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Purpose: The INTERMED instrument, which was developed to measure patient’s biopsy-
chosocial (BPS) complexity, represents a powerful diagnostic and therapeutic tool.
Epigenetic changes are the interface between signals from the environment and genetic
modifications, affecting gene expression, in particular, by DNA methylation of CpG dinu-
cleotides in promotor regions of the corresponding genes. The brain-derived neurotrophic
factor (BDNF) gene plays a crucial role in the central sensitization (CS) of pain. In this study,
we hypothesized that chronic pain modifies the methylation levels of the BDNF gene in
a manner that is interconnected with the BPS status.

Patients and Methods: Fifty-eight chronic musculoskeletal pain patients (CMSP) were
enrolled in the study. DNA was extracted from blood samples, the methylation levels of 13
CpG sites in the BDNF promoter were measured by pyrosequencing, and association studies
with various patient parameters and the INTERMED scores were performed.

Results: Interestingly, a negative correlation (—0.40) was found between the total
INTERMED scores and the average CpG methylation values of the BDNF gene, but no
correlation was observed with the severity of pain, degree of anxiety, depression, or kine-
siophobia and catastrophism. Moreover, the association was independent of age, sex and
level of comorbidities.

Conclusion: This result shows that CMSP, in association with its biopsychosocial context,
epigenetically decreases the degree of methylation of the BDNF promoter and should there-
fore increase the level of BDNF transcription. It also suggests a role of the INTERMED tool
to detect a relationship between the BPS complexity and the epigenetic control of a target
gene. The possible upregulation of BDNF expression might be, at least in part, the signal for
chronic pain-induced central sensitization (CS). This could partly explain why patients with
a higher level of complexity feel more pain than those with lower complexity.

Keywords: chronic pain, biopsychosocial complexity, BPS, INTERMED, brain-derived
neurotrophic factor, BDNF, DNA methylation

Introduction

Biopsychosocial (BPS) complexity represents a major component of the develop-
ment and maintenance of several chronic health conditions. First formulated by
Engel,' this concept, which was initially based on general system theory, has now
been incorporated into modern complexity theory approaches to improve the
scientific understanding of complex phenomena.” The concept of BPS complexity
has naturally been associated with health, as the human body per se is exposed to
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multiple interactions and is composed of self-regulating
physiological systems. The aim of this model is to repre-
sent human beings where biological, psychological and
social factors contribute equally to the maintenance of
a healthy condition or to the development of a disease.
When well understood and correctly implemented, the
BPS approach may represent a very powerful diagnostic
and therapeutic tool for various pathologies. For instance,
psychosocial factors have been shown to be better predic-
tors of pain chronicization in low back pain patients than
structural or biomechanical factors alone.®> Over the last
decade, the BPS approach has been developed in conjunc-
tion with genetic and epigenetic technologies, supporting
the notion that biological, psychological and social factors
are indivisible.

The INTERMED tool was developed to measure
a patient’s BPS complexity and to screen people with
complex health problems and those at risk of high use of
healthcare services. It is based on the International
Classification of Functioning model of illness (ICF,
World Health Organization), and it integrates the dimen-
sions of the BPS model and the relationship between
patients and healthcare systems. It is considered as one
of the strongest validated tools in this field.* It has been
broadly used in somatic and psychiatric contexts and in
several studies on chronic pain as well.”® Interestingly,
BPS complexity measured with the INTERMED tool has
already been found to be related to biological issues. For
with  diabetes
INTERMED scores were significantly related to the circu-

instance, in patients mellitus, the
lating HbAlc level and explained 21% of its variance
among patients.” In patients with multiple sclerosis, the
INTERMED scores were also moderately related (r=0.59)
to the neurologist rating of neurological examination
abnormalities as measured with the Expanded Disability
Status Scale (EDSS).'° Patients with a high degree of BPS
complexity also have consistently higher pain levels than
those with a low degree of complexity, regardless of the
severity of the injury or disease causing the pain.> '
Epigenetic changes are the interface between signals
from the environment and genetic modifications affecting
gene expression. Epigenetic factors modify DNA expres-
sion in different ways. They can change the level of
compaction of the chromatin by histone acetylation, his-
tone methylation and therefore regulate transcription.'?
They can also directly affect DNA structure by the (de)
methylation process. The latter mechanism, probably the

best characterized to date, consists of the covalent addition

of a methyl group to the carbon-5 of a cytosine within
a CpG dinucleotide. Methylation in the promotor region
induces a decrease in the corresponding gene expression.'?
MicroRNAs are also known to eventually play a role as
epigenetic modulators of gene expression.'*

