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Fibromyalgia syndrome (FM) is a chronic, painful disorder
commonly seen in women1. The pathogenesis of FM is not
known but consideration has been given to genetic predispo-
sition2, traumatic injury3,4, affective psychopathology5,6, viral
infections7, and immunological mechanisms8. It is character-
ized by the presence of widespread musculoskeletal pain, ten-
der points at characteristic sites, fatigue, and poor sleep.
Associated disorders are restless leg syndrome, irritable bowel

syndrome, irritable bladder syndrome, cognitive dysfunction,
cold intolerance, multiple sensitivities and dizziness recog-
nized as an important clinical problem associated with high
levels of functional disability, and emotional distress9.

Much research has been carried out in FM to better under-
stand the neurobiology of chronic pain in these patients.
Research suggests that dysregulated pain modulation may
play an important role in FM10. Other factors such as elevated
levels of substance P (SP) in cerebrospinal fluid, a mediator of
nociception11, altered serotonin metabolism in at least a sub-
group of patients with FM12,13, and lower melatonin secretion
during the sleep14,15, have been reported. There are some
hypotheses and pilot studies suggesting that cytokines may
play a role in FM16,17. Although cytokines are suspected to
play a role in FM, their presence and functions have not yet
been characterized18. 

Our group reported that decreased levels of collagen
crosslinking in serum and urine of FM patients may contribute
to remodeling of extracellular matrix and collagen deposition
around the nerve fibers19. Altered collagen metabolism and
highly ordered cuffs of collagen were observed around the ter-
minal nerve fibers in the skin of such patients for unknown
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ABSTRACT. Objective. To determine if abnormal collagen metabolism is correlated with neurogenic inflammation,
a potential activator of collagen metabolism, in patients with fibromyalgia (FM).
Methods. The presence of inflammatory cytokines, interleukin (IL)-1ß, IL-6, and tumor necrosis factor
(TNF)-α was investigated in skin tissues by using reverse transcription-polymerase chain reaction (RT-
PCR) and immunohistochemistry. Fifty-three skin biopsies from female patients with FM (30-65 years
of age) were examined and compared to skin biopsies of 10 age and sex matched healthy controls.
Biopsies were obtained from the left deltoid region. Rheumatoid arthritis synovial fibroblasts and tis-
sues were used as positive controls for the expression of cytokines. Total RNA isolated from the tissue
samples were reverse transcribed (RT) by random hexamers as the primer for RT followed by PCR
amplification using specific primers for IL-1ß, IL-6 or TNF-α. Expression of IL-1ß, and TNF-α protein
was investigated in the skin by immunohistochemistry using specific antibodies (avidin-biotin method). 
Results. Positive signals (RT-PCR) were detected in skin tissues of 19/50 (38%) FM patients for IL-1ß,
in 14/51 FM patients (27%) for IL-6, and in 17/53 patients (32%) for TNF-α. None of the cytokines
could be detected in healthy control skin. Immunoreactivity for IL-1ß and TNF-α was demonstrated in
certain skin tissues of our FM patients. 
Conclusion. The detection of cytokines in FM skin indicates the presence of inflammatory foci (neu-
rogenic inflammation) in the skin of certain patients (about 30% of FM patients), suggesting an inflam-
matory component in the induction of pain. This may explain the response to nonsteroidal antiinflam-
matory therapy in a subset of FM patients. (J Rheumatol 2003;30:146–50)
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reasons. Therefore, the question was raised whether abnormal
collagen metabolism is correlated with neurogenic inflamma-
tion, a potential activator of collagen metabolism, in FM
patients. 

The production and the spectrum of cytokines may reflect
underlying mechanisms of disease. Interleukin (IL)-1ß, tumor
necrosis factor (TNF)-α, and IL-6 are generally thought of as
prototypical proinflammatory cytokines20-22. The presence of
these inflammatory cytokines was investigated by using
reverse transcription-polymerase chain reaction (RT-PCR)
and immunohistochemistry (IHC).

MATERIALS AND METHODS 
Patient selection and biopsies. Skin biopsies were taken from 53 female
patients with FM (mean age 46.6 ± 2.5 years, range 34-61) and a mean time
period of 18.7 years (range 2–36) since FM symptom onset, and 10 age-
matched healthy women. The patients were diagnosed with FM according to
the American College of Rheumatology criteria23. The study had the approval
of the ethics committee, and subjects were informed orally and in writing
about the biopsy procedure and gave written informed consent. Skin tissues
were obtained by punch biopsy of the anesthetized left deltoid region.
Immediately after the procedure, a section of each tissue was snap-frozen in
liquid nitrogen and stored at –70˚C until RNA extraction. 

