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Abstract: The molecular processes driving the transition from acute to chronic low back pain (LBP)
remain poorly understood and are likely to be sexually dimorphic. This study aimed to explore sex
differences in the serum proteomic profile of people experiencing an acute LBP episode and determine
if serum protein concentrations were associated with three-month outcome. Serum samples were
collected through venepuncture from 30 female and 29 male participants experiencing an acute LBP
episode. Serum samples underwent trypsin digestion and fractionation using hydrophobic interaction
chromatography and were then analysed using mass-spectrometry. Mass-spectrometry spectra were
searched in the Swissprot database for protein identification. Sex differences in protein abundance
changes were evident upon inspection of fold changes. Multivariable data analysis identified 21 serum
proteins during the acute episode that correctly classified 93% of males and 23 serum proteins that
correctly classified 90% of females with ongoing LBP at 3 months. Pathway analysis suggested the
differentially expressed proteins during acute LBP were frequently involved in immune, inflammatory,
complement, or coagulation responses. This data provides preliminary evidence that biological pro-
cesses during an acute LBP episode may contribute to the resolution, or persistence, of LBP symptoms
at 3 months, however, these processes differ between males and females.

Perspective: Differential expression of serum proteins was observed between male and female
participants during an acute LBP episode. This preliminary work provides a foundation for future
research targeting distinct immune system processes in males and females that may interfere with
the transition from acute to chronic LBP.
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ow back pain (LBP) is the most common muscu-
L loskeletal pain condition with an estimated one-

month prevalence of approximately 23%."?
Worldwide, LBP is the leading cause of years lived with
disability,” resulting in considerable economic burden®
that is projected to substantially increase.” Specific
causes of LBP such as vertebral fracture, axial spondy-
loarthritis, malignancy and infection are rare, with es-
timates suggesting serious pathology is present in less
than 1% of individuals presenting to primary care.® For
most individuals with LBP, the specific cause of their
symptoms is unknown and the condition is diagnosed as
“non-specific” LBP.” Sex differences in non-specific LBP
prevalence and severity have been explored, with most
data suggesting a female predominance.®

Socioeconomic, occupational, and psychological risk
factors for the development of chronic (symptoms
lasting 3 months or more) LBP have been extensively
studied,”"" however, these factors explain, at best, a
moderate proportion of the variance in LBP out-
come.'>"* This has led to the exploration of the biolo-
gical mechanisms underpinning LBP, focussing largely
on the peripheral’>'® and central nervous systems.'’>°

It is increasingly accepted that LBP engages biological
processes that extend beyond the nervous system.”’ For
example, elevated serum levels of C-reactive protein during
acute LBP is associated with better recovery at six months.”
Further, substantial differences in the time course of tran-
scriptomic changes have been demonstrated between
people who recovered from their acute LBP episode and
those with persistent symptoms at three-month follow-
up.”> When investigating pain biology researchers should
consider sex differences.”” For example, sex differences may
exist in biological mechanisms linked to pain persistence
such as cytokine expression,”> neurotransmitter receptor
activity,”® cortical connectivity,”’ and diffuse noxious in-
hibitory control.”® A lack of consideration for sexual di-
morphism could hamper the development of more
effective pain management options.”*>°

The human ‘proteome’ refers to the total protein com-
plement encoded by a given genome®' and more studies
are considering differential protein expression amongst
clinical pain conditions. For example, in females with
chronic widespread pain, upregulated proteins commonly
involved in immune, inflammatory, and metabolic pro-
cesses, have been linked to pain intensity, hypersensitivity,
and psychological distress.>’ Other tissues and fluids in-
cluding saliva, serum, urine, and cerebrospinal fluid have
also been studied with proteomic methods, with differen-
tially expressed proteins linked to neuropathic pain,® fi-
bromyalgia,>*=° rotator cuff related shoulder pain,*’
osteoarthritis*® and chronic LBP.*

To our knowledge, no study has explored sex differences
in the serum proteomic profile of individuals experiencing
an acute episode of LBP or attempted to identify plausible
serum proteomic biomarkers of poor LBP outcome.
Therefore, the primary aim of this study was to investigate
sex differences in the serum proteomic profile of in-
dividuals experiencing an acute episode of LBP and com-
pare differences in the acute stage serum proteomic profile
between males and females with, and without, ongoing
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LBP symptoms at three-month follow-up. The secondary
aim was to investigate the relationship between male and
female serum proteomic profiles in the acute stage of LBP
and depression and anxiety, pressure pain sensitivity, and
descending pain modulation.

Methods

Experimental Design

This study used a sub-sample of participants from the
Understanding Persistent Pain Where it ResiDes (UPWaRD)
longitudinal cohort who provided a serum sample at
baseline assessment and were not consuming analgesic or
anti-inflammatory medication prescribed by their physician
for the treatment of pain at the time of sample collection
(ACTRN12619000002189). Further, the sub-sample was
purposively matched in age, sex, and recovery status (30
females [mean age 42 + 15]; 29 males [mean age 38 + 16])
to minimise the effect of potential confounding factors in
order to address the primary study aim. Of the 59 partici-
pants included in this study, 15 male and 15 female parti-
cipants were considered recovered from their LBP episode
(average numerical rating scale [NRS] = .30 + .47), while 14
male and 15 female participants were considered not re-
covered (average NRS = 4.0 + 1.7) at three-month follow-
up.

Sample sizes were not estimated for this study be-
cause of the explorative approach used to identify
serum protein abundance with mass spectrometry.
However, the LBP cohort described in this study (N = 59)
is similarly sized to other human “omics” studies that
have identified between-group differences.?>*%*3

Participants

All other inclusion and exclusion criteria for this study
were identical to those reported within the UPWaRD
longitudinal cohort profile.** In brief, participants were
recruited from local hospitals in South Eastern and South
Western Sydney local health districts, New South Wales,
Australia, primary care practitioners (eg, general practi-
tioners and physiotherapists), newspaper/online advertise-
ments, flyers, and social media sites such as Facebook.
Ethical clearance was obtained from the institutional
Human Research Ethics Committee (Western Sydney Uni-
versity: H10465 and Neuroscience Research Australia: SSA:
16/002). All procedures were conducted in accordance with
the Declaration of the World Medical Association®” and all
participants provided written informed consent. This study
is reported in line with the Sex and Gender Equity in Re-
search guidelines*® and the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.”’