Chronic pain has been recently studied by combining
the BPS and epigenetic approaches. In the model of
chronic widespread pain, social experience and contextual
factors have been shown to directly modulate gene
expression."”” In rodents, chronic inflammatory pain
decreased liver X receptor-f levels in the brain, possibly
by an epigenetic mechanism since it also decreased histone
deacetylase 5 4 Additionally, in rodents, ethanol withdra-
wal increased pain sensitivity, possibly by an epigenetic
mechanism because this effect was attenuated by a histone
deacetylase inhibitor.'® In humans, the effect of chronic
pain on DNA methylation was addressed for the first time
in a study by Bruehl et al,'” which showed differentially
methylated CpGs in immune and inflammatory-related
genes in Complex Regional Pain Syndrome.

In this study, we hypothesized that chronic pain modi-
fies methylation levels of the brain-derived neurotrophic
factor (BDNF) gene in a manner that is interconnected
with the BPS status. The chronic musculoskeletal pain
(CMSP) model was chosen.

When nociceptors are exposed to prolonged stimula-
tion, peripheral sensitization results in a lowering of the
activation threshold of the nociceptive fibres and hyperex-
citability. This is one of the origins of chronic pain.
Nociceptor inputs can also trigger an increase in the excit-
ability of central nociceptive pathways, called Central
Sensitization (CS)."® These mechanisms induce pain
hypersensitivity,'® allodynia and the perpetuation of
symptoms.'® The target brain gene chosen for this study
was BDNF. It plays an important role in neuroplasticity
and is therefore crucial for neural maintenance and
repair.”® Its signaling is part of the hypothalamic pituitary
adrenal axis.>' BDNF also plays a crucial role in the CS of
pain at every level 2> 24

In humans, associations between methylation of BDNF
gene and psychiatric disorders remain controversial.
A recent study failed to demonstrate such an association
in the blood of patients with borderline disorders.”
However, an increased bunch of evidences tend to demon-

strate an increased methylation of the BDNF gene promo-

ter in patients with depressive disorders,’?” suicidal
behaviors or those who had completed suicidal
behavior,”®?° eating disorders, childhood abuse history,*®
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and defective maternal care.>'*> Thus, BDNF seems to be
associated with stressful experiences in early life and may
explain later adulthood psychopathology.

In this study, we measured BDNF promoter methyla-
tions levels in DNA from the blood. Indeed, as previously
described, methylation analysis in peripheral blood cells is
a good proxy of methylation levels in the target tissue.’
We included 58 CMSP patients and performed association
studies between various patient parameters including the
INTERMED scores and BDNF methylation levels.

Patients and Methods

Study Population

Between March 2014 and October 2017, patients with
chronic musculoskeletal pain (lasting for more than 3
months) resulting from an orthopedic trauma (fractures,
sprains, ...) were recruited from the Musculoskeletal
Rehabilitation Department of the Clinique romande de
réadaptation (Sion, Switzerland). Our sample size is com-
parable to that of previous studies on epigenetic modifica-
tions and pain.'’>* The exclusion criteria were as follows:
a history of diabetes, toxicomania, or blood disease (ie,
thalassemia) or inability to provide informed consent. The
healthy control subjects, who reported no pain, were
recruited among the staff of our clinic. The study protocol
was approved by the Commission cantonale valaisanne
d’éthique médicale (CCVEM 034/12) and was conducted
according to the recommendations of the Declaration of
Helsinki.
volunteer involved in this study.

