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Protein alterations in women with 
chronic widespread pain – An 
explorative proteomic study of the 
trapezius muscle
Patrik Olausson, Björn Gerdle, Nazdar Ghafouri, Dick Sjöström, Emelie Blixt & 
Bijar Ghafouri

Chronic widespread pain (CWP) has a high prevalence in the population and is associated with 
prominent negative individual and societal consequences. There is no clear consensus concerning 
the etiology behind CWP although alterations in the central processing of nociception maintained by 
peripheral nociceptive input has been suggested. Here, we use proteomics to study protein changes 
in trapezius muscle from 18 female patients diagnosed with CWP compared to 19 healthy female 
subjects. The 2-dimensional gel electrophoresis (2-DE) in combination with multivariate statistical 
analyses revealed 17 proteins to be differently expressed between the two groups. Proteins were 
identified by mass spectrometry. Many of the proteins are important enzymes in metabolic pathways 
like the glycolysis and gluconeogenesis. Other proteins are associated with muscle damage, 
muscle recovery, stress and inflammation. The altered expressed levels of these proteins suggest 
abnormalities and metabolic changes in the myalgic trapezius muscle in CWP. Taken together, this 
study gives further support that peripheral factors may be of importance in maintaining CWP.

The prevalence of chronic widespread pain (CWP) approximates up to and around 10% of the general 
population1-4 of which 10–20% are also diagnosed with fibromyalgia syndrome (FMS)5–7. The clinical 
pictures of CWP and FMS are dominated by the widespread pain but generally also include other 
somatic and psychological symptoms e.g. depressive symptoms, tiredness, unrefreshing sleep, reduced 
cognitive capacity. The risk factors for the transition from a local pain condition to CWP are largely 
unknown but according to a recent systematic review8 some studies claim increasing age, female gen-
der, low physical activity, obesity and depression as risk factors3,4. There is a mutual agreement that 
CWP/FMS is characterized by signs of central hyperexcitability and alterations in the pain matrix in 
the brain5,9–12. Other possibly related characteristics are disturbances in neuroendocrine and autonomic 
nervous system13,14. There is a debate concerning whether peripheral factors are of importance or not 
for maintaining the central alterations. Hence, there are reports indicating peripheral alterations15–17, 
which may act as pain generators in CWP/FMS, such as mitochondrial disturbances in type-I muscle 
fibres, increased DNA fragmentation of muscle nuclei, alterations in the mitochondrial respiration chain, 
reduced capillarization and altered microcirculation, and greater thickness of the endothelium of the 
capillaries18–23. Recently three research groups have reported alterations of the peripheral nociceptors in 
FMS16,24,25. Various treatment studies also indicate an important role of peripheral input in maintaining 
pain and central alterations in CWP/FMS26–28. These studies give further support to the hypothesis that 
peripheral factors contribute to the maintenance of pain in CWP/FMS.
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Human skeletal muscle is a heterogeneous tissue and is characterized by the capacity to adjust size and 
functionality due to both endogenous and exogenous influences. Substantial muscle proteomic studies 
have covered areas such as chronic29 and subacute hypoxia30, aging31–33 cold- and overfeeding34,35, exer-
cise training36–40 and to a much lesser extent chronic pain41. In a recent study42 we have identified pro-
teins from the interstitium of trapezius muscle in women with chronic regional myalgia or with CWP/
FMS using microdialysis (MD), which is a method originally used studying metabolites43. Several of the 
identified proteins were at least 2-fold up or down-regulated in the chronic myalgia group compared to 
healthy controls. Furthermore, many of these proteins are known to be involved in nociceptive processes 
e.g. nerve growth factor (NGF), creatine kinase and fatty acid binding protein42. The neurotrophin NGF 
and other neurotransmitters such as substance P and calcitonin gene-related peptide (CGRP) are not 
only associated with the sensitivity of nociceptors but are also involved in inflammatory response44,45.

Two dimensional gel electrophoresis (2-DE)46 is widely used for separating and quantifying proteins 
from different tissues or fluids. Although in the later years mass spectrometry (MS) has developed and 
expanded the proteomic field, 2-DE is still the golden standard and a powerful separation method that 
can resolve complex mixtures of proteins. Although this impartial approach, of detecting a large scale of 
the proteome of any given tissue or body fluid can result in an overwhelming amount of data. Traditional 
statistical methods assume variable independence and disregard interrelationships between variables. 
As a growing belief that a panel of multiple biomarkers, or biocluster will perform better than a single 
biomarker in the attempt of understanding the pain mechanisms the development of large-scale-data 
analyses or multivariate data analyses (MVDA) has emerged. These statistical methods are capable of 
handling a number of intercorrelated substances and uses advanced principal component analyses (PCA) 
and Partial Least Squares (PLS) regressions as important tools. These methods can be applied on large 
data sets which can handle low subject-to-variables ratios. This complementary MVDA approach which 
also considers the internal relationship between variables, therefore reducing the multiple testing issues, 
which taken together creates a potential for a better understanding of the complex biochemical changes 
that may occur in chronic musculoskeletal pain.

Proteomic studies have the potential to significantly improve our knowledge of peripheral muscle 
alterations and its relation to aspects of pain in CWP and hopefully open up for mechanism-based clas-
sifications and treatments of common chronic pain conditions. Hence, this cross-sectional study inves-
tigates the proteome of trapezius muscle biopsies in women with CWP compared to pain-free female 
controls (CON) using 2-DE in combination with MVDA.

Material and Methods
Subjects. Primary screening was accomplished using a self-reported pain questionnaire and a struc-
tured telephone interview. To confirm the individual eligibility, all potential subjects were invited to 
answer a brief questionnaire concerning their health condition and to receive a standardized clinical 
examination that included weight, height, and blood pressure measurements. The questionnaire has 
recently been described47 and included questions concerning habitual pain intensity in the neck –shoul-
der region and low back using a numeric rating scale (NRS) (0 =  no pain and 10 =  worst possible pain) 
for neck, shoulders, and low back over the previous seven days. The questionnaire also included items 
concerning psychological aspects (anxiety, depression and catastrophizing) and quality of life; for details 
about these instruments see47. For both groups of potential subjects, a clinical examination was used 
to check inclusion and exclusion criteria (see below). The American College of Rheumatology (ACR) 
criteria were used for definition of CWP and/or FMS48. All subjects were clinically examined by either 
of two physicians.

Patients with CWP were recruited for the study either among former patients with CWP at the Pain 
and Rehabilitation Centre of the University Hospital, Linköping, Sweden or from an organization for 
FMS patients. As a result of this recruitment process, 18 women with CWP agreed to participate in the 
study. Inclusion criteria were female sex, age between 20 and 65 years, and widespread pain according 
to the ACR criteria. 15 out of these also fulfilled the criteria for FMS.

The 19 healthy controls (CON) were recruited through advertisement in the local newspaper. Their 
inclusion criteria were female sex, age between 20 and 65 years, and pain free. Exclusion criteria in both 
groups were any kind of anticoagulatory use, continuous anti-inflammatory drug use, opioid or steroidal 
use, bursitis, tendonitis, capsulitis, postoperative conditions in the neck/shoulder area, previous neck 
trauma, disorder of the spine, neurological disease, rheumatoid arthritis or any other systemic diseases, 
metabolic disease, malignancy, severe psychiatric illness, pregnancy, and difficulties understanding the 
Swedish language.

The number of subjects needed in order to achieve sufficient power was based on the concentra-
tion of interstitial lactate of trapezius in healthy controls and in patients with chronic trapezius myalgia 
reported previously49. Hence, using Power and Sample Size Calculation,ver. 3.0.250, based on the follow-
ing parameters: alpha =  0.05, power =  0.8, difference between groups =  1.7 and SD =  1.7 were found that 
17 subjects in each group was needed.

Anthropometric data are presented in Table  1. The pain intensities were as expected significantly 
higher in CWP than in CON in the neck, shoulders, and low back (Table  1). Data concerning the 
included subjects with respect to psychological aspects (anxiety, depression and catastrophizing) and 
quality of life has essentially (i.e. not exactly equal number of subjects in the two groups in the two 
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studies) been presented elsewhere including descriptions of the instruments used47. In Table 1 is reported 
data for the subjects participating in the present study. The CWP group had more intensive psychologi-
cal symptoms even though at the group level CWP did not show definite signs of depression or anxiety 
according to the instrument (Hospital Anxiety and Depression Scale (HADS); cut-off values for both 
subscales depression and anxiety >10) used for capturing this. No significant group difference in quality 
of life was found (Table 1).

After receiving verbal and written information about the study, all participants signed a consent form 
that was in accordance with the Declaration of Helsinki. The study was granted ethical clearances by the 
Regional Ethical Review Board of Linköping (Dnr: M10–08, M233–09, Dnr: 2010/164–32).

