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Alpha-1-antitrypsin

This protein was a regressor of CPT in both groups. Increased expression of this positive acute phase
protein has been reported in inflammation, infection, and in relation to different cytokines (beta-
interferon, IL-1, IL-6 and TNF-alpha) and oxidative stress (Bergin et al. 2010). A primary function is to
protect the tissue from enzymes released during inflammation besides this anti-inflammatory
function also immunomodulatory, anti-infection and tissue repair related functions (Kim et al. 2018);
some of these functions mainly arising from post-translational modifications (Lechowicz et al. 2020).
This protein was upregulated in pressure ulcers in spinal cord injury patients, and in symptomatic
apical periodontitis (Baldan-Martin et al. 2020, Loureiro et al. 2021). In a preliminary study of

fibromyalgia (FM) patients an overexpression in serum was reported (Ruggiero et al. 2014).

Alpha-2-antiplasmin
This positive acute phase protein was a significant protein in chronic widespread pain (CWP) for both

pain thresholds. Other proteoforms contributed to the multivariate differentiation between controls
(CON) and CWP (increased in CWP) (Wahlén et al. 2017). It (different proteoforms) was also
identified in the regression of pain intensity and PPT in CWP (Wahlén et al. 2018, Gerdle et al. 2020).
Three proteoforms contributed to differentiate between FM and controls (one proteform increased
in FM and two decreased) (Wahlén et al. 2020). It also was positive regressor of pressure pain
thresholds (PPT) and a negative regressor of psychological distress in FM (different proteoforms)

(Wahlén et al. 2020).

Alpha-2-macroglobulin
This positive acute phase protein has anti-inflammatory effects and was significant in the present

four regressions (Cater et al. 2019). Increased blood levels have been reported in Alzheimer’s disease
(AD) (Varma et al. 2017) and in type | diabetes (do Nascimento de Oliveira et al. 2018). The protein
can inhibit proteases and influence signaling of and bind cytokines and growth factors including
neurotrophins (e.g., IL-6, platelet-derived growth factor, nerve growth factor (NGF), tumor-necrosis
factor (TNF)-a, and IL-1B) (Shimomura et al. 2018, Cater et al. 2019). The proteoforms differed
between the two groups for cold pain thresholds (CPT) and for heat pain thresholds (HPT); for HPT,
the signs also differed for the proteoforms. One of the proteoforms of alpha-2-macroglobulin was
important in CON not only for CPT and HPT but also for PPT (Gerdle et al. 2020). Another proteoform
correlated negatively with age in CON (Wahlén et al. 2018).

Apolipoproteins
These proteins have functions in lipid metabolism but may also have a role in preventing the

initiation of innate immunity i.e., anti-inflammatory role (Cho and Seong 2009, Gaglione et al. 2020).

These proteins attenuate inflammation and enhance adaptive immunity and host defense (Borna et
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al. 2019). We have earlier reported that apolipoprotein C-1l was associated with PPT and
psychological distress in CWP (Wahlén et al. 2018, Gerdle et al. 2020) and a significantly increased
plasma level was found in FM (Ramirez-Tejero et al. 2018).

Apolipoprotein A-l —i.e., the major structural protein of high-density lipoproteins (HDL) — is involved
in regulation of cholesterol and also is involved in regulation of inflammatory and immune response
(Georgila et al. 2019); generally it is considered as having anti-inflammatory properties but under
certain conditions it may act pro-inflammatory. It was a significant protein in CWP for both pain
thresholds. In a cohort of patients with FM we recently identified Apolipoprotein A-l as important for
psychological distress (Wahlén et al. 2020).

In CON apolipoprotein C-lll was significant for CPT. Overexpression of this protein leads to
hypertriglyceridemia and is considered as a risk factor for cardiovascular disease (CVD) (Yingchun et
al. 2018, Taskinen et al. 2019). It also has a pro inflammatory role (Jin et al. 2016). This
apolipoprotein can induce inflammation and organ damage by activating the NLRP3 inflammasome
and hence functions as an alarmin triggering sterile inflammation (Zewinger et al. 2020). Increased
plasma levels of apolipoprotein C-lll has been found in diabetic peripheral neuropathy and was

associated with BMI (Pek et al. 2017).

