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Objectives: Fibromyalgia syndrome (FMS) is a chronic and often debilitating condition that is
characterized by persistent fatigue, pain, bowel abnormalities, and sleep disturbances. Currently,
there are no definitive prognostic or diagnostic biomarkers for FMS. This study attempted to
utilize a novel predictive algorithm to identify a group of genes whose differential expression
discriminated individuals with FMS diagnosis from healthy controls.

Methods: Secondary analysis of gene expression data from 28 women with FMS and 19 age-
and race-matched healthy women. Expression of discriminatory genes were identified using
fold-change differential and Fisher’s ratio (FR). Discriminatory accuracy of the differential
expression of these genes was determined using leave-one-out-cross-validation. Functional
networks of the discriminating genes were described from the Ingenuity’s Knowledge Base.
Results: The small-scale signature contained 57 genes whose expressions were highly dis-
criminatory of the FMS diagnosis. The combination of these high discriminatory genes with FR
higher than 1.45 provided a leave-one-out-cross-validation accuracy for the FMS diagnosis of
85.11%. The discriminatory genes were associated with 3 canonical pathways: hepatic stellate
cell activation, oxidative phosphorylation, and airway pathology related to COPD.
Conclusion: The discriminating genes, especially the 2 with the highest accuracy, are associ-
ated with mitochondrial function or oxidative phosphorylation and glutamate signaling. Further
validation of the clinical utility of this finding is warranted.
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Introduction

Fibromyalgia syndrome (FMS) is a chronic and often debilitating condition that is
characterized by persistent fatigue and widespread pain.' Females are more at risk than
men in developing FMS.? Diagnosis relies on patients’ report of symptoms and the
criteria that define the condition have been repeatedly changed over the years.* Cur-
rently, there is no consensus on any definitive prognostic or diagnostic biomarker for
FMS. It is generally accepted that the etiology of the condition involves a combination
of genetic and environmental factors.

The subjective nature of the diagnostic criteria for FMS often makes an accurate
and timely diagnosis of the condition a difficult task to achieve. In the absence of any
measurable physiological change, clinicians must base their diagnosis on their patient’s
self-reported symptoms, which often leads to misdiagnosis. There have been numer-
ous studies that have attempted to locate a biological marker that can predict the risk
of development or receipt of a definitive diagnosis of FMS.*” Presently, there is still
no accepted marker that can reliably replace or complement patient symptom reports.
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A previously published novel analytical algorithm identified
functional groups of genes based on their differential expression
prior to radiation therapy that identified individuals at risk of
developing fatigue during radiation therapy.® These groups of
genes were then ranked according to their expression levels
and predictive power to identify patients at risk for developing
clinically significant fatigue related to radiation therapy for
cancer. This analytical algorithm not only allows us to identify
individuals at risk for specific conditions, but it may give insight
into functional pathways that underpin these conditions.

The systemic nature of the FMS suggests that a single gene
is most likely not the sole determining factor for this condi-
tion; it is more likely that there is a synergistically working
group of genes contributing to the symptoms of FMS. This
study utilized the aforementioned predictive analytical algo-
rithm to identify a group of genes, based on their differential
expression, that can discriminate individuals with the FMS
diagnosis using 1990 or 2010 criteria from healthy controls.
The study identified the functional pathways of the genes that
have high discriminatory ability that may have arole in FMS.

