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ABSTRACT

Objective: There is disagreement regarding the local action of cytokines in the respiratory muscles of
patients with chronic obstructive pulmonary disease (COPD). The objective of this study was to analyze the
relationships between cytokine expression and genetic activation of the mechanisms of muscle repair.
Patients and Methods: Twenty-five patients with severe COPD and in stable condition were enrolled in the
study. We performed a biopsy of the external intercostal muscle of the patients and analyzed the specimen
for signs of muscle lesion (morphometry), infiltration of inflammatory cells (immunohistochemistry), and
expression of selected genes (real-time polymerase chain reaction technique) corresponding to the
cytokines (tumor necrosis factor a [TNF-a] and its type 1 and 2 receptors [TNFR1 and TNFR2], and
interleukin [IL] 1B, IL-6, and IL-10), a pan-leukocyte marker (CD18), and key molecules in the repair-
myogenesis pathways (Pax7, M-cadherin, and MyoD).
Results: Expression of TNFR2 is directly related to inspiratory muscle function (represented by maximum
sustainable inspiratory pressure; r=0.496; P<.05), whereas expression of CD18 is inversely related (r=0.462;
P<.05). Moreover, expression of the 2 TNF-«a receptors was directly related to that of the key molecules of
the repair pathways analyzed (TNFR1 to Pax7 [r=0.650; P<.001] and M-cadherin [r=0.678; P<.001]; TNFR2
to Pax7 [r=0.395; P<.05], M-cadherin [r=0.409; P<.05], and MyoD [r=0.418; P<.05]).
Conclusions: Expression of TNF-«a receptors bears a close relationship both to activation of the myogenesis
programs and to inspiratory muscle function. This reinforces our hypothesis that some local cytokines take
part in the repair of respiratory muscles in patients with COPD.

© 2008 SEPAR. Published by Elsevier Espafia, S.L. All rights reserved.

Citocinas inflamatorias y factores de reparacion en los miisculos intercostales
de pacientes con EPOC grave

RESUMEN

Introduccion: Las acciones locales de las citocinas en los mtsculos de los pacientes con enfermedad pulmo-
nar obstructiva crénica (EPOC) se hallan sometidas a debate. El objetivo del presente estudio ha sido anali-
zar las relaciones entre su expresion y la activacion genética de programas de reparacién muscular.
Pacientes y métodos: Se incluy6 en el estudio a 25 pacientes con EPOC grave en situacion estable. Se les
realizé una biopsia del musculo intercostal externo, donde se evaluaron los signos de lesiéon muscular
(morfometria), la infiltracién de células inflamatorias (inmunohistoquimica) y la expresién de genes selec-
cionados (técnica de reaccién en cadena de la polimerasa en tiempo real) correspondientes a las propias
citocinas —factor de necrosis tumoral alfa (TNF-a) y sus receptores 1y 2 (TNFR1 y TNFR2), e interleucinas-
1B, 6 y 10-, un marcador panleucocitario (CD18) y moléculas clave en las vias de reparacion-miogénesis
(Pax7, M-Caderina y Mio-D).

0300-2896/$ - see front matter © 2008 SEPAR. Published by Elsevier Espaiia, S.L. All rights reserved.



280 C. Casadevall et al / Arch Bronconeumol. 2009;45(6):279-285

Resultados: La expresion de TNFR2 se relaciond directamente con la funcién muscular inspiratoria (repre-
sentada por la presién inspiratoria maxima sostenible; r = 0,496, p < 0,05), mientras que la expresioén de
CD18 se relacioné inversamente con ella (r = -0,462, p < 0,05). Por otra parte, la expresion de los 2 recepto-
res del TNF-« se relaciond directamente con la de las moléculas clave de las vias de reparacién analizadas
(TNFR1 con Pax7, r = 0,650, y M-Caderina, r = 0,678, ambas con p < 0,001; TNFR2 con Pax7, r = 0,395,
M-Caderina, r = 0,409, y Mio-D, r = 0,418, con p < 0,05 en todas).