Sample handling. Biopsies were taken after a microdialysis procedure due to the fact that the partic-
ipants were part of another study. In short, the participants rested in 120 min after insertion of dialysis 
membrane followed by a baseline period of 20 min. After this they underwent a low-force exercise during 
a 20 min period which was followed by a recovery period of 40 min. The membranes were then taken 
out and the microdialysis was ended. After this trapezius muscle biopsies were taken using Monopty® 
BARD® microbiopsy instrument (BARD Norden, Helsingborg, Sweden) from the upper trapezius mus-
cle at the midpoint between the 7th cervical vertebra and the acromion. On extraction of the specimen, 
the fibers were aligned, embedded in Tissue-Tek, and frozen by immersion in isopentane, precooled with 
dry ice. All biopsy samples were assigned a unique identification number, thus blinding the investigator 
to the participant’s identity. All samples were stored at − 80 °C pending analysis.

Sample preparation. All samples were heat stabilized with Denator Stabilizer T1 (Denator, 
Göteborg, Sweden) and put in sample solution (9 M Urea, 4% 3-((3-cholamidopropyl) dimethylam-
monio)-1-propanesulfonate (CHAPS) (w/v), 65 mM dithiothreitol (DTT), 2% pharmalyte 3–10 (v/v), 
trace of bromophenol blue) and then homogenized by sonication 3*10 sec, incubated for 2 hours in 4 °C, 
followed by 1 hour centrifugation at 20,000 g. The supernatant were transferred to a new tube. 10 μ L 
were used for measuring protein concentration by 2-D Quant Kit according the manufactures recom-
mendation. Finally, rehydration buffer (urea 8 M, CHAPS 2%, DTT 0.3%, IPG buffer 0.5%) were added 
up to a final volume of 350 μ L, resulting in a 100 μ g protein sample, prior to isoelectric focusing (IEF).

2-DE analysis. The first dimension, IEF was performed on IPGphor3 (GE Healthcare), 100 μ g protein 
was applied on IPG strips (0.5´ 3´ 180 mm), containing Immobilines giving a nonlinear pH gradient 
from 3 ±  10 (GE Healthcare). To assure a steady state, the focusing was performed overnight (45,000 

Variables
CON 

(n = 19)
CWP 

(n = 18)
Statistics 
(p-value)

Age (years) 41.2 ±  10.6 48.6 ±  9.7 0.035*

Height (cm) 168.7 ±  7.7 167.6 ±  5.1 0.613

Weight (kg) 68.5 ±  12.8 76.8 ±  17.3 0.110

Body Mass Index 
(kg/m2) 23.9 ±  3.1 27.2 ±  5.5 0.034*

Pain intensity – 
neck (NRS) 0.1 ±  0.5 5.5 ±  2.1 < 0.001*

Pain intensity – 
shoulders (NRS) 0.0 ±  0.0 5.7 ±  1.7 < 0.001*

Pain intensity – low 
back (NRS) 0.1 ±  0.5 5.9 ±  1.5 < 0.001*

HADS-Anxiety 2.5 ±  2.3 6.9 ±  3.8 < 0.001

HADS-Depression 1.3 ±  1.7 5.6 ±  3.4 < 0.001

PCS 7.5 ±  6.8 10.6 ±  5.3 0.154

QOL-S 92.4  ±  11.2 86.6 ±  11.2 0.147

Nos. with FMS (n) 0 15 NA

Table 1.  Age and anthropometric data together with pain intensity. Other symptoms (depressive and 
anxiety), catastrophizing, and quality of life gathered from a questionnaire completed by the healthy 
controls (CON) and the patients with chronic widespread pain (CWP); mean ±  one standard deviation 
(SD) is given. Numbers of subjects with fibromyalgia syndrome is also reported. Furthest to the right is the 
result of the statistical comparison between the two groups (p-value). NRS =  numeric rating scale; HADS-
Anxiety =  Hospital Anxiety and Depression Scale - subscale anxiety; HADS-Depression =  Hospital Anxiety 
and Depression Scale - subscale depression; PCS =  Pain Catastrophizing Scale- total score; QOL-S =  Quality 
of Life Scale; FMS =  Fibromyalgia syndrome; NA =  not applicable. *denotes significant difference.
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Vhs). The strips were then equilibrated twice (or stored in − 80 °C until analysis) with SDS equilibration 
buffer (urea 6 M, SDS 4% (w/v), glycerol 30.5% (w/v), Trizma-HCl 50 mM), first with DTT 1% (w/v), 
15 minutes, secondly with iodacetamide 4.5% (w/v) with a trace of bromophenol blue, 15 minutes. The 
second dimension was performed vertically in an Ettan™  DALTsix Electrophoresis Unit (Amersham, 
Pharmacia biotech, Uppsala, Sweden), according to the manufacturers recommendations. Proteins from 
the IPG strip were transferred to homogenous gels cast in low fluorescent cassettes (1.0/220/270 mm, 
14% T, 2.6% C) running at 80 V/10 mA* (*per gel) for about 2 hours. 2-DE then continued at up to 
500 V/40 mA* (*per gel) until finished. SDS electrophoresis buffer were used (anodic, 25 mM Tris, 192 mM 
glycine, 0.1% (w/v) SDS and cathodic, 50 mM Tris, 384 mM glycine, 0.2% (w/v) SDS, approximate pH 
8.3). Precision Plus Protein™  All Blue (Bio-Rad) was used as a molecular weight standard. Separated 
proteins in the analytical gels were fixed using 50% methanol/5% acetic acid/45% H2O solution overnight 
with gentle agitation. Proteins were then detected by silver staining, described elsewhere51, with a detec-
tion limit of about 5 ng/spot52. Gels from which proteins were picked for identification purposes using 
mass spectrometry were fixed using 10% MeOH/7% HAC solution overnight and then fluorescently 
stained with 500 mL SYPRO Ruby (Bio-Rad), incubated overnight. Fluorescent staining was performed 
according to the manufacturers staining protocol. Afterwards gels were washed and placed in deionized 
water. All staining and washing steps were performed with continuous gentle agitation. Proteins were 
visualized using a CCD camera VersaDoc™  Imaging system 4000 MP (Bio-Rad).

Finally, protein patterns in the digitized images were analyzed with PDQuest 8.0.1 (Bio-Rad) a com-
puterized imaging 12-bit system designed for evaluations of 2-DE patterns. The amount of protein in 
a spot was assessed as background-corrected optical density, integrated over all pixels in the spot and 
expressed as integrated optical density (IOD). In order to correct for differences in total silver stain 
intensity between different 2-DE images, the amounts of the compared protein spots were quantified as 
optical density for individual spot per total protein intensity of all valid spots in the same gel. Thereby 
ppm-values (parts per million) for all proteins were generated that were statistically evaluated for differ-
ences between the groups.

In-gel digestion by trypsin. Protein spots were excised using a custom made spot picker. The picked 
protein spots were digested with trypsin (Promega/SDS Biosciences, Falkenberg, Sweden). In short, the 
gel pieces were washed with a mixture of acetonitrile/ammonium bicarbonate, dehydrated with acetoni-
trile and incubated with 30 μ L of 20 μ g/mL trypsin overnight at 37 °C. The supernatant was transferred to 
a new tube and the peptides further extracted from the gel by incubation in 50% acetonitrile/5% trifluo-
roacetic acid for about 3 hours at room temperature during constant mixing. The supernatant obtained 
by the two steps were pooled and dried by SpeedVac.

Protein identification by MALDI-TOF. The dried tryptic samples were dissolved in 4 μ L of 0.1% 
trifluoroacetic acid (TFA). The peptides were mixed 1:1 with matrix solutions consisting of dihydrox-
ybenzoic acid (DHB) (0.04 g/mL) in 70% ACN/0.3% TFA, and 1 μ L was then spotted on the target 
plate (stainless-steel plate). Analyses of peptide masses were performed using Matrix Assisted Laser 
Desorption/Ionization-Time of Flight (MALDI-TOF) (Voyager-DE PRO, Applied Biosystems, Foster 
City, CA, USA) equipped with 337  nm N2 laser operated in reflector mode with delayed extraction. The 
mass spectra were initially calibrated externally by using a mixture of known peptides.