Materials and methods
Study design, ethical standards, and
clinical population
This is a reanalysis of previously published differentially
expressed genes observed in women with FMS.® That cohort
was part of an institutional review board (IRB)-approved
Medstar Health Research Institute protocol and included
women who met the following criteria: 1) aged 18 years or
older and 2) having an FMS diagnosis (either the 1990 or the
2010 American College of Rheumatology criteria) after a
physical assessment by a rheumatologist. All participants were
referred to the study for evaluation of FMS from community
physicians, and their primary complaints were pain. These
participants were also assessed for FMS-associated symptoms
such as anxiety, irritable bladder, irritable bowel, pelvic pain,
vulvodynia, headache, chest pain, and paresthesia. Many of
the participants also met Fukuda criteria for ME/CFS.
Healthy women who were used as age- and race-
matched controls for FMS participants were enrolled from a
National Institutes of Health (NIH), IRB-approved protocol
(NCT00888563). These healthy volunteers were excluded
if they carried any pathologic clinical diagnosis, had pain
and fatigue, had worked late evening and/or night shifts
within the past month, had a severe psychiatric condition,
were pregnant or lactating, reported consuming >300 mg of
caffeine-containing beverages or >1 1b of chocolate a day,
reported consuming >2 servings of alcohol-containing bev-
erages every day, or had a detectable blood-alcohol content.

Written informed consents were obtained from all par-
ticipants before administering study measures. All study
measures were completed in 1 outpatient clinic visit.

Measures

Polysymptomatic distress syndrome in FMS was measured
by the Widespread Pain Index (WPI) and Symptoms Severity
Scale (SSS).” WPI measures the number of bodily areas (total
=19) where participants experienced pain over the past week.
SSS is a 4-item, 0-3 rating scale (total =12) used to measure
severity of unrefreshed waking, cognitive problems, fatigue,
and other somatic symptoms (eg, irritable bowel syndrome,
numbness/tingling, dizziness, constipation, nausea). Higher
scores for both instruments indicate widespread painful
bodily locations and more severe symptoms, respectively.’
The WPI and SSS have been validated in previous studies
and are currently used as part of the 2010 FMS diagnostic
criteria.!

The number of tender points reported (conducted by
applying <4 kg on 18 bodily areas) and participant’s pain
threshold (average kilogram tolerated on the 18 bodily areas)
were measured using a portable dolorimeter, a reliable tool to
measure tenderness in FMS.!! These measures are consistent
with the 1990 FMS diagnostic criteria.'?

Pain intensity (4 items) and pain interference (7 items)
were measured using the Brief Pain Inventory-Short Form
(BPI-SF), which has a numeric rating scale of 0 or no pain/
interference to 10 or pain as bad as you can imagine/com-
plete interference." The internal consistency of the BPI-SF
as measured by Cronbach’s o for pain intensity is 0.88 and
0.87 for pain interference.'

Discriminatory algorithm development

and pathway analysis

A previously published predictive algorithm identi-
fied genes that discriminated fatigue from nonfatigue
subjects, based on the differential expression of raw
microarray transcripts from whole-blood RNAs collected
from subjects before and during radiation therapy for
nonmetastatic prostate cancer.® Using the same predictive
algorithm, this study used fold-change differential (FC)
and Fisher’s ratio (FR) of raw microarray gene expression
data from PBMC RNAs of FMS subjects and age- and
gender-matched healthy controls to generate a reduced
base of most discriminatory genes (learning phase).
With 1% tail of FC (over- and underexpressed genes), we
selected a final set of 897 highly discriminatory probes
with FC in the intervals of —3.88, —0.29 and 0.35, 5.52,
and a FR >0.9.
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The genomic probes were then ranked by decreasing dis-
criminatory power as measured by their FR. With 2 bioinfor-
maticians (EDAG, JLFM), who were blinded to the diagnosis
(FMS vs healthy control) of the sample, the discriminatory
accuracy of the genes was established via leave-one-out-
cross-validation (LOOCYV) to estimate how accurately the
model (classifier) correctly identified individuals with FMS
from healthy controls. LOOCYV is a well-established method
in which a single sample from the original dataset serves as
the validation data (sample test) and the remaining samples
as training data. The class assignment is based on a nearest-
neighbor classifier (k-NN) in the reduced set of genetic probes,
that is, the class with the minimum distance in the reduced base
to the sample test is assigned to the sample test. The average
LOOCYV discriminatory accuracy is calculated by iterating over
all the samples. This algorithm serves to find the small-scale
signature with the highest discriminatory accuracy. To analyze
the stability of the minimum-scale signatures, a set of 10,000
random 75/25 hold-out simulations were performed. This
methodology serves to analyze the stability of the accuracy
of this small-scale signature at diagnosis. Ingenuity Pathway
analysis (Ingenuity® Systems, www.ingenuity.com, Redwood
City, CA, USA) identified the functional networks of the dis-
criminatory genes. Hold-out sampling based in bootstrapping
was applied to identify the functional pathways related to the
differentially expressed genes.