Conclusiones. La expresion de los receptores del TNF-a guarda una estrecha relacion tanto con la activacion
de los programas de miogénesis como con la propia funcién muscular inspiratoria. Este hecho refuerza
nuestra hipdtesis de que algunas citocinas locales participan en la reparacion de los mtsculos respiratorios

en los pacientes con EPOC.

© 2008 SEPAR. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

The respiratory muscles of patients with chronic obstructive
pulmonary disease (COPD) are subject to an increased workload due
to the mechanical changes that take place in the respiratory system.
Furthermore, these changes result in a number of structural and
functional changes in the muscles themselves. Muscle force and
strength are also reduced, which is known as muscle dysfunction,
and the muscle therefore becomes more sensitive to mechanical
failure. Cell damage may also occur, accompanied by inflammatory
and repair elements. It seems clear that remodeling of the muscle
takes place, with changes in the fiber phenotype and in other muscle
components." Our group recently reported an increase in local
concentrations of specific proinflammatory cytokines in the external
intercostal muscles and diaphragm in patients with COPD.?* The role
of these substances and their relationship with other process,
however, remains unknown.>* Experimental evidence shows that
some cytokines, such as tumor necrosis factor a (TNF-a) and
interleukin 6 (IL-6), may favor proteolysis and fiber disruption, as
well as directly affecting contractile changes.>¢ Nevertheless, it has
also been found that synthesis of these cytokines and their receptors
increases after increasing the muscle workload and/or inducing
muscle injury,’? and that blocking this synthesis prevents correct
repair.'>'? Muscle repair depends on the formation of new muscle
(myogenesis), which, in adult vertebrates, takes place by means of
the activation of satellite cells, which are in turn regulated by the
signal pathways, involving paired-box 7 (Pax7), M-Cadherin, and
MyoD, together with other myogenic regulation factors.”> Our
hypothesis is that certain cytokines and their receptors play a role in
muscle repair in patients with COPD; a local increase in production
of these cytokines would therefore be beneficial® Hence, the
objective of this study was to evaluate the expression in muscle of
the genes of selected cytokines and their relationship with cell
damage and with the expression of myogenic factors (repair
programs) in these patients.

Patients and Methods
Patients

The sample size was calculated based on previous studies by our
group.>* We included 25 patients with stable severe COPD, who had
visited the outpatient clinics of our department. The diagnosis of
severe-very severe COPD was based on the criteria of the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) (forced
expiratory volume in 1 second/forced vital capacity <70%, forced
expiratory volume in 1 second <50% of reference values, with a
negative standard bronchodilation test)."* Stability was defined as
the absence of changes in semiology and/or medication in the
3 months prior to the study. To avoid possible interference from
associated factors, we excluded patients with chronic respiratory

insufficiency (PaO, <60 mmHg at rest), malnutrition (body mass
index <20 kg/m?and/or body mass index <18 kg/m?), cardiovascular
or neuromuscular problems, treatment with drugs that might affect
muscle structure or function, and patients included in rehabilitation
programs or with restricted mobility. The cross-sectional study was
designed in accordance with the principles of the World Medical
Association and approved by the ethics committee of our institution.
All patients signed an informed consent in order to take part in the
study.

Lung Function Testing and Nutritional Study. We performed forced
spirometry with bronchodilation, determination of lung volumes
and airway resistance (body plethysmography), CO transfer
measurements, and arterial blood gas analysis, in accordance with
standard techniques and using reference values appropriate for the
local population.’>'” Nutritional assessment included calculation of
the body mass index (anthropometry) and the lean mass index
(electric bioimpedance).

Inspiratory Muscle Function. We evaluated the force and strength
of the respiratory muscles. Muscle force was evaluated by measuring
maximum inspiratory pressure in a static maneuver from tidal
volume and using reference values for the local population.'®
Resistance was measured by determining the maximum sustainable
inspiratory pressure (MSIP) and the length of time for which a
submaximum load could be sustained; for this purpose, we used the
threshold load test according to the method described in detail in
previous studies.’ In the first part of the test, patients breathed with
threshold incremental inspiratory resistances (8 cmH,0 every
2 min) until failure. The MSIP was established as the maximum
pressure attained. In the second part of the test, patients breathed
with a sustained submaximum load equivalent to 80% of the MSIP,
also until failure. The time for which the breathing effort was
maintained was defined as the sustained breathing time with a
submaximum load.