Informed consent was collected from each

Study Design

Shortly after admission, patients were examined by
a senior clinician to assess whether they met the inclusion
criteria. Once they gave their informed consent, patients
were scheduled for blood sampling. We used self-reported
questionnaires to assess the psychological status and pain
level, and clinical information was collected from the
patient’s medical records.

Questionnaires and Clinician Rated-Tools
The Brief Pain Inventory (BPI) is a self-administered
questionnaire that allows patients to rate the severity of
their pain and the degree to which their pain interferes
with the common components of feeling and function.*> In
this study, we only focused on the items related to pain
severity.

The Hospital Anxiety and Depression Scale (HADS)
was used to detect states of anxiety and depression. This
self-administered questionnaire was specifically developed
in a hospital medical outpatient clinical setting.*

We used the Tampa Scale for Kinesiophobia (TSK) to
assess pain-related fears (fears of movement and reinjury).
Higher scores indicate more pain-related fears and were
consistently related to higher pain and disability levels.’’

We used the Pain Catastrophizing Scale (PCS)*® to
investigate catastrophic thinking (rumination, magnifica-
tion and helplessness), which is a risk factor for pain
chronicity.

The Cumulative Illness Rating Scale (CIRS) is
a clinician-oriented instrument used to assess comorbid-
ities and illness severity.*

The DN4 questionnaire (Douleur Neuropathique en 4
Questions) was first developed to screen neuropathic pain.
It is a clinician-administered questionnaire. Seven items
are related to pain symptoms, and three items are asso-
ciated with the neuropathic pain examination. Health pro-
fessionals assess whether the sensation to touch or
a pinprick (hypoesthesia) is reduced and whether light
brushing of the area increases or causes pain (allodynia).
This questionnaire has been broadly used and validated.*’

The INTERMED instrument is a clinician-rated tool
(semi-structured interview) that assesses the patient’s biop-
sychosocial complexity.'"*' It contains 20 items grouped
into 4 domains (biological, psychological, social, and
healthcare system), with each one assessed over time
(past, present, and prognosis). Each question is rated on
a 4-point scale from 0 to 3. A total INTERMED score
ranging from 0 to 60 is calculated, whereby a higher score
indicates a higher biopsychosocial complexity. It is one of
the most strongly validated tools used to assess the BPS
complexity.*?

Blood Collection

Peripheral blood samples were collected in the morning
(after an overnight fast) from the antecubital vein in
7.5 mL EDTA tubes (Sarstedt S-Monovette) using
a butterfly device with a 21 G needle. Immediately after
collection, the tubes were frozen and kept at —80°C until
further processing.

Methylation Analysis Procedure

DNA was extracted from the blood using the Gentra
Puregene Blood Kit (Qiagen) and diluted in 300 pL of
hydration solution.
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Bisulfite conversion of unmethylated cytosines to
uracil was performed on 2 pg of DNA using the EZ
DNA Methylation Kit (Zymo Research, Irvine, CA,
USA). Bisulfite-treated samples were resuspended in
M-elution buffer and were stored at —20°C.
Methylation levels of 13 CpG sites in BDNF promoter
I were measured by pyrosequencing. The PCR amplifi-
cation of a 349 bp amplicon encompassing 13 CpG sites
was performed with as described in Stenz et al, 2015
(described as “Assay B”). PCR reactions were performed
in 25 pL final volume containing 50 ng bisulfite-treated
DNA, 1x PCR buffer, 1.6 mM MgCl,, 200 uM dNTP,
0.2 uM forward primer, 0.2 uM Reverse primer, and 2
units of Hot Start Taqg DNA polymerase (HotStart Taq
DNA Polymerase Kit, Qiagen). PCR amplification con-
ditions are described in Stenz et al, 2015.°* A template-
free negative control was added to each PCR plate and
agarose gel electrophoresis, to check for nonspecific
amplification, was performed. Negative controls were
also pyrosequenced as well as different dilutions (0%,
25%, 50%, 75%, 100%) from fully unmethylated (0%)
and fully methylated (100%) genomic DNA standards
(EpiTect PCR Control DNA, Qiagen). PCR products
were immobilized onto streptavidin-coated sepharose
beads (Fisher Scientific) using a Vacuum preparation
tool (Biotage), washed in 70% ethanol, and denatured
in 0.2 M NaOH. Single-stranded DNA was then washed
in 10 mM Tris—acetate pH 7.6 before being dispensed
into 20 mM Tris, 2 mM MgAc, containing 15 pmol of
forward primer in 40 pL final volume. The resulting
single-stranded DNA molecules were sequenced by
a PSQ 96 MA (Qiagen) using the corresponding sub-
strates, enzymes and nucleotides (PyroMark Gold Q96
SQA Reagents, Qiagen).