Participants were recruited and assessed within 6
weeks of the onset of an acute LBP episode. LBP was
defined as pain in the region of the lower back, su-
periorly bound by the thoracolumbar junction and in-
feriorly by the gluteal fold.”® Participants remained
eligible if they had pain referred beyond this region
that was not associated with lumbosacral radiculopathy.
Participants LBP episode must have been preceded by a
period of at least one-month pain-free, the pain must
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Table 1. Participant Characteristics at Baseline Compared Between Three-month Recovery Status

CHARACTERISTIC Recoverep (N = 30) Non-recoverep (N = 29) P-vALUE
Age (years) 39.4 (16.7) 40.4 (15.1) .81
BMI (kg/mz) 24.4 (4.1) 25.0 (5.0) .65
Medication use (yes, %) 17 (56.7) 11 (39.3) 19
Previous LBP (yes, %) 23 (79.3) 20 (74.1) .64
Comorbidity (yes, %) 9 (30.0) 7 (25.9) 73
Pain duration (days) 18.6 (11.1) 15.1 (9.3) .28
Baseline pain intensity (NRS) 3.8(1.9) 5.0 (1.6) .01
Depressive symptoms (DASS-21)% 9.4 (8.7) 15.3 (16.0) 10
Pressure pain threshold (kPa)* 1005.2 (407.7) 894.9 (279.3) 23
Conditioned pain modulation (kPa) 92.3 (178.5) 39.7 (168.1) .26

NOTE. Continuous data described as mean and standard deviation. Categorical data described as number and percent. Variable means were compared between
non-recovered and recovered low back pain participants using t-tests (continuous variable) or X tests (categorical variables). # Welch's t-test performed.

have been present for at least 24 hours and participants
must have reported pain of at least 2/10 (NRS, 0 = “no
pain” and 10 = “worst pain imaginable”) at any time
during the 7 days preceding initial screening to be eli-
gible for study inclusion.”*>" Lumbosacral radiculo-
pathy was defined as pain within a dermatomal-
associated distribution, with or without neurological
signs of spinal nerve involvement such as dermatome-
associated sensory loss, impaired motor function, or
attenuated reflexes. Individuals who presented with
suspected serious spine pathology (eg, fracture, tumour,
cauda equina syndrome), other major diseases/disorders
(eg, schizophrenia, chronic renal disorder, multiple
sclerosis), a history of spine surgery, or any other chronic
pain conditions were excluded. Participants were asked
to rate their “average” level of LBP over the previous 7
days using an 11-point (NRS: 0 ='no pain’, 10 ='worst
pain imaginable’) on the day of baseline testing.>”
Characteristics of the participants included in this study
are summarised in Table 1.

Health and Medication Usage

Full details of data collected from participants within
the UPWaRD LBP cohort are described in the cohort
profile.** All participants self-reported general health
characteristics including age (years), weight (kg), and
height (m). Body mass index was then calculated (BMI:
kg/m?). Participants self-selected comorbid health con-
ditions other than LBP from a list including “other” and
reported all medications they were currently using
(both prescribed and “over-the-counter”). Participants
reported if they had experienced LBP at any time in the
past (yes/no) and provided the date they believed their
current pain episode had begun which was used to
calculate pain duration. Average pain intensity over the
week preceding baseline testing was reported by all
participants using an 11-point NRS.

Sample Preparation

Peripheral venous blood was drawn into serum tubes
(BD, SST Il Advance) through venepuncture of the median
cubital vein at baseline assessment. The sample was
clotted (30 minutes, room temperature) then separated
by centrifugation (2,500 rpm, 15 minutes). Samples were

pipetted into 50 pL aliquots and immediately stored at
-80 °C. After thawing, de-identified sera from all 59 par-
ticipants were prepared by digesting 3 pL of serum (57 pg
ul-1 £ 7 pg) in 50 pL of 50 mM AMBIC, 2 M urea, 10 mM
DTT at pH 8 using trypsin at 25 °C for 16 hours in a 1:100
enzyme to protein ratio. Digestion was halted by acid-
ification. Serum peptides were fractionated using hydro-
phobic interaction chromatography according to the
manufacturers protocol (PolyLC Inc, MD) with the addi-
tional parameter of decreasing solvent releasing increas-
ingly hydrophilic peptides. Five fractions with decreasing
solvent were prepared (unbound fraction, 25%,50%,70%,
and 100% sequential solvent extraction) with peptides
released by 70% acetonitrile in 15 mM ammonium
acetate fraction being evaluated further.

Mass Spectrometry of Samples

Digested and fractionated peptides were reconstituted
in 5 pL .1% formic acid and separated by nano-LC using
an Ultimate 3,000 high-performance liquid chromato-
graphy (HPLC) and autosampler (Dionex, Amsterdam,
Netherlands). The sample, (.6 pyL from 5 pL), was loaded
onto a micro C18 pre-column (300 pm x 5 mm, Dionex)
with H,O:CH3CN (98:2, .1% trifluoroacetic acid) at
10 uL min~". After washing, the pre-column was switched
(Valco 10 port valve, Dionex) into line with a fritless na-
nocolumn (75 pm id x 12 cm) containing reverse phase
C18 media (1.9 pm, 120 A, Dr. Maisch GmbH HPLC).
Peptides were eluted using a linear gradient of
H20:CH3CN (98:2, .1% formic acid) to H,O:CH3CN (64:36,
1% formic acid) at 250 nl min~" over 90 minutes. The
QExactive (Thermo Electron, Bremen, Germany) mass
spectrometer (MS) was run in Data-Dependent
Acquisition mode as previously described in ref.>*

Protein Identification Relative
Quantitation

Protein dataset-peak lists were generated from raw
files using Mascot Daemon v2.5.1 (Matrix Science,
London, UK, www.matrixscience.com). All MS/MS
spectra were searched against Swissprot (downloaded
February 2018; 556,568 sequences for protein identifi-
cation with the following criteria: 1) species, Human; 2)
allowed 1 missed cleavage; 3) variable modifications,
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Oxidation (M), phosphorylation (S, T, Y); 4) peptide
tolerance, £5 ppm; 5) Fragment tolerance, .05 Da; 6)
peptide charge +2 and +3; and 7) enzyme specificity,
semi-tryptic. A decoy database search was also per-
formed. Only proteins identified from the Swissprot
database, controlled by the Benjamini-Hochberg pro-
cedure for multiple comparisons, with 2 or more unique
peptides were included in further analysis.

Three-month Low Back Pain Outcome

Participants completed the NRS at 3 months, pro-
viding an average pain intensity score for the week
preceding the follow-up assessment. At 3 months
follow-up participants who reported an NRS score >2 on
average over the previous week were considered to
have developed chronic or recurrent LBP (ie, not re-
covered) whereas participants who reported an NRS
score of 0 or 1 were considered recovered. This
threshold value of >2 on the NRS was chosen as it re-
flects cut-offs used in previous LBP prognostic re-
search.”>°

Depressive Symptoms

Participants completed the 21-item depression, an-
xiety, and stress subscale (DASS-21°’) on the day of
baseline testing. The questionnaire evaluates symptoms
of depression, anxiety and tension-stress, consisting of
21 items with responses quantified on a four-point
Likert scale ranging from 0 (“not at all”) to 4 (“applied
to me very much, or most of the time”). A total score
between 0 and 63 was calculated, where higher scores
indicate higher levels of depression, anxiety, and/or
stress.”®>?

