity of the disease [5]. The most important
effect that cytokines have involves disturbing the catabolism
and anabolism processes, particularly important in tissues
that are often subject to high mechanical load, such as human
joints [6]. As a result of disrupting the said balance, there is
a progressive degeneration of articular cartilage performing
a key role in the biomechanics of each joint and other
components of the joint, which results in the development
of a difficult-to-interrupt disease process that involves both
inflammatory, degradation, and production processes, which
together lead to a gradual loss of joint function and pain. Due
to the effect of cytokines in the context of an inflammatory
disease such as OA, they can be divided into inflammatory
and anti-inflammatory [7]. It should be noted that the patho-
physiological processes occurring in the joint affected by OA
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Abstract

Temporomandibular joint (TM)) osteoarthritis (OA) is a degenerative disease of the joint that can produce persistent orofacial pain
as well as functional and structural changes to its bone, cartilage, and ligaments. Despite advances in the clinical utility and reliability
of the Diagnostic Criteria for Temporomandibular Disorders, clinical tools inadequately predict which patients will develop chronic
TM] pain and degeneration, limiting clinical management. The challenges of managing and treating TMJ OA are due, in part, to a limited
understanding of the mechanisms contributing to the development and maintenance of TM) pain. OA is initiated by multiple factors,
including injury, aging, abnormal joint mechanics, and atypical joint shape, which can produce microtrauma, remodeling of joint tissues,
and synovial inflammation. TM) microtrauma and remodeling can increase expression of cytokines, chemokines, and catabolic factors
that damage synovial tissues and can activate free nerve endings in the joint. Although studies have separately investigated inflammation-
driven orofacial pain, acute activity of the trigeminal nerve, or TM| tissue degeneration and/or damage, the temporal mechanistic factors
leading to chronic TMJ pain are undefined. Limited understanding of the interaction between degeneration, intra-articular chemical
factors, and pain has further restricted the development of targeted, disease-modifying drugs to help patients avoid long-term pain and
invasive procedures, like TM] replacement. A range of animal models captures features of intra-articular inflammation, joint overloading,
and tissue damage. Although those models traditionally measure peripheral sensitivity as a surrogate for pain, recent studies recognize
the brain’s role in integrating, modulating, and interpreting nociceptive inputs in the TMJ, particularly in light of psychosocial influences
on TMJ pain. The articular and neural contributors to TM]J pain, imaging modalities with clinical potential to identify TM] OA early, and
future directions for clinical management of TMJ OA are reviewed in the context of evidence in the field.

Keywords: pain, inflammation, central nervous system, animal models, joint diseases, cartilage

Introduction (Fig. 1) along with joint pain (Wang et al. 2015). For TMJ dis-
ease, findings of condylar degeneration and disc displacement
often occur without pain, and most patients experience brief
pain and dysfunction (Scrivani et al. 2008). For example, ante-
riorly displaced discs are found in 20% of healthy, asymptom-
atic individuals (Haiter-Neto et al. 2002). In mild and transient
pain, conservative medical management has favorable out-
comes (NIDCR 2014). However, for some patients with a
recalcitrant clinical course, adaptive mechanisms fail without
any pathophysiological reason (Tanaka et al. 2008; Harper

Temporomandibular joint (TMJ) disorders are very common,
with over 70% of the population reporting signs or symptoms
(Scrivani et al. 2008). Fifteen percent of TMJ disorder (TMD)
cases present as aggressive disease that is recalcitrant to thera-
pies and lead to the development of chronic centralized pain,
making TMDs the second most common musculoskeletal pain
condition (National Institute of Dental and Craniofacial
Research [NIDCR] 2014). Since nomenclature and terminol-
ogy of TMJ disorders overlap and are used interchangeably, it
8 hd}.) ful to establish Fommor.l terr.ns. Internal TMJ derang_e- 'Department of Bioengineering, University of Pennsylvania, Philadelphia,
ment is defined by articular disc displacement (Fig. 1), pain, PA, USA
and joint dysfunction. Degenerative joint disease of the TMJ Department of Neurosurgery, University of Pennsylvania, Philadelphia,
can occur secondary to internal derangement of the disc PA, USA
(Tanaka et al. 2008). Using the Diagnostic Criteria for *Oral & Maxillofacial Surgery, University of Pennsylvania School of
Temporomandibular Disorders (DC/TMD) for clinical and = Medicine, Philadelphia, PA, USA
research taxonomy, degenerative joint disease is “a degenera-
tive disorder involving the joint characterized by deterioration
of axticular tlSSUC- Wik cor.lcomltﬁm os.scous changes in the EJ. Granquist, Oral & Maxillofacial Surgery, University of Pennsylvania
condyle and/or articular eminence” (Schiffman et al. 2014). School of Medicine, 3400 Spruce Street, 5th Floor White Building,
Osteoarthritis (OA) describes joint degeneration with syno- Philadelphia, PA 19104, USA.
vitis, cartilage degeneration, and subchondral bone remodeling Email: Eric.Granquist@uphs.upenn.edu
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ARTICLE INFO ABSTRACT
Keywords: Pulpitis is known as a typical inflammation of dental pulp tissue, and micr of the oral microbi are
Pulpitis involved in this opportunistic infection. Studies indicated that several factors related to host response have a
Cytokine crucial role in pulpitis. Among these factors, infl y medi of the i system such as cytokines
:mmunc S’;mm and chemokines contribute to pulpal defense mechanisms. A wide range of cytokines have been observed in
n tion dental pulp and these small molecules are able to trigger inflammation and participate in immune cell traf-

ficking, cell proliferation, infl ion, and tissue d. in pulp space. Therefore, the aim of this review was

to describe the role of cytokines in the pathogenesis of pulpitis.
1. Introduction CXCL10, CCLS are [9-12]. Clinical pulpal conditions are categorized

Pulpitis is one of the common dental disorders associated with tooth
pulp inflammation [1]. In fact, microorganisms in normal flora of the
mouth initiate immune responses [2]. Dental caries, trauma, dentinal
cracks, unprotected main apical foramen, and dentinal tubules are
important factors for microbial entry into the dental pulp and its in-
fection [3,4]. On the other hand, immune responses are one of the main
factors involved in inflammation in damaged tooth tissues. A verity of
immune and non-immune cells including macrophages, dendritic cells
(DCs), odontoblasts, and endothelial cells which express toll-like re-
ceptors (TLRs) as innate immune receptors in pulp tissue are able to
recognize pathogen-associated molecular pattern molecules (PAMPs)
and initiate immune responses [5,6]. Cytokines and chemokines are
small molecule immune mediators that play an important role in
growth, proliferation, differentiation, and chemotaxis due to triggerring
immune responses [7,8]. These proteins are generally divided into two
types, inflammatory and anti-inflammatory, and numerous studies
showed that the main mediators of infl y resp in inflamed
dental tissue and periapical lesions are monocyte chemoattractant
protein-1 (MCP-1/CCL2), monocyte chemoattractant protein-2 (MCP-
2/CCL8), interleukin-8 (IL-8), macrophage inflammatory protein-1
alpha (MIP-1a), macrophage inflammatory protein-1 beta (MIP-1p),
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into four classes (normal, reversibly inflamed, irreversibly inflamed,
and necrotic) regarding the status and symptoms of patients and ex-
aminations [13,14]. In order to determine reversible pulpitis, histolo-
gical findings have shown lack of bacteria, presence of localized coa-
gulation, and necrosis turned into fluid adjacent to irritant. However,
histologic hallmarks of irreversible pulpitis are presence of bacteria or
their by-products in the dental pulp, infiltration of immune cells such as
neutrophils, acute inflammation, principally in the pulp tissue, under
the lesion [15]. Additionally, case history, clinical and radiographic
examination are potential procedures for pulpal inflammation diag-
nosis. Patients suffer from severe pain in both reversible and irrever-
sible pulpitis [16]. The pulp’s reaction to thermal stimulus used to
differentiate between reversible and irreversible pulpitis and almost
half of the patients with irreversible pulpitis do not feel pain [16].
Furthermore, in reversible pulpitis, the pulp is able to recover after
elimination of the relevant stimulus whereas in irreversible pulpitis,
removal of the stimulant does not help the patient, and only pul-
pectomy can end the pain. Accordingly, given the importance of the
immune system and its components in inflammation of the dental
tissue, this review was designed to summarize the role of cytokines in
the pathogenesis of pulpitis.
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Abstract

Cytokines are proteins secreted by diverse types of immune and non-immune cells and play a role in the communication between
the immune and nervous systems. Cytokines include lymphokines, monokines, chemokines, interleukins, interferons, colony
stimulating factors, and growth factors. They can be both pro- and anti-inflammatory and have autocrine, paracrine, and
endocrine activities. These proteins are involved in initiation and persistence of pain, and the progress of hyperalgesia and
allodynia, upon stimulating nociceptive sensory neurons, and inducing central sensitization. The objective of this review is to
discuss several types of pro- and anti-inflammatory mediators and their relation with inflammatory pain in masticatory muscles.

Keywords Cytokine - Inflammation - Pain - Hyperalgesia - Allodynia - Masticatory muscle

Introduction

Temporomandibular disorder (TMD) is a general term that
refers to the pain and dysfunction of the temporomandibular
joint (TMJ) and/or masticatory myofascial pain (MMP)
(Scrivani et al. 2008). According to the Headache
Classification Subcommittee of the International Headache
(2004), TMD was classified as one subtype of secondary
headache disorders (Headache Classification Subcommittee
of the International Headache 2004). Mastication is a neuro-
muscular function, during which, all stomatognathic appara-
tus components are engaged, mainly the masticatory muscles
(Lewin 1985). There are two types of primary masticatory
muscles: (1) those implicated in jaw closure include the
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temporalis, masseter, and medial pterygoids; and (2) the later-
al pterygoids which are involved in protrusion and opening of
the mandible (Alomar et al. 2007). MMP, a major clinical
issue, results from abnormal activity, including bruxism and/
or prolonged clenching (Bender 2012). This MMP, often oc-
curring with or without muscle injury or inflammation, has
been related to central sensitization mechanism
(Rammelsberg et al. 2003). In general, this pain interferes with
normal muscle functions including limited range of motion or
decreased bite force (Wang et al. 2017). The primary afferent
neurons that have cell bodies found in the trigeminal ganglion
(TG) are responsible for transmitting the sensory information,
including pain, from the orofacial area to the central nervous
system (CNS) (Fried et al. 2001). Therefore, a better under-
standing of the inflammatory biomarkers involved in MMP is
necessary toward obtaining a better treatment plan.

During inflammatory response, certain inflammatory cyto-
kines secreted by distinct cell populations, mainly immune
cells, are associated with the development and persistence of
pain behavior (Watkins et al. 2003). Pro- and anti-
inflammatory cytokines are small signaling proteins that are
secreted by immune cells and promote the interaction and
communication between cells. They can act on the same cells
that secrete them (autocrine signaling), on neighboring cells
(paracrine signaling), or on distant target cells (endocrine sig-
naling) (Vacchelli et al. 2013). Currently, more than 130 dif-
ferent cytokines have been characterized. Cytokines are pleio-
tropic, i.e., one cytokine can affect the activity of multiple cell
types, and different cell populations can secrete the same cy-
tokine (Miller et al. 2009b). In physiological or pathological
phenomena, cytokines are secreted “by” and “in” peripheral
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Regulation of cytokines by small RNAs during skin

inflammation

Rasmus O Bak and Jacob G Mikkelsen*

Abstract

Intercellular signaling by cytokines is a vital feature of the innate immune system. In skin, an inflammatory response is
mediated by cytokines and an entwined network of cellular communication between T-cells and epidermal
keratinocytes. Dysregulated cytokine production, orchestrated by activated T-cells homing to the skin, is believed to be
the main cause of psoriasis, a common inflammatory skin disorder. Cytokines are heavily regulated at the
transcriptional level, but emerging evidence suggests that regulatory mechanisms that operate after transcription play
a key role in balancing the production of cytokines. Herein, we review the nature of cytokine signaling in psoriasis with
particular emphasis on regulation by mRNA destabilizing elements and the potential targeting of cytokine-encoding
mRNAs by miRNAs. The proposed linkage between mRNA decay mediated by AU-rich elements and miRNA
association is described and discussed as a possible general feature of cytokine regulation in skin. Moreover, we
describe the latest attempts to therapeutically target cytokines at the RNA level in psoriasis by exploiting the cellular
RNA interference machinery. The applicability of cytokine-encoding mRNAs as future clinical drug targets is evaluated,
and advances and obstacles related to topical administration of RNA-based drugs targeting the cytokine circuit in

psoriasis are described.