Statistical Analysis

The differences between the groups were evaluated by the
Wilcoxon-Mann—Whitney rank-sum test. We then assessed
the associations between the methylation values of CpG
sites and the different questionnaire or evaluation scores
using Spearman correlation coefficients. Since these asso-
ciations might be influenced by other factors, such as age,
gender or comorbidities, we next used linear regression
models to adjust the associations between CpG values and
questionnaire scores for these potential confounding vari-
ables. To improve the normality of the distributions and the
linearity of the associations, the CpG methylation values
were transformed using a negative reciprocal square root

function. All analyses were performed with Stata 16.0
(Stata Corp, College Station, TX, USA).

Results

Eighteen controls and 58 patients agreed to participate in the
study. No difference was observed between patients and con-
trols for age and sex. However, CMSP patients displayed
a higher BMI (P<0.01). Our patients were mainly middle-
aged men who suffered from chronic pain subsequent to
a musculoskeletal injury. Their sociodemographic and psy-
chological characteristics are listed in Table 1. In 18% of the
cases, a neuropathic component, assessed by the DN4 ques-
tionnaire, was present. On average, patients reported
a moderate level of pain severity and did not display any
catastrophism, anxiety or depressive symptoms.** We
observed a low to moderate level of kinesiophobia in our
population (Table 1).

In a preliminary experiment, our controls and our CMSP
patients' average CpG methylation values of the BDNF' gene
promoter were compared. Due to the relatively small sample
size, we did not compare each site individually. The methy-
lation values were significantly (p< 0.005) 1.9-fold increased

Table | Clinical Characteristics of the Participants

Characteristics Patients Controls
(N=58) (N=18)

Age (years) 41 (13) 40 (11)
Sex F (percent) 12 (21%) 7 (39%)
BMI 27 (5) 24 (3)**
Time since injury (median in 436 (39-5331) -
days)
DN4 24 11 (18%) -
Pain location -

— Upper limb 18 (31%)

— Lower limb 27 (47%)

— Back I (19%)

— Polytrauma 2 (3%)
INTERMED Score (0-60) 20.6 (6.2) -
BPI (0-10) 4.6 (2.0 -
HADS anxiety (0-21) 8.6 (4.5) -
HADS depression (0-21) 6.7 (4.0) -
TSK (17-68) 42.8 (8.2) -
PCS (0-52) 19.4 (11.4) -
CIRS (0-56) 4.1 (2.5) -

Notes: The values are expressed as mean (standard deviation), median (range) or
number (%); *p<0.01.

Abbreviations: BMI, body mass index; DN4, Douleur Neuropathique en 4
Questions; BPI, Brief Pain Inventory; HADS, Hospital Anxiety and Depression
Scale; TSK, Tampa Scale of Kinesiophobia; PCS, Pain Catastrophizing Scale; CIRS,
Cumulative lliness Rating Scale.
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Figure | Average CpG methylation values of controls and CMSP patients.
*##p<0.005, n = 18 controls and 58 patients.

in the CMSP patients as compared with the controls
(Figure 1). Then, a cross-sectional study was performed
within the CMSP patients, targeting various pain variables.
Interestingly, a negative moderate correlation was found
between the total INTERMED score (—0.40) and the average
CpG methylation values of BDNF' (Table 2).