Pressure Pain Sensitivity and Descending
Pain Modulation

On the day of baseline testing all LBP participants in
the UPWaRD cohort completed numerous laboratory
measures.” Two measures of pain sensitivity and their
association with serum protein expression during acute
LBP were explored in this study based on previous re-
search identifying an association between these factors
in a cohort of females experiencing chronic widespread
pain.*’

Pressure pain thresholds (PPTs) were assessed using a
handheld pressure algometer (Somedic, Horby, Sweden,
probe size 1 c¢m?) at the site of worst LBP (side of
greatest pain on palpation). Pressure was applied at a
rate of 40 kg Pascals per second (kPa/s) and participants
used a hand-held trigger to indicate when the sensation
of pressure first changed to one of pain. Three measures
were obtained and averaged for analysis.

Descending pain modulation was assessed using an
established conditioned pain modulation (CPM) para-
digm.®° First, heat pain threshold (HPT) was measured
(Thermal Sensory Analyzer, TSA-2001, Q-Sense-CPM,
Medoc Ltd, Ramat Yishai, Israel) using a 30 x 30 mm
Peltier-based thermode placed on the skin of the ven-
tral aspect of the forearm opposite the side of the worst
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pain. The temperature started at 32 °C and increased at
a rate of .5 °C/second. Participants were instructed to
push a button when the sensation of heat first changed
to one of pain. Three measures were obtained and used
as the average HPT. Next, 3 PPTs were measured at the
site of LBP before the application of heat pain (test
stimulus 1). Heat pain 1 °C greater than the participants
HPT, was then applied to the ventral forearm opposite
the side of LBP via the thermode, 10 cm distal to the
medial epicondyle, and maintained for the duration of
the test (conditioning stimulus). Three consecutive PPTs
were re-measured 30 seconds post-heat application
(test stimulus 2). Participants were instructed to rate
their pain on an NRS (0-100) at 0 second, 30 seconds and
immediately following the final PPT measurement. Pain
scores were maintained between 50 and 80 during
testing. The conditioning stimulus was adjusted by 1 °C
as required to achieve a pain score within this range.
The CPM response was calculated as test stimulus 2
minus test stimulus 1. A positive value indicates a
normal CPM response. This CPM paradigm has shown
good intra-session reliability.®’

Statistical Analysis
Descriptive Statistics

Baseline data describing the cohort were compared
between recovered and non-recovered, or male and
female participants using chi squared (categorical vari-
ables) or independent t-tests (continuous variables).
Homogeneity of variance was assessed using Levene’s
test and for variables that did not meet the equal var-
iance assumption, a Welch's t-test was performed.

Protein Identification

Scaffold Software (version 4.8.7, Proteome Software
Inc, Portland, OR) was used to compare the shotgun
proteomic results using spectral counting. Peptide
identifications were accepted if they could be estab-
lished at greater than 95% probability using the
Scaffold delta-mass correction. Expression changes
across samples were measured via spectral count, nor-
malised by total ion count with missing values kept at
zero and recoded as not detected (ND) during further
analysis.'®'® Proteins which were present in <50% of
recovered or non-recovered groups were excluded from
further functional analysis.

Multivariable Data Analysis

Orthogonal partial least squares (OPLS) analysis was
performed using SIMCA software version 17 (Umetrix AB,
Umea, Sweden). A discriminant analysis (OPLS-DA) was
used to explore the longitudinal relationship between
serum proteins (X-variables) and three-month LBP out-
come (dichotomous outcome). OPLS regression was used
to explore the longitudinal relationship between serum
proteins (X-variables) and average pain intensity at
three-month follow-up, or the cross-sectional relation-
ship with baseline PPTs, baseline CPM, or baseline
DASS-21 scores (continuous outcomes; Y-variables). The
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procedures involved in multivariable data analysis
(MVDA) using OPLS regression and reporting results from
OPLS models have been described in detail else-
where.®?7°°

In brief, OPLS is a form of supervised multivariable
data analysis, suitable for variable (biomarker) selec-
tion.°® OPLS models reduce the dimensionality of many
variables into latent variables of interest. The latent
variables are termed principal components, reflecting
the coordinates of the original observation following a
reduction in dimensionality. Variance that is unrelated
to the hypothesis is reduced into latent variables termed
orthogonal components.®®¢’

The first step of the analysis undertaken in this study
was a principal component analysis. This was performed
to identify outliers. Any participants deemed critical
outliers based on Hotelling’s T?, T2Crit (.99%), were
excluded from further analysis.

OPLS was used for the regression analysis in this
study,®® and all variables were mean-centred and scaled
for unified variance (UV-scaling). All variables with a
low minimum/maximum ratio or high skewness were
log-transformed prior to fitting the OPLS models. The
variable influence on projection (VIP) measure indicates
the relevance of each independent variable pooled
overall dimensions and the group of variables that best
explain the dependent variable. A VIP > 1.0 combined
with jack-knifed 95% confidence intervals (Cl) in the
regression coefficients plot not including zero were
considered significant for this study. Coefficients were
used to note the direction of the relationship (positive
or negative). In the first step of the MVDA, of the 216
total identified proteins, 70 were present in at least
50% of both the recovered and non-recovered partici-
pant serum samples and were entered into the OPLS
models. After the removal of any outliers, proteins with
a VIP value >1.0 with jack-knifed Cls in the coefficients
plot not including zero were included in the next step
of the analyses.®®’° To determine the relative im-
portance of these significant proteins, a separate re-
gression was carried out only including these significant
proteins as the independent variables. Scaled loadings
are presented for each significant independent variable.
This is the loading scaled as a correlation coefficient,
thus standardising the range from -1.0 to +1.0.%°

Multivariable model fit: R? describes the goodness of
fit explained by a principal component, whilst Q2 de-
scribes the goodness of prediction—the amount of total
variation of the variables that can be predicted by a
principal component using cross-validation (CV)
methods.®® R? should not be considerably higher than
Q. It is generally accepted that a difference of .2 to .3
between R? and Q? suggests an overfitted model.®®
Cross-validated analysis of variance (CV-ANOVA) was
used to validate the models (seven-fold cross-valida-
tion). The P-value obtained from the CV-ANOVA is used
to represent statistical significance. Finally, the score
plot shows the observations (ie, recovered or non-re-
covered LBP), and by combining the score plot and
loading plot, important variables can be linked to spe-
cific proteins or within group separations.
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Results of this study are reported in line with re-
commendations for multivariable modelling suggested
by Wheelock and Wheelock (ie, R% Q2% number of
principal/orthogonal components, CV-ANOVA, and P-
value).®®

Pathway Analysis

This study also uses bioinformatics analyses to visua-
lise and contextualise interactions between the sig-
nificant proteins identified in the multivariable data
analysis. Protein network analysis was conducted using
the online Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) database Version 11.0.”" Pro-
tein accession numbers obtained from the UniProt da-
tabase for significant proteins in the MVDA models
were entered in the STRING search engine (multiple
proteins) using the following parameters: Organism
= Homo sapiens, Network type = full STRING network,
required interaction score = medium confidence (.400),
and false discovery rate (FDR) stringency = <.01.