Intercostal Muscle Biopsies

Muscle samples were obtained in accordance with the technique
described in detail in previous studies.'” Following local anesthesia
with lidocaine, 2 c¢cm a horizontal incision was made at the
6th intercostal space and anterior axillary line, below the lower limit
of the pectoral muscle. The sample was extracted using scissors,
parallel to the fibers, and sutured by planes. A portion of the sample
was quickly frozen in liquid nitrogen and stored at -70°C; the other
portion of the sample was preserved in paraffin.

Assessment of Cell Damage

The paraffin-embedded sample was cut into 3-p sections and
stained with hematoxylin—eosin The proportion of abnormal muscle
was determined by means of optical microscopy (Olympus BX61,
Olympus Life and Material Science Europe GmbH, Hamburg,
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Germany) using the grid counting system?® adapted for paraffin-
embedded samples. The area of abnormal muscle, considered to be a
good indicator of the degree of structural damage, was defined as the
percentage of points in which the standard criteria of structural
alteration was identified, with respect to the total points evaluated.
These criteria were internalized nuclei, detectable interstitial nuclei,
lipofuscin, small fibers with oblique angles or basophilic cytoplasm,
fibers containing necrotic matter, and vessels.? Normal reference
values were taken from the literature.?>-2?

Presence of Inflammatory Cells

New 3 pm sections were taken from the paraffin-embedded
samples and subjected to standard immunohistochemical procedures
using monoclonal antibodies specific for inflammatory cells: anti-
CD45 (generic leukocyte marker) and anti-CD68 (specific marker for
monocytes/macrophages), PG-M1 2B11 clones, and PD7/26 (Dako
Cytomation Inc, Carpentaria, CA, USA). The sections were mounted
on slides pretreated with Poly-L-lysin and then deparaffinized and
rehydrated. Reactivity to the primary antibodies was detected using
the traditional avidin-biotin-immunoperoxidase method (LSAB+HRP,
Dako Cytomation Inc, Carpentaria, CA, USA). The primary antibody
was omitted in the negative controls. Positive results for CD45
and/or CD68, determined using optical microscopy with digital
imaging, is expressed in the form of positive cells per square
millimeter. Normal reference values were taken from the
literature.2022-24

Expression of the Selected Genes

The real-time polymerase chain reaction technique was used due
to its level of quantitative accuracy. The following 12 genes were
evaluated by determining their transcriptomes (messenger RNA) in
the muscle:

* Cytokines: TNF-a and its 2 receptors (TNFR1 and TNFR2), IL-1B, IL-
6, and IL-10.

* Leucocyte marker: CD18 pan-leukocyte integrin.

* Cell damage or stress markers: non-adult heavy chain myosin
isoforms—both embryonic (MyHC-emb) and perinatal (MyHC-
peri).

* Genes associated with myogenesis: Pax7, M-Cadherin, and Myo-D.

Table 1

Details regarding performance of the technique are described in
another study.? The RNA was extracted (RTIzol method, Life
Technologies, Frederick, MD, USA) and the complementary DNA was
then synthesized (GeneAmp PCR system 2400, Perkin Elmer,
Richmond, CA, USA). The PCR reactions were performed after reverse
transcription (ABI PRISM 7900HT sequence detection system and
TagMan analysis [Assays-on-Demand Gene Expression Products,
Applied Biosystems, Foster City, CA, USA]) (Table 1). All samples
were processed in triplicate. As an endogenous control gene
(housekeeping), we used B,-microglobulin due to its considerable
stability in muscle.?> Data were analyzed with the Sequence Detector
software program, version 2.1. (SDS 2.1), using the standard
comparative method for relative quantification (C;).2¢

Statistical Analysis

Data are expressed as mean (SD). The degree of relationship
between the quantitative variables was evaluated by means of the
Pearson product moment correlation. Statistical significance was
established for P = .05.