Protein identification by High Resolution Mass Spectrometry. The dried tryptic samples were 
dissolved in 6 μ L of 0.1% formic acid. The obtained peptide mixtures were analyzed by two different 
LC-MS/MS methods. 1) Peptides were analyzed using nano-flow HPLC system (EASY-nLC II, Thermo 
Fisher Scientific) or an on-line nano-flow HPLC system (EASY-nLC; Proxeon, Bruker Daltonics) in 
conjugation with the mass spectrometer HCTultra PTM Discovery System (Bruker Daltonics). A 
100 mm ×  675 mm C18 column was used for separation at a flow rate 300 nL/min. The gradient buffers 
were 0.1% formic acid in water (buffer A) and 0.1% formic acid in acetonitrile (buffer B) and a linear 
gradient from 0–100% of buffer B in 45 min was used for separation. The automated online tandem MS 
analysis was performed using collision induced dissociation (CID) of peptide ions. 2) Peptides were 
analyzed and data were acquired using Linear Trap Quadropole (LTQ) Orbitrap Velos Pro hybrid mass 
spectrometer (Thermo Fisher Scientific). Peptides were separated during 45 min by reverse phase chro-
matography on a 20 mm ×  100 μ m C18 pre column followed by a 100 mm ×  75 μ m C18 column (particle 
size 5 μ m, NanoSeparations, Netherlands) at a flow rate 300 nL/min. A linear gradient of 0.1% formic 
acid in water (A) and 0.1% formic acid in acetonitrile (B) as 0–100% B in 0–45 min. Automated online 
analyses were performed with LTQ Orbitrap Velos Pro hybrid mass spectrometer with nano electrospray 
source; 240 °C capillary temperature; spray voltage, 2200 V. MS spectra were acquired in profile mode by 
FTMS at resolution of 30,000 (at m/z 400). Top 20 most intense multiply charged ions from were selected 
with an isolation window of 2.0 and fragmented in the linear ion-trap by collision induced dissociation 
with normalized collision energy of 30. Dynamic exclusion of sequenced peptides for 60 s and charge 
state filtering disqualifying singly charged peptides were activated and predictive AGC was enabled. 
Centroid mode was used for CID MS/MS.
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Database searches and data interpretation. The nanoLiquid Chromatography-MS/MS (nLC-MS/
MS) spectra were processed by Bruker Daltonics DataAnalysis 3.4 (Bruker Daltonics, Bremen, Germany) 
and resulting MS/MS data were searched in NCBInr and Swiss-Prot database on MASCOT server (www.
matrixscience.com). Database search parameters were set as follows: the enzyme trypsin was used; up to 
one missed cleavage was allowed; fixed modification included were carbamidomethylation of cysteine and 
oxidation of methionine; mass tolerance for MS precursor ion was 0.8 Da and for MS/MS fragment ion 
was 0.6 Da; and charge states were varied. Criteria for identification of a protein from the MALDI-TOF 
spectra were that at least 3 peptides of the protein should be identified. Using spectra from nLC-MS/
MS an individual ion score >30 indicating identity or extensive homology (p <  0.05) and an expecta-
tion value < 0.05 were used for identification. Data processing of the spectra from MALDI-TOF were 
performed with Data Explorer version 4.0 (Applied Biosystems). Peptide masses (plus one H+) of the 
major peaks was submitted to database search (NCBInr and SWISS-PROT) using MS-fit search engines. 
Parameters were set as follows: placed on species (Human), mass tolerance (50 ppm), maximum missed 
cleavages by trypsin ≤ 1; fixed modification included carbamidomethylation of cysteine and dynamic 
modifications were oxidation of methionine, N-terminal glutamine to pyroglutamate and N-terminus 
acetylation. Data from orbitrap were analyzed with MaxQuant version 1.5 to search the MS/MS spectra 
with trypsin specificity against the human taxonomy of the SwissProt database (release August 2014). 
Two missed cleavages were allowed and N-terminal acetylation and methionine oxidation were selected 
as variable modifications. Fixed modification was carbamidomethylation of cysteine. For MS spectra an 
initial mass accuracy of 6 ppm was allowed and the MS/MS tolerance was set to 0.5 Da. The FDR at the 
peptide spectrum matches and protein level was set to 0.01.

Statistics. The data retrieved from the quantification, <16% was normally distributed. For compar-
ison of group differences with univariate statistics regarding protein expression one-way ANOVA and 
the non-parametric Mann-Whitney U test were applied using IBM SPSS v.21.0 (IBM, United States) for 
normal distributed data and for non-normally distributed data respectively; p <  0.05 was considered sig-
nificant. For BMI one-way ANOVA was used to test for differences between the two groups of subjects.

When investigating the multivariate correlations between the proteins and group membership 
Orthogonal Partial least squares discriminant analysis (OPLS-DA) was applied using SIMCA-P+  v.13.0 
(UMETRICS, Umeå, Sweden)53. PCA was used prior to this analysis in order to check for multivariate 
outliers. PCA can be used to extract and display systematic variation in the data matrix. A cross valida-
tion (CV) technique was used to identify nontrivial components. Variables loading upon the same com-
ponent are correlated and variables with high loadings but with different signs are negatively correlated. 
Significant variables with high loadings (positive or negative) are more important for the component 
under consideration than variables with lower absolute loadings53.

R2 describes the goodness of fit – the fraction of sum of squares of all the variables explained by a 
principal component53. Q2 describes the goodness of prediction – the fraction of the total variation of the 
variables that can be predicted by a principal component using CV methods. The purpose of applying 
PCA in the present study was to identify multivariate outliers using the two powerful methods availa-
ble in SIMCA-P+ : 1) score plots in combination with Hotelling´s T2 (identifies strong outliers) and 2) 
distance to model in X-space (identifies moderate outliers). In the present study no multivariate outliers 
were identified.

Variables were mean centered and scaled for unified variance (UV-scaling). The VIP variable (var-
iable influence on projection) indicates the relevance of each X-variable pooled over all dimensions 
and Y-variables – the group of variables that best explain Y. VIP > 1.0 combined with jack-knifed 95% 
confidence intervals in the regression coefficients plot not including zero were considered significant. 
Coefficients (PLS scaled and centered regression coefficients) were used to note the direction of the 
relationship (positive or negative). In the present study the analysis was made in two steps. First all 
proteins were included and from this analysis were selected proteins with VIP > 1.0 combined with the 
jack-knifed confidence intervals in the coefficients plot not including zero and used in a new regression 
presented in the results.

Multiple linear regression (MLR) could possibly have been an alternative but it assumes that the 
regressor (X) variables are independent. If multi-colinearity (i.e., high correlations) occurs among the 
X-variables, the regression coefficients become unstable and their interpretability breaks down. MLR also 
assumes that a high subject-to-variables ratio is present (e.g., > 5) and such requirements are not required 
for PLS; in fact PLS can handle subject-to-variables ratios < 1. PLS in contrast to MLR can handle several 
Y-variables simultaneously.

Results
A total of 216 proteins were matched on all the gels by which 211 were present in > 50% of either group 
thus eligible for statistic validation. The apparent molecular weight and isoelectric point (pI) determined 
from 2-DE pattern were generally in agreement with the theoretical values for the identified proteins.

Univariate group comparisons of proteins. Seventeen proteins were significantly altered between 
the groups (p <  0.05) according to the traditional statistical analyses and were selected for identification 
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and in-gel digested for nLC/MS/MS or MALDI-TOF. Twelve of these were up-regulated (↑ ) in the CWP 
group and five were down-regulated (↓ ) (Fig. 1, Table 2 and Supplementary Appendix A).

The proteins were grouped based on UniProt database (http://web.expasy.org) definition on biolog-
ical process in either of 4 classes: 1) stress and inflammatory (S&I, n =  3), 2) contractile (C, n =  4), 3) 
metabolic (M, n =  7) and 4) structural (S, n =  3) proteins. Several proteins were significantly altered in 
CWP compared to CON. All three stress and inflammatory proteins were up-regulated in CWP while 
the other types of proteins were both up- and down regulated.

Multivariate regression analysis of group belonging. First a PCA was used to investigate whether 
multivariate outliers were present but this was not the case. Regression of group membership using 
OPLS-DA was done in two steps. First all proteins were included (R2 =  0.98, Q2 =  0.55; data not shown). 
Proteins with CV-VIP > 1.0 were selected and then a new regression based on these selected proteins 
was performed (R2 =  0.81, Q2 =  0.65) with a CV-ANOVA p <  0.001 and thus a highly significant model 
explaining a high proportion of the variation in group belonging (CON or CWP) was obtained (Table 3). 
Also in this analysis several proteins were found to be of importance for group belonging.

Seventeen proteins were found to be significant according to our multivariate analysis of which 4 were 
not detected in the univariate analysis, i.e. spot number 1829, 3540, 4535 and 6747 and were identified 
as: protein disulfide-isomerase, heat shock protein beta-1, glutathione S-transferase Mu 2 and an iso-
form of fructose-bisphosphate aldolase A (Table 3). Hence, 4 proteins identified in the traditional group 
comparisons (Table 2) were not significant in the MVDA; i.e. spot numbers 5538 (carbonic anhydrase 
3), 2733 (actin, alpha skeletal muscle), 4638 (troponin T, slow skeletal muscle) and 3728 (ankyrin repeat 
domain-containing protein 2).