Introduction
Cytokines are intercellular signaling proteins that serve as
key modulators of the immune system and inflammation.
Cells respond to extracellular stress or stimuli by operat-
ing intracellular signaling cascades that coordinate cellu-
lar gene expression through complex networks of kinase
activation, protein phosphorylations, and activation of
DNA-binding proteins that translate signals at the cell
surface to actions of transcriptional regulation of cellular
genes. Cytokines modulate the communication between
cells of the immune system and between immune cells
and differentiated somatic cells. Upon binding to their
cognate receptor on the cell surface, cytokines trigger
transcriptional changes and balance cellular activities
ranging from growth to differentiation and cell survival.
Cytokine-directed transcriptional induction of yet other
cytokines may further enhance the innate immune
response in an increasingly entangled network of signals.
Genome-wide association studies have shown that
mutations of genes encoding cytokines, cytokine recep-
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tors, or downstream players in the cellular signaling cas-
cades associated with autoimmune disease. Effectors of
the different signaling cascades and the transcriptional
regulation operated through these pathways have been
reviewed at numerous occasions. In this review, we con-
centrate exclusively on the posttranscriptional mecha-
nisms that act together to balance the expression of
cytokines during inflammation. The discovery of RNA
interference and the regulatory actions of small RNAs
have unveiled a new world of posttranscriptional regula-
tion and yet new layers of complexity in cellular signaling
pathways that are in play during inflammation. Small
non-coding RNA species, produced from intronic and
intergenic regions across the mammalian genome, are
key players in post-transcriptional regulatory pathways of
gene expression. MicroRNAs (miRNAs) interact with
mRNAs and trigger translational suppression or mRNA
degradation through recruitment of cellular proteins.
Short-lived RNA transcripts, such as several cytokine-
encoding mRNAs, contain RNA destabilizing elements
and regulatory miRNA binding motifs that may in con-
cert contribute to stringent regulation of cytokine pro-
duction. Dysregulated cytokine production is a hallmark
of tissues affected by chronic inflammatory disease, and
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Abstract: Neuropathic pain represents a major problem in clinical medicine because it causes
debilitating suffering and is largely resistant to currently available analgesics. A characteristic of
neuropathic pain is abnormal response to somatic sensory stimulation. Thus, patients suffering
peripheral neuropathies may experience pain caused by stimuli which are normally nonpain-
ful, such as simple touching of the skin or by changes in temperature, as well as exaggerated
responses to noxious stimuli. Convincing evidence suggests that this hypersensitivity is the
result of pain remaining centralized. In particular, at the first pain synapse in the dorsal horn of
the spinal cord, the gain of neurons is increased and neurons begin to be activated by innocu-
ous inputs. In recent years, it has become appreciated that a remote damage in the peripheral
nervous system results in neuronal plasticity and changes in microglial and astrocyte activity,
as well as infiltration of macrophages and T cells, which all contribute to central sensitization.
Specifically, the release of pronociceptive factors such as cytokines and chemokines from neu-
rons and non-neuronal cells can sensitize neurons of the first pain synapse. In this article we
review the current evidence for the role of cytokines in mediating spinal neuron—non-neuronal
cell communication in neuropathic pain mechanisms following peripheral nerve injury. Specific
and selective control of cytokine-mediated neuronal—glia interactions results in attenuation of
the hypersensitivity to both noxious and innocuous stimuli observed in neuropathic pain models,
and may represent an avenue for future therapeutic intervention.

Keywords: anti-inflammatory cytokines, proinflammatory cytokines, microglia, astrocytes,
first pain synapse

Introduction

Neuropathic pain is a chronic condition which arises following lesion or dysfunction of
the somatosensory nervous system and may result in complex alterations in cognitive
and emotional brain functions. Neuropathic pain commonly accompanies a variety of
conditions, including peripheral nerve injury (postsurgical pain), central nervous system
(CNS) injury (multiple sclerosis, spinal cord injury), viral infections (eg, postherpetic
neuralgia), tumors, and metabolic disorders such as diabetes mellitus. In particular,
chronic neuropathic pain resulting from peripheral nerve damage is a significant clini-
cal problem which often proves refractory to current treatments, partially due to the
fact that the mechanisms are insufficiently understood. Damage to a peripheral nerve
results in amplification of responses to peripherally applied painful stimuli at the first
synapse in the nociceptive pathway (first pain synapse), leading to excessive activ-
ity in the spinal cord. Traditionally, this phenomenon has been considered a purely
neuronal response. However, extensive preclinical evidence now indicates a critical
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Anti-inflammatory and immune-
regulatory cytokines in rheumatoid
arthritis

Zhu Chen’, Aline Bozec?, Andreas Ramming? and Georg Schelt?*

Abstract | Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by a failure of
spontaneous resolution of inflammation. Although the pro-inflammatory cytokines and
mediators that trigger RA have been the focus of intense investigations, the regulatory and
anti-inflammatory cytokines responsible for the suppression and resolution of disease in a
context-dependent manner have been less well characterized. However, knowledge of the
pathways that control the suppression and resolution of inflammation in RAis clinically relevant
and conceptually important for understanding the pathophysiology of the disease and for the
development of treatments that enable long-term remission. Cytokine-mediated processes such
as the activation of T helper 2 cells by IL-4 and IL-13, the resolution of inflammation by IL-9,
IL-5-induced eosinophil expansion, IL-33-mediated macrophage polarization, the production of
IL-10 by regulatory B cells and IL-27-mediated suppression of lymphoid follicle formation are all
involved in governing the regulation and resolution of inflammation in RA. By better
understanding these immune-regulatory signalling pathways, new therapeutic strategies for RA
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Rheumatoid arthritis (RA) is a severe inflammatory
autoimmune disease that affects ~1% of the population
worldwide and that is associated with substantial mor-
bidity and mortality'. RA is a typical chronic disease, in
which the failure of spontaneous resolution of inflam-
mation causes the disease to persist in patients through-
out their lives. Consequently, unravelling the pathways
that underlie immune regulation and the resolution
of inflammation are of major interest to better under-
stand the pathophysiology of RA and to design new
approaches to achieve a cure for this severe joint disease.

One of the hallmarks of RA is persistent synovitis that
results from the sustained influx of immune cells into the
joints. In this setting, effector T cells, together with B cells
and other innate effector cells, form a complex network
that promotes the production of pro-inflammatory
cytokines, thereby triggering the activation of resident
fibroblast-like synoviocytes and contributing to carti-
lage and bone damage®”’. Innate immune cells such as
neutrophils* and mast cells® contribute to the develop-
ment of synovitis, as do macrophages®, which function
through the release of pro-inflammatory cytokines (such
as TNE, IL-1 and IL-6) and small-molecule mediators
of inflammation (such as reactive oxygen species, nitro-
gen intermediates and prostanoids). For many years,
the prevailing dogma was that macrophages polarize

can be envisioned that aim to balance and resolve, rather than suppress, inflammation.

into a pro-inflammatory ‘M1’ phenotype in RA, lead-
ing to the production of pro-inflammatory mediators
and to a reduction in regulatory and anti-inflammatory
cytokines, such as transforming growth factor-p (TGEB),
IL-4, IL-13 and IL-10 (REF’). However, the phenotypes
of synovial macrophages in patients with RA are
diverse and do not follow a strict M1 phenotype or an
anti-inflammatory ‘M2’ phenotype®.

Very few cytokines (if any) have exclusively pro-
inflammatory or anti-inflammatory functions, but rather
work in a highly context-dependent manner that varies
between the disease processes and tissues involved. TNF
and IL-6 are considered to be central hubs in the syno-
vial cytokine network of RA. These cytokines stimulate
osteoclast formation and the subsequent degradation of
bone and cartilage, and also potently induce the release
of other pro-inflammatory mediators, such as IL-1 and
granulocyte-macrophage colony-stimulating factor
(GM-CSF)*"". Targeting TNF and IL-6 with neutraliz-
ing antibodies or, in the case of IL-6, with Janus kinase
(JAK) inhibitors, is a strategy now widely used in the
treatment of RA that can effectively suppress synovitis'’.
Furthermore, GM-CSF inhibition was effective in treating
RA in early-phase clinical trials and is currently awaiting
approval for clinical use'. Overall, current treatment strat-
egies for RA tend to involve targeting pro-inflammatory
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Abstract

Dendritic cells (DCs) are professional antigen-presenting cells that
have the ability to sense infection and tissue stress, sample and
present antigen to T' lymphocytes, and induce different forms of
immunity and tolerance. The functional versatility of DCs depends
on their remarkable ability to translate collectively the information
from both the invading microbes and their resident tissue microen-
vironments and then make an appropriate immune response. Re-
cent progress in understanding TLR biology has illuminated the
mechanisms by which DCs link innate and adaptive antimicrobial
immune responses. However, how tissue microenvironments shape
the function of DCs has remained elusive. Recent studies of TSLP
(thymic stromal lymphopoietin), an epithelial cell-derived cytokine
that strongly activates DCs, provide evidence at a molecular level
that epithelial cells/tissue microenvironments directly communicate
with DCs. We review recent progress on how TSLP expressed within
thymus and peripheral lymphoid and nonlymphoid tissues regulates
DC-mediated central tolerance, peripheral T cell homeostasis, and
inflammatory Th2 responses.
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The interleukin (IL)-1 family of cytokines comprises 11 members, including 7 pro-inflammatory agonists
(IL-10, IL-1p, IL-18, IL-33, IL-360, IL-36p, IL-367) and 4 defined or putative antagonists (IL-1R antagonist
(IL-1Ra), IL-36Ra, IL-37, and IL-38) exerting anti-inflammatory activities. Except for IL-1Ra, IL-1 cytokines
do not possess a leader sequence and are secreted via an unconventional pathway. In addition, IL-1p and
IL-18 are produced as biologically inert pro-peptides that require cleavage by caspase-1 in their

Keywords': N-terminal region to generate active proteins. N-terminal processing is also required for full activity of
i::]z’::;‘nk;:‘;;‘e IL-36 cytokines. The IL-1 receptor (IL-1R) family comprises 10 members and includes cytokine-specific

receptors, co-receptors and inhibitory receptors. The signaling IL-1Rs share a common structure with
three extracellular immunoglobulin (Ig) domains and an intracellular Toll-like/IL-1R (TIR) domain. IL-1
cytokines bind to their specific receptor, which leads to the recruitment of a co-receptor and intracellular
signaling. IL-1 cytokines induce potent inflammatory responses and their activity is tightly controlled at
the level of production, protein processing and maturation, receptor binding and post-receptor signaling
by naturally occurring inhibitors. Some of these inhibitors are IL-1 family antagonists, while others are
IL-1R family members acting as membrane-bound or soluble decoy receptors. An imbalance between
agonist and antagonist levels can lead to exaggerated inflammatory responses. Several genetic modifica-
tions or mutations associated with dysregulated IL-1 activity and autoinflammatory disorders were
identified in mouse models and in patients. These findings paved the road to the successful use of IL-1
inhibitors in diseases that were previously considered as untreatable.

© 2015 Elsevier Ltd. All rights reserved.

Cytokine antagonists
Autoinflammatory disorders

1. Introduction membrane-bound or soluble decoy receptors. The association of

severe inflammatory syndromes with genetic deficiencies in some

Inflammation is a double-edged sword. On the one hand it is
indispensable for host defense, but on the other hand the failure
of the body to stop the inflammatory response will end in uncon-
trolled destruction of cells and tissue and can result in the develop-
ment of chronic immune-mediated inflammatory diseases,
allergies or cancer. The interleukin (IL)-1 family includes a set of
cytokines, some of which have been demonstrated to play a critical
role in host responses to pathogens and other noxious agents.
Although detected at relatively low levels in the circulation, IL-1
cytokines induce potent inflammatory signals. The biological activ-
ity of IL-1 cytokines is controlled at the level of their production
and maturation, of receptor binding, and of post-receptor signaling
by naturally occurring inhibitors. Some of these inhibitors are
members of the IL-1 family but exert receptor antagonist activities,
while others belong to the IL-1 receptor (IL-1R) family and act as
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of these regulatory molecules has considerably increased our
understanding regarding the biology of IL-1 cytokines. The objec-
tive of this article is to review the literature on natural IL-1 related
cytokine inhibitors and on the clinical syndromes associated with a
genetically dysregulated agonist-antagonist balance.

