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Introduction

A growing amount of data supports the
role of inflammation in the pathophysiolo-
gy of atherosclerosis, the natural history of
coronary artery disease and ischemia-reper-
fusion injury. 

In acute coronary syndromes, high lev-
els of proinflammatory cytokines have been
demonstrated and may be associated with ad-
verse prognosis1,2. Similarly, in chronic sta-
ble angina increased levels of macrophage-
colony stimulating factor, interleukin (IL)-
1b, and IL-6 have been shown to correlate
with both the number of diseased vessels
and a lower threshold for ischemia3. 

Contrasting data are available on the ac-
tivation of inflammatory pathways in pe-
ripheral arterial disease4,5.

The cellular source of cytokines in coro-
nary artery and peripheral arterial disease has
not been clearly identified. Cytokines could
be produced by inflammatory cells present

in the plaque, activated endothelial and
smooth muscle cells, circulating blood cells,
and also by the tissue exposed to recurrent
ischemia6-9.

Accordingly, we have evaluated whether
hypoperfusion induces local activation of
proinflammatory pathways in the skeletal
muscle of patients with peripheral arterial
disease. To this aim we assessed gene ex-
pression of IL-1b and IL-6 in biopsies ob-
tained from hypoperfused skeletal muscle
and control normoperfused skeletal muscle
in the same patient.

IL-1b and IL-6 are two closely related cy-
tokines, both central to the process of in-
flammation, and share several mechanisms
of induction6,7. 

IL-1b is the prototypic multifunctional
cytokine, part of a complex family that al-
so comprises IL-1a, IL-1 receptors, a specific
receptor antagonist, IL-1Ra, and an IL-1b
converting enzyme. IL-1b has a promot-
er/enhancer region typical of inducible genes
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Background. A growing amount of data supports the role of inflammation in the pathophysiology
of atherosclerotic diseases but the cellular source of cytokines has not been clearly identified. Cytokines
could be produced by inflammatory cells, activated endothelial and smooth muscle cells, and by the
tissue exposed to recurrent ischemia. Accordingly, we evaluated whether hypoperfusion induces gene
expression of interleukin (IL)-1ββ and IL-6 in the skeletal muscle of patients with peripheral arterial
disease and critical limb ischemia.

Methods. Skeletal muscle biopsies were obtained, during a femoral-distal bypass, from normoperfused
(control) and hypoperfused skeletal muscles in 8 patients. Gene expression was assessed by semiquan-
titative reverse transcriptase-polymerase chain reaction, using glyceraldehyde-phosphate-deydrogenase
mRNA levels as a normalization factor.

Results. In the hypoperfused biopsies, the level of IL-1ββ gene expression was significantly higher
in all but 2 patients (mean upregulation > 8.8 fold, p = 0.043), and the level of IL-6 gene expression was
significantly higher in all but 1 patient (mean upregulation > 23.7 fold, p = 0.031). 

Conclusions. We report that IL-1ββ and IL-6 gene expression is markedly upregulated in hypoper-
fused skeletal muscle of patients with critical lower limb ischemia. To our knowledge this is the first
report of a local activation of the inflammatory cascade at the level of hypoperfused skeletal muscle.
This activation, which could worsen symptoms and tissue viability and be involved in the pathophys-
iology of reperfusion injury, might be considered as a therapeutic target. It remains to be investigat-
ed whether our results may also apply to coronary artery disease. 
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that contains cAMP response elements, activating pro-
tein-1 site, nuclear factor kB and nuclear factor IL-6
sites6. Its gene expression is induced by hypoxia and is-
chemia, as well as by several neuroactive and inflam-
matory substances, in a variety of cell types including pe-
ripheral blood mononuclear cells, macrophages, en-
dothelial and smooth muscle cells. The central role of IL-
1b in the inflammatory cascade is partly due to its abil-
ity to activate the nuclear translocation of nuclear fac-
tor kB and the mitogen-activated protein kinase (MAPK)
pathway10,11. Many of the effects elicited by IL-1b are
mediated by prostaglandins and nitric oxide10. The proin-
flammatory properties of IL-1b could be relevant to the
development of the atherosclerotic lesion, tissue damage
after ischemia, restenosis after coronary angioplasty,
and myocardial function.

IL-6 is also a multifunctional cytokine produced by
and affecting several cell types7. IL-6 synthesis is elicit-
ed by IL-1 and tumor necrosis factor in a range of target
cells, including endothelial cells12. Its expression is also
induced by hypoxia and ischemia and this is due to en-
hanced transcription driven by the nuclear factor IL-6 site
in the IL-6 promoter8. Tissue-specific mechanisms un-
derlying this activation have been demonstrated13.