Beta-2-glycoprotein 1
This protein is the antigenic target of autoantibodies found in patients with antiphospholipid

syndrome but it also is important in other aspects such as hemostasis, homeostasis and immunity
(McDonnell et al. 2020). It is one of three proteins (besides C-reactive protein and thrombomodulin)
with dual capability to up and down regulate the complement and coagulation systems depending
upon external stimuli (McDonnell et al. 2020). The plasma protein correlated positively with HPT in
CON. This protein (same proteoform) correlated positively with PPT and age in CON (W3hlén et al.
2018, Gerdle et al. 2020). A negative correlation with pain intensity was found in peripheral

neuropathic pain (Backryd et al. 2018).

Chemokine (C-C motif) ligand 19 (CCL19)

The chemokine CCL19 can have a dual role, promoting the immune response or having anti-
inflammatory and immunosuppressive effects (Zou et al. 2016). It has been associated with several
inflammatory conditions including atherosclerosis, rheumatoid arthritis, and multiple sclerosis
(Kochumon et al. 2019). This chemokine correlated positively with CPT in CWP. The CCR 7 receptor
and its ligands CCL19 and CCL21 control a diverse array of migratory events in adaptive immune
function (Comerford et al. 2013). CCL19 gene expression in adipose tissue is increased in obese
individuals and it was positively associated with proinflammatory substances e.g., IL-8, IL-12, IP-10,

CCL5 etc. (Kochumon et al. 2019). Increased levels were found in serum of patients with lumbar
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radicular pain one year after disc herniation (Moen et al. 2016). CCL19 was significantly increased in
cerebrospinal fluid (CSF) in Osteoarthritis (OA) patients, in FM patients and in peripheral neuropathic
pain patients (Backryd et al. 2017, Backryd et al. 2017, Palada et al. 2020). Neither in OA nor IN FM
were found altered blood levels of CCL19 (Backryd et al. 2017, Palada et al. 2020). Moreover, this

protein also correlated significantly with pain intensity in OA patients (Palada et al. 2020).

Chemokine (C-C motif) ligand 20 (CCL20; MIP-3alpha)

This chemokine was a significant regressor of HPT in CON. Depending on the condition the
chemokine CCL20 may have both homeostatic and proinflammatory function (Jablonski et al. 2019).
CCR6-CCL20 axis is an important modulator both of adaptive and immune responses in many
inflammatory conditions (Ranasinghe and Eri 2019). Decreased serum levels was found in women
with endometriosis (Jablonski et al. 2019). It contributed to the significant differentiation between
CWP (increased level) and controls using plasma (Gerdle et al. 2017). Serum levels did not differ
between knee OA patients and controls, but the levels correlated positively with disease severity
within the patient group (Guan et al. 2019). Increased levels were found in serum of patients with

lumbar radicular pain one year after disc herniation (Moen et al. 2016).

CUB-domain containing protein 1 (CDCP1)

In cancer increased levels of the cytokine CDCP1 are associated with progressive disease and
markedly poorer survival (Predes et al. 2019, Khan et al. 2021). In OA patients and in patients with
autoimmune endocrine diseases have been reported increased serum/plasma levels (Palada et al.
2020). CDCP1 can directly bind members of the TGF-beta superfamily and may hereby promote
cancer progression and tumor cell metastasis (Predes et al. 2019). This cytokine correlated positively
with HPT in CON. This protein was important for group differentiation between CWP (increased level)
and CON (Gerdle et al. 2017). It was also positively correlated with pain intensity in CWP (Gerdle et
al. 2017). The level in CSF correlated negatively with pain intensity in OA (Palada et al. 2020).