Results
Demographic and clinical characteristics

of sample
The original study® enrolled 28 women with FMS (42.9£6.9
years old) and 19 age-matched healthy controls (39.9+7.4

Table | Demographic characteristics of sample

years old). The mean body mass index (BMI) of women
with FMS (25.2+5.0) was slightly lower than the mean BMI
of the healthy volunteers (26.816.1). Women with FMS
reported higher pain intensity (4.4+1.9) and pain interference
(4.742.8) than healthy controls (pain intensity =1.1£1.3; pain
interference =0.010). Based on American College of Rheu-
matology diagnostic criteria, the women with FMS reported
widespread tenderness with an average tender-point score of
14.623.5 of 18 bodily sites. They also reported moderate-to-
high fatigue (2.2+0.9 of 3), unrefreshed waking (2.21+0.8 of
3), and a moderate number of somatic symptoms (2.0+0.7 of
3) (Table 1). The medications used by the study participants
are also described in Table 2.

The shortest list with the highest discriminatory accu-
racy was composed of 57 genes (minimum-size signature).
Table 3 shows a list of these discriminatory genes ranked
in decreasing FR, their associated FR and mean LOOCV
accuracy. MRPL4 and SLC38A4 were the 2 genes whose dif-
ferential expressions gave the highest accuracy in discrimi-
nating FMS subjects from healthy controls at 85.11%. The
probe index that guided the selection of these 57 discrimi-
natory genes is described in Figure 1. The stability analysis
of the small-scale signature is shown in Figure 2. It can be
concluded that the minimum-scale signature is quite stable
since the median discriminatory accuracy is very close to
the LOOCYV accuracy.

Associated functional pathways

The top 3 canonical pathways that are associated with the
discriminating genes are related to hepatic fibrosis/hepatic
stellate cell activation, oxidative phosphorylation, and airway
pathology in COPD (Figure 3). The Akt pathway, also known

FM (N=28) HV (N=19)
Range Mean (SD) Range Mean (SD)
Age 28-55 42.96 (6.97) 28-51 39.95 (7.35)
Polysymptomatic distress score®
WPI? 3-17 11.25 (3.97)
SSSs? 4-12 8.05 (2.26)
Fatigue 0-3 2.15 (0.93)
Unrefreshed waking 0-3 2.20 (0.83)
Cognitive difficulty 0-3 1.70 (1.03)
Somatic symptoms 1-3 2.00 (0.65)
Pain threshold® 0.47-4.78 281 (1.22)
Pain tolerance® 8-18 14.56 (3.49)
Pain severity® 0.50-7.75 4.39 (1.94) 0-2.50 1.13 (1.26)
Pain interference* 0-9.14 4.71 (2.81) 0 0

Notes: *Measured by the polysymptomatic distress survey — the 2010 fibromyalgia diagnostic instrument. ®Measured by the dolorimeter. “Measured by the BPI.
Abbreviations: BPI, Brief Pain Inventory; FM, fibromyalgia; HV, healthy volunteer; SSS, Symptom Severity Scale; WPI, Widespread Pain Index.
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Table 2 Medication used by study participants