Discussion
Even though CWP and FMS are clinical diagnoses it is important to point out that they are syndromes. 
It cannot be ruled out that CWP and FMS are heterogeneous conditions based on the process of debut, 
activated nociceptive mechanisms or other aspects. There is no standard way to clinically identify 
important and robust subgroups. Chronic pain is always present in CWP/FMS but also other somatic 
and psychological symptoms are often present. In this study CWP/FMS patients comorbidities such as 
depression and anxiety were not present according to the cut-off values of the instrument used (HADS) 

Figure 1. An analytical 2-DE pattern from human trapezius muscle. Numbers represent the identified 
proteins significantly altered according to the univariate and multivariate analysis, i.e. between groups (CWP 
vs CON). Horizontally the proteins are separated according to isoelectric point (pI) and vertically based on 
their molecular weight (MW).

http://web.expasy.org
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Spot no. Protein
Ratio CWP 

vs CON Type

5538 ƪ Carbonic anhydrase 3 ↑ S&I

6436 Alpha-crystallin B chain ↑ S&I

6530 Carbonic anhydrase 3 ↑ S&I

0103 Myosin light chain 1/3, skeletal muscle isoform ↑ C

1425 Myosin light chain 3 ↑ C

2733 ƪ Actin, alpha skeletal muscle ↑ C

4638 ƪ Troponin T, slow skeletal muscle ↓ C

1831 ATP synthase subunit beta, mitochondrial ↑ M

2742 Creatine Kinase B-type ↓ M

5542 Triosephosphate isomerase ↑ M

6632 Glyceraldehyde-3-phosphate dehydrogenase ↑ M

6751 Pyruvate kinase PKM ↑ M

7451 Adenylate kinase isoenzyme 1 ↓ M

7732 Fructose-bisphosphate aldolase A ↑ M

1834 Keratin, type II cytoskeletal 1 ↑ S

2852 Desmin ↓ S

3728 ƪ Ankyrin repeat domain-containing protein 2 ↓ S

Table 2.  Significantly (p < 0.05) altered proteins identified from the trapezius muscle by nLC-MS/MS 
and MALDI-TOF. ↑  =  Up-regulated; ↓  =  Down-regulated in patients with CWP compared to the CON. The 
proteins were divided based on UniProt database (http://web.expasy.org) definition on biological process 
in different groups (labelled Type); S&I =  stress and inflammatory, C =  contractile, M =  metabolic and 
S =  structural proteins. Proteins marked with ƪ were not significant in the OPLS-DA (Table 3).

Spot no. Protein VIP CoeffCS Type

1831 ATP synthase subunit beta, mitochondrial 1.66 + M

5542 Triosephosphate isomerase 1.65 + M

2742 Creatine Kinase B-type 1.45 − M

1829* Protein disulfide-isomerase 1.27 − S&I

7732 Fructose-bisphosphate aldolase A 1.21 + M

1834 Keratin, type II cytoskeletal 1 1.20 + S

6747* Fructose-bisphosphate aldolase A 1.18 + M

7451 Adenylate kinase isoenzyme 1 1.17 − M

0103 Myosin light chain 1/3, skeletal muscle isoform 1.13 + C

6436 Alpha-crystallin B chain 1.11 + S&I

6751 Pyruvate kinase PKM 1.10 + M

6530 Carbonic anhydrase 3 1.09 + S&I

2852 Desmin 1.08 − S

6632 Glyceraldehyde-3-phosphate dehydrogenase 1.05 + M

4535* Glutathione S-transferase Mu 2 1.02 − S&I

1425 Myosin light chain 3 1.01 + C

3540* Heat shock protein beta-1 1.00 − S&I

Table 3.  OPLS-DA regression of group membership (CWP vs. CON). For each protein is reported CV 
VIP (VIP > 1.0 is significant and only proteins with VIP > 1 are shown) and signs of the coefficient (+  
or − ) (R2 =  0.81, Q2 =  0.65). Proteins with positive coefficients are higher in CWP than in CON and vice 
versa for negative coefficients. The proteins were divided based on UniProt database (http://web.expasy.
org) definition on biological process in different groups (labelled Type); M =  metabolic, S&I =  stress and 
inflammatory, S =  structural and C =  contractile proteins. Proteins marked with *were not significant in the 
univariate group comparison (Table 2).
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and the perceived quality of life did not differ from CON. However, the pain per se or in combination 
with fear that movements will worsen pain can be associated with deconditioning and low fitness level. 
The present study is a cross-sectional study and alterations in proteome can thus both be due to primary 
nociceptive or inflammatory processes and secondary consequences e.g. deconditioning processes.

The two statistical approaches used for identification of important proteins - shown in Tables 2 and 
3 - showed similarities but there were also differences. The traditional way of using univariate statisti-
cal methods to deal with a vast number of variables may often result in false positives. Traditionally, 
a p-value correction (e.g. Bonferroni) is used to correct the false discovery rate (FDR). Unfortunately, 
this does not only coincide with a loss of true positives it also significantly reduces the statistical power. 
An FDR correction can actually reduce the statistical power from 95% to 9.3% as shown previously in 
an mRNA microarray dataset54. Multivariate statistical analysis is in contrast to univariate analysis not 
analyzing each variable separately but instead it considers the co-variance that exists in a high degree 
in biological systems. Hence, we have applied MVDA in order to handle the inter-dependency between 
the proteins, to obtain valid and statistically un-biased results with focus upon group differences and 
the discussion will be focused on these proteins (Table  3). Guidelines for reporting MVDA have been 
suggested55 and were mainly applied in this study. The finally obtained model had high R2 and Q2 (0.81 
and 0.65, respectively) and in order to facilitate the understanding the important proteins have been 
categorized in different subgroups based on UniProt database.

In the stress and inflammatory group, alpha-crystallin B chain and two isoforms of carbonic anhy-
drase 3, were up-regulated in CWP compared to CON while heat shock protein beta-1, protein 
disulfide-isomerase and glutathione S-transferase Mu 2 were down regulated (Table 3).

The enzyme carbonic anhydrase 3 belongs to a class of zinc metalloenzymes that catalyzes, although 
in a much lesser extent than carbonic anhydrase 1 and 256, the reversible hydration of carbon dioxide. 
The protein is found in high abundance in the cytoplasm of skeletal muscle type 1 and is released in cir-
culation upon muscle damage and possibly also reflects type I fiber abnormalities57. It has been suggested 
that carbonic anhydrase 3 plays an essential role as an antioxidative agent58,59. The protein is increased 
in abundance with aging60 while the opposite was found in hypoxia30. Hence, the increased levels of 
carbonic anhydrase 3 could indicate a higher oxidative stress in the trapezius muscle in CWP than in 
CON. In our recent proteomic study of microdialysate of the trapezius interstitium in the same cohort of 
subjects significantly up- or down- regulated isoforms of carbonic anhydrase 3 in CWP were identified, 
which also support the involvement of this protein in chronic myalgia42.

Protein disulfide-isomerase catalyzes the sulfide bonds in proteins and was down-regulated (Table 3). 
It also functions as a chaperone which inhibits the aggregation of other proteins61.

Heat shock protein beta-1 and alpha-crystallin B chain belongs to the small heat shock protein 
(HSP20) family. Alpha-crystallin B chain has chaperone-like activity, preventing aggregation of various 
proteins under a wide range of stress conditions62–64. The up-regulation and accumulation of the heat 
shock proteins including alpha-crystallin B chain may result in myofibrils more resilient to both oxidative 
and mechanical stresses65,66 and to protect the cytoskeleton of the myofibrils67 (Fig. 2). It has also been 
suggested that by binding to cytoskeletal and myofibrillar proteins, alpha-crystallin B chain function as 
stabilizers of disrupted myofibrillar structures indicating a role in muscle recovery67. Heat shock protein 
beta-1 is found in various tissues including striated muscle and is involved in stress resistance and actin 
organization68,69. The lowered abundance of heat shock protein beta-1 in our study may reflect an insuf-
ficient capacity or strain upon the processes of promoting muscle recovery.

Furthermore, prostaglandins are reported to play a role in induction of HSP response70,71. Arguably, 
our result of increased levels of alpha-crystallin B chain in the CWP group could therefore be the result of 
increased levels of prostaglandins which are known nociceptive/pain mediators. Glutathione S-transferase 
Mu 2 is involved in e.g. the detoxification of products from oxidative stress72. Taken together, our find-
ings concerning S&I proteins could indicate a higher oxidative stress by altered anti-oxidative protection 
in CWP.

Two proteins in the contractile group were found to be significantly up-regulated in the CWP group, 
myosin light chain 1/3 skeletal muscle isoform, and myosin light chain 3 (Table 3). Myosins along with 
actin are the major proteins of the muscle cell and important proteins for the contraction and relaxation 
of muscles (Fig.  2). The myosins are motor proteins that drive movements along the actin filaments 
in skeletal muscle. Actins are involved in many types of cell motility, structure and are ubiquitously 
expressed in all eukaryotic cells. It is unclear whether the presently described alterations in contractile 
proteins are primarily linked to nociceptive or inflammatory mechanisms or whether they are reflecting 
consequences of the chronic pain condition such as deconditioning, disuse, altered activation pattern 
etc.7,73–76.

The metabolic group included 6 up-regulated proteins in CWP, ATP synthase subunit beta mitochon-
drial, triosephosphate isomerase, glyceraldehyde-3-phosphate dehydrogenase, pyruvate kinase PKM and 
2 isoforms of fructose-bisphosphate aldolase A (Table 3). Two metabolic proteins, creatin kinase B-type 
and adenylate kinase isoenzyme 1 were down-regulated in CWP (Table 3).