Cluster of Differentiation 244 (CD244)

This is a receptor also known as 2B4 receptor and SLAMF4 is member of the signaling lymphocyte
activation molecule (SLAM), which is part of the Ig superfamily (Agresta et al. 2018, Buller et al.
2020). SLAM receptors are found on several immune cells that are involved in natural killer (NK) cell
activation, which in turn are involved in e.g. recognition and clearance of cancer cells and infected
cells (Buller et al. 2020). This protein correlated positively with CPT in CWP. It was also significantly
increased in plasma in FM (Backryd et al. 2017). It was significantly increased in CSF in OA patients

and was significantly associated with pain intensity in these patients (Palada et al. 2020).
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Ceruloplasmin
This positive acute phase protein is involved in the transport of copper. It was important in CON for

both pain thresholds (several proteoforms, some similar). Elevated plasma levels of ceruloplasmin
have been reported in the present CWP cohort compared to CON, in FM patients and in serum from
lumbar disc herniation patients (La Rubia et al. 2013, Karabag et al. 2016, Wahlén et al. 2017). One of
the present proteoforms was significantly associated with pain intensity in CWP (W3ahlén et al. 2018).
It (from plasma and serum) was a significant positive regressor of pain intensity in FM and in lumbar

disc herniation pain patients (Karabag et al. 2016, Wahlén et al. 2020).

Clusterin
Clusterin is a regulatory protein in energy homeostasis and inflammation (Ungsudechachai et al.

2020). Decreased levels of this protein in body fluids has been found in pain patients (Rodriguez-
Rivera et al. 2021). It attenuates inflammation and it is suggested as a biomarker in various
conditions (cancer, cardiovascular diseases, diabetes and metabolic syndrome) (Baralla et al. 2015).
This protein has a neuroprotective role and it has been suggested to be protective versus oncologic
pain (Rodriguez-Rivera et al. 2021). It also has been identified as potential candidate to treat
neuropathic and inflammatory pain (Rodriguez-Rivera et al. 2021). Lower serum levels have been
found in hand OA (Kropackova et al. 2018) and in degenerative scoliosis (Zhu et al. 2011). In healthy
subjects clusterin plasma levels correlate with adiposity and systemic inflammation parameters and
male sex (Won et al. 2014). The same proteoform was important in CWP for both thresholds.
Another proteoform was important for HPT in CON but the sign differed from the situation for this
protein in CWP. This protein but another proteoform correlated negatively with PPT in CWP (Gerdle

et al. 2020) and positively with psychological distress (four proteoforms) in CWP (Wahlén et al. 2018).

Complement factors
Complement factors were important in all four regressions. Complement and coagulation systems

are important during the inflammatory process. Involvement of these systems has been reported in a
serum proteomic studies of FM (Ramirez-Tejero et al. 2018, Han et al. 2020). The complement
system is part of the humoral response within the innate immune system (Merle et al. 2015). This
system identifies pathogens that are not recognized by antibodies (Totsch and Sorge 2017) and aid
antibodies in clearing out damaged cells and microbes via the release of cytokines which in turn
activate other cascades (Totsch and Sorge 2017). There are three activation pathways: 1) classical
activation pathway, 2) lectin pathway and 3) the alternative pathway. Both our studies and studies of
other researchers have reported involvement of the complement system in FM and in CWP (W3ahlén
et al. 2017, Ramirez-Tejero et al. 2018, Han et al. 2020, Wahlén et al. 2020). Moreover there is also

reports that complement cascades are essential in neuropathic pain (Gu et al. 2019).
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Complement factor B
Complement factor B is an acute-phase protein and it is important for the complement activation via

the alternative pathway (Ghafouri et al. 2016, Druart and Le Magueresse 2019). It correlated
positively with CPT in CWP. The same proteoform was positively associated with psychological
distress in the present CWP cohort (Wahlén et al. 2018). In major depression upregulated
complement factor B levels have been found (Wang et al. 2019). Another proteform of this protein
correlated negatively with PPT. Still another another proteoform was important for group separation
CWP vs. CON (Wahlén et al. 2017). Complement factor B differed significantly between farmers with
musculoskeletal disorders vs. controls (Ghafouri et al. 2016); increased levels were found in farmers
with pain. The CSF level of this protein correlated negatively with pain intensity in neuropathic pain

(Backryd et al. 2018).