A high level of BPS complexity measured via the
INTERMED score was associated with lower average
CpG methylation values of BDNF (Table 3). This associa-
tion was independent of potential confounding variables
such as age, sex and comorbidities. There was no differ-
ence in the methylation level of BDNF reported to the
localization of the trauma (p=0.16).

Discussion
The epigenetic machinery causes modulation of gene
expression to occur without any change in the DNA

Table 2 Correlations Between the Average CpG Methylation
Values and the Independent Variables

Spearman 95%

Correlation Confidence

Coefficient Interval
INTERMED score —0.40%* —0.65 to —0.10
Time since injury —-0.12 —0.39 to0 0.16
BPI —0.11 —0.40 to 0.17
TSK 0.11 —0.13 to 0.35
HADS anxiety —0.06 —0.33 to 0.21
HADS depression —0.04 —0.30 to 0.22
PCS —-0.02 —0.29 to 0.21

Notes: *p<0.01, n=58.
Abbreviations: BPI, Brief Pain Inventory; TSK, Tampa Scale of Kinesiophobia;
HADS, Hospital Anxiety and Depression Scale; PCS, Pain Catastrophizing Scale.

Table 3 Average CpG Methylation Values of the BDNF
Multivariate Analysis Model

Outcome | Variable Regression Coefficient | p-value
(95% CI)
BDNF INTERMED —0.004 (—0.008 to —0.001) | 0.02*
CpG score
Age 0.000 (—0.001 to 0.003) 0.43
Sex 0.041 (-0.001 to 0.097) 0.14
CIRS —0.008 (-0.018 to 0.002) | 0.13

Notes: *p<0.05, n=58.
Abbreviations: BDNF, brain-derived neurotrophic factor; CIRS, Cumulative lliness
Rating Scale; Cl, confidence interval.

nucleotide sequence in response to environmental expo-
sure. Nutritional factors, toxins and even human interac-
tions have been shown to induce epigenetic changes. An
important feature of epigenetic changes is that, despite the
mechanisms of abolishment and reprogramming, they can
be transmitted through generations.

Chronic pain, due to its strong impact on the quality of
life, should produce epigenetic effects. However, this
interesting hypothesis was the object of only rare studies,
which showed that chronic pain can modify the methyla-
tion pattern of families of genes.'>'”

The present study took advantage of the validated
INTERMED tool, which allows evaluation of patient
BPS complexity with the best possible accuracy. This
tool takes into account parameters that may impact the
epigenome, such as the psychosocial environment. The
INTERMED method is based on a semi-structured inter-
view that is only designed for patients and has never been
used or validate to evaluate healthy volunteers.

The epigenetic effects of CMSP were focused on the
BDNF gene promoter, which has been shown to be differen-
tially —methylated wupon exposure to psychosocial
perturbations.?’

Our study can be divided into two parts. First, we per-
formed a comparison with a control group to study a possible
global effect of pain on BDNF promoter methylation. It
showed that a panel of patients with pains of various natures
displayed on average an increased BDNF promoter methyla-
tion as compared with controls (Figure 1). It should be kept in
mind that our 2 groups are heterogeneous and that it cannot
be excluded that other variables than pain contributed to the
observed effect.

Second, the cross-sectional analysis performed inside
the pain group represents the main part of the study. It
showed (Table 2) that the BPI score, i.e. the severity of
pain, was not correlated with BDNF promoter methylation.
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Furthermore, the degree of anxiety, depression, kinesio-
phobia, pain catastrophizing and the time since injury also
were not associated with BDNF promoter methylation.
However, the INTERMED score was moderately corre-
lated with low levels of BDNF promoter methylation. This
result shows that BPS complexity epigenetically decrease
the degree of BDNF promoter methylation and should
therefore increase the level of transcription of this gene.

A linear regression statistical approach (Table 3) con-
firmed the negative association of the INTERMED score
with BDNF promoter methylation and allowed the elim-
ination of potential confounders such as age, sex or levels
of comorbidities.