Mitochondrial inner membrane ATP synthase belongs to the ATPase alpha/beta chains family and 
produces ATP from ADP in the respiratory system. The synthase can also work in reverse because it 
is dependent on the exact concentrations of the three reactants ATP, ADP, and inorganic phosphor (Pi) 
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in the mitochondrial matrix. If a large amount of ATP is suddenly hydrolyzed by the energy-requiring 
reactions in the cytosol, ATP synthase would begin to synthesize ATP to fill the gap of energy.

Creatine kinase isoenzymes play a central role in energy transduction in tissues with large energy 
demands such as skeletal muscle. The creatine kinases catalyzes the transfer of phosphate between ATP 
and phosphocreatine thus buffering cellular ATP and ADP concentrations57 (Fig. 3). This reaction pro-
tects the muscle from entering into rigor by maintaining the ATP at the expense of phosphocreatine. 
Our results of decreased levels of creatine kinase B-type could result in not only lower levels of ATP, 
caused of the insufficient regeneration of ATP through the creatine kinase reaction, but also indirectly 

Figure 2. A basic structure of a myocyte. Actin and myosin are the major proteins in the contractile 
apparatus; the sarcomere. Desmin are predominantly found around the Z-disc linking the myofibrils 
together. Alpha-crystallin B chain binds to other cytoskeletal and myofibrillar proteins thus having a 
stabilizing effect. Adapted with permission from The Journal of Clinical Investigation77.
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keeping a low muscle pH. When ADP together with Pi is converted into ATP a H+ is also consumed in 
the creation of creatine (Fig. 3). Considering the biochemistry, with a low cytoplasmic ATP, the muscle 
would end up in a “rigor-like” state i.e. a feeling of muscle stiffness which is one of the clinical symptoms 
of CWP5. Low ATP and low phosphocreatine has been detected in the quadriceps muscle of FMS and 
in the trapezius muscle of patients with chronic trapezius myalgia77,78.

Fructose-bisphosphate aldolase A, glyceraldehyde-3-phosphate dehydrogenase, triosephosphate 
isomerase and pyruvate kinase M1 are important enzymes of the glycolysis/gluconeogenesis (Fig.  3). 
Fructose-bisphosphate aldolase A catalyzes the breakdown of the substrate fructose 1,6-bisphosphate 
into glyceraldehyde 3-phosphate and dihydroxyacetone phosphate which in turn is quickly isomerized to 
glyceraldehyde 3-phosphate by triosephosphate isomerase. In the final step of the glycolysis, the pyruvate 
kinase PKM catalyzes the dephosphorylation of phosphoenolpyruvate into pyruvate. Under anaerobic 
conditions the muscle cells may convert the pyruvate into lactate. Increased levels of lactate in blood and 
increased extracellular levels of pyruvate and lactate in trapezius have recently been found in a present 
CWP cohort and other studies47,49,79. Arguably, our results could indirectly support these findings by 
the up-regulation of pyruvate kinase PKM. Furthermore, with multiple up-regulated metabolic proteins 
of which many are important enzymes in the glycolysis suggests a strain on glycolysis metabolism and 
could be explained by an increased need of energy to support muscle activity. Our findings could also 
be interpreted as muscles of patients with CWP not having enough time to metabolize or eradicate the 
pyruvate and/or lactate thus lowering the pH and with the potential of activating the acid-sensing ion 

Figure 3. A schematic representing the metabolic pathways of the glycolysis and gluconeogenesis. The 
squared enzymatic proteins were all up-regulated in the CWP group compared to the healthy subjects except 
creatine kinase which was down-regulated. This could be explained by a higher dependence and therefore a 
higher strain on the glycolysis to provide energy for the skeletal muscle resulting in an accumulation of Pi, 
H+, pyruvate and lactate.
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channels (ASICs) resulting in muscle pain. These proton sensitive receptors, located at the free nerve 
endings have been suggested to be of importance in the induction of chronic muscle pain80.

The increase of glycolytic enzymes could also be a direct result of that the muscle cell must rely 
more heavily on an anaerobic metabolism indicating, if not a lower supply of oxygen, some obstruction 
or impairment of the cells capacity to use aerobic metabolism which would eventually increase Pi, H+, 
pyruvate and lactate accumulation in the cytosol. These molecules, lactate excluded, are crucial to the 
mitochondrion for the production of ATP but with a higher flux through the glycolysis it exceeds what 
the mitochondrion is capable of processing (Fig. 3). Consequently, unbuffered protons leave the cell via 
the Na+/H+ exchangers and lactate−/H+ symporters entering the blood stream thus altering the blood 
pH. Because the tricarboxylic acid cycle in the mitochondria demands oxygen the pyruvate cannot be 
oxidized thus theoretically contributing to an increase of cytoplasmic pyruvate and lactate which sub-
sequently through proton release would activate ASICs. Whether a decrease in pH is caused by the 
increase of lactate is still debated81–83. Traditionally it has been explained by proton release through the 
formation of lactate from pyruvate. Another explanation is hydrolysis of ATP generated from the glyc-
olysis as the major source to the decrease of pH (Fig. 3). Notably, additional H+ accumulation could be 
produced from the glyceraldehyde-3-phosphate dehydrogenase reaction82; the enzyme responsible was 
up-regulated in the CWP group (Fig. 3). Low pH also activates the transient receptor potential receptor 
subtype 1 (TRPV1) which is also sensitive to heat and becomes even more so when pH drops. A pro-
teomic study41 of local trapezius myalgia also identified quantitative alterations of the metabolic proteins 
fructose-bisphosphate aldolase and pyruvate kinase PKM although in contrast to our results the proteins 
were down-regulated which can be the result from the fact that it is two different pain conditions and 
also methodological differences.

Interestingly, similar results of up-regulated metabolic enzymes have been found in a cold- and 
overfeeding induced proteomic study of the skeletal muscle35. After overfeeding with a diet of 
160% energy balance an increase in fructose-bisphosphate aldolase A, triosephosphate isomerase, 
glyceraldehyde-3-phosphate dehydrogenase and a decrease in creatine kinase M chain could be observed. 
CWP had a significantly higher BMI than CON (p <  0.05) which could indicate different food-intake 
between the groups.

In conclusion with respect to the metabolic proteins the results could indicate a strain on the meta-
bolic glycolytic pathways in CWP.

The structural proteins keratin, type II cytoskeletal 1 was up-regulated while desmin was down- 
regulated in CWP. Both these proteins were also identified as important in the muscle biopsy study of 
work related chronic trapezius myalgia41. Desmin and keratin, type II belong to the intermediate fila-
ment (IF) family. These types of proteins are components of the cytoskeleton and nuclear envelope and 
form structures between microtubules and microfilaments and are involved in numerous processes in 
the organization of the cell (Fig. 2). Keratin, type II is believed to regulate protein kinase C via binding 
to integrin beta-184. Desmin are also responsible for mitochondrial shape, function and positioning to 
regions of high energy demand in the skeletal muscle cell85,86. Interestingly there are reports of increased 
prevalence of muscle fibers with disturbed distribution of mitochondria (e.g. ragged-red fibers) in the 
trapezius of patients with CWP (i.e. FMS)21,87. IFs have previously been reported to provide flexible 
intracellular scaffolding to resist oxidative stress utilized upon cells88,89. Mutations of desmin appear to 
be related to muscle weakness as in limb girdle dystrophy90 and in desmin myopathy91,92. In the latter 
condition the mutations affect amino acids that are critical for the filament structure93,94. To summarize, 
the alterations of these structural proteins in CWP may indicate a reduced ability of regeneration of the 
cytoskeleton and eventually disturbances in function and distribution of mitochondria.

Although, 2-DE is a useful comprehensive method it is also important to keep in mind that this 
method only detect the soluble and to some extent only the most abundant proteins and that what can 
be visualized by the staining method used in this study is still only a fraction of the proteins expressed 
in human trapezius muscle, and it can be expected that there are still proteins not detectable by 2-DE 
that have not been evaluated. Also, the present results with significant protein alterations in CWP must 
be confirmed in other cohorts. In such future studies of CWP or FMS it is important to also control for 
other symptoms and comorbidities, fear-avoidance and fitness level. Prospective proteomic studies - e.g., 
including evaluations of exercise interventions - are necessary in order to understand which proteomic 
alterations are linked to primary nociceptive processes and pain and which are related to secondary 
consequences such as deconditioning.