Medication for Antidepressant/ Muscle Sleep aids/ Other Vitamins/
pain antianxiety relaxant medication for medications supplement and
allergy hormones
OTC: Amitriptyline Bupropion Cyclobenzaprine Zolpidem Levothyroxine/ Vitamin (I a day)
Acetaminophen Trazadone Pamelor Flexeril Zytec Synthroid Multivitamin
Tylenol Trazadone Lunesta Advair Vit BI2
Aspirin Trazadone Ambien Signulair Vit D3,
Advil Zoloft Xopenex Vit C
Motrin Valium Florinef Magnesium complex
Ibuprofen Fluticasone Diovan Calcium supplement
Prescription: Chlorpheniramine Atenolol Progesterone
Lyrica maleate Crestol Magnesium
Oxycotin cr, Patanase Diflucan Laxative
imitrex Propranolol L-theanine
Savella
Imitrex
Neurontin
Tramadol
Cymbalta Relafen
Vidodin vicoprofen
Abbreviations: cr, controlled release; OTC, over-the-counter.
as protein kinase B pathway, was the main pathway in the 25
first network that connected the discriminatory genes (Figure -% 2
4A). The NF-kB signaling pathway was the main pathway 15
L . [9)
that connected all the discriminatory genes in the second 5 1
network (Figure 4B). The third network was dominated by - 05
proinflammatory cytokines such as interferon ¢, interferon 0 500 1,000 1,500
B, and IL-12 (Figure 4C). Probe index
86
. . <
Discussion < 84
This is the first study that attempted to utilize a predictive 8 82
=
algorithm using FC, FR, and LOOCYV to identify a list of § 80
genes that can discriminate individuals with FMS diagnosis 78
from healthy controls. The study used a novel algorithm 0 500 .1'000 1,500
Probe index

to advance our initial search for a potential prognostic or
diagnostic biomarker for FMS, with the goals to advance our
understanding of the biologic underpinnings of FMS and to
strategically plan for future investigations.

The study participants with FMS had similar pain and
fatigue scores as previously reported in studies involving
FMS women.'>'* However, the FMS cohort enrolled in this
study had lower BMI compared to the healthy controls, which
conflicts with a previous report.!” This observation suggests
that the FMS participants in this study may represent a dif-
ferent subpopulation of FMS patients or may be related to
the geographic catchment of the patients. Metro Washington
DC, where the study participants came from, tends to have a
lower BMI than other regions of the United States.'® Future

Figure | Fisher’s ratio curve and accuracy of the list of discriminatory genes.
Notes: The minimum-size list of genes with the highest LOOCV discriminatory
accuracy (85.1%) contains the first 57 genes shown in Table 3.

Abbreviation: LOOCV, leave-one-out-cross-validation.

studies should explore the influence of BMI in identifying
predictive markers for FMS.

The downregulation of MRPL4 and SLC38A4 highly
discriminated individuals with FMS from healthy controls
using this novel predictive algorithm. MRPL4 or the mito-
chondrial ribosomal protein L4 gene encodes mitochondrial
ribosomal proteins that help in protein synthesis within the
mitochondrion.!® A prior report showed reduced mitochon-
drial chain activities and bioenergetic levels with increased
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Table 3 List of discriminatory genes