2. IL-1 cytokines, IL-1 receptors, and intracellular signaling

The IL-1 family of cytokines comprises 11 members, namely
IL-1a, IL-1B, IL-1R antagonist (IL-1Ra), IL-18, IL-33, IL-36R antago-
nist (IL-36Ra), IL-360, IL-36, IL-367, IL-37, and IL-38. With the
exception of IL-18 and IL-33, the genes encoding these cytokines
map on chromosome 2 in both humans and mice. These cytokines
share a common C-terminal three-dimensional structure with a
typical p-trefoil fold consisting of 12-p-strands connected by 11
loops [1]. With the exception of IL-1Ra, IL-1 cytokines are synthe-
sized without a hydrophobic leader sequence and are not secreted
via the classical reticulum endoplasmic-Golgi pathway [2].

eases, Cytokine (2015), http://dx.doi.org/10.1016/j.cyt0.2015.06.017
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Pathways for Cytokine Secretion

Cytokine secretion is a widely studied process, although little is known regarding
the specific mechanisms that regulate cytokine release. Recent findings have shed
light on some of the precise molecular pathways that regulate the packaging of
newly synthesized cytokines from immune cells. These findings begin to elucidate
pathways and mechanisms that underpin cytokine release in all cells. In this article,
we review the highlights of some of these novel discoveries.

The secretion of cytokines and chemokines from
cells is a fundamental response to injury and in-
fection in the body. Cytokines profoundly alter the
body’s response to cellular damage or invasive
pathogens and are secreted by a wide range of cell
types. Among the first cells to secrete cytokines in
response to pathogenic or harmful signals are ep-
ithelial and endothelial cells, which initiate potent
immune and physiological responses (101, 121).
These cells signal to a variety of innate immune
cells and attract these to sites of injury or infection
(5, 19). Epithelial cells work in concert with the
innate immune system to mount appropriate in-
flammatory or adaptive immune responses (101).
Innate immune cells generate a substantial range
of cytokines and regulate the immune response to
injury or infection, and these include macro-
phages/monocytes, dendritic cells (DCs), natural
killer (NK) cells, mast cells, eosinophils, and neu-
trophils. These cells collectively fulfill an essential
role in immunity by controlling the opportunistic
invasion of a substantial range of viral, bacterial,
and parasitic pathogens and can directly recognize
pathogens, or their products, through a diverse
array of receptors, including pattern-recognition
receptors (PRRs), such as the Toll-like receptors
(TLRs) (52). Innate immune cells can combat
pathogens directly via the production of cytotoxic
mediators, and in many cases this is combined
with phagocytosis and intracellular killing of
pathogens.

Epithelial and innate immune cells possess the
ability to alert or disarm the rest of the immune
system through the release of a large number of
pro-inflammatory and immunoregulatory cyto-
kines and chemokines. Some of the most potent
pro-inflammatory cytokines and chemokines re-
leased by innate immune cells include tumor ne-
crosis factor (TNF), interleukin (IL)-6, IL-18, and
CCL5, and collectively they have been reviewed
previously (37, 47, 112). Cytokine secretion from
these cells serves as a bridge for cross-communi-
cation with other innate immune cells and, with
the adaptive immune system, to regulate the am-
plification of inflammation and the expansion of T
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cells and B cells with the associated production of
antibodies and cytotoxic responses. The present
understanding of cytokine secretion from lympho-
cytes has been reviewed elsewhere (51, 54).

Recently, more information has come to light
from innate immune cells regarding the distal
steps of cytokine secretion from the Golgi complex
through membrane-bound organelles for classical
secretion involving membrane fusion and exocyto-
sis. Cytokines may also be released through alter-
native pathways, such as molecular transporters,
in nonclassical secretion. Understanding these in-
tracellular pathways is important for advancing
our knowledge of cellular function in innate im-
munity and in disease. In this review, we focus on
the latest advances describing mechanisms of cy-
tokine and chemokine release.

The Release of Cytokines Through
Diverse Trafficking Pathways

Multiple secretory pathways for cytokines have
been characterized in individual innate immune
cells. A key function for these distinct pathways is
to confer selective control over the release of cyto-
kines into the tissue microenvironment, both spa-
tially and temporally, and therefore to enable the
development of a controlled and appropriate im-
mune or physiological response.

Until recently, very little was known about how
cytokines are secreted. New findings have shown
that most cytokines are released through classical
secretion. In this form of secretion, cytokines may be
packaged in the Golgi for storage in secretory vesicles
or granules and then secreted only during receptor-
mediated release in a form of “regulated exocytosis”
(54, 79, 111), or they may be released rapidly upon
their synthesis through recycling endosomes (REs)
and small secretory vesicles through “constitutive
exocytosis” (112, 113) (FIGURE 1). Constitutive exo-
cytosis involves trafficking of newly synthesized pro-
tein cargo that may or may not be initiated by
receptor stimulation of nuclear DNA transcription
and RNA translation. A secretory granule is defined
as a membrane-bound intracellular organelle, found

1548-9213/10 ©2010 Int. Union Physiol. Sci./Am. Physiol. Soc.
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Interleukin 6 (IL-6), promptly and transiently produced in response to infections and tissue
injuries, contributes to host defense through the stimulation of acute phase responses, he-
matopoiesis, and immune reactions. Although its expression is strictly controlled by tran-
scriptional and posttranscriptional mechanisms, dysregulated continual synthesis of IL-6
plays a pathological effect on chronic inflammation and autoimmunity. For this reason,
tocilizumab, a humanized anti-IL-6 receptor antibody was developed. Various clinical
trials have since shown the exceptional efficacy of tocilizumab, which resulted in its approval
for the treatment of rheumatoid arthritis and juvenile idiopathic arthritis. Moreover, tocili-
zumab is expected to be effective for other intractable immune-mediated diseases. In this
context, the mechanism for the continual synthesis of IL-6 needs to be elucidated to facilitate
the development of more specific therapeutic approaches and analysis of the pathogenesis of
specific diseases.

IL-6 is a soluble mediator with a pleiotropic
effect on inflammation, immune response,
and hematopoiesis. At first, distinct functions
of IL-6 were studied and given distinct names
based on their biological activity. For example,
the name B-cell stimulatory factor 2 (BSF-2)
was based on the ability to induce differentia-
tion of activated B cells into antibody (Ab)-pro-
ducing cells (Kishimoto 1985), the name hepa-
tocyte-stimulating factor (HSF) on the effect of
acute phase protein synthesis on hepatocytes,

the name hybridoma growth factor (HGF) on
the enhancement of growth of fusion cells be-
tween plasma cells and myeloma cells, or the
name interferon (IFN)-B2 owing to its IFN an-
tiviral activity. When the BSF-2 cDNA was suc-
cessfully cloned in 1986 (Hirano et al. 1986),
however, it was found that the molecules with
different names studied by various groups were
in fact identical, resulting in the single name IL-
6 (Kishimoto 1989). Human IL-6 is made up of
212 amino acids, including a 28-amino-acid
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Introduction

The interleukin-17 (IL-17) family is the most recently
described subclass of cytokines." Since 2000, we have
started to gain an understanding of IL-17 family members
and their corresponding receptors, which has led to new
insights into how immunity to infections and autoimmu-
nity are governed. To date, there are six IL-17-family
ligands [IL-17A, IL-17B, IL-17C, IL-17D, IL-17E (IL-25)
and IL-17F], and five receptors (IL-17RA, IL-17RB/
IL-25R, IL-17RC, IL-17RD/SEF and IL-17RE).” Interleu-

Summary

Interleukin-17 (IL-17) has emerged as a central player in the mammalian
immune system. Although this cytokine exerts a host-defensive role in
many infectious diseases, it promotes inflammatory pathology in auto-
immunity and other settings. A myriad of studies have focused on how
IL-17-producing cells are generated. However, the means by which IL-17
achieves its effects, either for the benefit or the detriment of the host, are
due in large part to the induction of new gene expression. Whereas many
IL-17 target genes are common to different disease states, in some cases
the effects of IL-17 differ depending on the target cell, infectious site or
pathogen. Gene products induced by IL-17 include cytokines (IL-6, granu-
locyte-colony-stimulating factor, tumour necrosis factor-a), chemokines
(CXCL1, CXCL2, CCL20, among many others), inflammatory effectors
(acute-phase protesins, complement) and antimicrobial proteins (defen-
sins, mucins). Different cell types appear to respond differently to IL-17
in terms of target gene expression, with notable differences seen in mesen-
chymal and epithelial cells compared with cells of haematopoietic origin.
Here, we summarize the major IL-17 target genes that mediate this cyto-
kine’s activities in both autoimmune and chronic diseases as well as dur-
ing various types of infections.

Keywords: cytokine; gene target; interleukin-17; inflammation; signal
transduction

kin-17A (hereafter referred to as IL-17) is the most inten-
sively studied, but interest in the rest of the family is
growing.

Originally IL-17 was thought to be produced exclu-
sively by T cells,® but it is now known to be secreted by a
variety of innate cells including macrophages, dendritic
cells (DC), natural killer, natural killer T, lymphoid tissue
inducer and y-T cells.* A major development in this field
occurred with the recognition that IL-17-producing CD4"
T cells arise as a population distinct from the classic
T helper type 1 (Thl) and Th2 cells.”™ Whereas it was

Abbreviations: APC, antigen-presenting cell; BAFF, B-cell activating factor; BD, f-defensin; C/EBP, CCAAT/enhancer binding
protein; DC, dendritic cell; DSS, dextran sulphate sodium; EAE, experimental autoimmune encephalomyelitis; GC, germinal
centre; G-CSF, granulocyte colony-stimulating factor; GWAS, genome-wide association studies; IBD, inflammatory bowel disease;
IFN, interferon; IL, interleukin; Len2, lipocalin 2/24p3; MMP, matrix metalloproteinase; NF-kB, nuclear factor-xB; NOD,
nucleotide oligomerization domain; RA, rheumatoid arthritis; RANKL, receptor activator of nuclear factor-«B ligand; SEFIR,
SEF/IL17R; SLE, systemic lupus erythematosus; STATS, signal transducer and activator of transcription 5 ; TGF, transforming
growth factor; Th, T helper; TLR, Toll-like receptor; TMEV, Theiler’s murine encephalomyelitis virus; TNBS, trinitrobenzene
sulphonic acid; TNF, tumour necrosis factor; VV, vaccinia virus.

© 2010 Blackwell Publishing Ltd, Immunology, 129, 311-321 31
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OSTEOARTHRITIS JOINT PAIN: THE CYTOKINE CONNECTION

Rachel E Miller!, Richard J Miller2, and Anne-Marie Malfait!:"
'Departments of Internal Medicine (Division of Rheumatology) and Biochemistry, Rush University
Medical Center, Chicago, IL 60612

2Department of Molecular Pharmacology and Biological Chemistry, Northwestern University, 303
East Chicago Avenue, Chicago, IL 60611

Abstract

Osteoarthritis is a chronic and painful disease of synovial joints. Chondrocytes, synovial cells and
other cells in the joint can express and respond to cytokines and chemokines, and all of these
molecules can also be detected in synovial fluid of patients with osteoarthritis. The presence of
inflammatory cytokines in the osteoarthritic joint raises the question whether they may directly
participate in pain generation by acting on innervating joint nociceptors. Here, we first provide a
systematic discussion of the known proalgesic effects of cytokines and chemokines that have been
detected in osteoarthritic joints, including TNF-a, IL-1, IL-6,IL-15, IL-10, and the chemokines,
MCP-1 and fractalkine. Subsequently, we discuss what is known about their contribution to joint
pain based on studies in animal models. Finally, we briefly discuss limited data available from
clinical studies in human osteoarthritis.