Using a proteomic explorative approach in combination with multivariate modeling we have identi-
fied 17 proteins (4 different classes) that clearly and significantly separated CWP from CON (explained 
variation 81%). The proteins consist of enzymes involved in metabolic pathways, proteins associated 
with muscle damage, muscle recovery and oxidative stress. Although single proteins has been suggested 
as biomarkers for chronic muscle pain, this and other recent proteomic studies indicate the existence 
of comprehensive alterations and therefore protein clusters or bioclusters are far more realistic. The 
described alterations - e.g. for stress and inflammatory proteins - in aching muscles of CWP may give 
support to a suggestion that peripheral factors are of importance in maintaining CWP. However, it can-
not be ruled out that the changes observed are secondary consequences of nociceptive and pain processes 
in the central nervous system. In forthcoming studies the relationships between the muscle proteome and 
pain intensity and pain sensitivity will be explored.



www.nature.com/scientificreports/

1 2Scientific RepoRts | 5:11894 | DOi: 10.1038/srep11894

References
1. Bergman, S. et al. Chronic musculoskeletal pain, prevalence rates, and sociodemographic associations in a Swedish population 

study. The Journal of rheumatology 28, 1369–1377 (2001).
2. Croft, P., Rigby, A. S., Boswell, R., Schollum, J. & Silman, A. The prevalence of chronic widespread pain in the general population. 

The Journal of rheumatology 20, 710–713 (1993).
3. Cimmino, M. A., Ferrone, C. & Cutolo, M. Epidemiology of chronic musculoskeletal pain. Best Practice & Research Clinical 

Rheumatology 25, 173–183, doi: http://dx.doi.org/10.1016/j.berh.2010.01.012 (2011).
4. Mourao, A. F., Blyth, F. M. & Branco, J. C. Generalised musculoskeletal pain syndromes. Best practice & research. Clinical 

rheumatology 24, 829–840, doi: 10.1016/j.berh.2010.10.005 (2010).
5. Staud, R. Peripheral pain mechanisms in chronic widespread pain. Best practice & research. Clinical rheumatology 25, 155–164, 

doi: 10.1016/j.berh.2010.01.010 (2011).
6. Lindell, L., Bergman, S., Petersson, I. F., Jacobsson, L. T. & Herrstrom, P. Prevalence of fibromyalgia and chronic widespread pain. 

Scandinavian journal of primary health care 18, 149–153 (2000).
7. Gerdle, B., Gronlund, C., Karlsson, S., Holtermann, A. & Roeleveld, K. Altered neuromuscular control mechanisms of the 

trapezius muscle in fibromyalgia. BMC Musculoskeletal Disorders 11, 42 (2010).
8. Larsson, B., Björk, J., Börsbo, B. & Gerdle, B. A systematic review of risk factors associated with transitioning from regional 

musculoskeletal pain to chronic widespread pain. European Journal of Pain 16, 1084–1093, doi: 10.1002/j.1532-2149.2012.00117.x 
(2012).

9. Staud, R., Craggs, J. G., Perlstein, W. M., Robinson, M. E. & Price, D. D. Brain activity associated with slow temporal summation 
of C-fiber evoked pain in fibromyalgia patients and healthy controls. European Journal of Pain 12, 1078–1089, doi: 10.1016/j.
ejpain.2008.02.002 (2008).

10. Staud, R. Brain imaging in fibromyalgia syndrome. Clinical and experimental rheumatology 29, S109–117 (2011).
11. Schweinhardt, P. & Bushnell, M. C. Pain imaging in health and disease—how far have we come? J Clin Invest 120, 3788–3797, 

doi: 10.1172/JCI43498 (2010).
12. Napadow, V., Kim, J., Clauw, D. J. & Harris, R. E. Decreased intrinsic brain connectivity is associated with reduced clinical pain 

in fibromyalgia. Arthritis Rheum 64, 2398–2403, doi: 10.1002/art.34412 (2012).
13. Adler, G. K. & Geenen, R. Hypothalamic-pituitary-adrenal and autonomic nervous system functioning in fibromyalgia. Rheumatic 

diseases clinics of North America 31, 187–202, xi, doi: 10.1016/j.rdc.2004.10.002 (2005).
14. Dessein, P. H., Shipton, E. A., Stanwix, A. E. & Joffe, B. I. Neuroendocrine deficiency-mediated development and persistence of 

pain in fibromyalgia: a promising paradigm? Pain 86, 213–215 (2000).
15. Gerdle, B. et al. Biochemical alterations in the trapezius muscle of patients with chronic whiplash associated disorders (WAD) –  

A microdialysis study. European Journal of Pain 12, 82–93, doi: 10.1016/j.ejpain.2007.03.009 (2008).
16. Uceyler, N. et al. Small fibre pathology in patients with fibromyalgia syndrome. Brain : a journal of neurology 136, 1857–1867, 

doi: 10.1093/brain/awt053 (2013).
17. Bennett, R. M. Emerging Concepts in the Neurobiology of Chronic Pain: Evidence of Abnormal Sensory Processing in 

Fibromyalgia. Mayo Clinic Proceedings 74, 385–398, doi: http://dx.doi.org/10.4065/74.4.385 (1999).
18. Bengtsson, A. Editorial, The muscle in fibromyalgia. Rheumatol 41, 721–724 (2002).
19. Sandberg, M., Larsson, B., Lindberg, L. G. & Gerdle, B. Different patterns of blood flow response in the trapezius muscle 

following needle stimulation (acupuncture) between healthy subjects and patients with fibromyalgia and work-related trapezius 
myalgia. European Journal of Pain 9, 497–510, doi: 10.1016/j.ejpain.2004.11.002 (2005).

20. Sandberg, M., Lindberg, L. G. & Gerdle, B. Peripheral effects of needle stimulation (acupuncture) on skin and muscle blood flow 
in fibromyalgia. European Journal of Pain 8, 163–171, doi: 10.1016/s1090-3801(03)00090-9 (2004).

21. Bengtsson, A., Henriksson, K. G. & Larsson, J. Muscle biopsy in primary fibromyalgia. Light-microscopical and histochemical 
findings. Scandinavian journal of rheumatology 15, 1–6 (1986).

22. Sprott, H. et al. Increased DNA fragmentation and ultrastructural changes in fibromyalgic muscle fibres. Annals of the rheumatic 
diseases 63, 245–251 (2004).

23. Visser, B. & van Dieen, J. H. Pathophysiology of upper extremity muscle disorders. Journal of electromyography and kinesiology : 
official journal of the International Society of Electrophysiological Kinesiology 16, 1–16, doi: 10.1016/j.jelekin.2005.06.005 (2006).

24. Oaklander, A. L., Herzog, Z. D., Downs, H. M. & Klein, M. M. Objective evidence that small-fiber polyneuropathy underlies 
some illnesses currently labeled as fibromyalgia. Pain 154, 2310–2316, doi: 10.1016/j.pain.2013.06.001 (2013).

25. Serra, J. et al. Hyperexcitable C nociceptors in fibromyalgia. Ann Neurol, doi: 10.1002/ana.24065 (2013).
26. Bengtsson, A. & Bengtsson, M. Regional sympathetic blockade in primary fibromyalgia. Pain 33, 161–167 (1988).
27. Affaitati, G. et al. Effects of treatment of peripheral pain generators in fibromyalgia patients. Eur J Pain 15, 61–69, doi: 10.1016/j.

ejpain.2010.09.002 (2011).
28. Staud, R., Nagel, S., Robinson, M. E. & Price, D. D. Enhanced central pain processing of fibromyalgia patients is maintained by 

muscle afferent input: a randomized, double-blind, placebo-controlled study. Pain 145, 96–104, doi: 10.1016/j.pain.2009.05.020 
(2009).

29. Gelfi, C. et al. New aspects of altitude adaptation in Tibetans: a proteomic approach. FASEB journal : official publication of the 
Federation of American Societies for Experimental Biology 18, 612–614, doi: 10.1096/fj.03-1077fje (2004).

30. Vigano, A. et al. Proteins modulation in human skeletal muscle in the early phase of adaptation to hypobaric hypoxia. Proteomics 
8, 4668–4679, doi: 10.1002/pmic.200800232 (2008).

31. Marx, J. O., Kraemer, W. J., Nindl, B. C. & Larsson, L. Effects of aging on human skeletal muscle myosin heavy-chain mRNA 
content and protein isoform expression. The journals of gerontology. Series A, Biological sciences and medical sciences 57, B232–
238 (2002).

32. Terman, A. & Brunk, U. T. Lipofuscin: mechanisms of formation and increase with age. APMIS : acta pathologica, microbiologica, 
et immunologica Scandinavica 106, 265–276 (1998).

33. Boffoli, D. et al. Decline with age of the respiratory chain activity in human skeletal muscle. Biochimica et biophysica acta 1226, 
73–82 (1994).

34. Simonsen, L., Bulow, J., Madsen, J. & Christensen, N. J. Thermogenic response to epinephrine in the forearm and abdominal 
subcutaneous adipose tissue. The American journal of physiology 263, E850–855 (1992).

35. Wijers, S. L., Smit, E., Saris, W. H., Mariman, E. C. & van Marken Lichtenbelt, W. D. Cold- and overfeeding-induced changes in 
the human skeletal muscle proteome. J Proteome Res 9, 2226–2235, doi: 10.1021/pr9010074 (2010).