Complement C3 alpha chain and Complement C3 alpha chain fragment 2
Complement C3 is an essential molecule for all three pathways of the complement system (Merle et

al. 2015, Silawal et al. 2018, Druart and Le Magueresse 2019). Complement C3 consist of two chains
(alpha and beta). This protein (different proteoforms) correlated positively with HPT in CON and

positively with CPT in CWP. The same proteoform as in the regression of HPT in CON also correlated
positively with PPT in CON. Another proteoform correlated positively with age in CON (W3ahlén et al.
2018). Complement C3 alpha chain fragment 2 correlated negatively with CPT in CWP. Complement

C3 beta chain contributed to differentiation between FM and controls (Wahlén et al. 2020).

Complement C4-B
This protein are affected both by the classical pathway and the lectin pathway (Druart and Le

Magueresse 2019). Two proteoforms of this protein correlated positively with CPT in CON. One of
these proteforms also correlated positively with BMI in CON (Wahlén et al. 2018). Fragment of this
protein contributed to the differentiation between FM and controls (Wahlén et al. 2020).
Complement C1r subcomponent

This protein is part of the classical pathway of the complement system (Druart and Le Magueresse
2019). It correlated negatively with HPT both in CON and CWP but the proteoforms differed. These
two proteoforms together with other proteoforms were increased in CWP and contributed to
differentiation between CWP and CON (W3ahlén et al. 2017). In CWP two other proteoforms than the
present correlated positively with pain intensity (Wahlén et al. 2018). Other proteforms correlated
positively with BMI in CON (W3ahlén et al. 2018). Two proteoforms were of importance for the
differentiation between FM and controls; the levels were lower in the patients (Wahlén et al. 2020).
Another proteoform than the latter correlated negatively with psychological distress (Wahlén et al.

2020).
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Complement component C7
This protein is together with C5b, C6, C8 and Cp involved in the membrane attack complex resulting

in lysis of pathogens (Druart and Le Magueresse 2019). Two proteoforms correlated positively with
HPT in CWP. One of the proteoforms correlated negatively with HADS (Wahlén et al. 2018). This
protein was also significantly upregulated in FM patients in a proteomic study of serum (Ramirez-
Tejero et al. 2018). Down regulated CSF levels have been reported in neuropathic pain (Lind et al.

2019).

Creatine kinase M-type
Creatine kinases catalyze the conversion of creatine to phosphocreatine. Low muscle levels of ATP

and phosphocreatine have been reported in FM (Park et al. 1998, Gerdle et al. 2013, Gerdle et al.
2020). This muscle protein correlated positively with CPT in CWP and negatively with HPT in CWP. It
was upregulated in the interstitial fluid of the trapezius muscle in patients with trapezius myalgia
(Olausson et al. 2012). A negative correlation existed between this protein (another proteoform)
from a trapezius biopsy in CWP and pain intensity (Olausson et al. 2016). In a trauma experiment this

protein was one of the most abundant proteins in the interstitial muscle fluid (Turkina et al. 2017).

Colony stimulating factor 1 (CSF-1)
This protein is also known as M-CSF is important for homeostasis and it is involved as a

proinflammatory cytokine in different conditions that may be associated with pain such as arthritis,
diabetes, multiple sclerosis and neurodegeneration (Saleh et al. 2018). CSF-1 correlated positively
with HPT in CWP. The protein was up-regulated in saliva of neuropathic patients (Jonsson et al. 2021)
and serum levels were dysregulated in knee OA patients and correlated positively with pain intensity
in these patients (Giordano et al. 2020). Increased serum levels were found in lumbar radicular pain

patients one year after disc herniation (Moen et al. 2016).