Keywords

osteoarthritis; pain; chemokines; cytokines; animal models

1. Osteoarthritis, a Painful Joint Disease

Osteoarthritis (OA), the most prevalent form of arthritis, is a chronic and painful disease of
synovial joints, most commonly the knees, hips, and hands. The prevalence of OA increases
with age. OA is a leading cause of disability among older adults in the US [1] and
worldwide [2]. Obesity and joint injuries are other major risk factors [3]. The most
prominent symptom of OA is pain. Since effective therapies for OA and the associated joint
pain are not available, this disease represents an enormous unmet medical need [4, 5].

OA pathology is characterized by progressive cellular and molecular changes in all joint
tissues, including articular cartilage, subchondral bone, synovium, ligaments, and peri-

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Copyright © 2019 Paramita Basu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Recent studies have reported that the transient receptor potential V1 ion channel (TRPV1), a pain generator on sensory neurons, is
activated and potentiated by NADPH oxidase-generated reactive oxygen species (ROS). ROS are increased by advanced oxidation
protein products (AOPPs), which activate NADPH oxidase by upregulating Nox4 expression. Our previous studies reported that
Euphorbia bicolor (Euphorbiaceae) latex extract induced peripheral analgesia, partly via TRPV1, in hindpaw-inflamed male and
female rats. The present study reports that E. bicolor latex extract also can evoke analgesia via reduction of oxidative stress
biomarkers and proinflammatory cytokines/chemokines in a rat model of orofacial pain. Male and female rats were injected
with complete Freund’s adjuvant (CFA) into the left vibrissal pad to induce orofacial inflammation, and mechanical allodynia
was measured by the von Frey method. Twenty-four hours later, rats received one injection of E. bicolor latex extract or vehicle
into the inflamed vibrissal pad. Mechanical sensitivity was reassessed at 1, 6, 24, and/or 72 hours. Trigeminal ganglia and trunk
blood were collected at each time point. In the trigeminal ganglia, ROS were quantified using 2',7’-dichlorodihydrofluorescein
diacetate dye, Nox4 protein was quantified by Western blots, and cytokines/chemokines were quantified using a cytokine array.
AOPPs were quantified in trunk blood using a spectrophotometric assay. E. bicolor latex extract significantly reduced orofacial
mechanical allodynia in male and female rats at 24 and 72 hours, respectively. ROS, Nox4, and proinflammatory
cytokines/chemokines were significantly reduced in the trigeminal ganglia, and plasma AOPP was significantly reduced in the
trunk blood of extract-treated compared to vehicle-treated rats. In vitro assays indicate that E. bicolor latex extract possessed
antioxidant activities by scavenging free radicals. Together our data indicate that the phytochemicals in E. bicolor latex may
serve as novel therapeutics for treating oxidative stress-induced pain conditions.

not entirely understood, and once chronic pain has devel-
oped, it is hard to treat without the long-term use of

Pain is a major submodality of the somatosensory system
that serves as a warning to alert the organism to actual injury
or the threat of injury. However, pain also can develop in the
absence of injury or continue following the resolution of
injury leading to a transition from acute to chronic pain.
Acute and chronic pain manifest as the development and
maintenance of hyperalgesia and/or allodynia. The Interna-
tional Association for the Study of Pain defines hyperalgesia
as an increased sensitivity to noxious stimuli, while allodynia
is defined as an increased sensitivity to nonnoxious stimuli.
The transition mechanism from acute to chronic pain is

66

addictive opioid-based narcotics. The identification of non-
opioid pharmaceutical targets is needed to improve chronic
pain management.

A potential target for chronic pain management may be
managing the noxious effects of oxidative stress on peripheral
sensory neurons. Patients with spinal cord injury and dia-
betic neuropathy [1, 2] suffer from hyperalgesia and allody-
nia arising, in part, from oxidative stress due to either
excessive formation of reactive oxygen species (ROS) or a
decrease in antioxidant capacity [3]. This is supported by
preclinical studies reporting that superoxide (reactive
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Abstract

The cytokine cascade in pain and inflammatory processes is a tremendously complex system,
involving glial, immune, and neuronal cell interactions. IL-1p is a pro-inflammatory cytokine that
has been implicated in pain, inflammation and autoimmune conditions. This review will focus on
studies that shed light on the critical role of IL-1p in various pain states, including the role of the
intracellular complex, the inflammasome, which regulates IL-1p production. Evidence will be
presented demonstrating the importance of IL-1p in both the induction of pain and in the
maintenance of pain in chronic states, such as after nerve injury. Additionally, the involvement of
IL-1B as a key mediator in the interaction between glia and neurons in pain states will be
discussed. Taken together, the evidence presented in the current review showing the importance of
IL-1B in animal and human pain states, suggests that blockade of IL-1B be considered as a
therapeutic opportunity.

1. Interleukin-1

Interleukin-1 o and B are prototypic proinflammatory cytokines that exert pleiotrophic
effects on a variety of cells and play key roles in acute and chronic inflammatory and
autoimmune disorders. There are two IL-1 receptors, IL-1 type 1 receptor (IL-1RI) and IL-1
type 2 receptor (IL-1 RII). IL-1a and IL-1p signal through IL-1RI. Binding to IL-1RII does
not lead to cell signaling and it is therefore considered a decoy receptor. Upon binding of
IL-1 to IL-1RI, a second receptor termed IL1 receptor accessory protein (IL-1RAcP) gets
recruited at the cell membrane to form a high affinity binding receptor complex leading to
intracellular signaling. A third IL-1 family member, IL-1 receptor antagonist (IL-1ra), binds
to IL-1 receptors and prevents the interaction of IL-1 with its receptors, acting as a natural
IL-1 inhibitor (reviewed in Dinarello, 1996 and Braddock and Quinn, 2004) This review will
focus on the role of IL-1B in painful and inflammatory conditions.

IL-1B has important homeostatic functions in the normal organism, such as in the regulation
of feeding, sleep, and temperature (reviewed in Dinarello, 1996). However, overproduction
of IL-1B is implicated in the pathophysiological changes that occur during different disease
states, such as rheumatoid arthritis, neuropathic pain, inflammatory bowel disease,
osteoarthritis, vascular disease, multiple sclerosis, and Alzheimer's disease (reviewed in
Dinarello, 1996; Braddock and Quinn, 2004, and Dinarello, 2004). IL-1B can be released
from keratinocytes, fibroblasts, synoviocytes, endothelial, neuronal, immune cells such as
macrophages and mast cells, and glial cells such as Schwann cells, microglia and astrocytes
(Watkins et al., 1995; Copray et al., 2001; Shamash et al., 2002; Sommer and Kress, 2004;

© 2009 Elsevier B.V. All rights reserved.
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Abstract: Neuron-glia interactions contribute to pain initiation and sustainment. Intra-ganglionic
(IG) secretion of calcitonin gene-related peptide (CGRP) in the trigeminal ganglion (TG) modulates
pain transmission through neuron-glia signaling, contributing to various orofacial pain conditions.
The present study aimed to investigate the role of satellite glial cells (SGC) in TG in causing
cytokine-related orofacial nociception in response to IG administration of CGRP. For that purpose,
CGRP alone (10 uL of 1075 M), Minocycline (5 uL containing 10 pg) followed by CGRP with one
hour gap (Min + CGRP) were administered directly inside the TG in independent experiments. Rats
were evaluated for thermal hyperalgesia at 6 and 24 h post-injection using an operant orofacial pain
assessment device (OPAD) at three temperatures (37, 45 and 10 °C). Quantitative real-time PCR was
performed to evaluate the mRNA expression of IL-1f, IL-6, TNF-«, IL-1 receptor antagonist (IL-1RA),
sodium channel 1.7 (NaV 1.7, for assessment of neuronal activation) and glial fibrillary acidic protein
(GFAP, a marker of glial activation). The cytokines released in culture media from purified glial
cells were evaluated using antibody cytokine array. IG CGRP caused heat hyperalgesia between
6-24 h (paired-t test, p < 0.05). Between 1 to 6 h the mRNA and protein expressions of GFAP was
increased in parallel with an increase in the mRNA expression of pro-inflammatory cytokines IL-13
and anti-inflammatory cytokine IL-1RA and NaV1.7 (one-way ANOVA followed by Dunnett’s post
hoc test, p < 0.05). To investigate whether glial inhibition is useful to prevent nociception symptoms,
Minocycline (glial inhibitor) was administered IG 1 h before CGRP injection. Minocycline reversed
CGRP-induced thermal nociception, glial activity, and down-regulated IL-1 and IL-6 cytokines
significantly at 6 h (t-test, p < 0.05). Purified glial cells in culture showed an increase in release of
20 cytokines after stimulation with CGRP. Our findings demonstrate that SGCs in the sensory ganglia
contribute to the occurrence of pain via cytokine expression and that glial inhibition can effectively
control the development of nociception.

Keywords: satellite glial cells; calcitonin gene related peptide; cytokine; trigeminal ganglion;
thermal hyperalgesia
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Views and Perspectives

COVID-19 is a Real Headache!

Hayrunnisa Bolay, MD, PhD; Ahmet Giil, MD; Betiil Baykan, MD

After the emergence of a novel coronavirus named SARS-CoV-2, coronavirus disease 2019 (COVID-19) was initially char-
acterized by fever, sore throat, cough, and dyspnea, mainly manifestations of respiratory system. However, other manifestations
such as headache, abdominal pain, diarrhea, loss of taste and smell were added to the clinical spectrum, during the course of
the COVID-19 pandemic. The reports on the neurological findings are increasing rapidly and headache seems to be the leader
on the symptom list. Headache was reported in 11%-34% of the hospitalized COVID-19 patients, but clinical features of these
headaches were totally missing in available publications. According to our initial experience, significant features of headache
presentation in the symptomatic COVID-19 patients were new-onset, moderate-severe, bilateral headache with pulsating or
pressing quality in the poroparietal, forehead or periorbital region. The most striking features of the headache were sudden

to gradual onset and poor resp to 1 or high relapse rate, that was limited to the active phase of the
COVID-19 Symptomatlc COVlD—19 patients, around 6%-10%, also reported headache as a p ing sy The possibl
pathophysiologi hanisms of headache include activation of peripheral trigeminal nerve endmgs by the SARS CoV-2 dlrectly

or through the vasculopathy and/or increased circulating pro-inflammatory cytokines and hypoxia. We concluded that as a com-
mon non-respiratory symptom of COVID-19, headache should not be overlooked, and its characteristics should be recorded with
scrutiny.

Key words: coronavirus disease 2019, headache symp headache pathophysiology, angiotensin-converting enzyme 2, vascu-
lopathy, inflammatory mediators

(Headache 2020;0:1-7)

After the emergence of a novel coronavirus named follow-up of increased number of patients within 3
SARS-CoV-2, causing coronavirus disease 2019  months. Neurologists are involved in many places
(COVID-19) with a severe and deadly pneumonia in together with all other physicians and health personnel

Wuhan, China, our known world has changed dra-  inthe war against the pandemic. Nowadays, the reports
matically. COVID-19 is initially characterized by fever, on the neurological findings are increasing rapidly and
sore throat, cough, and dyspnea, mainly manifesta-  headache seems to be the leader on the symptom list.

tions of respiratory system.'> However, other mani- The available reports related to headache symptom

festations such as headache, abdominal pain, diarrhea, in patients with COVID-19 do not contain any details
loss of taste and smell, and frost bite like skin lesions  about headache characteristics (Table 1).""'* A recent
have been added to the clinical spectrum, during the  meta-analysis (n = 3598 patients) and a handful of
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Interleukin-6 in oral diseases: a review
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Interleukin-6 (IL-6) is a pleomorphic cytokine involved in a
number of physiologic and pathologic processes including
response to trauma and infection and development and
progression of inflammation and malignancy. IL-6 is
emerging as an important mediator and novel therapeutic
target for chronic inflammatory diseases and cancer. The
present study reviews the available evidence regarding the
association between IL-6 and a range of oral diseases
including infections (periodontal disease and endodontic
infections), immunologically mediated disorders (oral
lichen planus and Sjégren’s syndrome) and malignancy
(oral cancer and precancer). The role of common genetic
variants of IL-6 in determining individual susceptibility to
certain oral diseases, as well asnovel therapeutic strategies
based on IL-6 inhibition are also discussed.