Gene name Mean CI (ul) Std CI (o) Mean C2 (u2) Std C2 (o) FC FR Accuracy
MMP2 1,053 505 2,028 825 -0.95 222 80.85
PELI 1,387 637 2,743 944 -0.98 2.16 78.72
238786_a 1,648 701 2,945 1,129 -0.84 1.96 78.72
SALL 402 147 614 195 0.6l 1.92 82.98
241588_a 253 75 359 98 -0.50 1.90 78.72
243059_a 215 63 327 87 -0.60 1.84 80.85
PFDN 393 143 648 218 -0.72 1.82 80.85
222376_a 334 I3 584 221 0.8l 1.81 80.85
P2RX 435 5 693 241 -0.67 1.81 78.72
PRO221 293 75 439 107 —-0.58 1.75 80.85
230227_a 558 139 917 300 -0.72 1.74 80.85
241555_a 129 39 186 41 —0.52 1.72 80.85
RAR 477 186 781 272 —0.71 1.72 80.85
KCNMB 283 59 382 69 —0.43 1.71 80.85
MCA 286 105 457 145 —0.68 1.71 80.85
GUCYIB 981 379 1,607 602 -0.71 1.69 82.98
ScL 147 39 214 54 —-0.54 1.69 80.85
1560596_a 106 24 143 22 —0.42 1.68 82.98
1565581 _a 1,364 646 2,524 1,080 -0.89 1.67 82.98
239832 _a 167 49 276 103 -0.72 1.66 82.98
DNAJCI 7517 3,521 12,780 4,880 -0.77 1.66 82.98
PARV 192 55 288 70 —-0.58 1.65 80.85
CACNA| 426 162 685 214 —0.69 1.65 80.85
PEX5 234 64 422 192 —0.85 1.63 82.98
208344 _x_a 3,424 1,692 5,993 2,067 0.8l 1.6l 82.98
GGA 558 211 981 385 0.8l 1.60 82.98
NOPI 4,845 2,048 8,019 2,681 —0.73 1.59 82.98
DLX 120 42 189 49 —0.65 1.58 82.98
1566452 _a 281 118 514 214 -0.87 1.58 82.98
217107_a 162 41 230 66 —0.51 1.57 82.98
Clorf8 708 337 1,133 359 -0.68 1.56 82.98
1556958_a 185 54 261 60 -0.50 1.56 80.85
SLCé6AI 444 107 661 222 -0.57 1.56 80.85
229131_a 181 52 274 96 -0.60 1.55 80.85
216772_a 155 57 288 136 -0.90 1.55 80.85
FKBP 140 36 201 45 -0.52 1.55 80.85
240113_a 155 47 222 56 -0.52 1.55 80.85
GREBI 179 46 257 65 -0.52 1.54 80.85
NRP 210 79 296 90 -0.50 1.53 80.85
SIGLECP 300 121 523 217 -0.80 1.53 80.85
GJD 192 49 287 85 -0.58 1.53 82.98
ITGB 141 37 196 40 —0.47 1.53 82.98
LOCI0013035 132 39 181 39 —0.45 1.53 82.98
4% 207 73 300 88 —0.54 1.53 82.98
240723 _a 475 157 657 219 -0.47 1.52 80.85
RP4-662A9. 86 22 123 26 -0.52 1.51 82.98
BAT2L 196 78 319 107 -0.70 1.51 82.98
1560868_s_a 632 329 1,353 769 -1.10 1.50 82.98
RAR 172 48 251 71 —-0.55 1.50 82.98
216530_a 307 125 547 230 -0.83 1.50 82.98
243944 _a 946 461 1,751 861 —-0.89 1.50 82.98
LOC72847 216 68 333 108 —0.63 1.50 82.98
227448_a 73 14 110 36 —0.60 1.50 82.98
241514_a 924 471 1,736 696 -0.91 1.50 82.98
CTSL 358 100 532 181 -0.57 1.50 82.98
FAMS83 181 56 249 63 -0.46 1.49 82.98
(Continued)
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Table 3 (Continued)

Gene name Mean CI (ul) Std CI (o) Mean C2 (u2) Std C2 (o) FC FR Accuracy
C3orf7 567 227 1,070 513 -0.92 1.48 85.11
RPAI 70 20 105 28 -0.58 1.48 85.11
NRé6A 191 54 284 84 -0.57 1.48 85.11
oTX 157 41 209 46 -0.41 1.47 82.98
RNF4 176 49 235 59 -0.41 1.47 82.98
SMYD 150 44 220 60 -0.55 1.46 82.98
230605_a 107 25 145 39 -0.43 1.46 82.98
DPH 702 220 1,357 617 -0.95 1.46 82.98
LOC44079 845 334 1,420 500 -0.75 1.46 82.98
1556171 _a_a 257 58 368 85 -0.52 1.46 82.98
SLC38A 192 74 315 16 -0.72 1.45 85.11
MRPL4 756 233 1,105 314 -0.55 1.45 85.11