EN-RAGE (Protein S100-A12)

This inflammatory protein is highly abundant in neutrophils during acute inflammation and
participates in immune regulation (Carvalho et al. 2020). The protein is involved in a broad array of
digestive diseases e.g., gastroenteritis, gastric cancer, Crohn’s disease, irritable bowel syndrome etc.
(Carvalho et al. 2020). This was a significant protein in the regression of HPT in CON. It was also a
significant plasma protein for the significant differentiation between FM and controls (Backryd et al.
2017); it was decreased in FM. Reduced levels were also noted in serum from patients with knee
osteoarthritis (Giordano et al. 2020). Increased expression have been reported in endometriosis

tissue (Sharma et al. 2010).
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Fibroblast growth factor 5 (FGF-5)
The Fibroblast growth factor family includes 22 structurally related polypeptides and they bind to

four different receptors, which has been implicated in cell proliferation and differentiation during
development and tissue repair (Chen et al. 2020). Fibroblast growth factor 5 (FGF-5) is a protein
involved in in the regulation of the hair cycle in adults. Recent animal experiments indicate that it is
an autocrine regulator of Schwann cell migration and adhesion (Chen et al. 2020). This protein
correlated positively with HPT in CON. It was significantly increased in CSF in trigeminal neuralgia
(Ericson et al. 2019). It also was significantly correlated with pain intensity in OA patients (Palada et

al. 2020).

Fibroblast growth factor 21 (FGF-21)

FGF-21 - also a member of the Fibroblast growth factor family - is a hormone-like cytokine which
regulates lipid metabolism and starvation response (Suomalainen et al. 2011, Tezze et al. 2019)
(Chen et al. 2020). FGF-21 has been suggested as a biomarker for muscle-manifesting mitochondrial
respiratory chain deficiencies (Suomalainen et al. 2011). This protein correlated negatively with HPT
in CWP. In serum from OA patients it was increased and correlated with pain intensity (Giordano et

al. 2020). It was also increased in serum and in CSF of OA patients (Palada et al. 2020).

FMS-like tyrosine kinase 3 ligand (FIt3L)

. It correlated negatively with HPT in CWP. This cytokine is involved in dendritic cell development and
hence critical for the immune response (Durai et al. 2018). It increases the number of immune cells
(lymphocytes (B cells and T cells)) by activating the hematopoietic progenitors. In women with
interstitial cystitis no differences in urine level existed versus healthy controls (Abernethy et al.
2017). It was significantly decreased in peritoneal fluid in patients with endometriosis (Perricos et al.
2020). It was significantly increased in CSF and significantly decreased in serum of OA patients
(Palada et al. 2020). Significantly higher CSF levels was noted in trigeminal neuralgia patients (Ericson

et al. 2019).

Fibrinogen alpha chain
Fibrinogen — a positive acute phase protein - is a key regulator of inflammation and is elevated in

response to inflammatory conditions (Borna et al. 2019). It is a dimer, where each monomer is
composed of three non-identical chains, alpha, beta and gamma, linked together by several
disulphide bonds (Mosesson et al. 2001). Fibrinogen alpha chain was a significant regressor of HPT in
CWP. This substance is upregulated in women with endometriosis both in serum and in endometrial
tissue (Chen et al. 2019). Upregulated levels have been found in various malignant neoplasms (Chen
et al. 2019). Down regulated levels in serum have been reported in FM (Han et al. 2020) while

another study reported increased levels in plasma (Wahlén et al. 2018). It correlated negatively with
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pain intensity in the present CWP and in FM (W3ahlén et al. 2018). In FM was also found a positive
correlation with psychological distress (Wahlén et al. 2018).

Haptoglobin

Haptoglobin was a negative regressor of CPT in CWP. Increased levels of the positive acute phase
protein haptoglobin (Ramirez-Tejero et al. 2018, Borna et al. 2019) in serum and plasma have been
reported in proteomic studies of FM/CWP (Wahlén et al. 2017, Ramirez-Tejero et al. 2018, Wahlén et
al. 2020). This increase aims to counteract excessive oxidative stress. It was negatively associated
with pain intensity and PPT in CWP, and negatively with psychological distress in FM (Wahlén et al.
2018, Gerdle et al. 2020, Wahlén et al. 2020).

Heat chock protein beta-1
This protective protein belongs to the small heat shock protein family. Heat shock proteins are

chaperones and are induced in response to tissue and cellular stress and are important for facilitating
protein synthesis, folding and assembly and environmental adaptation (Barbe et al. 2018). Exposure
to inflammatory cytokines, oxidative stress etc. can induce this family of proteins (Ghayour-
Mobarhan et al. 2009). Moreover, expression of this protein in response to stress is essential for
survival of neurons (Katz et al. 2020). Increased levels of heat shock proteins have been associated
with rheumatoid arthritis (Millar and Murrell 2012). This muscle protein correlated positively with
CPT in CON. It contributed to differentiate between CWP and CON in our trapezius study (Olausson

et al. 2015); the concentration was lower in patients.