IL-6 has proinflammatory and procoagulant properties
and is one of the major inducers of acute phase hepatic pro-
teins14, such as C-reactive protein and fibrinogen that are
elevated in unstable coronary syndromes. It may also play
a role in the progression of atherosclerotic lesions by in-
ducing the generation of oxidized LDL, by affecting platelet
function and by regulating the leukocyte recruitment.

Methods

Population. Patients with peripheral arterial disease
and critical limb ischemia (diagnosed according to the
criteria of the Second Consensus Conference on critical
limb ischemia)15, undergoing a surgical procedure of
femoral-distal bypass, were eligible for the study. Patients
with other diseases limiting their walking ability (i.e. or-
thopedic diseases), systemic infectious or immune dis-
eases, and malignancies were excluded from the study. 

Before the intervention all patients underwent a thor-
ough clinical evaluation and routine blood tests. An
echo-Doppler study and angiography were performed in
all patients. 

Eight patients were recruited, 5 men and 3 women,
with a mean age of 67.9 years (range 57-85 years). Seven
patients suffered from diabetes, 5 were hypercholesterolemic
(total cholesterol > 200 mg/dl), 5 had hypertension, 5 were
former smokers and 1 a current smoker. Seven patients had
ischemic lesions and 1 had pain at rest. All patients were
on acetylsalicylic acid and 3 patients on low molecular
weight heparin. All patients were also assuming other med-
ications, as required by their comorbid conditions. 

The study was approved by the Ethics Committee of
the Catholic University of the Sacred Heart of Rome
(Italy), and each patient gave informed consent.

Muscle biopsy RNA extraction and semiquantitative
reverse transcriptase-polymerase chain reaction (RT-
PCR). During the surgical procedure two fragments of
skeletal muscle were obtained from a proximal muscle of
the thigh, perfused by arteries without flow-limiting
stenoses (normoperfused biopsy), and from a leg muscle,
perfused by the critically stenosed superficial femoral
artery about to be bypassed (hypoperfused biopsy).

The biopsies were immediately frozen in liquid ni-
trogen and stored at -70°C.

Total RNA was isolated using TRIzol (Gibco, Gaithers-
burg, MD, USA) and cDNA was synthesized using ran-
dom hexamers and M-MuLV reverse transcriptase (Gib-
co, Gaithersburg, MD, USA). IL-1b, IL-6 and glycer-
aldehyde-phosphate-dehydrogenase (GAPDH) were am-
plified using AmpliTaq Gold DNA polymerase (Perkin-
Elmer Biosystem, Foster City, CA, USA) and gene spe-
cific primers (IL-1b 5’-CAC ATG GGA TAA CGA
GGC TT-3’ and 5’-TCT TTC AAC ACG CAG GAC
AG-3’; IL-6 5’-ATG AAC TCC TTC TCC ACA AG-3’
and 5’-GAA GAG CCC TCA GGC TGG AC-3’;
GAPDH 5’-CTG CAC CAC CAA CTG C-3’ and 5’-
CCA CCA CTG ACA CGT T-3’). Primer sets amplified
across intron/exon boundaries to allow the identification
of products amplified from contaminating genomic DNA
(IL-1b 254 vs 1490 bp; IL-6 630 vs 4276 bp; GAPDH
278 vs 487 bp). However, in no instance was genomic
DNA contamination detected. 

For each gene the PCR protocol was optimized in or-
der to maximize sensitivity while remaining in the lin-
ear phase of the amplification for the samples with the
highest levels of specific mRNA. In particular we per-
formed 35 cycles of amplification for IL-1b and IL-6 and
25 cycles for GAPDH. The PCR products were separated
on ethidium bromide stained agarose gel and band in-
tensities were measured by dedicated software (Phoret-
ics Int., Newcastle-upon-Tyne, UK). Data are expressed
in arbitrary units as the ratio of IL-1b/GAPDH and IL-
6/GAPDH band intensities for the same cDNA sample. 

Statistical analysis. For the statistical analysis a value
just below that of the faintest band measurable on the
same gel was assigned to PCR products below the lim-
it of detection.

The significance of differences in mRNA levels be-
tween the normoperfused and the hypoperfused skele-
tal biopsies was assessed by two-tailed Student’s t-test
for paired data. To correlate the levels of gene expres-
sion for IL-1b and IL-6 the Pearson product-moment cor-
relation coefficient was used. A probability value of p
< 0.05 was assumed to be significant.

Results

We examined the levels of gene expression for IL-1b
and IL-6 in skeletal muscle biopsies obtained, during
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femoral distal bypass, from a normoperfused skeletal
muscle and a hypoperfused skeletal muscle of the same
lower extremity using semiquantitative RT-PCR.
GAPDH mRNA levels were also determined for the
same preparations of cDNA and used to normalize for
any variation in cDNA quantity.