Results

Study Population

In line with our study methodology, this cohort was
matched in age, sex and three-month LBP outcome.
Rates of self-reported medication use were comparable
between males (N = 13, 44.8%) and females (N = 15,
51.7%) at baseline. Baseline data describing the char-
acteristics of recovered or non-recovered participants is
presented in Table 1. The types of medication used by
participants are listed in Supplemental File 1: Table S1.
At baseline assessment, 8 (27.6%) females and 8 (28.6%)
males reported at least one comorbid health condition
(Table 2). The types of comorbidities are listed in Sup-
plemental File 1: Table S2.

Protein Identification

A total of 216 serum proteins were identified con-
fidently (2 peptide/protein identification and significance
set at Pgpr < .05) (Supplemental File 1: Table S3). Of these
identified proteins, 70 were present in at least 50% of
both the recovered and non-recovered participant serum
samples and were therefore eligible for multivariable data
analysis. Visual inspection of the fold changes reported in
Supplemental File 1: Table S3 highlights differences in
protein abundance level between sex and three-month
recovery status, thus male and female participants were
first analysed separately.

Multivariable Data Analysis
Serum Protein Abundance Levels During
Acute Low Back Pain are Associated With
Three-month Low Back Pain Outcome

The remaining 70 proteins were first compared be-

tween male participants who had recovered or not re-
covered at the three-month follow-up using OPLS-DA.
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Table 2. Participant Characteristics at Baseline Compared Between Sex

CHARACTERISTIC Femate (N = 30) Mate (N = 29) P-vALUE
Age (years) 41.6 (15.3) 38.1 (16.4) 40
BMI (kg/mz) 23.3 (4.4) 26.1 (4.3) .02
Medication use (yes, %) 15 (51.7) 13 (44.8) .60
Previous LBP (yes, %) 19 (67.8) 24 (85.7) 11
Comorbidity (yes, %) 8 (27.6) 8 (28.6) 1.00
Pain duration (days) 16.8 (11.0) 17.3(9.8) .88
Baseline pain intensity (NRS) 4.3(1.8) 5(1.9) 78
Depressive symptoms (DASS-21) 14.1 (15.5) 10.5 (9.8) 31
Pressure pain threshold (kPa) 787.5 (250.7) 1120.1 (364.9) <.001
Conditioned pain modulation (kPa) 82.7 (122.2) 48.0 (217.2) 46

NOTE. Continuous data described as mean and standard deviation. Categorical data described as number and percent. Variable means were compared between
males and female participants using t-tests (continuous variable) or X2 tests (categorical variable).

No critical outliers were present upon inspection of
Hotelling’s T2. Twenty-one proteins had a VIP > 1.0
with jack-knife Cl not crossing zero (Table 3). The model
including 21 proteins was reduced in dimensionality to
one principal component that was statistically sig-
nificant (R? = .67, Q? = .62, CV-ANOVA: P < .001), (Fig 1).
Serum protein concentrations of Albumin, Coagulation
factor XII, Vitronectin, Afamin, Vitamin D-binding pro-
tein, Complement factor B, Apolipoprotein LI, and
Complement component C8 gamma chain were upre-

proteins identified as significant in males were down-
regulated. The final, OPLS-DA model had a cross-vali-
dated classification accuracy of 93% in male
participants. The loading plot in Fig 2 displays the sig-
nificant serum proteins identified in males.

All 70 proteins were then analysed in a separate OPLS-
DA model for female participants. Again, no critical
outliers were present. After inspection of VIP scores, 23
proteins were considered significant amongst females
and retained in the model (Table 4). The model pre-

gulated whilst all other

in non-recovered males,

dicting three-month LBP outcome in females with 23

Table 3. Significant Serum Proteins in the OPLS-DA Model of Male Participants Recovered or Non-
recovered From Acute Low Back Pain at Three-month Follow-up

PROTEIN NAME

ACCESSION NUMBER

VIP P (corr) B NR(N=14) R (N =15) Forp cHanGe (NR

vs R)
Serum albumin (ALB)* P02768 225 32 -.09 8.12(.11) 7.84(12) 11.04
Kininogen-1 (KNG1)* P01042 1.86 -.78 .09 5.78 (.14) 6.15 (.14) 1 .94
Fibrinogen alpha chain (FGA)* P02671 1.86 -.84 .09 6.74 (.31) 7.55(21) | .89
Coagulation factor XII (F12) P00748 1.75 .26 -.07 4.83(1.42) 1.32(2.28) 1 3.66
Complement factor H (CFH)* P08603 1.60 -74 .05 6.12(.21) 6.33(.17) | .97
Immunoglobulin lambda constant 2 (IGLC2)* PODOY2 1.59 -.68 06 4.15(2.28) 4.99(2.03) | .83
Gelsolin (GSN) P06396 1.56 -.69 .05 4.72(1.40) 5.19(1.45) | .91
Complement C4-A (C4A) POCOL4 1.55 -.69 .06 6.36 (.40) 6.84 (.17) ] .93
Clusterin (CLU)* P10909 1.51 -63 .08 6.07(.12) 6.38 (.14) ] .95
Inter-alpha-trypsin inhibitor heavy chain H1 P19827 1.51 -62 .06 6.20 (.36) 6.28 (1.75) | .99
(ITIH1)*
Vitronectin (VTN) P04004 1.46 .63 -05 557(1.62) 5. 34 (1.49) t1.04
Afamin (AFM) P43652 1.46 .63 -.05 3.48(2.29) 8(2.03) 1 3.55
Immunoglobulin J chain (IGJ) P01591 1.41 -65 .07 5.29 (.49) 6 16 (.28) | .86
Vitamin D-binding protein (GC) P02774 1.36 .59 -05 5.76(1.69) 5.07(2.08) 1t 1.14
Haptoglobin (HP)* P00738 136 -.57 .06 6.41 (.40) 6.83(.22) | .94
Complement factor B (CFB)* P00751 133 -56 .04 5.89 (.29) 5.73(1.60) 1 1.03
Apolipoprotein LI (APOL1) 014791 1.30 -.57 .05 5.91(.34) 5.82(1.62) 1 1.02
Apolipoprotein A-l (APOAT1) P02647 1.25 -.51 .06 6.68(.28) 7.04 (25) | .95
Plasma kallikrein (KLKB1) P03952 1.05 -38 .05 4.78(1.41) 5.10(1.43) | .94
Complement component C8 gamma P07360 1.02 .43 -05 4.77(1.40) 2.07(2.63) 12.30
chain (C8G)
Apolipoprotein E (APOE) P02649 1.01 -47 .01 6.01(32) 6.16 (.25) 1.98

Abbreviations: R, recovered; NR, non-recovered.