Hemoglobin subunit alpha
This protein correlated negatively with CPT in CWP. Hemoglobin consists of four subunits, two alpha

and two Beta. This protein was one of the most abundant proteins in the interstitial muscle fluid
during the equilibration period and during post trauma in a trauma experiment of healthy women

(Turkina et al. 2017).

Interleukin-7 (IL-7)

It correlated positively with CPT in CWP. Under disease conditions, the pro-inflammatory cytokine IL-
7 mediates inflammation through several mechanisms and cell types (Willis et al. 2012, Taipa et al.
2019). Increased blood levels of IL-7 have been found in CRPS patients, in FM patients, and in a group
of severe chronic pain patients (Alexander et al. 2012, Sturgill et al. 2014, Backryd et al. 2017, Hysing
et al. 2019). It also has been associated with e.g. multiple sclerosis, RA and inflammatory bowel
disease (Akdis et al. 2016). Two treatment studies have reported decreased level of IL-7 12 months

post multimodal rehabilitation (Gerdle et al. 2019, Hysing et al. 2019).

10
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Interleukin 10 receptor, beta subunit (IL-10RB)
This protein correlated negatively with HPT in CWP; it is a subunit of the interleukin-10 receptor. IL-

10 family receptors signal through Janus tyrosine kinases (JAKs) and signal transducers and activators
of transcription (STATs) and are key anti-inflammatory cytokines (Baral et al. 2019, Wang et al. 2019).
Under certain situations it can have pro-nociceptive properties (Goncalves Dos Santos et al. 2019). IL-
10RB is ubiquitously expressed throughout the body (Wang et al. 2019). IL-10 correlated positively
with pain intensity in CWP (Gerdle et al. 2017). Increased serum levels were found in lumbar
radicular pain patients one year after disc herniation (Moen et al. 2016) but not in serum of OA
patients (Palada et al. 2020). IL-10RB was significantly increased in CSF from OA patients and from
trigeminal neuralgia patients (Ericson et al. 2019, Palada et al. 2020).

In a rehabilitation study changes in psychological distress were significantly and positively associated

with pre-treatment values of IL-10 (Gerdle et al. 2019).

Immunoglobulins
The skin has an intricate network of immune cells which are important for host defense and tissue

homeostasis (Nguyen and Soulika 2019). Animal studies report that structural cells of the skin
(epithelial cells, endothelial cells and fibroblasts) express immune regulators and cytokine signaling
and contribute to immunity (Krausgruber et al. 2020). Several studies including the present CWP
cohort have reported the involvement of immunoglobulin parts in CWP/FM compared to controls
even though not the same proteins as in the present study (Wahlén et al. 2017, Ramirez-Tejero et al.
2018, Han et al. 2020, W3ahlén et al. 2020). B cells are stimulated by immunogens to differentiate into
plasma cells; immunoglobulins (Ig) are produced by plasma cells. The immunogen or antigen reacts
with a B-cell receptor (BCR) on the surface of B lymphocytes and a signal is produced that leads to
activation of transcription factors to stimulate the synthesis of antibodies.

g light chain

Immunoglobulins (lgs) have two light chains and two heavy chains. Ig light chain (two proteoforms)
correlated positively with HPT in CWP.

lg kappa chain C region (IGKC)

This protein is the constant region of immunoglobulin light chains. IGKC correlated negatively with
CPT in CWP. IGKC correlated negatively with HPT in CON. This protein contributed to the
differentiation between CWP and CON (higher in CON) (Wahlén et al. 2017). Another proteoform
correlated negatively with age in CON (Wahlén et al. 2018). IGKC further (two proteforms)
contributed to the differentiation between FM and controls (higher in CON) (Wahlén et al. 2020). In
addition; IGKC (different proteforms) correlated positively with PPT and psychological distress in FM

