@ Genetics and Clinical Genomics

Genet Clin Genom 2023; 1(2):36-42

PERSPECTIVES

Genetics of pain and management of chronic pain by extracorporeal depu-

ration therapies

Enrique Daniel Austin-Ward?-2

1) INDICASAT Institute (Institute for Advanced Scientific Research and High Technology Services);

2) Institute of Medical Genetics and Genomics, Caja de Seguro Social, Panama, Rep. of Panama.
Received: 11 de october de 2023 / Accepted: September 12th, 2023 / Published: October 21th, 2023

©The Author(s) 2023. Article published with Open Access.

OPEN aACCESS Check for
Upaates

Abstract

Pain is a very complex subject in biology. As a vital phenomenon, pain must have arisen very early in evolution, since life, in order to
defend itself, had to develop among its first capacities the ability to avoid nociceptive stimuli, and it is closely related to the origin of
consciousness.The problem of pain involves profound ethical, philosophical, religious and scientific dilemmas, and from the medical
point of view, pain is the main reason or cause for which people seek health care. It is estimated that chronic pain affects, for exam-
ple, one in three Americans and costs this economy $635 billion each year. The experience of pain is distinguished by large differ-
ences among individuals. It is subjective, and patients with similar pathologies or diseases report very different levels of pain. This is
observed even in controlled experimental settings where pain is studied. Knowledge of genetic and molecular factors underlies the
understanding of pain and the development of more effective therapies for its management, and involves a number of methodolo-
gies to determine, in the individual experience of pain, which aspects of the basic biological structure are amenable to intervention
or quantification.This article address the issue of pain from the genetic point of view and the possible intervention in chronic pain us-

ing Extracorporeal Circulation Devices (ECD).

The Problem of Pain

Pain is a complex subject and relative to the sufferer. Its appear-
ance in complex organisms must have been present since very
early in evolution, since it is fundamental as a protection mecha-
nism. Its importance lies as an alarm signal to move away from
nociceptive stimuli [1] and is closely linked to the emergence of
consciousness [2]. The definition of pain most widely accepted
by experts gathered at the International Association for the

Study of Pain (IASP) is that pain is: "An unpleasant sensory and
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emotional experience associated with actual or potential tissue

damage, or described in terms of such damage" [3].

The problem of pain involves profound ethical, philosophical, re-
ligious and scientific dilemmas, and from the medical point of
view pain represents the main driver or cause for which people
seek health care. Chronic pain is estimated to affect, for example,
one in three Americans and costs this economy $635 billion

each year [4,5].

The experience of pain is characterized by large differences be-
tween individuals. A very important feature is that it is subjec-
tive, and patients with comparable pathologies or diseases
report dramatically different degrees of pain. This is repeated
even in controlled experimental settings where pain is studied
[6].

But what accounts for the great interindividual variability in this
experience of pain? It is thought to involve numerous biopsy-
chosocial factors, including genetic factors. Other biopsychoso-
cial factors include gender, age, race/ethnicity, personality, and
situational variables such as mood, stress, and transient biologi-

cal factors [6].
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Genetic Factors related to Pain

Pain is a process that occurs in the perception of external stimuli,
internal stimuli, or a mixture of both, through the complex neu-
rological system, with components and molecular elements de-
termined by the genetic code. The pain mechanism is
programmed through the language of DNA. Therefore, genetic
aspects and their variability are basic to understand the phe-

nomenon of pain and interindividual differences [7].

Nociceptive processes

The pain process involves the signal transduction system and
therefore involves the participation of structures such as recep-
tors, cells, nerve pathways, intracellular and neuroendocrine me-
diators among others; in general terms, these are proteins that
interact with each other and with other factors, and proteins are

produced based on orders written in DNA.

There are multiple phenotypes of pain. But, in the differences
that exist between one individual and another, what part is ge-
netic and what part corresponds to other factors? The method-
ology for studying the contribution of genetic factors to the
experience of pain includes animal models, twin studies, family
analyses, and genetic association studies [7]. Twin studies com-
pare pairs of monozygotic and dizygotic twins. In these cases,
the aim is to study a phenomenon or trait by considering the en-
vironment as equal for the sibling pairs. If the tests show greater
concordance between monozygotic twins than between dizy-
gotic twins, this concordance is attributed to the fact that the

trait has a greater weight of the genetic part in its expression.

To associate genetic variants with pain perception, types of
studies known as Genetic Association Studies are performed.
Generally, these studies are case-control studies where genetic
polymorphisms are investigated. A genetic polymorphism
(poly=many, morpho=shape) refers to variations in genetic in-
formation and alludes to the fact that the same DNA segment
(be it gene, informative unit, or genetic segment of interest) may
present interindividual or population differences, and it is these
differences that explain why each individual is unique and unre-

peatable.