36. Holloway, K. V. et al. Proteomic investigation of changes in human vastus lateralis muscle in response to interval-exercise 
training. Proteomics 9, 5155–5174, doi: 10.1002/pmic.200900068 (2009).

37. Hody, S. et al. Human muscle proteome modifications after acute or repeated eccentric exercises. Medicine and science in sports 
and exercise 43, 2281–2296, doi: 10.1249/MSS.0b013e318222edf3 (2011).

38. Burgomaster, K. A. et al. Similar metabolic adaptations during exercise after low volume sprint interval and traditional endurance 
training in humans. The Journal of physiology 586, 151–160, doi: 10.1113/jphysiol.2007.142109 (2008).



www.nature.com/scientificreports/

13Scientific RepoRts | 5:11894 | DOi: 10.1038/srep11894

39. Burniston, J. G. Changes in the rat skeletal muscle proteome induced by moderate-intensity endurance exercise. Biochimica et 
biophysica acta 1784, 1077–1086, doi: 10.1016/j.bbapap.2008.04.007 (2008).

40. Takahashi, M. & Kubota, S. Exercise-related novel gene is involved in myoblast differentiation. Biomed Res 26, 79–85 (2005).
41. Hadrevi, J., Ghafouri, B., Larsson, B., Gerdle, B. & Hellstrom, F. Multivariate modeling of proteins related to trapezius myalgia, 

a comparative study of female cleaners with or without pain. PLoS ONE 8, e73285, doi: 10.1371/journal.pone.0073285 (2013).
42. Olausson, P., Gerdle, B., Ghafouri, N., Larsson, B. & Ghafouri, B. Identification of Proteins from Interstitium of Trapezius Muscle 

in Women with Chronic Myalgia Using Microdialysis in Combination with Proteomics. PLoS ONE 7, e52560, doi: 10.1371/
journal.pone.0052560 (2012).

43. Olausson, P. et al. Relative recovery over time – an in vivo microdialysis study of human skeletal muscle. Scandinavian Journal 
of Clinical & Laboratory Investigation 73, 10–16, doi: 10.3109/00365513.2012.729081 (2013).

44. Mendell, L. M., Albers, K. M. & Davis, B. M. Neurotrophins, nociceptors, and pain. Microscopy Research and Technique 45, 
252–261, doi: 10.1002/(sici)1097-0029(19990515/01)45:4/5< 252::aid-jemt9> 3.0.co;2-n (1999).

45. Seidel, M. F., Herguijuela, M., Forkert, R. & Otten, U. Nerve Growth Factor in Rheumatic Diseases. Seminars in Arthritis and 
Rheumatism 40, 109–126, doi: http://dx.doi.org/10.1016/j.semarthrit.2009.03.002 (2010).

46. Gorg, A., Drews, O., Luck, C., Weiland, F. & Weiss, W. 2-DE with IPGs. ELECTROPHORESIS 30 Suppl 1, S122–132, doi: 10.1002/
elps.200900051 (2009).

47. Gerdle, B. et al. Chronic widespread pain: increased glutamate and lactate concentrations in the trapezius muscle and plasma. 
The Clinical journal of pain 30, 409–420, doi: 10.1097/AJP.0b013e31829e9d2a (2014).

48. Wolfe, F. et al. The American college of rheumatology 1990 Criteria for the classification of fibromyalgia - Report of the 
multicenter criteria committee. Arthritis and Rheumatism 33, 160–172 (1990).

49. Rosendal, L. et al. Increase in muscle nociceptive substances and anaerobic metabolism in patients with trapezius myalgia: 
microdialysis in rest and during exercise. Pain 112, 324–334, doi: 10.1016/j.pain.2004.09.017 (2004).

50. Dupont, W. D. & Plummer, W. D., Jr. Power and sample size calculations. A review and computer program. Controlled clinical 
trials 11, 116–128 (1990).

51. Shevchenko, A., Wilm, M., Vorm, O. & Mann, M. Mass spectrometric sequencing of proteins silver-stained polyacrylamide gels. 
Analytical chemistry 68, 850–858 (1996).

52. Swain, M. & Ross, N. W. A silver stain protocol for proteins yielding high resolution and transparent background in sodium 
dodecyl sulfate-polyacrylamide gels. ELECTROPHORESIS 16, 948–951 (1995).

53. Eriksson, L. et al. Multi- and Megavariate Data analysis; part I and II. 2 edn, 1–425 (Umetrics AB, 2006).
54. Diez, D. et al. The use of network analyses for elucidating mechanisms in cardiovascular disease. Molecular bioSystems 6, 289–

304, doi: 10.1039/b912078e (2010).
55. Wheelock, A. M. & Wheelock, C. E. Trials and tribulations of ‘omics data analysis: assessing quality of SIMCA-based multivariate 

models using examples from pulmonary medicine. Molecular bioSystems 9, 2589–2596, doi: 10.1039/c3mb70194h (2013).
56. Sanyal, G., Swenson, E. R., Pessah, N. I. & Maren, T. H. The carbon dioxide hydration activity of skeletal muscle carbonic 

anhydrase. Inhibition by sulfonamides and anions. Molecular pharmacology 22, 211–220 (1982).
57. Brancaccio, P., Lippi, G. & Maffulli, N. Biochemical markers of muscular damage. Clinical Chemistry and Laboratory Medicine 

48, 757, doi: 10.1515/cclm.2010.179 (2010).
58. Zimmerman, U.-J. P., Wang, P., Zhang, X., Bogdanovich, S. & Forster, R. E. Anti-Oxidative Response of Carbonic Anhydrase III 

in Skeletal Muscle. IUBMB Life 56, 343–347, doi: 10.1080/1521-6540400000850 (2004).
59. Cabiscol, E. & Levine, R. L. Carbonic anhydrase III. Oxidative modification in vivo and loss of phosphatase activity during aging. 

The Journal of biological chemistry 270, 14742–14747 (1995).
60. Staunton, L., Zweyer, M., Swandulla, D. & Ohlendieck, K. Mass spectrometry-based proteomic analysis of middle-aged vs. aged 

vastus lateralis reveals increased levels of carbonic anhydrase isoform 3 in senescent human skeletal muscle. International journal 
of molecular medicine 30, 723–733, doi: 10.3892/ijmm.2012.1056 (2012).

61. Lumb, R. A. & Bulleid, N. J. Is protein disulfide isomerase a redox-dependent molecular chaperone? The EMBO Journal 21, 
6763–6770, doi: 10.1093/emboj/cdf685 (2002).

62. Wang, K. & Spector, A. alpha-crystallin prevents irreversible protein denaturation and acts cooperatively with other heat-shock 
proteins to renature the stabilized partially denatured protein in an ATP-dependent manner. European journal of biochemistry / 
FEBS 267, 4705–4712 (2000).

63. Clark, J. I. & Muchowski, P. J. Small heat-shock proteins and their potential role in human disease. Current Opinion in Structural 
Biology 10, 52–59, doi: http://dx.doi.org/10.1016/S0959-440X(99)00048-2 (2000).

64. Jakob, U., Gaestel, M., Engel, K. & Buchner, J. Small heat shock proteins are molecular chaperones. The Journal of biological 
chemistry 268, 1517–1520 (1993).

65. Mikkelsen, U. R. et al. The heat shock protein response following eccentric exercise in human skeletal muscle is unaffected by 
local NSAID infusion. European journal of applied physiology 113, 1883–1893, doi: 10.1007/s00421-013-2606-y (2013).

66. Noble, E. G., Milne, K. J. & Melling, C. W. J. Heat shock proteins and exercise: a primer. Applied Physiology, Nutrition, and 
Metabolism 33, 1050–1075, doi: 10.1139/h08-069 (2008).

67. Paulsen, G. et al. Subcellular movement and expression of HSP27, α B-crystallin, and HSP70 after two bouts of eccentric exercise 
in humans. Journal of Applied Physiology 107, 570–582, doi: 10.1152/japplphysiol.00209.2009 (2009).

68. Kostenko, S., Johannessen, M. & Moens, U. PKA-induced F-actin rearrangement requires phosphorylation of Hsp27 by the 
MAPKAP kinase MK5. Cellular signalling 21, 712–718 (2009).

69. Rogalla, T. et al. Regulation of Hsp27 oligomerization, chaperone function, and protective activity against oxidative stress/tumor 
necrosis factor alpha by phosphorylation. The Journal of biological chemistry 274, 18947–18956 (1999).

70. Xu, X.-H., Zhang, H.-L., Han, R., Gu, Z.-L. & Qin, Z.-H. Enhancement of neuroprotection and heat shock protein induction by 
combined prostaglandin A1 and lithium in rodent models of focal ischemia. Brain research 1102, 154–162, doi: http://dx.doi.
org/10.1016/j.brainres.2006.04.111 (2006).

71. Cornelussen, R. N. M., Gupta, S. & Knowlton, A. A. Regulation of Prostaglandin A1-induced Heat Shock Protein Expression in 
Isolated Cardiomyocytes. Journal of Molecular and Cellular Cardiology 33, 1447–1454, doi: http://dx.doi.org/10.1006/
jmcc.2001.1406 (2001).