PCR products for IL-1b were detectable in 5 out of
8 normoperfused biopsies and in all hypoperfused biop-
sies. The level of gene expression was significantly
higher in the hypoperfused biopsy in all but 2 patients
with a mean upregulation > 8.8 fold (p = 0.043). Indi-
vidual data are shown in figure 1.

PCR products for IL-6 were detectable in only 3 out
of 8 normoperfused biopsies and in 7 out of 8 hypoper-
fused biopsies. The level of gene expression was sig-
nificantly higher in the hypoperfused biopsy in all but 1
patient with a mean upregulation > 23.7 fold (p = 0.031).
Individual data are shown in figure 2.

The levels of gene expression for IL-1b and IL-6 in
the hypoperfused biopsies correlated tightly (r = 0.965,
p < 0.001).

Discussion

In investigating possible sources of inflammatory
mediators in atherothrombosis, most of the attention
has been focused on the arteries where atherosclerotic
plaques are localized or on circulating inflammatory
cells. However, the possible contribution of the ischemic
tissue, and in particular its microcirculation, has not
been thoroughly evaluated. 

In this paper we report that IL-1b and IL-6 gene ex-
pression is markedly upregulated in hypoperfused skele-
tal muscle of patients with critical lower limb ischemia.
While other investigators have reported on circulating
markers of inflammation in patients with peripheral ar-
terial disease4,5, to our knowledge this is the first report
of a local activation of the inflammatory cascade at the
level of hypoperfused skeletal muscle. 

In our study the hypoperfused skeletal muscle in
one limb was compared with normoperfused skeletal
muscle in the same patient. For this reason, the non-ho-
mogeneity in risk factors, associated diseases, and drug
regimens among patients is of little significance for a
qualitative analysis of the differences in cytokines gene
expression between the normoperfused and the hypo-
perfused tissue. We found a several-fold upregulation of
both IL-6 and IL-1b in the biopsies from hypoperfused
muscles in the majority of patients. However, both the
levels of gene expression in the normoperfused (control)
biopsies and the extent of the upregulation were highly
heterogeneous. The reasons for this heterogeneity are not
apparent from our data, and may actually be linked to the
above-mentioned differences among patients as well as
to differences in the severity of hypoperfusion. Genet-
ic polymorphisms might also be involved. Recently it has
been shown that a polymorphism involving a gua-
nine/cytosine substitution at -174 in the 5’ flanking re-
gion of the IL-6 gene16 affects the IL-6 response to
stimuli.

We believe that our preliminary findings have several
relevant pathophysiological, clinical and therapeutic
implications. The molecular alterations induced by is-
chemia and reperfusion have extensively been investi-
gated in the heart17-20, while little data are available on
skeletal muscle. Several cytokines, including IL-1b and
IL-6, are induced during myocardial reperfusion and
different molecules are thought to variably affect the
processes related to ischemia and reperfusion. Prior
studies on how sustained ischemia per se affects cytokine
gene expression have been highly inconsistent17,20-22.
Our data indicate that inflammatory pathways are al-
ready activated in chronically hypoperfused skeletal
muscle. This activation, possibly due to chronic is-
chemia, repeated burst of ischemia and reperfusion or
altered levels of shear stress, could constitute a base for
further activation during therapeutic reperfusion, and
consequent reperfusion injury, and might be considered
as a therapeutic target. Whether blunting the chronic in-
flammatory activation can alter ischemia-reperfusion
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Figure 1. IL-1β gene expression, normalized for GAPDH levels, in nor-
moperfused biopsies (empty bars) and hypoperfused (solid bars) biop-
sies in individual patients numbered 1 to 8. The bars within the gray area
represent undetectable PCR products to which a value just below the lim-
it of detectability was assigned for statistical purposes. IL-1b/GAPDH
= ratio of IL-1β/GAPDH band intensities (arbitrary units).

Figure 2. IL-6 gene expression, normalized for GAPDH levels, in nor-
moperfused biopsies (empty bars) and hypoperfused (solid bars) biop-
sies in individual patients numbered 1 to 8. The bars within the gray area
represent undetectable PCR products to which a value just below the lim-
it of detectability was assigned for statistical purposes. IL-6/GAPDH =
ratio of IL-6/GAPDH band intensities (arbitrary units).



injury remains to be investigated. It is also likely that
different cytokines play contrasting roles in the patho-
physiology of ischemia-reperfusion injury (for instance
a cardioprotective role has recently been attributed to IL-
6)9 and that therapeutic intervention should be targeted
to specific molecules rather than to the whole inflam-
matory cascade. Even when reperfusion is not a clini-
cally available option, local inflammatory activation,
which might worsen symptoms and tissue viability,
could be considered as a therapeutic target. Finally in-
flammation might accelerate the progression of ather-
osclerotic lesions. 

It remains to be investigated whether our results, as
well as the possible pathophysiological and clinical im-
plications, may also apply to coronary artery disease. 
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