In the case of the genetic study of pain, patients with pain
(cases) are compared with unrelated pairs (controls), analyzing

whether a particular type of polymorphism is repeated in one or

the other case that allows an association to be made with the
pain phenotype presented by the patient [27]. A genetic associ-
ation study can compare the DNA of people with low pain per-
ception with that of people with high pain perception and thus
identify genetic differences that may explain the phenotype
presented by each.

Genetic polymorphisms can be of multiple types, and can be as-
sociated with pathological behaviors or responses. Among the
genetic polymorphisms we have RFLPs, AMLPs and SNPs (Single
Nucleotide Polymorphisms) [7].

In the case of SNPs ("snips") or Single Nucleotide Polymor-
phisms, a relatively simple example could be related to the cal-
culation of allele and genotypic frequencies and their
association with a given pain phenotype. Allele frequencies refer
to the proportion in which an allele or genetic variant is found in
a population, while genotypic frequencies refer to the propor-
tion in which two specific alleles combine in the individuals of
that population. The combination of two alleles to give rise to a
specific genotype is due to the fact that each individual has two
alleles or genetic possibilities per gene, corresponding to the
contribution of each of its parents. In the case of pain, for exam-
ple, we could have an allele or genetic variant associated with
low pain perception and an allele or genetic variant associated

with high pain perception.

Thus, if 60% of the people in a population have the A allele and
40% have the G allele at a given SNP, then the allele frequency of
A is 0.6 and the allele frequency of G is 0.4. On the other hand,
genotypic frequency is the proportion of a specific combination
of alleles in a population. For example, for a given SNP in a spe-
cific population, some people would have two copies of the A
allele (AA), some people would have one copy of each allele
(AG), and others would have two copies of the G allele (GG).
These are called genotypes. The genotypic frequency is calcu-
lated by dividing the number of people with a given genotype
by the total number of people in the population. For example, if
36% of people have the AA genotype, 48% have the AG geno-
type and 16% have the GG genotype at a given SNP, then the
genotypic frequency of AA is 0.36, the genotypic frequency of
AG is 0.48 and the genotypic frequency of GG is 0.16. That would

mean that in that population 36% of people have a tendency to
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have a low pain perception, 48% have an intermediate pain per-
ception and 16% have a tendency to have a high pain percep-
tion, i.e. a very low pain threshold and are very sensitive to

pain-producing stimuli.

To test this association statistically, researchers use different
methods. For example, a common method for testing allele fre-
quencies is called the chi-square test, which compares the ob-
served frequencies with the expected frequencies without
association. Another common method for testing genotypic fre-
quencies is called logistic regression, which models the proba-
bility of having the disease or trait as a function of genotype and

other factors.

This becomes even more complex, when we take into account
that there may be multiple SNPs for example (more than two),
associated with the pain phenotype, corresponding to minimal
gradations in pain perception, as well as many other types of
polymorphisms and inter-individual variants, and therefore
powerful tools derived from Statistics and Bioinformatics are

needed to clarify the data and associations.

Nowadays, there are multiple genes associated with pain and
their role corresponds to diverse mechanisms of action, involv-
ing ion channels (SCN9A, KCNS1, CACNA2D3, CACNG2), neuro-
transmitters (GCH1, SLC6A4, ADRB2, HTR2A), and participate in
pain facilitation/amplification (KCNS1, SCN9A, ADRB2, H2TRA,
CACNG?2, IL16), pain protection/decrease (COMT, OPRM1, TRPV1,
MC1R, GCH1, CACNA2D3) and modulation of analgesic efficacy
(COMT, MC1R, OPRM1, CYP2D6, ABCB1) [8]. There are also some
genetic syndromes with congenital insensitivity to pain (see Ta-
ble 1).

It is very likely that the phenotype resulting from pain, in the

part of it corresponding to genetic factors, is the result of effects
produced by the interaction of genes in the so-called gene inter-
action networks and that it is the result of summative effects of
amplification and inhibition, caused by specific gene doses,
which may be possible to quantify in the future and make pre-
dictions in relation to them, establishing quantifiable scales,
based on population studies.The role of Epigenetics in pain has
also been invoked, that is, the role of environmental factors that
can modify gene expression without producing changes in the
DNA sequence, including genes related to the pain phenotype.
This would imply that our lifestyle habits, including those gener-
ated in our internal microenvironment, such as stress, emotions,
thoughts, education, culture, and beliefs (which have neuroen-
docrine effects) [9], could play a role in the expression of pain-re-
lated genes. That is, our interactions and environmental factors
can generate individual nuances that may affect gene expres-
sion, producing unique experiences of pain perception, which
are as unique and unrepeatable as each and every living being is

unique and unrepeatable.