Detection of IL-1ß, TNF-α and IL-6 mRNA by RT-PCR. mRNA expression of
cytokines was detected by PCR amplification of complementary DNA
(cDNA). Total RNA was isolated (Trizol® LS reagent Gibco BRL, Basel,
Switzerland) from frozen skin tissue samples. First strand cDNA was synthe-
sized from 0.1–1 µg of total RNA in 20 µl RT reaction using random hexa-
nucleotide primers, 20 mM of each dNTP, 10× first strand buffer solution, M-
MulV reverse transcriptase (Boehringer Mannheim, Germany), and DEPC-
H20. PCR amplification of the cDNA from the skin tissue was performed with
Taq-DNA polymerase (Boehringer Mannheim) in the presence of primers
specific for IL-1ß, TNF-α or IL-6 (Table 1). PCR solution containing 10×
buffer, MgCl2 (25 mM), dNTP (20 mM), primer reverse (20 µM), primer for-
ward (20 µM), Taq-DNA polymerase (5 U/µl GIBCO BRL, Technologies
Ltd, Scotland). The samples were placed on a PCR thermal cycler amplified
at 95˚C for 5 min, annealing at required temperature for each primer for 30 s
and with an extension of 72˚C for 1 min, for 40 cycles. The PCR-amplified
samples were run on a 1.5% agarose gel. G3PDH was used as an internal con-
trol for loading differences. Negative controls included no template control
and RNA control to check for genomic contamination. Synovial tissue and

cultured fibroblasts from patients with rheumatoid arthritis (RA) were used as
a positive control for the expression of cytokines.

Immunohistochemical staining (IHC). Pieces of skin samples from each
patient were rapidly frozen in isopentane (Fluka, GmbH, Buchs,
Switzerland), cooled with liquid nitrogen and covered with OCT-embedding
solution (Tissue-Tek®, Sakura, The Netherlands). Six micrometer cryostat
sections were fixed in 4% paraformaldehyde (Fluka, Buchs, Switzerland) for
detection. IHC was performed by using the avidin-biotin method. Mouse
monoclonal IgG1 anti-human IL-1ß antibodies (MAB601, R&D Systems
Europe, Abingdon, UK), and rabbit polyclonal anti-human TNF-α antibodies
(MAB210, R&D Systems Europe) were used as primary antibodies. Equal
concentrations of purified mouse and rabbit IgG were used as negative con-
trols. The slides were stained using chromogen (Super Sensitive ready to use
detection kit, No: QP000-5L, Biogenex, CA) or BCIP (5-bromo-4-chloro-3-
indolyl-phosphate, 50 µg/ml) substrates. To examine whether cytokines are
produced at the site of neurons, monoclonal antibodies against human PGP
9.5 (protein gene product, 31A3, UltraClone Limited, Wellow, Isle of Wight,
UK) antibodies, which can stain neuronal tissues in the central and peripher-
al nervous systems, were used. One synovial tissue sample from a patient
with RA was used as a positive control for the staining.

RESULTS
Production of IL-1β, IL-6, and TNF-α in skin of patients with
FM. To investigate whether proinflammatory cytokines are
produced in FM patients, IL-1β, IL-6, and TNF-α were stud-
ied for their expression in the skin of FM patients (Figure 1).
Positive signals (RT-PCR) were detected in 19/50 (38%) FM
patients for IL-1ß, in 14/51 (27%) FM patients for IL-6, and
in 17/53 (32%) patients for TNF-α (Figure 2). Figure 3 shows
the production of each cytokine and combinations of 2 and all
3 cytokines together. None of the cytokines could be detected
in control samples. 

Expression of IL-1ß, IL-6, and TNF-α in skin of patients with
FM, detected by IHC. To address whether the expression of
IL-1ß, IL-6 and TNF-α mRNA was associated with corre-
sponding protein, we performed IHC on FM tissues (Figure
4). Consistent with the mRNA data, immunoreactivity for IL-
1ß, IL-6 and TNF-α was seen on FM skin tissues in fibroblast-
like cells and certain mononuclear cells. However, the number
of positive cells and the intensity of staining were low. In
order to detect neurogenic inflammation at sites of cytokine
expression, slides were double labeled with the PGP 9.5 neu-
ronal marker, which showed the expression of cytokines at the
site of nerves. 