Results
Clinical and Functional Characteristics

The characteristics of the patients and their nutritional status,
lung function and inspiratory muscle function data are shown in
Table 2. Patients’ anthropometry and body composition was normal;
lung function showed considerable obstruction of the airways, lung
hyperinflation, reduced carbon monoxide transfer, and mild
hypoxemia at rest, with no hypercapnia. Inspiratory muscle function
was abnormal, with reduced force and strength.

Muscle Damage and Presence of Inflammatory Cells

Signs of damage were slight (mean [SD], 1.38% [1.09%] abnormal
muscle), essentially due to the presence of internalized nuclei. The
number of inflammatory cells was also relatively low (2.38 [2.32]
mm?), with a slight inverse relationship with inspiratory muscle
function. This relationship was significant for expression of the CD18
pan-leukocyte genetic marker in both the force and strength of the
inspiratory muscles (Figure 1a).

Sequence of Probes Used in Each Case for the Real-Time Polymerase Chain Reaction Technique

Gene Test Identification

Probe Sequence (5?-3?) GenBank Access

Cytokines and receptors

IL-18 Hs00174097_m1

IL-6 Hs00174131_m1

IL-10 Hs00174086_m1

TNF-a Hs00174128_m1

TNFR1 Hs00533560_m1

TNFR2 Hs00153550_m1
Myogenesis-repair

Pax7 Hs00242962_m1

M-Cadherin Hs00170504_m1

Myo-D Hs00159528_m1
Cell damage/stress

MyHC-emb Hs00159463_m1

MyHC-peri Hs00267293_m1
Pan-leukocyte marker

CD18 Hs01051742_m1

Endogenous control (housekeeping)

B,-microglobulin Hs99999907_m1

TATGGAGCAACAAGTGGTGTTCTCC NM_000576
ATTCAATGAGGAGACTTGCCTGGTG NM_000600
GCCTTTAATAAGCTCCAAGAGAAAG NM_000572
ATGTTGTAGCAAACCCTCAAGCTGA NM_000594
CCTGCTGCTGCCACTGGTGCTCCTG NM_001065
GAAGCCAAGGTGCCTCACTTGCCTG NM_001066
CTGGGCGACAAAGGGAACCGGCTGG NM_002584
GACTGATCGCTTCAGGCTAAGAGCG NM_004933
GGCGCCCAGCGAACCCAGGCCCGGG NM_002478
ACAACAGGACCCTGGTGGTCAAACC NM_002470
GATGTTGCAAAGGAGAGAAGCACTT NM_002472
GTGGATGAGAGCCGAGAGTGTGTGG NM-000211
AGTGGGATCGAGACATGTAAGCAGC NM_004048

Abbreviations: CD18, pan-leukocyte integrin; MyHC-emb, embryonic myosin heavy chain; MyHC-peri, perinatal myosin heavy chain; Pax7, paired box gene; TNF-a, tumor

necrosis factor-a; TNFR1 and TNFR2, TNF-« receptors 1 and 2, respectively.
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Expression of Genes Associated With Cytokines and Myogenesis

Expression of the different inflammatory cytokines showed no
significant association with the functional variables. The receptor
TNFR2, however, was directly related to inspiratory muscle strength
(Figure 1b). Expression of the 2 TNF-a receptors was directly related
with each other (Table 3) and with the expression of several other
selected molecules of the repair/myogenesis programs (Figure 2 and
Table 3).

Expression of TNF-a was directly related to both general damage
(Figure 3a and Table 3) and to the specific presence of intracellular
nuclei (r=0.575, P<.01). A direct relationship was also observed
between the expression of genetic markers for damage (Table 3),
both with each other (MyHC-emb and MyHC-peri) and with markers
for regeneration (eg, between M-cadherin and both MyHC-emb and
MyHC-peri). These regeneration markers also showed a direct
internal relationship (eg, M-cadherin and both Pax7 and Myo-D)
(Figure 3b and Table 3).