Oral Diseases (2012) 18, 236-243

Keywords: interleukin-6; oral diseases; periodontitis; lichen
planus; oral cancer; Sjégren’s syndrome

Introduction

Cytokines are soluble proteins that play an important
role in the initiation and maintenance of inflammatory
and immune responses as well as intercellular cross-
talking. Interleukin-6 (IL-6) is a multifunctional cyto-
kine synthesized in response to stimuli such as infection
and trauma (Kishimoto et al, 1995) by a variety of cells
such as macrophages, neutrophils, keratinocytes, fibro-
blasts, and endothelial cells (Matsuki ez al, 1992). IL-6
cell signals are transmitted through a receptor expressed
in a wide range of target cell types. In addition to this, a
soluble IL-6 receptor (sIL-6R) enables to widen the
repertoire of cells responsive to IL-6 (Jones et al, 2001).
IL-6 is able to stimulate a number of biologic processes
including antibody (and autoantibody) production,
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activation of T cells, B cell differentiation, increase in
acute-phase proteins, hematopoiesis, induction of angio-
genesis, vascular permeability, and osteoclast differenti-
ation (Hirano et al, 1988; Ridker et al, 1997). It is also a
strong stimulator of hepcidin, a liver-produced hormone
that regulates intestinal iron absorption (Hohaus et al,
2010), potentially contributing to sideropenic anemia in
chronic inflammation. IL-6 activity in inflammation is
considered double-edged, acting both as anti-inflamma-
tory (e.g., downregulation of neutrophil recruitment and
proinflammatory cytokine expression) (Schindler et al,
1990); Xing et al, 1998) but also as proinflammatory
(e.g., induction of acute-phase reactants by the liver) in
chronic diseases (Jones et al, 2001). IL-6 is also believed
to have growth factor properties regarding the develop-
ment and progression of many types of cancers (Barton,
2005; Nishimoto, 2010). Because of these multifaceted
abilities, it is thought that individual variability in the
ability to synthesize and release IL-6 may modulate the
susceptibility, development, and progression of a num-
ber of autoimmune and inflammatory diseases (such as
atherosclerosis, rheumatoid arthritis, systemic-onset
juvenile idiopathic arthritis, and Castleman’s disease)
and malignancies (myeloma and mesothelioma)
(Moreau et al, 2000; Park et al, 2007, Packard and
Libby, 2008; Nishimoto, 2010). An association between
low circulating IL-6 levels and longevity has recently
been shown in a study on elderly individuals (Wassel
et al, 2010). Furthermore, IL-6 inhibition therapy has
been shown to give some promising beneficial effects in
the treatment of rheumatoid arthritis (Patel and More-
land, 2010). A number of common oral diseases
including oral cancer, lichen planus, and periodontal
diseases have been recently reported to be associated
with IL-6 deregulation. The aim of this study is to
review the evidence regarding the expression of IL-6 in
individuals with oral diseases and discuss potential
diagnostic and therapeutic implications.

IL-6 in dental and periodontal disease

Periodontitis
The most common forms of periodontal diseases are
gingivitis (plaque-induced inflammation of the marginal
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Many trigeminal neuropathic pain patients suffer severe chronic pain. The neuropathic pain might be related
with cross-excitation of the neighboring neurons and satellite glial cells (SGCs) in the sensory ganglia and in-
creasing the pain signals from the peripheral tissue to the central nervous system. We induced trigeminal
neuropathic pain by infraorbital nerve constriction injury (IONC) in Sprague-Dawley rats. We tested cytokine
(CXCL2 and IL-10) levels in trigeminal ganglia (TGs) after trigeminal neuropathic pain induction, and the effect
of direct injection of the anti-CXCL2 and recombinant IL-10 into TG. We found that IONC induced pain behavior.

Additionally, IONC induced satellite glial cell activation in TG and cytokine levels of TGs were changed after
IONC CXCL2 levels increased on day 1 of neuropathic pain induction and decreased gradually, with IL-10 levels

trend. Rec

3 s

ing the opp

IL-10 or anti-CXCL2 injection into TG decreased pain behavior. Our

results show that IL-10 or anti-CXCL2 are therapy options for neuropathic pain.

1. Introduction

Peripheral nerve injury induces neuropathic pain and neuronal
hyperexcitation within sensory ganglia [1]. Although it has been re-
ported that there are no synaptic contacts in sensory ganglia [2,3],
depolarized sensory neuron somata can induce cross-excitation by ac-
tivating neighboring neurons in the same ganglion [4], and this appears
to be chemically mediated [5]. Some studies have reported that neu-
rotransmitters such as substance P, calcitonin gene-related peptide
(CGRP), and ad ine triphosphate are rel d from the somata of
neurons in sensory ganglia [6- 10], and go on to excite neurons [11,12].
The release of these neurotransmitters is reported to be increased in
inflammatory and neuropathic pain conditions [7,13].

It has also been reported that cytokines are released from trigeminal
ganglion (TG) glial-rich cultures [14,15]. The cytokines released may
affect neighboring sensory neurons or the other satellite glial cells
(SGCs) in the TGs. For instance, SGCs modulate the excitation of TG
neurons through interleukin-1p (IL-1B) [16] and CGRP enhances
communication between purinergic neurons and glial cells [17]. In
some pain models, such as neuropathic pain and migraine, SGC activity

increases cytokine release [18,19]. These reports showed that neuro-
pathic pain might induce the cross-excitation of neighboring neurons
and SGCs in the sensory ganglia, and increase pain signals from the
peripheral tissue to the central nervous system.

One cytokine, chemokine (C-X-C motif) ligand 2 (CXCL2) also
known as macrophage inflammatory protein 2-a belongs to the CXC
chemokine family, along with growth-regulated protein  and Gro on-
cogene-2. CXCL2 is 90% identical in amino acid sequence to the related
chemokine, CXCL1. This chemokine is reported to be secreted by
monocytes and macrophages, and is chemotactic for polymorpho-
nuclear leukocytes and hematopoietic stem cells [20-22]. It has been
reported that CXCL2 and its receptor are up-regulated in neutrophils
and macrophages that accumulate in injured sciatic nerves, and that
this might elicit chronic neuroinflammation through neutrophil accu-
mulation, leading to neuropathic pain [23].

IL-10 is a cytokine produced from type 2 helper T cells, activated B
cells, monocytes, mast cells and keratinocytes. Its bioactivity varies
widely, but it has a distinctly different feature from other cytokines of
inhibitory activity. IL-10 mainly acts on monocyte line cells to suppress
immune function, including the production of inflammatory cytokines

Abbreviations: GFAP, glial fibrillary acidic protein; CGRP, calcitonin gene-related peptide; CXCL2, chemokine (C-X-C motif) ligand 2; DRG, dorsal root ganglion;
IONC, infraorbital nerve constriction; IL-1B, interleukin-1p; IL-10, Interleukin-10; SGCs, satellite glial cells; TG, trigeminal gangllon
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ABSTRACT

Background: It is necessary to understand the mechanism of trigeminal neuralgia (TN) and
hemifacial spasm (HFS) in order to seek for an effective noninvasive remedy. As previous
studies implied that inflammatory cytokines induced by demyelination following the nerve
injury may be the initiated factor causing neuropathic pain, we attempt to analyze the
correlation between cytokines and these hyperactive cranial nerve disorders.

Method: The consecutive patients whose diagnosis were confirmed by microvascular decom-
pression surgery as primary TN or HFS caused by vascular compression and healthy volun-
teers between March and May 2018 in XinHua Hospital Shanghai JiaoTong University School
of Medicine were recruited. Preoperatively, venous blood was collected and the protein
concentrations of IL-1B, IL-2, IL-6, IL-8, IL-10, TNF-a and IFN-y were determined with ELISA.
Each cytokine was compared between the patients and healthy volunteers.

Results: Ultimately, 28 healthy volunteers as well as 44 TN and 47 HFS patients were enrolled
in this investigation. The serum levels of IL-1B, IL-6, IL-8 and TNF-a in either HFS or TN
patients were significantly higher than that in healthy volunteers (p < 0.05), yet which were
similar between TN and HFS patients (p > 0.05). Besides, there was a significantly correlation
between IL-6 concentration and severity of HFS (r = 0.933, p < 0.05) or TN (r = 0.943, p < 0.05).
Discussion: Vascular compression of trigeminal or facial nerve roots may induce a rise in
variety of cytokines, and IL-6 may play an important role in the signaling pathways to
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generate ectopic impulses from these cranial nerves.

Introduction

Both trigeminal neuralgia (TN) and hemifacial spasm
(HFS) are common hyperactive cranial nerve disor-
ders attributable to vascular loops compression [1-4].
This etiology has been clarified by the major patho-
logical findings of axonal loss or demyelination in the
compressed cranial nerve root and verified by suc-
cessful microvascular decompression (MVD) surgery
[2,5,6]. Although MVD has led to a very high post-
operative cure today, this sort of open brain opera-
tion is invasive and sometimes may result in fatal
complications [7,8]. Therefore, it is necessary to
investigate the underlying pathogenesis of these cra-
nial nerve hyperexcitability disorders in order to seek
for an effective noninvasive remedy. Researches have
demonstrated that the nature of the episode of pain
or spasm is the ectopic action potential ignited by
sodium channels emerged from the compressed nerve
[3,9-11]. Based on these evidences we proposed
a hypothesis on the pathogenesis:

A certain degree of vascular compression give rise to
demyelination of the suffered nerve root inducing
emergence of transmembrane sodium channels
upon the axons; with some trigger factors (e.g.

transient fluctuations of blood pressure or pulse),
these voltage-gated channels reach threshold and
generate conductible action potentials from the
damaged nerve eventually [6,12,13].

Accordingly, if we can block the signaling pathway
from the demyelination to synthesis of sodium chan-
nels, we may cease the generation of ectopic action
potentials and finally relieve the pain or spam for TN
or HFS patients noninvasively.

When the nerve was injured, Schwann cells and
macrophages phagocytize the degenerated myelin
producing cytokines which further aggravate demye-
lination [14-17]. The role of cytokine-mediated neu-
roimmune interactions in the development and
persistence of pain has been extensively studied [18-
21]. For instance, intraneural application of inflam-
matory cytokines may induce behavioral signs asso-
ciated with pain, and application of anti-
inflammatory cytokines may induce analgesic action
in animal models [22,23]. Through human nerve
biopsies and serum analyses, studies showed that
several inflammatory cytokines, e.g. IL-1, IL-2, IL-6,
IL-8, TNF and IFN, were elevated in patients with
painful neuropathies compared to non-painful neu-
ropathies [19,24-26]. Consequently, it is possible that

CONTACT Jun Zhong @ ZhongJun@XinHuaMed.com.cn; Shi-Ting Li @ lishiting@XinHuaMed.com.cn @ Department of Neurosurgery, XinHua
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Abstract - Inflammation is characterized by an interplay between pro- and anti-inflammatory cytokines. Cytokines are commonly
classified in one or the other category: interleukin-1 (IL-1), tumor necrosis factor (TNF), gamma-interferon (IFN-y), IL-12, IL-18
and granulocyte-macrophage colony stimulating factor are well characterized as pro-inflammatory cytokines whereas IL-4, IL-10,
IL-13, IFN-o and transforming growth factor-f are recognized as anti-inflammatory cytokines. In this review, we point out that
this classification is far too simplistic and we provide numerous examples illustrating that a given cytokine may behave as a pro-
as well as an anti-inflammatory cytokine. Indeed, the cytokine amount, the nature of the target cell, the nature of the activating
signal, the nature of produced cytokines, the timing, the sequence of cytokine action and even the experimental model are

parameters which greatly influence cytokine properties.