(Wahlén et al. 2020). This protein was one of the most abundant proteins in the interstitial muscle

11



Supplementary text #2

fluid in a trauma experiment in healthy women (Turkina et al. 2017). The serum expression of IGKC

was found decreased in patients with obsessive-compulsive disorder (Zamanian Azodi et al. 2017).

lg J chain
Ig J chain correlated negatively with CPT in CWP. This protein regulates polymer formation of IgA and

IgM and modulate the secretory activity of these proteins (Ellias et al. 2012, Byron et al. 2020).
Another proteform correlated negatively with age in CON (Wahlén et al. 2018). This protein
correlated positively with pain intensity in FM (Wahlén et al. 2020). In saliva of patients with
temporomandibular disorders myalgia lower levels was found (Jasim et al. 2020).

lg alpha-2 chain C region

This protein is the constant region of Ig heavy chains. IG alpha-2 chain C region correlated positively
with HPT in CON. It (same proteoform) also correlated positively with PPT in CON (Gerdle et al.
2020). Another proteoform contributed to differentiation between CWP and CON (decreased in
patients) (Wahlén et al. 2017). A proteoform correlated negatively with age in CON (W3ahlén et al.
2018). Another proteoform was weakly but significantly and positively associated with psychological
distress in CWP (W3ahlén et al. 2018). This protein correlated positively with PPT in FM (Wahlén et al.
2020). Upregulated plasma levels have been reported in colorectal cancer (Choi et al. 2013) and in
type | and Il diabetes (do Nascimento de Oliveira et al. 2018). This protein was significantly
downregulated in plasma from patients with chronic rheumatic mitral stenosis (Mukherjee et al.

2014) and from patients with esophageal squamous cell carcinoma (Zhao et al. 2015).

Keratin, type Il cytoskeletal |
This protein correlated positively with CPT in CON. This is a structural muscle protein belonging to

the intermediate filament (IF) family and is important for the mitochondrial function (Shah et al.
2021). It contributed significantly to differentiate between CWP and controls in a proteomic study of
trapezius (Olausson et al. 2015). This protein was one of the most abundant proteins in the
interstitial muscle fluid during the equilibration period and post trauma in a trauma experiment

(Turkina et al. 2017).

Neurotrophin 3 (NT-3)
This protein correlated negatively with HPT in CWP. Neurotrophins (NTs) regulate growth and

apoptosis of neurons in the developing nervous system and repairing injured neurons. There are four
NTs in humans: nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin 3
(NT-3), and neurotrophin 4 (NT-4). NTs bind with high affinity to their specific tyrosine receptor
kinase (Trk); NGF binds to TrkA, BDNF and NT4 to TrkB, and NT3 to TrkC. All NTs can also bind with

lower affinity to the neurotrophin receptor p75 (Khan and Smith 2015). Animal studies indicate that
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NT-3 can have both pro- and antinociceptive effects (Malfait et al. 2020). NGF and NT-3 are involved

in sympathetic regulation (Fan et al. 2018).

Phosphoglycerate mutase 2
This protein correlated positively with HPT in CWP. A negative correlation existed between this

protein (another proteoform) from a trapezius muscle biopsy in CWP and pain intensity (Olausson et
al. 2016). Phosphoglycerate mutase (PGAM) catalyzes the reversible reaction of 3-phosphoglycerate
(3-PGA) to 2-phosphoglycerate (2-PGA) in the glycolytic pathway (Tarnopolsky 2018). It is enriched in

skeletal muscle, heart muscle and tongue.

Plasminogen
Plasminogen was significantly associated with CPT in both groups. Plasmin is released as a zymogen

labelled plasminogen. Plasmin maintains blood flow by cleaving fibrin and breaking down
intravascular clots or thrombi and is also important for tissue repair (Gibson et al. 2020). This positive
acute phase protein is inactivated by proteins such as alpha-2-antiplasmin and alpha-2
macroglobulin. It (other proteoforms) was increased in CWP and among the important proteins for
differentiating CWP from CON (W3ahlén et al. 2017). Four proteoforms of plasminogen also
contributed to differentiate FM patients from healthy controls (Wahlén et al. 2020). Plasminogen
(different proteoforms) was also identified in the regressions of pain intensity and psychological

distress in CWP (W3ahlén et al. 2018).