DISCUSSION
Cytokines have long been associated with peripheral inflam-
matory responses, but there is no clear evidence revealing
their presence in FM patients. Certain studies suggest that
cytokines may play a role in FM, but their origin and local-
ization has not yet been shown. In our previous work, altered
collagen metabolism and highly ordered cuffs of collagen
were observed around the terminal nerve fibers in the skin of
FM patients19. It has been suggested that FM has an immuno-
logic component that includes cutaneous deposition of
immunoreactants24,25. To know whether FM correlated with
neurogenic inflammation, we searched for the presence of the

Table 1. IL-1ß, TNF-α, and IL-6 primer sequences used for RT-PCR reac-
tion.

Primer Primer Sequence (5′–3′) Annealing PCR
Temperature, Product

˚C

IL1-ß 56 276 bp
forward AGATGATAAGCCCACTCTACAG
reverse ACATTCAGCACAGGACTCTC
TNF-α 50 271 bp
forward CCCGAGTGACAAGCCTGTAG
reverse GATGGCAGAGAGGAGGTTGAC
IL-6 55 168 bp
forward ACAGCCACTCACCTCTTCAG
reverse CCATCTTTTTCAGCCATCTTT
G3PDH 55–60 453 bp
forward ACCACAGTCCATGCCATCAC
reverse TCCACCACCCTGTTGCTGTA
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inflammatory cytokines such as IL-1ß, TNF-α, and IL-6 in the
skin of FM patients26. By using RT-PCR, we could detect all
3 cytokines in certain FM patients with the IL-1ß as most
prevalent cytokine, suggesting that they may play a role in
FM. In previous studies Wallace, et al suggested that
cytokines such as IL-8 as promotor of sympathetic pain and
IL-6 as inducer of hyperalgesia, fatigue, and depression may
play a role in modulating FM symptoms27. Maes, et al report-
ed that pain and stiffness in FM may be accompanied by a
suppression of some aspects of the inflammatory response
system and that depressive symptoms in FM are associated
with some signs of activation of the inflammatory response
system28. Another group reported altered IL-2 secretion in
patients with FM syndrome17. 

In this study, we showed the presence of the cytokines IL-
1ß, TNF-α, and IL-6 in the skin of certain FM patients within
fibroblast-like cells and mononuclear cells at sites of nerve tis-
sue. These results suggest an inflammatory component in the
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Figure 1. The mRNA expression of IL-1ß, TNF-α, and IL-6 in skin tissues of patients with FM detected by RT-PCR
analysis using specific primers. Quality and quantity of RT cDNA was controlled by the G3PDH housekeeping gene.
Lanes 1-9: individual patients, P: positive control (rheumatoid arthritis synovial tissue), N: negative control (no tem-
plate control).

Figure 2. Percentage of patients with FM showing positive expression of
cytokines IL-1ß, IL-6, and TNF-α. Means ± SD are given.

Figure 3. Percentage of expression of cytokines separately and in combination. A. Percentage of each expressed
cytokine; B. Combination of the expression of 2 cytokines or all 3 cytokines together.
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skin of certain FM patients. Neurogenic inflammation may
occur when substance P and other neuropeptides released
from sensory nerve fibers produce an inflammatory
response29. In this regard it has been reported that FM skin
biopsies had higher values of IgG deposits in the dermis and
vessel walls30. It is not yet clear whether these observations
are part of a certain pathway or simply epiphenomena. 

However, the detection of cytokines in FM skin biopsies
suggests the presence of inflammatory foci in the skin of some
FM patients (about 30%) and may explain the response to
nonsteroidal antiinflammatory therapy in this subset of
patients with FM.
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Figure 4. A. Skin sections of FM patients showing positive signals (red) of IL-1ß protein in the subcutaneous region in fibroblast-like cells (× 630), example
marked with arrow. B. Area showing positive signals in a skin section of a patient with FM indicating the expression of IL-1ß in a mononuclear cell, stained in
blue. C. Same section double labeled with the PGP 9.5 protein, a marker of nerve tissue, stained in brownish red color (arrow head) together with the blue IL-1ß
staining (arrow).
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