The fact that CMSP, taking into account its BPS com-
plexity, is associated with a decrease in BDNF promoter
methylation suggests that it has an epigenetic impact oppo-
site of that of other psychosocial stressors.>'! A similar
result was obtained by Sosanya et al,”> who reported an
increase in BDNF expression in the rat prefrontal cortex
due to stress-induced post-injury pain.

The upregulation of BDNF is associated with higher levels
of BPS complexity implied by the results of this study might
induce a deleterious pain hypersensitization.> >* BDNF capa-
city to initiate CS pain is considered maladaptive in chronic
pain.** Benefits for clinical practice and therapeutic perspec-
tives of this study can be speculated: these results support
a useful role for the INTERMED tool in the screening of
pain patients at risk of central sensitization. Moreover, our
study demonstrated a potential interaction between methyla-
tion level of BDNF and BPS complexity in CMSP patients.
Over the last decades, most studies on this BPS model have
focused on the psychosocial aspects, with reduced attention
paid to the biological ones. The fact that BPS complexity
influences methylation of BDNF gene opens a new perspective
for the clinician to diagnose or cure these patients. With the
rapid development of treatments, acting through modulation of
epigenetic modifications, our approach may turn out to be
promising,**

Limitations

Like many studies performed in the field of epigenetics,
our protocol is mainly limited by its cross-sectional design
that does not allow to exclude the possibility that the level
of BDNF methylation may evolve over time. Pain chron-
icization is a progressive mechanism and is associated
with several other health-related disorders that might
appear in a time-dependent manner (ie, anxiety, depres-

sion ...) and could influence the BDNF methylation

pattern. It would be of prime importance to assess, in
a longitudinal study, the possible temporal changes in
methylation of the BDNF gene associated with the process
of pain chronicization.

The second limitation comes from the particular nature
of the patients included in this study. If they are representa-
tive of the general population admitted to our rehabilitation
center, they mainly report a minor to moderate level of pain.
In a further study, it could be interesting to recruit patients
reporting a higher level of pain in order to determine if pain
intensity might be associated with methylation levels.
Moreover, as our population is primarily composed of
men it only includes a very low number of female patients,
which may limit generalization of the results.

A methodological limitation is that hydroxymethyla-
tion of cytosine (ShmC) was not discriminated from
methylation of cytosine in bisulfite-pyrosequencing.
Evidence suggests that ShmC is a secondary epigenetic
mark with a complex role as a transcription regulator and
an important role in the brain.*> However, the traditional
bisulfite treatment sequencing method we used does not
5mC 5hmC.
of cytosine hydroxymethylation in

distinguish  between and Including
a measurement

a further study might be of interest.

Conclusion

To our knowledge, this study is the first to investigate
BDNF methylation in a human model of CMSP. Pain
seemed to be associated with increased levels of BDNF
promoter methylation and, inside the CMSP group, the
patient complexity, assessed by the INTERMED score,
was associated with decreased levels of BDNF promoter
methylation. This study being cross-sectional, no conclu-
sion can be drawn on causal links between epigenetic
methylation and pain hypersensitization. However, inter-
esting hypotheses can be discussed. The downregulation
of BDNF expression putatively induced by chronic pain
itself might be a feed-back mechanism appearing with
time when pain chronicizes and that would tend to
reduce pain in good prognosis patients. The upregulation
of BDNF expression associated with BPS complexity
might be the signal for CS. Whatever the mechanism,
the results of the present study suggest that a link
between complexity and pain severity might be BDNF
expression. Therefore, a better chance of positive evolu-
tion would depend on a low level of BDNF in the brain.
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Abbreviations

BPS, biopsychosocial; CS, central sensitization; CMSP,
chronic musculoskeletal pain; BDNF, brain-derived neuro-
trophic factor; CpG, cytosine-phosphate-guanine; BPI, Brief
Pain Inventory; HADS, Hospital Anxiety and Depression
Scale; TSK, Tampa Scale for Kinesiophobia; PCS, Pain
Catastrophizing Scale; CIRS, Cumulative Illness Rating
Scale; DN4, Douleur Neuropathique en 4 Questions.
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