Notes: Minimum small-scale list of genes/probes providing the highest LOOCV discriminatory accuracy at 85.11%. Cl stands for women with FMS and C2 for healthy
controls. The mean (p 1, p2) and the SD (G|, 62) of the expressions of these genes in both groups (FMS and controls) are shown, as well as the LOOCYV accuracy (Acc [%])
of the genes when genes were added to the equation one at a time. Overexpression implies that the average expression of a particular gene from the FMS cohort is higher
than the expression of that gene in the healthy cohort (underexpression means the opposite direction of expression). It can be observed that all the genes in this minimum-
size signature are underexpressed.

Abbreviations: FC, fold-change differential; FMS, fibromyalgia syndrome; FR, Fisher’s ratio; LOOCYV, leave-one-out-cross-validation.

Empirical CDF

0.8
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[}

P(Accuracy<x)
o
~

0.2

0
50 60 70 80 90 100

x (Accuracy)

Figure 2 Stability analysis of the small-scale signature (57 most discriminatory genes).

Notes: This figure shows the CDF of the discriminatory accuracy obtained after 10,000 random 75/25 hold-out simulations. It can be observed that the median accuracy
(percentile 50) is around 83%, with the lower and upper quartiles being 75% and 92%. The minimum and maximum discriminatory accuracies achieved were 50% and 100%.
Therefore, it can be concluded that the minimum-scale signature is quite stable to the partial lack of data since the median discriminatory accuracy is very close to the LOOCV
accuracy. This numerical experiment serves to analyze the discriminatory power of this small-scale signature at diagnosis.

Abbreviations: CDF, cumulative distribution function; LOOCYV, leave-one-out-cross-validation.

levels of oxidative stress in the skin of FMS patients.!>?* A to the symptoms (eg, pain, fatigue, and depression) experi-

previous report observed similar differential expressions enced by individuals with FMS similar to what was found

of MRP and SLC genes in patients with chronic fatigue
conditions (chronic fatigue syndrome, cancer, and HIV
patients) compared to matched controls.?! Our finding
suggests that downregulation of MRPL4 may diminish
mitochondrial chain activities by reducing the synthesis of
ribosomal proteins within the mitochondria, contributing

in a previous review.?

SLC38A4 or sodium-coupled neutral amino acid trans-
porter encodes several proteins that are involved with uptake
of nutrients, production of energy, chemical metabolism,
detoxification, and neurotransmitter cycling.?? For example,
one of the proteins it encodes is SLC38A1, an important
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Positive z-score z-score=0 Negative z-score

Hepatic fibrosis/Hepatic stellate cell activation

Oxidative phosphorylation

Airway pathology in chronic obstructive pulmonary disease

Epithelial adherens junction signaling

Inhibition of matrix metalloproteases

nNOS signaling in skeletal muscle cells
Huntington's disease signaling

Mitochondrial dysfunction

Maturity onset diabetes of young (MODY) signaling

Agranulocyte adhesion and diapedesis

Bladder cancer signaling
Ascorbate recycling (cytosolic)

Tyrosine biosynthesis IV

0.00

No activity pattern available Ratio
—log (P-value)
0.00 025 050 075 1.00 125 150 175 200 225 250 275 3.00
005 0.10 0.15 020 025 030 035 040
Ratio

Figure 3 Canonical pathways of the discriminatory genes.

Notes: The 57 discriminatory genes are associated with the above canonical pathways. The pathways are ranked according to the P-value.

transporter of glutamine.”*?* Glutamine is a precursor of
an excitatory synaptic neurotransmitter, glutamate.** Gluta-
mate has been reported to play an important role in fatigue
and depression,?* prominent symptoms reported by FMS
patients. A recent review describes an association of increas-
ing cerebral glutamate levels with dysregulation of pain
processing in the central nervous system of FMS patients.*’
The downregulation of SLC384 may reduce the concentra-
tion of sodium-coupled neutral amino acid transporters
reducing the transport of glutamine in synapses contributing
to the fatigue, pain, and depressive symptoms reported by
individuals with FMS.