Key words: Inflammation, interleukin, chemokine, macrophages, neutrophils, endothelial cells

INTRODUCTION

Cytokines play an important role during the
inflammatory process. Two cytokines, namely
interleukin-1 (IL-1) and tumor necrosis factor (TNF)
orchestrate the inflammatory response and initiate a
cascade of mediators which are directly responsible for the
various events associated with inflammation (e.g.
increased vascular permeability, chemoattraction of
circulating leukocytes, proteolysis...). Other cytokines
such as IL-3 and granulocyte-macrophage colony
stimulating factor (GM-CSF) amplify the release of IL-1
and TNE, thus favoring the inflammatory process. This is
also the case for gamma-interferon (IFN-y) the production
of which is induced by IL-12 and IL-18. While the
cytokines mentioned above are classified as "pro-
inflammatory cytokines", IL-4, IL-10, IL-13, interferon-
alpha (IFN-or) and transforming growth factor-f§ (TGF-8)
are recognized as anti-inflammatory cytokines because of
their ability to inhibit the release of pro-inflammatory
cytokines, to induce the production of IL-1 receptor
antagonist (IL-1ra) and the release of soluble TNF
receptor (STNFR) and to limit some of the pro-
inflammatory activities of IL-1 and TNE. However, the
events occurring during inflammation are not as simplistic
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as an interplay between pro- and anti-inflammatory actors.
Indeed, they are far more complex ! In this short review
we will provide some examples which illustrate the fact
that each of these cytokines offers a "half angel - half
devil" aspect and none can be simply labelled either "pro"
or "anti".

A TOO SIMPLISTIC DICHOTOMY

René Magritte, the surrealistic Belgium artist, painted
a pipe on a picture and wrote "Ceci n’est pas une pipe"
(This is not a pipe). It is becoming more and more frequent
to find reports reminiscent of this concept: e.g. "TNF is not
a pro-inflammatory cytokine". For example, in their report
entitled "TNF is a potent anti-inflammatory cytokine in
autoimmune-mediated demyelination" Liu et al. (42)
showed that in response to injection of myelin
oligodendrocyte glycoprotein, TNF-deficient mice of
different genetic backgrounds displayed a multiple
sclerosis-like disease with a higher incidence, a higher
mortality, a longer duration and a more severe auto-
immune disease than their wild type counterparts.
Similarly, in an experimental model of collagen-induced
arthritis, it was found that blocking the activity of IFN-y
(either by anti-IFN-y antiserum or by using IFN-y receptor
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1 Abstract
Introduction and Objective: Dental caries is an inflammatory disease with multifactorial etiology. The presented study was
conducted to test the hypothesis that the elevation of salivary cytokines — interleukin-6 (IL-6), interleukin-8 (IL-8) and tumour
necrosis factor (TNF-a) is changed in dental caries patients. IL-6, IL.-8 and TNF-a. are particularly relevant to inflammation,
one of the very first responses of the host to a pathological insult.

Materials and Methods: Whole saliva from 26 patients with dental caries, as well as 10 healthy persons, was investigated
for the presence of IL-6, IL-8 and TNF-a. by enzyme immunoassay - ELISA.

Results: The results showed that an elevation of IL-6, IL-8 and TNF-a in unstimulated whole saliva in subjects with dental
caries, compared with controls, increased and was statistically significant in all cases (p <0.05). The study also show a positive
correlation between TNF-a and IL-8.

Conclusions: These data suggest links between the production of tumour necrosis factor (TNF-a), interleukin-6 (IL-6),

interleukin-8 (IL-8) in saliva and dental caries disease.
1 Key words

dental caries, saliva, interleukin-6, interleukin-8, tumour necrosis factor a, inflammation

INTRODUCTION

Dental caries is an infectious disease with multifactorial
etiology [1]. A large number of research studies have been
carried out to discover the cause of this disease. The process
of dental caries is now well understood and is determined by
adynamic balance between pathological factors (acidogenic
bacteria, reduced salivary function) and protective factors
(proteins, fluoride, calcium, phosphate) [2]. It is also well
known that saliva secretion and salivary components
are important for dental health. Inorganic and organic
components in saliva may influence the colonization and
elimination of microorganisms from the oral cavity [3, 4].
Bacteria colonize the oral cavity and lead to the process of
inflammation. These lesions induce both innate and adaptive
immune responses by the host [2]. The predominant cell
types within periapical lesions are neutrophils, macrophages,
T- and B-lymphocytes, mast cells, osteoclasts, osteoblasts,
and fibroblasts. These cells express a large number of
proinflammatory cytokines, including interleukin IL-6,
IL-4, IL-1-B, IL-1-o, tumour necrosis factor (TNF-a), and
lymphotoxin-a [5, 6]. These cytokines are likely released
into the systemic circulation, since animal models indicate
that proinflammatory cytokine concentrations are higher
within the serum of animals with periapical lesions. The
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concentrations of proinflammatory cytokines are also
elevated within both the serum and gingival tissues of
persons with periodontal inflammation, and may contribute
to asystemic hyperinflammatory state, which is a risk factor
for several types of systemic diseases [7].

The role of TNF-a in host defence and inflammatory
responses is well documented [8, 9]. TNF-a is reported to
promote the inflammatory cell infiltration by leukocyte
adhesion molecules on endothelial cells and activate
phagocytekilling mechanisms. TNF-a is a proinflammatory
cytokine that was originally discovered as a protein with
necrotizing effects in certain transplantable mouse tumors,
and is now recognized as a cytokine with pleiotropic
biological capacities. Besides its cytostatic and cytotoxic
effects on certain tumour cells, TNF-a influences growth,
differentiation, and/or the function of virtually every cell
type investigated. Moreover, TNF-a. is thought to be part of
an integral network of interactive signals that orchestrate
inflammatory and immunological events [8, 9].

IL-6 is a multifunctional cytokine playing a central role
in inflammation and tissue injury [10]. Its levels positively
correlate with higher all-cause mortality, unstable angina,
propensity to diabetes and its complications, hypertension,
and obesity. Moreover, proinflammatory cytokines were
revealed to be sensitive systemic markers of tissue damage,
and predictive of future adverse cardiac events among
apparently healthy men. IL-6 and TNF-a levels have been
shown in periapical lesions and in the liver of rats with
induced periapical abscesses [10].
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Dental caries is a chronic infectious disease resulting from the penetration of oral bacteria into the enamel and dentin.
Microorganisms subsequently trigger inflammatory responses in the dental pulp. These events can lead to pulp healing if the
infection is not too severe following the removal of diseased enamel and dentin tissues and clinical restoration of the tooth.
However, chronic inflammation often persists in the pulp despite treatment, inducing permanent loss of normal tissue and reducing
innate repair capacities. For complete tooth healing the formation of a reactionary/reparative dentin barrier to distance and protect
the pulp from infectious agents and restorative materials is required. Clinical and in vitro experimental data clearly indicate that
dentin barrier formation only occurs when pulp inflammation and infection are minimised, thus enabling reestablishment of tissue
homeostasis and health. Therefore, promoting the resolution of pulp inflammation may provide a valuable therapeutic opportunity
to ensure the sustainability of dental treatments. This paper focusses on key cellular and molecular mechanisms involved in pulp
responses to bacteria and in the pulpal transition between caries-induced inflammation and dentinogenic-based repair. We report,
using selected examples, different strategies potentially used by odontoblasts and specialized immune cells to combat dentin-

invading bacteria in vivo.

1. Odontoblasts in the Dental
Pulp’s Defence against Caries

The crowns of erupted human teeth are covered by sym-
biotic microbial communities, mainly composed of Gram-
positive saprophytic bacteria which are normally harmless
to the tooth. These communities adhere as biofilms to the
highly mineralized enamel that constitutes a barrier which is
impermeable to microorganisms and protects the underlying
mineralized dentin and the loose connective tissue situated at
the centre of the tooth, the dental pulp. However, when placed
in a sugar-rich environment, specific bacterial populations
from these communities release acids that progressively
demineralize enamel [1, 2]. This leads to the appearance
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of a carious lesion characterized by a cavity within which
“cariogenic” bacteria proliferate and release additional acids
that progressively deepen the lesion. When the enamel bar-
rier is disrupted, dentin becomes degraded by Gram-positive
bacteria, including streptococci, lactobacilli, and actinomyces
that largely dominate the dentin caries microflora [3]. The
proliferation and metabolic activity of these microorganisms
lead to the release of bacterial components into dentinal
tubules and their diffusion towards the peripheral pulp.
Dentin demineralization may also enable the release of
bioactive molecules from the dentin matrix [4]. Recognition
of bacterial components by host cells at the dentin-pulp
interface triggers host protective events including antibacte-
rial, immune, and inflammatory responses. These events may
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. Caries affected teeth exhibit significantly higher levels of IFNy, IL1f, IL2, IL4 and IL6
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Abstract

Tumor necrosis factor-a (TNF-a) is a proalgesic cytokine that is commonly expressed following tissue injury. TNF-a expression
not only promotes inflammation but can also lead to pain hypersensitivity in nociceptors. With the established link between TNF-a
and inflammatory pain, we identified its increased expression in the teeth of patients affected with caries and pulpitis. We generated
a transgenic mouse model (TNF-#°) that could be used to conditionally overexpress TNF-a. These mice were bred with a dentin
matrix protein | (DMPI)-Cre line for overexpression of TNF-u in both the tooth pulp and bone to study oral pain that would result
from subsequent development of pulpitis and bone loss. The resulting DMPI/TNF-0° mice show inflammation in the tooth pulp that
resembles pulpitis while also displaying periodontal bone loss. Inflammatory infiltrates and enlarged blood vessels were observed in the
tooth pulp. Pulpitis and osteitis affected the nociceptive neurons innervating the orofacial region by causing increased expression of
inflammatory cytokines within the trigeminal ganglia. With this new mouse model morphologically mimicking pulpitis and osteitis, we
tested it for signs of oral pain with an oral function assay (dolognawmeter). This assay/device records the time required by a mouse to
complete a discrete gnawing task. The duration of gnawing required by the DMPI/TNF-0f° mice to complete the task was greater than
that for the controls; extended gnaw time in a dolognawmeter indicates reduced orofacial function. With the DMP1/TNF-o° mice, we
have shown that TNF-a expression alone can produce inflammation similar to pulpitis and osteitis and that this mouse model can be
used to study dental inflammatory pain.

Keywords: inflammation, facial pain, cytokine(s), toothache, animal model, Cdk5

administration of lipopolysaccharide to induce an inflammatory
immune response (Khan and Hargreaves 2010; Gibbs et al.
2013). We wanted to examine the effect of TNF-a. on immune
homeostasis within the tooth pulp and determine if overexpres-
sion of this inflammatory mediator alone could promote pulpi-
tis. For this purpose, we decided to use a genetic approach to
determine the cause of conditional overexpression of TNF-a in

Introduction

Tumor necrosis factor—o (TNF-a) is a pleiotropic cytokine that
promotes inflammation by promoting recruitment of leukocytes,
inducing vasodilation, and stimulating the production of pro-
inflammatory cytokines (Bradley 2008). Elevated levels of
TNF-o have often been detected in the serum and tissues of
patients with severe infections or autoimmune disorders. For
example, upregulation of TNF-a has been discovered in pulpal
tissues from teeth with irreversible pulpitis (Pezelj-Ribaric et
al. 2002; Kokkas et al. 2007) and in exudates of teeth with api-
cal periodontitis (Safavi and Rossomando 1991). In addition to
being proinflammatory, TNF-a may act directly on nociceptive
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neurons to increase pain sensitivity. The TNF-a receptors,
TNFRI1 and TNFR2, have been detected on nociceptive neu-
rons that transmit peripheral pain to the central nervous system
(Boettger et al. 2008; Schaible 2010). Subcutaneous injection
of recombinant TNF-a promotes mechanical allodynia through
sensitization of C-fiber nociceptors (Junger and Sorkin 2000),
while application of TNF-a to cultured dorsal root ganglion
neurons modulates ion channel activity (Czeschik et al. 2008).

Orofacial pain is a widespread public health problem that
affects 20% of adults, with toothaches alone afflicting about
22 million Americans (Lipton et al. 1993). Animal models of
dental pain often involve exposure of the tooth pulp and

Education, School and Hospital of Stomatology, Wuhan University,
Wuhan, China

*Laboratory of Cellular and Molecular Mechanisms of Pain, Faculty of
Sciences, University of Chile, Santiago, Chile

*NYU Bluestone Center for Clinical Research, Department of Oral and
Maxillofacial Surgery, School of Dentistry New York University College
of Dentistry, New York, NY, USA

Corresponding Author:

A.B. Kulkarni, Functional Genomics Section, Laboratory of Cell and
Developmental Biology, National Institute of Dental and Craniofacial
Research, National Institutes of Health, 30 Convent Drive, Room 130,
MSC 4395, Bethesda, MD 20892, USA.