72. Ross, V. L. & Board, P. G. Molecular cloning and heterologous expression of an alternatively spliced human Mu class glutathione 
S-transferase transcript. The Biochemical journal 294 ( Pt 2), 373–380 (1993).

73. Verbunt, J. A., Smeets, R. J. & Wittink, H. M. Cause or effect? Deconditioning and chronic low back pain. Pain 149, 428–430, 
doi: 10.1016/j.pain.2010.01.020 (2010).

74. Holtermann, A., Gronlund, C., Roeleveld, K. & Gerdle, B. The relation between neuromuscular control and pain intensity in 
fibromyalgia. Journal of electromyography and kinesiology : official journal of the International Society of Electrophysiological 
Kinesiology 21, 519–524, doi: 10.1016/j.jelekin.2011.01.004 (2011).

75. Steele, J., Bruce-Low, S. & Smith, D. A reappraisal of the deconditioning hypothesis in low back pain: review of evidence from a 
triumvirate of research methods on specific lumbar extensor deconditioning. Current medical research and opinion 30, 865–911, 
doi: 10.1185/03007995.2013.875465 (2014).



www.nature.com/scientificreports/

1 4Scientific RepoRts | 5:11894 | DOi: 10.1038/srep11894

76. Heneweer, H., Vanhees, L. & Picavet, H. S. Physical activity and low back pain: a U-shaped relation? Pain 143, 21–25, doi: 
10.1016/j.pain.2008.12.033 (2009).

77. Gerdle, B. et al. Decreased muscle concentrations of ATP and PCR in the quadriceps muscle of fibromyalgia patients—a 31P-MRS 
study. Eur J Pain 17, 1205–1215, doi: 10.1002/j.1532-2149.2013.00284.x (2013).

78. Lindman, R. et al. Changes in muscle morphology in chronic trapezius myalgia. Scandinavian journal of work, environment & 
health 17, 347–355 (1991).

79. Sjogaard, G. et al. Muscle oxygenation and glycolysis in females with trapezius myalgia during stress and repetitive work using 
microdialysis and NIRS. European journal of applied physiology 108, 657–669, doi: 10.1007/s00421-009-1268-2 (2010).

80. Sluka, K. A., Kalra, A. & Moore, S. A. Unilateral intramuscular injections of acidic saline produce a bilateral, long-lasting 
hyperalgesia. Muscle & nerve 24, 37–46 (2001).

81. Hagberg, H. Intracellular pH during ischemia in skeletal muscle: relationship to membrane potential, extracellular pH, tissue 
lactic acid and ATP. Pflugers Archiv : European journal of physiology 404, 342–347 (1985).

82. Robergs, R. A., Ghiasvand, F. & Parker, D. Biochemistry of exercise-induced metabolic acidosis. American journal of physiology. 
Regulatory, integrative and comparative physiology 287, R502–516, doi: 10.1152/ajpregu.00114.2004 (2004).

83. Böning, D., Strobel, G., Beneke, R. & Maassen, N. Lactic Acid Still Remains the Real Cause of Exercise-Induced Metabolic 
Acidosis. American journal of physiology. Regulatory, integrative and comparative physiology 289, R902–R903, doi: 10.1152/
ajpregu.00069.2005 (2005).

84. Chuang, N. N. & Huang, C. C. Interaction of integrin beta1 with cytokeratin 1 in neuroblastoma NMB7 cells. Biochemical Society 
transactions 35, 1292–1294, doi: 10.1042/bst0351292 (2007).

85. Capetanaki, Y., Bloch, R. J., Kouloumenta, A., Mavroidis, M. & Psarras, S. Muscle intermediate filaments and their links to 
membranes and membranous organelles. Experimental Cell Research 313, 2063–2076, doi: http://dx.doi.org/10.1016/j.
yexcr.2007.03.033 (2007).

86. Rappaport, L., Oliviero, P. & Samuel, J. L. Cytoskeleton and mitochondrial morphology and function. Molecular and cellular 
biochemistry 184, 101–105 (1998).

87. Bengtsson, A. The muscle in fibromyalgia. Rheumatology 41, 721–724 (2002).
88. Collard, C. D., Montalto, M. C., Reenstra, W. R., Buras, J. A. & Stahl, G. L. Endothelial Oxidative Stress Activates the Lectin 

Complement Pathway: Role of Cytokeratin 1. The American Journal of Pathology 159, 1045–1054, doi: http://dx.doi.org/10.1016/
S0002-9440(10)61779-8 (2001).

89. Paulin, D., Huet, A., Khanamyrian, L. & Xue, Z. Desminopathies in muscle disease. The Journal of pathology 204, 418–427 (2004).
90. Cetin, N. et al. A novel desmin mutation leading to autosomal recessive limb-girdle muscular dystrophy: distinct histopathological 

outcomes compared with desminopathies. Journal of medical genetics 50, 437–443 (2013).
91. Brodehl, A. et al. Dual color photoactivation localization microscopy of cardiomyopathy-associated desmin mutants. The Journal 

of biological chemistry 287, 16047–16057, doi: 10.1074/jbc.M111.313841 (2012).
92. Meena, A., Sundaram, C. & Uppin, M. Spectrum of congenital myopathies: A single centre experience. Neurology India 61, 

254–259, doi: 10.4103/0028-3886.115064 (2013).
93. Goudeau, B. et al. Structural and functional analysis of a new desmin variant causing desmin-related myopathy. Human mutation 

18, 388–396 (2001).
94. Kaminska, A. et al. Small deletions disturb desmin architecture leading to breakdown of muscle cells and development of skeletal 

or cardioskeletal myopathy. Human genetics 114, 306–313 (2004).
95. Goldfarb, L. G. & Dalakas, M. C. Tragedy in a heartbeat: malfunctioning desmin causes skeletal and cardiac muscle disease. The 

Journal of Clinical Investigation 119, 1806–1813, doi: 10.1172/jci38027 (2009).

Acknowledgments
We gratefully appreciate our tissue donors for this study. Furthermore we would like to thank research 
nurse Eva-Britt Lindh, for her valuable help with the sample collection. This study was supported by the 
Swedish Council for Working Life and Social Research (2010-0683, 2007-0760), the Swedish Research 
Council (2010-2893 & K2015-99x-21874-05-4), medical Research Council of Southeast Sweden (FORSS-
159031) and Region Östergötland (LIO-35923, SC-2013-00395-36). The funders had no role in study 
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Author Contributions
P.O., B.Gh., N.Gh. and B.G. conceived and designed the experiments. P.O., B.Gh., D.S. and E.B. performed 
the experiments. P.O. analyzed the data. P.O and B.G performed the statistics. P.O. and B.G. contributed 
reagents/materials/analysis tools. P.O. wrote the first draft of the article and prepared all figures and 
tables. All authors wrote and reviewed different versions of the manuscript and all authors approved the 
final version of the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Olausson, P. et al. Protein alterations in women with chronic widespread  
pain – An explorative proteomic study of the trapezius muscle. Sci. Rep. 5, 11894; doi: 10.1038/
srep11894 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The 
images or other third party material in this article are included in the article’s Creative Com-

mons license, unless indicated otherwise in the credit line; if the material is not included under the 
Creative Commons license, users will need to obtain permission from the license holder to reproduce 
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Protein alterations in women with chronic widespread pain – An explorative proteomic study of the trapezius muscle
	Material and Methods
	Subjects. 
	Sample handling. 
	Sample preparation. 
	2-DE analysis. 
	In-gel digestion by trypsin. 
	Protein identification by MALDI-TOF. 
	Protein identification by High Resolution Mass Spectrometry. 
	Database searches and data interpretation. 
	Statistics. 

	Results
	Univariate group comparisons of proteins. 
	Multivariate regression analysis of group belonging. 

	Discussion
	Acknowledgments
	Author Contributions
	Figure 1.  An analytical 2-DE pattern from human trapezius muscle.
	Figure 2.  A basic structure of a myocyte.
	Figure 3.  A schematic representing the metabolic pathways of the glycolysis and gluconeogenesis.
	Table 1.   Age and anthropometric data together with pain intensity.
	Table 2.   Significantly (p < 0.
	Table 3.   OPLS-DA regression of group membership (CWP vs.



 
    
       
          application/pdf
          
             
                Protein alterations in women with chronic widespread pain – An explorative proteomic study of the trapezius muscle
            
         
          
             
                srep ,  (2015). doi:10.1038/srep11894
            
         
          
             
                Patrik Olausson
                Björn Gerdle
                Nazdar Ghafouri
                Dick Sjöström
                Emelie Blixt
                Bijar Ghafouri
            
         
          doi:10.1038/srep11894
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep11894
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep11894
            
         
      
       
          
          
          
             
                doi:10.1038/srep11894
            
         
          
             
                srep ,  (2015). doi:10.1038/srep11894
            
         
          
          
      
       
       
          True
      
   