Fibromyalgia and Chronic Pain

One of the increasingly studied conditions regarding the influ-
ence of genetic factors on its clinical course and management is
Fibromyalgia. Fibromyalgia is a chronic functional disease pre-
senting with chronic widespread musculoskeletal pain, as well
as a constellation of symptoms including fatigue, difficulty
sleeping, cognitive dysfunction, stiffness, anxiety and depres-
sion. It has a prevalence of 2 - 4% in the general population, with
female predominance. The diagnosis of fibromyalgia requires
ruling out other organic diseases. To date, there are no specific
laboratory tests for the diagnosis of fibromyalgia [10,11].

More recently it is considered that fibromyalgia may be part of a

family of related disorders known as Affective Spectrum Disor-

Table 1. List of some genes frequently associated with pain of monogenic origin [28].

Trastorno Ligamiento Gen Proteina
CIDP 2q24 SCN9A Canal de Sodio Nav 1.7
HSAN tipo I 9q22 SPTLCI1 Serina Palmitoil transferasa
HSAN tipo II 12p13 HSN2 Desconocido
HSAN tipo III 9p31 IKBKAP Proteina Asociada al Complejo IKK
HSAN tipo IV 1921 NTRK1 Receptor neurotréfico de Tirosina kinasa
HSAN tipo V 1p13 NGFB Factor de crecimiento neuronal beta
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ders (ASD). These include disorders such as Irritable Bowel Syn-
drome, Chronic Fatigue Syndrome and Migraine, among others
[12].

Familial aggregation has been observed in fibromyalgia. The
pattern of inheritance is unknown, but it is probably multifacto-
rial. There is evidence that genetic polymorphisms of serotoner-
gic, dopaminergic and catecholaminergic systems play a role in

fibromyalgia.

In multifactorial genetic conditions, apart from environmental
influence, several genes are considered to be involved. They in-
volve the so-called major genes and minor genes, with a vari-
able relative weight as their name indicates, and mutations in
any of them are involved in the susceptibility to suffer from it or

may lead to the condition.

Some potential candidate genes associated with fibromyalgia
are SLC64A4, TRPV2, MYT1L and NRXNS3. In addition, a gene-en-
vironment interaction has been proposed as a triggering mech-
anism, through epigenetic alterations: in particular, fibromyalgia
seems to be characterized by a pattern of hypomethylated DNA,
in genes involved in stress response, DNA repair, autonomic sys-

tem response and subcortical neuronal abnormalities [13].

Other genes related to Fibromyalgia include:

- The COMT (Catechol-O-Methyltransferase) gene: it is an en-
zyme that metabolizes catecholamines (dopamine, norepineph-
rine), two neurotransmitters active in pain processing. In the
val158met polymorphism the amino acid methionine replaces
valine producing an enzyme with reduced activity. Homozy-
gotes for met158 show greater pain intensity and higher fre-

quency of negative affective states.

- Gene 5-HTR2A (Serotonin 2A) gene: The T102C polymor-
phism studied in 168 individuals with FM and 115 controls
showed a higher frequency of T/C and C/C genotypes compared

to the controls which were predominantly T/T.

- Apo E4: Certain alleles more frequent in post-traumatic FM
[141.
In relation to chronic pain, according to the international desig-

nation, this is classified as pain lasting more than three months

[15]. A popular alternative definition of chronic pain, which does
not imply a fixed duration, is "pain that extends beyond the ex-

pected period of healing" [16].

Chronic pain varies in different countries and affects between
8% and 55% of the population. It affects women at a higher rate
than men, uses a large amount of health care resources world-

wide [17], and is a major health problem.

The Classification of Diseases, Eleventh Revision (ICD-11) sug-

gests seven categories for chronic pain [18]:

1. Chronic primary pain: defined by 3 months of persistent
pain in one or more regions of the body that is not explained by

another pain condition.

2. Chronic cancer pain: defined as visceral (within internal or-
gans), musculoskeletal or bone pain related to cancer or treat-

ment.

3. Chronic post-traumatic pain: pain lasting 3 months after an

injury or surgery, excluding infectious or pre-existing conditions.

4. Chronic neuropathic pain: pain caused by damage to the so-

matosensory nervous system.

5. Chronic headache and orofacial pain: pain that originates in
the head or face and occurs 50% or more of the days in a 3
month period.

6. Chronic visceral pain: pain originating in an internal organ.

7. Chronic musculoskeletal pain: pain that originates in the

bones, muscles, joints or connective tissue.