Email: ashok.kulkarni@nih.gov

Downloaded from |dr.sagepub.com at RMIT University Library on January 26, 2016 For personal use only. No other uses without permission.

© Intemational & American Assoclations for Dental Research 2015

77



L)

Check for
updates

WILEY (i

Received: 4 December 2017 | Accepted: 30 January 2018
DOI: 10.1002/jcp.26521

MINI-REVIEW

Biological effects of interleukin-6 on Gingival Fibroblasts:
Cytokine regulation in periodontitis

Koji Naruishi® | Toshihiko Nagata

Department of Periodontology and
Endodontology, Institute of Biomedical
Sciences, Tokushima University Graduate
School, Kuramoto, Tokushima, Japan

Correspondence

Koji Naruishi, DDS, PhD, Department of
Periodontology and Endodontology, Institute
of Biomedical Sciences, Tokushima University
Graduate School, 3-18-15 Kuramoto,
Tokushima 770-8504, Japan.

Email: naruishi@tokushima-u.ac.jp

Funding information

Japan Society for the Promotion of Science;
Scientific Research (B), Grant number:
15H05054; Scientific Research (C),

Grant number: 16K11832

1| INTRODUCTION

Periodontitis is a bacterial infectious disease, and many inflammatory
cytokines regulate periodontitis pathophysiology through a crosstalk

Periodontitis is a bacterial infectious disease, and many inflammatory cytokines regulate
periodontitis pathophysiology through a crosstalk between tissue cells and immune cells.
Interleukin (IL)-6 is an important cytokine involved in the regulation of host response to
bacterial infection. Human Gingival Fibroblasts (HGFs) are the most abundant cells in
gingival connective tissues. Various HGF responses to periodontal pathogens or
inflammatory cytokines contribute to the development of periodontitis. Lipopolysaccha-
ride derived from Porphyromonas gingivalis (Pg LPS) and IL-1B significantly increase IL-6
production in HGFs. However, IL-6 cannot function in HGFs without the soluble form of
the IL-6 receptor (sIL-6R), because HGFs do not express sufficient cell surface IL-6R to
bind appreciable levels of IL-6. Importantly, sIL-6R is essential for IL-6 signaling in HGFs,
and the sIL-6R is produced by differentiated THP-1 cells treated with IL-6. Calprotectin, a
heterodimer of S100A8 and S100A9, is released during inflammation and significantly
induces IL-6 production in HGFs via toll-like receptor 4 (TLR4)/nuclear factor-kappa B
(NF-kB) signals. Calprotectin also induces sIL-6R production in differentiated THP-1 cells.
IL-6 induces vascular endothelial growth factor (VEGF), matrix-metalloproteinase-1
(MMP-1), and cathepsin L production in HGFs in the presence of sIL-6R. Taken together,
calprotectin-induced IL-6 production in HGFs may cause periodontitis progression
through a crosstalk of fibroblasts and macrophages. There are many reports that examine
how cytokines are released from HGFs to cause beneficial or harmful effects in inflamed
periodontal lesions. This review explores the pathophysiology of periodontitis by focusing
IL-6-mediated crosstalk of HGFs and macrophages.

KEYWORDS
calprotectin, gingival fibroblasts, IL-6, macrophages, periodontitis

between tissue cells and immune cells (Graves & Cochran, 2003;
Takashiba, Naruishi, & Murayama, 2003). Cytokine balance regulated

by immune responses has an important role in the stability and
progression of inflammation. Many researchers have explored the

Abbreviations: AGE, advanced glycation end products; AP-1, activated protein-1; bFGF, basic FGF; Cav-1, caveolin-1; C/EBPB, CCAAT/enhancer binding protein B; ERK, extracellular-
regulated kinases; GCF, gingival crevicular fluid; HGFs, Human gingival fibroblasts; IL, interleukin; IL-1RI, type | IL-1 receptor; IL-6R, IL-6 receptor; IRAK, IL-1 receptor-activated protein
kinase; JNK, c-jun N-terminal kinase; LPS, lipopolysaccharide; MAPK, mitogen-activated protein kinase; MMPs, matrix-metalloproteinases; MCP-1, monocyte chemotactic protein 1; MyD88,
myeloid differentiation primary response gene 88; NK, natural killer; NF-kB, nuclear factor-kappa B; Pg, Porphyromonas gingivalis; RAGE, receptor for advanced glycation end-products;
SAPK, stress-activated protein kinases; sIL-6R, soluble form of IL-6 receptor; STAT, signal transducer and activator of transcription; TIMPs, tissue inhibitors of MMPs; TACE/ADAM17, TNF-
a-converting enzyme; TAPI, inhibitor of TNF-a-converting enzyme; TLR, Toll-like receptor; TNF-a, tumor necrosis factor-a; VEGF, vascular endothelial growth factor.
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Abstract

The aim of the current review was to investigate the relationship between levels of
neuropeptide Substance P in periodontal disease and chronic pain. Substance P is
a neuropeptide that is directly related with pain. In periodontal disease, it is
expressed during the inflammatory process, and is one of the factors responsible
for bone resorption. Studies have shown that Substance P levels are highest in the
gingival crevicular fluid from sites with active periodontal disease and bone loss.
The persistence of these substances could be sufficient to stimulate neurogenic
inflammation in susceptible tissues, and cause pain. The scientific literature
shows that Substance P expressed during periodontal disease can be a risk factor
for patients with systemic inflammatory pathologies, such as chronic arthritis or
rheumatoid arthritis. Additional research is needed to confirm the participation
of this substance in the origin of some types of chronic pain.

Received 26 February 2013; accepted 24
November 2013.

doi: 10.1111/jicd. 12087

Introduction

Periodontal disease is a chronic bacterial inflammatory
process mediating the destruction of periodontal tissues.
Inflammatory responses in various organs have been
reported to reveal a neurogenic component.' Recent evi-
dence has indicated that patients with periodontitis exhibit
increased systemic inflammation, demonstrated by raised
plasma levels of various markers, when compared with
controls.” Inflammation is typically defensive, but if the
causative agent persists, it can become chronic with tissue
damage. The magnitude of the inflammatory response is
critical, because an insufficient response can lead to infec-
tion, whereas an excess can cause morbidity. Many studies
have established a role for sensory neurons in vascular
aspects of inflammation, and the term “neurogenic
inflammation” has been created to define the contribution
of the nervous system to local inflammatory responses.’

® 2014 Wiley Publishing Asia Pty Ltd

Every neuron produces an electric impulse in reaction to a
chemical or mechanical stimulus, conducts the impulse
through its elongated cell structure at its terminal, and
translates the electrical activity into a neurotransmitter.
One of these electric impulses is Substance P (SP), a neu-
ropeptide induced by cytokines and bacterial lipopolysac-
charide (LPS).* SP causes vasodilation by acting directly
on the smooth muscle cells and indirectly by stimulating
histamine release from the mast cells. The fibers of peri-
odontal tissues in humans are immunoreactive to this sub-
stance and to a number of neuropeptides, including
calcitonin gene-related peptide (CGRP), vasoactive intesti-
nal polypeptide (VIP), and neuropeptide Y (NPY).
Substance P is a neuropeptide released from nerve end-
ings in many tissues, and it plays an important role in
inflammation. It is a mediator of tissue injury, as in asthma,
arthritis, and allergy and autoimmune diseases. The scien-
tific literature shows that SP-positive nerve fibers and mast
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ABSTRACT

Periodontal diseases, such as chronic periodontitis, share common inflammatory risk factors with other
systemic and chronic inflammatory disorders. Mucosal tissues, such as oral epithelia, are exposed to
environmental stressors, such as tobacco and oral bacteria, that might be involved in promoting a
systemic inflammatory state. Conversely, chronic disorders can also affect oral health. This review will
summarize recent evidence for the interrelationship between chronic periodontitis and other prevalent
chronic diseases such as cardiovascular diseases, diabetes, cancer and chronic respiratory diseases. The
association with pregnancy is also included due to possible obstetric complications. We will focus on
inflammatory cytokines such as TNF-alpha, IL-1, and IL-6, because they have been shown to be
increased in patients with chronic periodontitis, in patients with chronic systemic diseases, and in
patients with both chronic periodontitis and other chronic diseases. Therefore, an imbalance towards a
proinflammatory immune response could underline a bidirectional link between chronic periodontitis
and other chronic diseases. Finally, we highlight that a close coordination between dental and other
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health professionals could promote oral health and prevent or ameliorate other chronic diseases.

Introduction

Periodontal disease contributes significantly to the global bur-
den of oral diseases and shares common risk factors with
several chronic diseases. Recently, the World Health
Organization (WHO) highlighted the importance of strength-
ening the control of periodontal disease worldwide [1,2].
According to the WHO, chronic noncommunicable diseases,
including cardiovascular diseases, cancer, chronic respiratory
diseases, and diabetes, remain the leading causes, about 70%,
of death globally [3]. In addition, periodontal disease is one of
the most important oral diseases contributing to the global
burden of chronic diseases and therefore represents a major
public health problem [4]. In the present review, we will first
summarize the current classification of periodontal diseases,
and lately, we will focus the discussion on chronic period-
ontitis and cytokines in the context of common systemic
chronic inflammatory diseases.

Classification of periodontal diseases

Periodontal disease is a broad term for the spectrum of inflam-
matory diseases affecting the periodontium which comprises a
set of structures that support the teeth: gingiva, cementum,
periodontal ligament, and alveolar bone. In the 1999

classification system for periodontal diseases and conditions,
over 40 different gingival diseases were listed, that were either
dental-plaque induced or not associated with dental plaque
[5]. In addition, other major categories of destructive period-
ontal diseases were listed and periodontitis can also be a
manifestation of systemic diseases. An abbreviated version of
the 1999 classification of periodontal diseases and conditions
is shown in Table 1. Chronic periodontitis refers to the pro-
gression of the disease over time without treatment while
aggressive periodontitis shows rapid attachment loss and
bone destruction, and possible familial aggregation of disease.
According to that consensus, both are subcategorized in local
or generalized forms, depending on the percentage of tooth
affected sites (above or below 30%) and regarding the severity
of attachment loss (slight: 1 or 2 mm, moderate: 3 or 4 mm;
severe 25 mm) [5,6]. The distinction between chronic and
aggressive periodontitis is also based on several clinical fea-
tures, namely age of onset, rates of progression, patterns of
destruction, signs of inflammation, and relative amounts of
plaque, and calculus [7]. However, the features of chronic
periodontitis have been partially updated in 2014 by the
American Academy of Periodontology (AAP) who have also
announced that an update would commence in 2017 [8]. This
AAP task force report addressed three specific areas of con-
cern with the current classification: attachment level, chronic
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The cytokine network involved in the host immune response to

periodontitis

Weiyi Pan', Qingxuan Wang' and Qianming Chen'

Periodontitis is an inflammatory disease involving the destruction of both soft and hard tissue in the periodontal region. Although
dysbiosis of the local microbial community initiates local inflammation, over-activation of the host immune response directly
activates osteoclastic activity and alveolar bone loss. Many studies have reported on the cytokine network involved in periodontitis
and its crucial and pleiotropic effect on the recruitment of specific immunocytes, control of pathobionts and induction or
suppression of osteoclastic activity. Nonetheless, particularities in the stimulation of pathogens in the oral cavity that lead to the
specific and complex periodontal cytokine network are far from clarified. Thus, in this review, we begin with an up-to-date
aetiological hypothesis of periodontal disease and summarize the roles of cytokines in the host immune response. In addition, we
also summarize the latest cytokine-related therapeutic measures for periodontal disease.

International Journal of Oral Science (2019)11:30

INTRODUCTION

Periodontitis is an inflammatory disease indicated by periodontal
soft tissue inflammation and the progressive loss of periodontal
ligament and alveolar bone." Soft tissue inflammation, namely,
gingivitis, is very common in populations. According to the results
of the Fourth National Oral Epidemiological Investigation in China,
bleeding on probing was detected in over 85% of adults within
35-64 years of age. Through a long and slow process,
uncontrolled inflammation in the gingiva may lead to the
destruction of periodontal tissue and its attachment to teeth,
which is defined as periodontitis.* The continuous loss of dentition
to support tissue results in tooth looseness and the loss of teeth,
which seriously affects patients’ quality of life and causes a
tremendous social and economic burden. Severe periodontitis
affects more than 700 million people (11% of the world's
population), making it one of the most prevalent chronic
inflammatory diseases worldwide.* In addition, an increasing
amount of clinical and experimental evidence indicates the
potential direct relationship between periodontitis and several
systematic diseases including diabetes, rheumatoid arthritis,
atherosclerosis, Alzheimer’s disease and even cancers.>™?