NOTE. Accession numbers are derived from the protein data base UniProt (www.uniprot.org). Variable influence on projections (VIP) indicates the importance of the
covariable. p(corr) is the loading of each variable scaled as a correlation coefficient. B is the regression coefficient. Recovered participants were coded as 0, and non-
recovered participants were coded as 1. Fold change is a univariable measure whereby a value greater than 1 indicates a protein was upregulated in the non-
recovered group (t = upregulated, | = downregulated). Please note that fold change does not necessarily correspond to p(corr): that is, a positive fold change, is not
gutomatically equal to a positive p(corr). Protein abundance is reported as the log10 scaled mean + standard deviation.

Indicates the protein was considered significant in male and female groups.
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Figure 1. Score plot constructed with one principal component demonstrating separation between groups (R? =.67, Q*> =.62, CV-
ANOVA: P<.001). Black markers represent male participants who were recovered at three-month follow-up and red markers re-
present male participants that were considered not recovered at three-month follow-up (NRS > 2).
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Figure 2. Loading plot displaying the raw loading values for significant proteins (VIP > 1.0) associated with three-month LBP
recovery status in male participants. The protein abbreviations in the plot match the protein names in Table 3.

differentially expressed proteins was reduced in di-
mensionality to one principal component and one or-
thogonal component (R =.65, Q% =.41, CV-ANOVA:
P=.01), (Fig 3). Serum concentrations of Albumin, Ki-
ninogen-1, Fibrinogen alpha chain, Complement factor
H, Immunoglobulin lambda constant 2, Clusterin, Hap-
toglobin, and Complement factor B were significantly
downregulated in non-recovered males but upregu-
lated in non-recovered females. Inter-alpha-trypsin in-
hibitor heavy chain H1 was significantly downregulated
in both males and females. The loading plot in Fig 4
displays the significant serum proteins identified in fe-
males. The final, OPLS-DA model had a cross-validated
classification accuracy of 90% in female participants.

Protein Network Analysis of the Significant
Serum Proteins Predicting Three-month LBP
Outcome in Male and Female Participants
The 21 proteins associated with three-month LBP
outcome in males were entered into the STRING data-
base, and twenty were included in the network analysis.
Immunoglobulin lambda constant 2 was not identified
by the search engine. The enriched network comparing

non-recovered males to recovered males consisted of 20
nodes and 103 edges (Fig 5). The average local clus-
tering coefficient was .75 and the protein-protein in-
teraction enrichment score was deemed statistically
significant (P< 1.0E-16).

Amongst females, the 23 significant proteins were
entered into the STRING database and 20 were included
in the network analysis. Ig alpha-1 chain C region,
Immunoglobulin lambda constant 2, and Ig mu chain C
region were not identified by the search engine. The
enriched network comparing non-recovered females to
recovered females consisted of 20 nodes and 127 edges.
The average local clustering coefficient was .80 and the
protein-protein interaction enrichment score was sta-
tistically significant (P< 1.0E-16) (Fig 6).

Serum Protein Abundance Levels During
Acute Low Back Pain are Associated With
Three-month Pain Intensity

Using an OPLS model the longitudinal relationship
between baseline serum protein expression and three-
month pain intensity (continuous outcome: NRS) was
explored in male participants. The 21 significant
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Table 4. Significant Serum Proteins in the OPLS-DA Model of Female Participants Recovered or
Non-recovered From Acute Low Back Pain at Three-month Follow-up

PROTEIN NAME Accession numser  VIP P (corr) B NR (N=14) R (N=15) Foip cHanGe (NR
vs R)
Alpha-1-antitrypsin (SERPINA1) P01009 1.67 -.57 27 4.78(1.97) 584 (30) | .82
Apolipoprotein D (APOD) P05090 1.49 55 -18 3.44(2.53) 2.25(2.49) 1 1.53
Ig alpha-1 chain C region (IGHA1) P01876 1.46 .61 -22 6.74 (.43) 6.36 (.28) 1 1.06
Complement factor H (CFH)* P08603 1.44 48 -.02 6.18(.21) 5.99 (24) 11.03
Alpha-1B-glycoprotein (A1BG) P04217 1.43 38 -06 5.97(1.69) 5.85(.48) 171.02
Beta-2-glycoprotein 1 (APOH) P02749 1.41 -19 .18 4.05(2.10) 5.13(26) |.79
Serum albumin (ALB)* P02768 135 -23 .00 7.97 (.27) 8.11(19) | .98
Immunoglobulin lambda-1 light chain (IGL1) PODOX8 1.32 47 -08 3.61(2.65 3.58(2.26) 1 1.01
Alpha-2-HS-glycoprotein (AHSG) P02765 1.32 -57 13 6.47 (1.83) 7.06 (.56) 1.92
Kininogen-1 (KNG1)* P01042 1.31 .48 -.08 5.92(.24) 5.72(26) 1 1.03
Immunoglobulin lambda constant 2 (IGLC2)* PODOY2 1.29 32 -08 333(2.82) 1.38(2.38) 1241
Complement factor B (CFB)* P00751 126 .20 -.03 558(1.58) 577(30) | .97
Hemopexin (HPX) P02790 1.25 .36 -07 5.66(1.59) 5.76(.32) 1 .98
Complement C1s subcomponent (C1S) P09871 1.17 .43 -10 5.26(1.48) 5.05(1.42) 1 1.04
Ig mu chain C region (IGHM) P01871 1.15 .27 .01 535(1.53) 556(33) | .96
Antithrombin-IIl (SERPINC1) P01008 1.14 37 -.07 455(1.88) 3.69(2.32) 11.23
Complement C3 (C3) P01024 1.10 .23 .04 6.65(.34) 6.51 (.30) 1 1.02
Inter-alpha-trypsin inhibitor heavy chain H1 P19827 1.10 .17 .05 595(1.68) 6.23(35 | .96
(ITIH1)*
Inter-alpha-trypsin inhibitor heavy chain H2 P19823 1.05 .18 -14  6.35(.28) 6.20 (.23) 11.02
(ITIH2)
Transthyretin (TTR) P02766 1.05 -54 10 3.03(2.58) 4.20(2.19) | .72
Fibrinogen alpha chain (FGA)* P02671 1.04 31 .03 7.15(.53) 6.76 (53) 11.06
Clusterin (CLU)* P10909 1.02 .28 .03 6.16 (.27) 6.12 (.18) 1 1.01
Haptoglobin (HP)* P00738 1.01 .31 -.01 6.68(.38) 6.57 (31) 11.02

Abbreviations: R, recovered; NR, non-recovered.