The Akt pathway was one of the major pathways that was
associated with the discriminatory genes. The Akt pathway
regulates several events such as apoptosis, protein synthesis,
cell proliferation, and energy metabolism that have been
associated with symptoms reported by FMS patients.?*!
The direct upstream kinase responsible for activating the
Akt pathway is the PDK.*? During the winter season, animal
hibernators have a markedly suppressed mitochondrial activ-

ity through the reduction of oxidative phosphorylation and
inhibition of PDK.*** During the active state in the summer,
there is increased expression of PDK in skeletal muscles and
white adipose tissues of animals,**¢ suggesting the role of
the Akt pathway through PDK in fuel utilization and meta-
bolic suppression. Our findings showed downregulation of
these discriminatory genes that are associated with the Akt
pathway suggesting attenuation of metabolic rate may have
arole in FMS.

The other 2 functional pathways, NFxB signaling path-
way and the proinflammatory cytokines, signal the potential
role of inflammation in FMS. A recent finding revealed the
evidence of systemic inflammation and neuroinflammation
in the plasma and cerebrospinal fluid of FMS patients.3” Our
findings revealed downregulation of the FMS discrimina-
tory genes that are associated with inflammation, such as
interferon o (Figure 4C). Our previous study showed that
interferon signaling and interferon regulatory activation fac-
tor pathways distinguished FMS patients with varying pain
levels.?® This finding suggests that the discriminatory genes

Journal of Pain Research 2018:11
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Figure 4 Functional networks of the discriminatory genes.

Notes: (A) Network dominated by AKt pathway4; (B) network dominated by NF-kB signaling; (C) network dominated by the proinflammatory cytokines.

identified in this study may further classify the different
subsets of FMS patients.

The aim of this paper was to conduct an exploratory
attempt to show that the previously published novel predic-
tive algorithm can potentially generate a list of genes that
can discriminate, based on their differential expression,
FMS patients from healthy individuals. We have forgone a

multiple-comparisons correction, because the differential
expression of many of the genes are influenced by each
other or by common upstream signaling pathways. Thus, we
would expect to see many rise and fall in tandem, and their
measurements should not be treated as independent variables.
In fact, this interdependence may be what leads to clustering
of the symptoms experienced by FMS patients.
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Follow-up studies are warranted to address several limi-
tations of the study. There is a very high likelihood that the
list of genes generated in this study maybe artifacts of over
training on a single cohort of a small number of patients.
For the findings to have clinical and diagnostic utilities, the
predictive genes must be validated in a larger, independent
cohort of patients with FMS. Further, future studies should
account the overlap of FMS and ME/CFS diagnoses in
the symptom presentation of study participants and for
the presence of other medical comorbidities. In addition,
the selected differentially expressed genes were obtained
from raw microarray data, basing on our previous finding
that using raw microarray data can better generate genetic
signatures that are associated with functional pathways that
are a priori known for specific medical conditions.* Future
studies should consider using preprocessing techniques,
such as Robust Microarray Average, to determine if similar
discriminatory genes can be identified.

Conclusion

Our results do not have any clinical implications as presented
and may not hold up to more extensive field testing; however,
this study will be used to inform future biomarker studies.
The study findings can initiate the investigation of functional
pathways that may play a role in FMS and the development
of a potential prognostic or diagnostic tool for FMS.

Significance and innovation

e This is the first study to employ a novel predictive math-
ematical algorithm to analyze gene expression data.

o Theresult revealed potential significant roles of Akt path-
way, NFxB signaling pathway, and the proinflammatory
cytokines in discriminating individuals with FMS from
healthy controls.
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