The pathogenesis of periodontitis is a problem that plagues
investigators. In the 20th century, one or a group of specific
microorganisms'® were identified as the pathogen of periodontitis
by isolation and culture studies. Among these microorganisms, a
pathogenic “red complex” that consists of Porphyromonas gingivalis
(P. gingivalis), Treponema denticola and Tannerella forsythia was
suggested as the most representative theory of periodontitis
pathogenesis in the late 1980s to 1990s.'""'? However, with deeper
immunological research, the important role of the local host
immune response in the pathogenesis of periodontitis was
revealed.'* In addition, new data obtained from metagenomic and

; https://doi.org/10.1038/541368-019-0064-z

metatranscriptomic studies suggested that a more complicated
microbial community is involved in the pathogenesis of period-
ontitis rather than one or several specific pathogenic bacteria.'*"'®

The initiation and progression of periodontitis are related to
multiple aetiologic and risk factors, the most important of which
are the local microbiota and host immune response.'® Within the
progression of periodontitis, the role of cytokines is extremely
important. Cytokines are key modulators of both homeostasis and
inflammatory processes that act in the first wave of responses
against pathogens and stimuli at barrier sites and connect tissue
cells with lymphocytes and accessory cell populations.” Many
recent studies have found that single nucleoid polymorphisms in
cytokines and associated receptor-encoding genes are related to
the risk and severity of periodontitis,>'>* which indicates that the
disordered regulation of cytokines initiates or accelerates period-
ontitis. On the basis of human studies, studies in experimental
animal periodontitis models also found that manipulating the
expression of cytokines and their receptors affects the alveolar
bone loss phenotype.?*?® Research on the cytokine network in
periodontal tissue has laid the foundation for the development of
cytokine-targeting therapies for periodontal disease, some of
which have shown positive effects in pre-clinical trials.>” However,
compared with the well-discussed site-specific immunocytes and
cytokine network in other barrier sites, such as the skin and
gastrointestinal and respiratory tracts, how the local immune
system in periodontal tissue is trained and activated in healthy
and pathological conditions remains to be further explored.”®
Thus, in this review, we have focused on an up-to-date
mechanistic hypothesis of the pathogenesis of periodontal
disease and the role of cytokines in periodontal disease. We have
also summarized the latest cytokine-related therapeutic measures
for periodontal disease.
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Effect of Anti-Infective Mechanical
Therapy on Clinical Parameters
and Cytokine Levels in Human
Peri-Implant Diseases

Poliana Mendes Duarte,* Adriana Cutrim de Mendonga,* Maria Beatriz Braz Maximo, *
Vanessa Renata Santos,* Marta Ferreira Bastos,* and Francisco Humberto Nociti Jr.T

Background: The objectives of this study were to clinically and im-
munologically assess the effects of mechanical anti-infective thera-
pies for mucositis and peri-implantitis and to compare the levels of
cytokines in untreated and treated peri-implant diseased sites to
healthy ones.

Methods: Titanium dental implants were assigned to one of the fol-
lowing groups: healthy (n = 10) = control; mucositis (n = 10) = me-
chanical debridement using abrasive sodium carbonate air-powder
and resin curets; and peri-implantitis (n = 20) = open surgical debride-
ment using abrasive sodium carbonate air-powder and resin curets.
Visible plaque accumulation, marginal bleeding, bleeding on probing,
suppuration, and probing depth were assessed at baseline for all
groups and at 3 months after therapies for diseased groups. At these
times, the total amounts of interleukin (IL)-4, -10, and -12, tumor
necrosis factor-alpha (TNF-a), receptor activator of nuclear factor-
kappa B ligand (RANKL), and osteoprotegerin (OPQ) in the peri-
implant crevicular fluid (PICF) were measured by enzyme-linked
immunosorbent assay.

Results: At 3 months, the anti-infective treatments resulted in a
significant improvement in all clinical parameters for mucositis and
peri-implantitis (P <0.05). Moreover, the total amounts of TNF-« in
PICF were significantly higher in untreated diseased implants com-
pared to healthy ones, and the OPG/RANKL ratio was higher for
healthy implants than for untreated peri-implantitis (P <0.05).
TNF-a levels were significantly reduced for both diseased groups
(P<0.05), achieving the same level as the healthy group at 3 months
after therapies (P>0.05).

Conclusion: The proposed anti-infective therapies may locally
modulate the levels of TNF-a and the OPG/RANKL ratio and improve
clinical parameters around peri-implant tissues. J Periodontol 2009;
80:234-243.

KEY WORDS
Cytokines; dental implants; mucositis; osteoprotegerin; receptor
activator of nuclear factor-kappa B ligand; tumor necrosis factor.
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ental implants are suc-
cessful alternatives to
conventional prostheses

in partially or totally edentulous
patients; however, the occasional
failure has put the long-term
outcome of implant rehabilita-
tion at risk.!2 Evidence has
shown that pathogenic bacterial
infection plays the most impor-
tant role in the late failure of den-
tal implants.34 Mucositis is an
infectious disease that results in
a reversible inflammatory pro-
cess restricted to the soft tissues
around osseointegrated implants,
and peri-implantitis is an irre-
versible reaction that affects the
soft tissues and the supporting
bone around an implant in oc-
clusal function.!23

It has been recognized that
pathogens and their products in-
duce the host immune response
in essentially different ways to
affect the innate and adaptive
immune systems.®7 The inflam-
matory process in response to
bacterial infection is mediated
by proinflammatory cytokines,
such as tumor necrosis factor-al-
pha (TNF-a), interferon-gamma,
and interleukin (IL)-1B, -6, and
-12, which, among other biologic

doi: 10.1902/jop.2009.070672
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:é‘_gli:‘;‘fol;'s‘i"e"s“y' Grant/Award Number: among patients with and without peri-implantitis.
Purpose: The objective was to evaluate the correlation between self-evaluated pain,
peri-implant clinical and radiographic parameters and whole salivary IL-1p, IL-6, and
TNF-« levels among patients with and without peri-implantitis.
Materials and Methods: Included in this study were patients with and without peri-
implantitis. Data regarding age, gender, duration of implants in function, and self-
perceived pain were recorded using a question. Self-rated pain was assessed using
the numeric pain rating scale. Peri-implant PD, Pl, BOP, and CBL were recorded and
samples of unstimulated whole saliva samples were obtained. Whole salivary IL-1,
IL-6, and TNF-a were measured. Sample-size was approximated and group compari-
sons were completed. P-values <.05 were regarded as statistically significant.
Results: Forty-six male individuals (21 with and 25 without peri-implantitis) were
included. The mean age of individuals with and without PiD was 53.71 + 5.45 and
50.92 + 6.26 years, respectively. The mean self-rated pain score in patients with and
without PiD was 3 * 2 and zero, respectively. There was no significant difference in
the SFR among patients with and without peri-implantitis. Levels of IL-1p (P < .01),
IL-6 (P < .01), and TNF-a (P < .01) were significantly elevated in subjects with than
without peri-implantitis. Regression analysis-based results reflected no significant
association between increasing self-rated pain and whole salivary IL-1p, IL-6, and
TNF-a levels.
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p38 phosphorylation in medullary
microglia mediates ectopic orofacial
inflammatory pain in rats

Masaaki Kiyomoto', Masamichi Shinoda®"®, Kuniya Honda?, Yuka Nakaya®, Ko Dezawa®, Ayano KatagiriZ,
Satoshi Kamakura?, Tomio Inoue' and Koichi lwata?

Abstract

Background: Orofacial inflammatory pain is likely to accompany referred pain in uninflamed orofacial structures.
The ectopic pain precludes precise diagnosis and makes treatment problematic, because the underlying mechanism
is not well understood. Using the established ectopic orofacial pain model induced by complete Freund's adjuvant
(CFA) injection into trapezius muscle, we analyzed the possible role of p38 phosphorylation in activated microglia in
ectopic orofacial pain.

Results: Mechanical allodynia in the lateral facial skin was induced following trapezius muscle inflammation, which
accompanied microglial activation with p38 phosphorylation and hyperexcitability of wide dynamic range (WDR)
neurons in the trigeminal spinal subnucleus caudalis (Vc). Intra-cisterna successive administration of a p38 mitogen-
activated protein kinase selective inhibitor, SB203580, suppressed microglial activation and its phosphorylation of
p38. Moreover, SB203580 administration completely suppressed mechanical allodynia in the lateral facial skin and
enhanced WDR neuronal excitability in Vc. Microglial interleukin-1B over-expression in Vc was induced by trapezius
muscle inflammation, which was significantly suppressed by SB203580 administration.

Conclusions: These findings indicate that microglia, activated via p38 phosphorylation, play a pivotal role in WDR
neuronal hyperexcitability, which accounts for the mechanical hypersensitivity in the lateral facial skin associated with

trapezius muscle inflammation.

Keywords: Microglia, Ectopic pain, Trigeminal spinal nucleus, Interleukin-18, Trapezius muscle inflammation

Background

Referred pain originating from the trapezius muscle fre-
quently produces orofacial pathological pain such as
tension-type headaches or temporomandibular disorder
(TMD) [1, 2]. Clinically, orofacial pain is likely to occur
in areas far away from the trapezius muscle, which causes
misdiagnosis and/or inappropriate treatment [3]. In ani-
mal experiments, it has been shown that masseter muscle
injection of exogenous substances such as glutamate or
nerve growth factor produces nociceptive disturbances in
discrete areas similar to those reported in TMD patients

*Correspondence: shinoda.masamichi@nihon-uacjp

2 Department of Physiology, Nihon University School of Dentistry, 1-8-13
Kandasurugadai, Chiyoda-ku, Tokyo 101-8310, Japan
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[4-6]. Nevertheless, the mechanisms underlying nocic-
eptive disturbances in discrete areas associated with such
muscle inflammation are still poorly understood.

The mitogen-activated protein kinases (MAPKs),
which belong to a highly conserved family of serine/
threonine protein kinases, are involved in various cell
signaling and gene expression in central nervous system
(CNS) [7]. A variety of extracellular stimuli activate intra-
cellular MAPKs by phosphorylation, which modulates
intracellular responses driving different downstream
signaling [8]. p38, which is a member of a MAPK fam-
ily, is present constitutively in non-neuronal glial cells
in the spinal cord, and is phosphorylated via proinflam-
matory cytokines released in the spinal cord associated
with peripheral inflammation, and is thought to play an

® 2015 Kiyomoto et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. 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.
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Targeting cytokines for treatment of neuropathic pain
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Abstract

Background —Neuropathic pain is a challenging condition often refractory to existing therapies.
An increasing number of studies have indicated that the immune system plays a crucial role in the
mediation of neuropathic pain. Exploration of the various functions of individual cytokines in
neuropathic pain will provide greater insight into the mechanisms of neuropathic pain and suggest
potential opportunities to expand the repertoire of treatment options.

Methods — A literature review was performed to assess the role of pro-inflammatory and anti-
inflammatory cytokines in the development of neuropathic pain. Both direct and indirect
therapeutic approaches that target various cytokines for pain were reviewed. The current
understanding based on preclinical and clinical studies is summarized.

Results and conclusions—In both human and animal studies, neuropathic pain has been
associated with a pro-inflammatory state. Analgesic therapies involving direct manipulation of
various cytokines and indirect methods to alter the balance of the immune system have been
explored, although there have been few large-scale clinical trials evaluating the efficacy of immune
modulators in the treatment of neuropathic pain. TNF-a is perhaps the widely studied pro-
inflammatory cytokine in the context of neuropathic pain, but other pro-inflammatory (IL-1p,
IL-6, and IL-17) and anti-inflammatory (IL-4, IL-10, TGF-B) signaling molecules are garnering
increased interest. With better appreciation and understanding of the interaction between the
immune system and neuropathic pain, novel therapies may be developed to target this condition.
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