NOTE. Accession numbers are derived from the protein database UniProt (www.uniprot.org). Variable influence on projections (VIP) indicates the importance of the
covariable. p(corr) is the loading of each variable scaled as a correlation coefficient. B is the regression coefficient. Recovered participants were coded as 0, and non-
recovered participants were coded as 1. Fold change is a univariable measure whereby a value greater than 1 indicates a protein was upregulated in the non-
recovered group (1 = upregulated, | = downregulated). Please note that fold change does not necessarily correspond to p(corr): that is, a positive fold change, is not
automatically equal to a positive p(corr). Protein abundance is reported as the log10 scaled mean + standard deviation.

“Indicates the protein was considered significant in male and female groups.

proteins listed in Table 3 were entered into an OPLS males three-month pain intensity (R? =.48, Q*> =.38, CV-

model with continuous three-month pain intensity as
the outcome of interest. All 21 serum proteins displayed
a VIP value > 1.0 with jack-knifed CI not crossing zero.
The model was reduced in dimensionality to 1 predictive
component that explained 48% of the variation in

ANOVA: P=.002).

The same process was repeated for female partici-
pants. Of the 23 proteins entered into the OPLS model
(Table 4), 14 remained significant with a VIP value > 1.0
and jack-knife CI not crossing zero: Alpha-1-antitrypsin,
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Figure 3. Score plot constructed with one principal component and one orthogonal component demonstrating separation be-
tween groups (R? = .65, Q% = .41, CV-ANOVA: P=.01) for female participants. Black markers represent female participants who were
recovered at the three-month follow-up and red markers represent female participants that were considered not recovered at the
three-month follow-up (NRS > 2).
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Figure 4. Loading plot displaying the raw loading values for significant proteins (VIP > 1.0) associated with three-month LBP
recovery status in female participants. The protein abbreviations in the plot match the protein names in Table 4.

Apolipoprotein D, Complement factor H, Albumin, Im-
munoglobulin lambda-1 light chain, Alpha-2-HS-glyco-
protein, Immunoglobulin lambda constant 2,
Complement factor B, Hemopexin, Inter-alpha-trypsin
inhibitor heavy chain H1, Fibrinogen alpha chain, Clus-
terin and Haptoglobin. The model including 14 proteins
was reduced in dimensionality to one principal compo-
nent and 1 orthogonal component (R? =.71, Q* =.52,
CV-ANOVA: P=.001).

Serum Protein Abundance Levels and
Depression, Anxiety and Stress During an
Acute Episode of Low Back Pain

For male participants baseline DASS scores were not
associated with serum protein abundance levels after
exclusion of 2 missing data points and 2 critical outliers

8 Complement activation
a Negative regulation of blood coagulation
e Protein metabolic process

&) Transport
W

8 Immune response
8 Inflammatory response

g Positive regulation of biological process

(1 principal component and 1 orthogonal component,
R® =.69, Q® =-.39, CV-ANOVA: P=1.00). In females, 2
missing data points and 1 critical outlier were excluded
and the OPLS model again demonstrated no association
between baseline serum protein abundance levels and
depression, anxiety or stress (1 principal component and
1 orthogonal component; R?> =.80, Q% =-.14, CV-
ANOVA: P=1.00).

Serum Protein Abundance Levels and
Pressure Pain Threshold During an Acute
Episode of Low Back Pain

Using an OPLS model the cross-sectional association
between serum protein abundance levels and PPTs
during an acute episode of LBP was explored. In males,
thirteen proteins were associated with baseline PPTs at

\
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Figure 5. Pathways analysis of group differences between males considered recovered or non-recovered at three months. The
functional protein network was derived from significant serum proteins. Inmunoglobulin lambda constant 2 was not identified by
the search engine. STRING version 11 was used to create the network analysis (https:/string-db.org/). Abbreviations used for each
protein are listed in Table 3. In the network, each protein is represented by a node (circles), coloured according to its biological
processes (legend to the left of figure). The protein-protein interaction is represented by an edge visualised as a coloured line.
Known interactions were from curated databases (turquoise) or experimentally determined (pink). Predicted interactions (coloured
line) were identified from gene neighbourhoods (green), gene fusion (red), and gene co-occurrence (dark blue), and other in-
teractions were identified using text mining (yellow), co-expression (black), and protein homology (purple).


https://string-db.org/

10 The Journal of Pain
6 Complement activation

e Blood coagulation

8 Protein metabolic process
A

Transport

N
8 Immune response

Inflammato onse
’ ‘ ry respon

Sex Differences in the Serum Proteomic Profile

APOD

Figure 6. Pathways analysis of group differences between females considered recovered or non-recovered at three months. The
functional protein network was derived from significant serum proteins. Ig alpha-1 chain C region, Immunoglobulin lambda
constant 2, and Ig mu chain C region were not identified by the search engine. STRING version 11 was used to create the network
analysis (https:/string-db.org/). Abbreviations are listed in Table 4. In the network, each protein is represented by a node (circles),
coloured according to its biological processes (legend to the left of figure). The protein-protein interaction is represented by an
edge visualised as a coloured line. Known interactions were from curated databases (turquoise) or experimentally determined
(pink). Predicted interactions (coloured line) were identified from gene neighbourhoods (green), gene fusion (red), and gene co-
occurrence (dark blue), and other interactions were identified using text mining (yellow), co-expression (black), and protein

homology (purple).

the site of LBP (Table 5). The multivariable model was
reduced in dimensionality to 1 principal and 1 ortho-
gonal component (R?> =.55, Q? =.33, CV-ANOVA:
P=.04). The score plot (Fig 7) and loading plot (Fig 8)
suggest that four proteins: Serum amyloid A-4 protein,
Vitronectin, Serum albumin and Prothrombin, were as-
sociated with lower PPTs. The thirteen significant pro-
teins were entered into the STRING database. The
enriched network consisted of 13 nodes and 42 edges.
The average local clustering coefficient was .71 and the
protein-protein interaction enrichment score was sta-
tistically significant (P < 1.0E-16) (Fig 9). Amongst female
participants there was no evidence to suggest serum
protein abundance levels were associated with PPTs
during an acute LBP episode (1 principal component
and 1 orthogonal component; R =.11, Q% =.01, CV-
ANOVA: P=.88).

Serum Protein Abundance Levels and
Descending Pain Modulation During an
Acute Episode of Low Back Pain

Serum protein abundance levels were not associated
with the CPM response at baseline in males after ex-
clusion of 2 participants with missing CPM data at
baseline and the exclusion of 2 participants considered
critical outliers (1 principal component, R? =.50, Q2
=.19, CV-ANOVA: P=1.00). Similarly, baseline CPM re-
sponse was not associated with serum protein abun-
dance in females after the removal of one participant

with missing CPM baseline data and one participant
deemed a critical outlier in the OPLS model (1 principal
component, R? =.59, Q% =.13, CV-ANOVA: P=.17).