Chronic pain can be divided into "nociceptive" (caused by in-
flamed or damaged tissue that activates specialized pain sensors
called nociceptors) and "neuropathic” (caused by damage or

malfunction of the nervous system) [19].

Chronic pain is maintained in part by central sensitization, a
phenomenon of synaptic plasticity and increased neuronal re-
sponsiveness in central pain pathways following painful insults.
Accumulating evidence suggests that central sensitization is also

driven by neuroinflammation in the peripheral and central ner-
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vous system (CNS). A characteristic feature of neuro-inflamma-
tion is the activation of glial cells, such as microglia and astro-
cytes, in the spinal cord and brain, leading to the release of
proinflammatory cytokines and chemokines. Recent studies
suggest that central cytokines and chemokines are potent neu-
romodulators and play a sufficient role in the induction of hy-
peralgesia and allodynia after CNS administration. Sustained
increases in cytokines and chemokines in the CNS also promote
widespread chronic pain affecting multiple sites in the body.
Thus, neuroinflammation drives chronic widespread pain
through central sensitization [20]. This whole process is inti-
mately linked to the characteristics of the molecular structure of
the components of the pain transmission pathways, and there-
fore understanding the genetic factors in chronic pain is essen-
tial. In Figure 1 you can see some of the proinflammatory factors

and their receptors that are part of the nociceptors.

The management of chronic pain, which involves knowledge of
the pathophysiology, includes trying to decrease the action of
proinflammatory cytokines and tissue chemokines, seeking their
inhibition or reduction by various mechanisms. There must be
poorly studied genetic differences that make some individuals
more susceptible than others in establishing neuroinflammatory
patterns. This management is multidisciplinary, but has not
achieved completely satisfactory results to date [20]. For exam-
ple, Interleukin inhibitors such as methotrexate are cytotoxic [21]

and/or have an undesirable immunosuppressive effect [22].

New technologies for pain management
Extracorporeal devices are artificial organs that remain outside
the body while treating a patient [23]. Extracorporeal depuration

therapies (ETD) are treatments increasingly used in intensive

Fiaure 1. Pro-inflammatory mediator and their receptos in the nociceptor Sensory neuron.
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Original concept taken from: Pinho-Ribeiro FA, et. al, Nociceptor Sensory Neuron-Immune
Interactions in Pain and Inflammation, 2016, Oct 25, DOI: https://doi.org/10.1016/j.it.2016.10.001

care medicine (ICM) departments. Approximately 4% of patients
admitted to ICUs require ESRD, with the main indication being
acute renal dysfunction (ARD) [24]. Extracorporeal devices are of
different types, such as those used in hemodialysis, hemoperfu-
sion, ECMO, ECCO2, liver dialysis devices, extracorporeal ventric-
ular assist device and plasmapheresis/filtration with a variety of

indications and applications in each case.

Extracorporeal Blood Purification Devices (EBPD) are able to re-
move different types of proinflammatory agents by adsorption.
In fact, since the COVID-19 pandemic health crisis, authorization
was granted for their use for the purpose of removing cytokines
associated with SARS-CoV-2 infections [25].

The capabilities of these devices (CytoSorb® adsorbers) include
the removal of proinflammatory agents such as IL-1Beta, IL-6, IL-
8, IL-10 and Tumor Necrosis Factor (TNF) [26], however, to date,
use as an option for chronic pain management is not considered

within the possible applications in use.

These extracorporeal blood purification devices (EBPD-Extracor-
poreal Blood Purification Devices) promise to be excellent effec-
tive methods of chronic pain management, as it is considered as
a logically feasible option, given the commented pathophysiol-
ogy of chronic pain [20]. We have observed as an anecdotal ex-
perience in our medical practice the case of a patient with
chronic pain who came for genetic evaluation of a connective
tissue disorder, and in whom a remarkably substantial, but tem-
porary, improvement and relief of her chronic pain condition
was observed, as an unexpected therapeutic effect of being
treated with this type of devices, as part of the management of a
SARS-CoV-2 infection in an Intensive Care Unit (ICU).

In view of these new technologies, it is important to evaluate
and protocolize their use to determine the usefulness of these
EBPDs as a therapeutic option for the management of chronic
pain. New technologies that include more versatile prototypes
of smaller dimensions and complexity, depending on the clinical
contexts where they will be implemented, should also be taken
into account. If feasible and practical, these devices could be
used as tools for the management of chronic pain, performing
periodic depuration of proinflammatory agents in these pa-
tients, so that lower levels of those involved in these processes

are maintained, thus causing clinical improvement.
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