Serotransferrin
Serotransferrin was a significant regressor in CON for both thresholds. This negative acute phase

protein is involved in binding and transportation of iron in the blood. It has been suggested that iron
is involved in the pathophysiology of FM since it acts as a cofactor in the production of dopamine and
serotonin (Ortancil et al. 2010). It (another proteoform than found in CON in the present study)
contributed to multivariately differentiate between CWP and CON (W3ahlén et al. 2017), it was
decreased in CWP. It also was positively correlated with PPT and psychological distress in CWP
(Wahlén et al. 2018, Gerdle et al. 2020). Two proteoforms of this protein contributed to differentiate
between FM cohort and controls (Wahlén et al. 2020); it was increased in FM. It was also a significant
positive regressor of pain intensity in FM (Wahlén et al. 2020). Significantly increased levels were
found in farmers with pain conditions compared to controls (Ghafouri et al. 2016) and in a FM cohort

(Ramirez-Tejero et al. 2018).

Tumor necrosis factor receptor superfamily member 9 (TNFRSF9)
This protein (also known as 4-1BB and CD137) correlated negatively with HPT in CWP. The ligand is

TNFSF9 (4-1BBL) and animal studies have implicated 4-1BB — 4-1BBL interactions in the development

of inflammatory disease (Croft et al. 2013). Moreover it has been suggested that 4-1BB has a pro-
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inflammatory role (Croft et al. 2013). TNFRSF9 was significantly associated with incident distal
sensorimotor polyneuropathy (Herder et al. 2018). It was significantly increased in CSF of OA patients

and in these patients, it was significantly associated with pain intensity (Palada et al. 2020).

Transthyretin (TTR)

This protein correlated positively with CPT in CON. Transthyretin is a negative acute phase reactant in
humans. Decreased serum concentrations have been found in liver disease, malnutrition and acute
inflammation while elevated levels has been reported in lung neoplasms (Ding et al. 2014). We have
reported that this protein contributed to differentiate between CWP and CON (decreased in
patients)(Wahlén et al. 2017). Moreover it correlated negatively with pain intensity in the present
CWP cohort (Wahlén et al. 2018). In a preliminary study of FM an overexpression in serum was
reported (Ruggiero et al. 2014). It was increased in trigeminus neuralgia according to a proteomic

study of plasma (Farajzadeh et al. 2018); the levels decreased after surgery.

Vascular endothelial growth factor A (VEGF-A)

It correlated negatively with HPT in CWP. This protein is regarded as a having both pro-nociceptive
and neuroprotective effects (Hulse 2017, Llorian-Salvador and Gonzalez-Rodriguez 2018). VEGF-A
increases healing, regeneration, revascularisation and it is increased in patients with lumbar radicular
pain of severe intensity compared to patients with low pain intensity (Moen et al. 2016). A decrease
in this substance in blood was observed in patients with disc herniation after epidural steroid
injection (Weber et al. 2015). This protein decreased significantly in chronic pain patients after
multidisciplinary pain rehabilitation (Gerdle et al. 2019). Plasma levels correlated negatively with pain

intensity in neuropathic pain patients (Jonsson et al. 2021).

Vitamin D-binding protein
This protein (several proteoforms) was significant in both regressions in CWP and for HPT in CON.

Vitamin D-binding protein - responsible for transport of vitamin D and its hydroxylated metabolites in
plasma - also has metabolic roles e.g. transportation of fatty acids and endotoxin, and part of actin
scavenging system and of the innate immunity (Giampaolino et al. 2019). Vitamin D-binding protein
(spot no: 3408) was negatively associated with PPT in CON (Gerdle et al. 2020). This protein (another
proteoform) was upregulated in CWP (W3ahlén et al. 2017) while farmers with pain had
downregulated levels (Ghafouri et al. 2016). A systematic review concluded that patients with
endometriosis have higher levels of this protein than controls (Sayegh et al. 2014); the literature was

not in total consensus.
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