Sensitivity Analysis

A sensitivity analysis was conducted to further under-
stand sex differences in this data. First, the OPLS-DA
model fitted in male participants including 21 significant
proteins was tested on the female dataset. The significant
proteins identified in male participants classified LBP
outcome correctly in only 37% of females, which is less
than chance (1 principal component and 1 orthogonal
component; R? =.68, Q% =.62, CV-ANOVA: P<.001).

Next, an OPLS-DA model was developed for all re-
covered participants with sex entered as the dichot-
omous outcome of interest. In the recovered
participants, 25 proteins were considered significant
predictors of sex (Supplemental File 1: Table S4). The
OPLS-DA model including these significant proteins was
reduced in dimensionality to 1 principal component (R?
=.66, Q% =.60, CV-ANOVA: P= <.001). The model cor-
rectly classified sex in 87% of the recovered participants.
The same process was repeated in non-recovered par-
ticipants and 14 significant proteins were identified, 9
of which were also considered significant in the model
predicting the sex of recovered participants (Im-
munoglobulin J chain, Fibrinogen alpha chain, Kini-
nogen-1, Serum albumin, Clusterin, Vitronectin,
Complement factor H, Apolipoprotein A-l, Inter-alpha-
trypsin inhibitor heavy chain H1) (Supplemental File 1,
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Table 5. Serum Proteins Significantly Associated With Baseline Pressure Pain Thresholds at the Site

of Low Back Pain in Male Participants

PROTEIN NAME ACCESSION NUMBER VIP P (CORR) B

Cystatin-C (CST3) PO1034 1.79 .55 21
Serum amyloid A-4 protein (SAA4) P35542 1.68 -.63 -.26
Alpha-1B-glycoprotein (A1BG) P04217 1.67 .67 18
Complement component C9 (C9) P02748 1.51 .62 24
Kininogen-1 (KNG1) P01042 1.49 .30 15
Apolipoprotein A-l (APOAT1) P02647 1.40 .37 16
Fibrinogen alpha chain (FGA) P02671 1.17 .26 .03
Immunoglobulin J chain (IGJ) P0O1591 1.13 21 10
Gelsolin (GSN) P06396 1.1 41 -.05
Vitronectin (VTN) P04004 1.09 -14 -.06
Complement component C8 alpha chain (C8A) P07357 1.05 .28 22
Serum albumin (ALB) P02768 1.05 -15 .09
Prothrombin (F2) P00734 1.04 -.31 .09

NOTE. Accession numbers are derived from the protein database UniProt (www.uniprot.org). Variable influence on projections (VIP) indicates the importance of the
covariable. p(corr) is the loading of each variable scaled as a correlation coefficient. B is the regression coefficient. The pressure pain threshold (Y-variable) remained a

continuous variable for the OPLS analysis.
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Figure 7. Score plot constructed with one principal component and one orthogonal component separating males based on their
pressure pain threshold at the site of low back pain (R? =.55, Q? = .33, CV-ANOVA: P=.04). Each circle represents a participant and
the larger circles with warmer colours represent higher pressure pain thresholds at the site of low back pain.

Table S5). The OPLS-DA model including these sig-
nificant proteins correctly classified sex in 69% of non-
recovered participants (1 principal component; R? = .26,
Q? =.20, CV-ANOVA: P=.06).

Discussion

This preliminary study explored sex differences in the
serum proteomic profile of individuals experiencing an
acute episode of LBP. Our data provide evidence to
suggest sex-specific differences in the expression of
proteins, measured from human serum, contribute to
recovery or ongoing pain at three-month follow-up.

Amongst male participants with ongoing LBP at 3
months, the serum concentration of proteins involved in
immune processes such as Fibrinogen alpha chain and
Immunoglobulin J Chain were lower during acute LBP
than their recovered counterparts. The impact of im-
munity on pain has been considered since early ob-
servations that individuals with chronic pain exhibit

symptoms that parallel typical systemic illnesses such as
lethargy, depression and anxiety.”>’> A growing body
of evidence now highlights neuroimmune interaction as
a plausible mechanism driving the transition from acute
to chronic pain.”*

Our data also identified several proteins linked to
complement and coagulation systems (eg, Complement
factor H, Complement factor B, Coagulation factor XII)
expressed during acute LBP in both male and female
participants. The complement system represents an in-
tricate immune surveillance system that attempts to
discriminate between healthy tissue, cellular debris,
apoptotic and foreign intruders, before regulating re-
sponse to maintain homoeostasis.”> An imbalance be-
tween complement activation and regulation s
associated with various immune, inflammatory, neuro-
degenerative, and age-related disease.”® Interactions
between complement and coagulation systems play a
pivotal role in regulating inflammation.”’

Significant proteins identified in the multivariable
data analysis (ie, Kininogen, Fibrinogen alpha chain,
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Figure 8. Loading plot displaying the raw loading values for significant proteins associated with baseline pressure pain threshold
at the site of low back pain in males. Four of the proteins (SAA4, F2, VTN, ALB) were associated with greater sensitivity to pressure
(ie, lower pressure pain threshold). The protein abbreviations in the plot match the protein names in Table 5.

Complement factor H, Immunoglobulin lambda con-
stant 2, Clusterin, Inter-alpha-trypsin inhibitor heavy
chain H1, Haptoglobin, Complement Factor B) and the
derived functional protein networks (ie, immune, in-
flammatory, complement, coagulation, transport, and
metabolic) suggest female participants express proteins
involved in similar biological processes as males during
acute LBP. However, our data suggest that for nearly all
significant proteins identified in this study, proteins
downregulated during acute LBP in non-recovered
males were upregulated in non-recovered females. For
example, Fibrinogen alpha chain and Immunoglobulin
lambda constant 2 were upregulated during acute LBP
in females not recovered at three-month follow-up, as
were inflammatory proteins such as Haptoglobin and

() Regulation of complement activation
e Negative regulation of blood coagulation

Transport

\ 4
8 Immune response

u Defence response

Kininogen. A similar proteomic profile has been asso-
ciated with chronic widespread pain and fibromyalgia
in females.?>%%72 Specifically, high levels of haptoglobin
and fibrinogen have been proposed as plausible bio-
markers of fibromyalgia,’® and several proteins involved
in an acute phase response, the coagulation cascade,
and the complement system are upregulated in females
with fibromyalgia compared to pain-free controls.*”
Our sensitivity analysis suggests protein expression
differs in response to an acute LBP episode dependent
on sex. When proteins predicting three-month LBP
outcome in male participants were used to predict
outcome in females, cross-validated classification accu-
racy was only 37%, much less than chance. If there was
no difference between sex in protein expression during

Figure 9. Pathways analysis of group proteins significantly associated with baseline pressure pain thresholds at the site of low
back pain in male participants The functional protein network was derived from significant serum proteins. STRING version 11 was
used to create the network analysis (https:/string-db.org/). Abbreviations are listed in Table 5. In the network, each protein is
represented by a node (circles), coloured according to its biological processes (legend to the left of figure). The protein-protein
interaction is represented by an edge visualised as a coloured line. Known interactions were from curated databases (turquoise) or
experimentally determined (pink). Predicted interactions (coloured line) were identified from gene neighbourhoods (green), gene
fusion (red) and gene co-occurrence (dark blue), and other interactions were identified using text mining (yellow), co-expression

(black), and protein homology (purple).
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acute LBP, classification accuracy should have been si-
milar when predicting outcome in the opposite sex with
the same significant proteins. We also explored the
magnitude of sex differences in the study data by at-
tempting to predict sex in a multivariable model based
on serum protein abundance levels. Significant proteins
classified sex correctly in 87% of the recovered partici-
pants. Conversely, sex was correctly classified in 69% of
the non-recovered participants. Taken together, this
sensitivity analysis provides further evidence to suggest
sex differences in protein expression occur during acute
LBP. Further, these sex differences within our data ap-
pear to be more prominent in participants who re-
covered from their acute LBP episode.

Immune system-related sex differences may explain
these observations. For example, Sorge and colleagues
determined that after spinal nerve injury in mice of
both sexes, the application of glial inhibitors reversed
allodynia in male, but not in female mice.”” The authors
speculate that female mice preferentially adopt an
adaptive immune cell response to spinal nerve injury,
whilst male mice are less able to mediate hypersensi-
tivity through T-Cell infiltration.”® Sex-dependent dif-
ferences in proteins extracted from the sciatic nerve of
male and female mice following a chronic constriction
injury have also been identified. In the injured mice, 44
proteins were differentially expressed between sex.®’
Furthermore, females typically demonstrate a more ro-
bust adaptive immune system then males,®' females
have greater cellular and humoral immune response to
vaccination or infection,® and females have higher
amounts of CD4+ and CD8+ T-cells then males.*’

Based on our data, we speculate, that males who re-
covered from an acute LBP episode could more effec-
tively upregulate an immune driven inflammatory
response during LBP. This hypothesis is also supported
by the work of Vacca and colleagues,® identifying
higher accumulations in males than in females of sev-
eral proteins associated with inflammation. In our study
sample, this inflammatory response appears to be
tightly controlled through regulation and interaction of
the complement and coagulation systems, aiming to
achieve homoeostasis and subsequent recovery from
injury to cell membranes and intracellular structures,
possibly in the context of LBP a result of overload,
overstretch, compression or anoxia. Conversely, due to
sex-specific immune differences, females may have a
predisposition towards a heightened immune response
to injury and therefore to achieve the level of homo-
eostasis needed for recovery, females must down-reg-
ulate their immune response. Females who are unable
to achieve the level of molecular plasticity necessary to
dampen this response are more likely to experience
ongoing LBP at three-month follow-up. These findings
may highlight the potential need for distinct strategies
targeting immune system processes to prevent the
transition from acute to chronic LBP in males versus
females.”*”?

Our study found no evidence to support a relation-
ship between serum protein abundance levels and
baseline depression, anxiety, and stress during acute
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LBP. Similarly, there was no evidence to suggest serum
protein abundance levels were associated with an im-
paired CPM response. This lack of evidence for an as-
sociation between serum protein abundance,
psychological status and descending pain modulation
could be explained by the relatively low levels of psy-
chological distress in this cohort, and no obvious im-
pairment in descending pain modulation. Amongst
males, 13 proteins were associated with baseline PPTs,
however, no significant association between serum
protein abundance levels and baseline PPTs was iden-
tified for females. The observed association between
the serum proteomic profile and PPT in males, but not
females, may again provide further evidence of sex
differences in pain phenotype, warranting further,
longitudinal investigation in larger cohorts.

Enhanced nervous system sensitivity*®%*%° and psy-
chological distress®”®® occur more frequently once LBP
has already persisted. Interestingly, some psychosocial
factors are thought to disrupt the balance of the immune
system®°® and are associated with increased systemic
inflammation.?>°"~* This relationship between psycho-
logical factors and biological mediators/moderators of
systemic inflammation is considered reciprocal.”®> The
data presented here suggests that plasticity occurring in
the human serum proteome during acute LBP is not
clearly associated with psychological status, descending
pain modulation or pain sensitivity to pressure. However,
it remains possible that differential protein expression
during acute pain triggers a cycle of altered immune
system responsiveness in some people, driving alterations
in systemic inflammation, ongoing pain and associated
psychological distress.”>°® Emerging evidence has sug-
gested that after a primary immune challenge, microglia
may undergo epigenetic modifications and upregulated
transcriptional activity, resulting in an enhanced re-
sponse to future immune challenges, termed immune
priming.®’~'%

This study has several limitations. First, as we were
unable to analyse three-month serum samples in this
study, we cannot determine whether alterations in
serum protein during an acute LBP episode were sus-
tained at the three-month follow-up. Second, the time-
of-day blood was collected was not standardised.
Evidence suggests proteins involved in inflammatory
processes may have diurnal variation and this is an im-
portant consideration for future work.'®" Third, despite
the intentional selection of a sub-sample of participants
with minimal comorbidity/medication usage some po-
tential confounding still exists (eg, the use of ibuprofen
or inhaled bronchodilator/corticosteroid). Whilst medi-
cation usage and comorbid health conditions could
have impacted some participant’s proteomic profile,
complete exclusion of these participants would affect
the generalisability of results. Fourth, the mass spec-
trometry methodology applied in this study is in-
herently limited in its depth of coverage and is not
optimised to detect low-abundance proteins. For ex-
ample, Afamin was significantly upregulated in non-
recovered males. Whilst this could reflect a state of
systemic inflammation and metabolic dysfunction
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relevant to recovery from LBP,'%* the serum concentra-
tion of this protein amongst males could also be a
consequence of its high abundance.'”® Finally, care
should be taken interpreting these results due to the
study sample size. We attempted to minimise the effect
of this limitation using multivariable data analysis re-
ported in line with known recommendations.®® How-
ever, the risk of overfitting statistical models with large
‘omics’ datasets remains.’’” Considering the generally
accepted rule that a difference of .2 to .3 between R?
and Q? indicates model overfitting, the statistical
models fitted in this study, particularly those modelled
with female participants should be considered pre-
liminary in nature until these findings are replicated in
larger samples.

Conclusions

This study explored sex differences in the serum pro-
teomic profile of individuals experiencing an acute
episode of LBP and identified several proteins related to
immune, inflammatory, complement, coagulation,
transport and metabolic processes associated with
three-month LBP outcome. Differential expression of
serum proteins was observed between male and female
participants during an acute LBP episode. This pre-
liminary work provides a foundation for future research
in larger and independent cohorts targeting distinct
immune system processes in males and females that may
interfere with the transition from acute to chronic LBP.
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