Discussion

The essential finding of this study is the existence of the close
relationships observed in the expression of 2 groups of genes with

Table 2
Patient Characteristics™

General data and nutritional assessment

Age,y 67 (6)
BMI, kg/m? 264 (3.9)
LMI, kg/m? 19.8(1.3)
Lung function

FEV,, % of reference 31(10)
FEV,[FVC, % 43 (9)
RV/TLC, % 65 (10)
DLCO, % of reference 57 (16)
Pa0,, mmHg 72(9)
PaCO,, mmHg 422 (3.1)

Inspiratory muscle function

MIP, % of reference 61 (21)
MSIP, cmH,0 -45 (13) (NV >-55)
TLim, min 12.4(6.6) (NV >15)

*Data are presented as mean (SD). Abbreviations: BMI, body mass index; DLCO,
carbon monoxide transfer; FEV,, forced expiratory volume in 1 second; FVC, forced
vital capacity; MIP, maximum inspiratory pressure; MSIP, maximum sustainable ins-
piratory pressure; NV, normal values in our laboratory; RV, residual volume; TLC, total
lung capacity; TLim, sustained inspiratory time.

apparently different functions (those associated with cytokine
activity and those associated with myogenesis/repair programs) in
the respiratory muscles of patients with COPD. Furthermore, the
study confirms damage to the muscle structure and the relative
absence of inflammatory cells.

The observation of a small percentage of muscle with signs of
damage?*?2 supports previous findings by our group. In these
previous studies, in which other histologic techniques were used, we
also observed structural abnormalities in the different respiratory
muscles of patients with COPD.>?” The results of this study also
support our previous observations in animal models, according to
which, increased respiratory load may cause muscle damage.?$?°

The study also expands on previous findings by our group
regarding the presence of cytokines in the muscles. Expression of
these substances and their receptors, in the absence of a significant
number of inflammatory cells?*?>?4 indicates a probable essentially
muscular origin. It is now clear that the fibers are capable of
synthesizing different cytokines, which would act as an autocrine/
paracrine mechanism.3*32 Nevertheless, synthesis by other cell
types, such as blood cells, cannot be ruled out. The role of cytokines
in the muscles is still unclear. We know that they promote the loss
of proteins and have a direct harmful effect on contraction.>¢
Furthermore, their appearance following intense exercise and/or
muscle damage’° suggests that they play a relevant role in repair.
Similarly, recent studies have shown that the absence of TNF-a
receptors determine repair of defective muscle,'®!! as their activation
is essential for myogenic differentiation. Our results, which show a
close association between the expression of TNF-a receptors and
myogenic factors in the intercostal muscles of patients with COPD,
appear to point in this direction. A similar interpretation may be
applied to the direct relation observed between the expression of
these receptors and muscle function.># All of this suggests that local
cytokines play a relevant role in the repair and conservation of
muscle function.

The mechanism of stimulation of cytokine synthesis in the
respiratory muscles is still unclear, but it probably depends on prior
activity, cell damage, and/or apoptosis.’?3334 Qverexpression of these
substances has been observed in the diaphragm of rats subjected to
increased respiratory loads® or experimental emphysema.?*

Limitations of this study include the fact that it focused on
examining the relationships between different biologic phenomena
in patients with COPD. Comparison with a control group was not
performed for 2 basic reasons. First, because the specific objective of
the study was to examine the relationships between muscle damage,
cytokine expression, and the activation of repair programs in the
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Figure 1. a) Relationships between force, represented by maximum inspiratory pressure (MIP), and strength, expressed by sustainable MIP (MSIP), of the inspiratory muscles,
and expression of the CD18 leukocyte marker, and b) relationship between muscle strength and expression of tumor necrosis factor-« receptor 2 (TNFR2). Abbreviation: au,

arbitrary units.
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Table 3
Correlations Between the Different Biological Variables
TNFR1, au TNFR2, au IL-1B, au IL-6, au Abnormal MyHC-emb, MyHC-peri, Pax7, au M-Cadherin,  Myo-D, au
Muscle, % au au au
TNF-q, au r=-0.049 r=0.356 r=-0.12 r=-0.13 r=0.518 r=0.189 r=0.192 r=0.160 r=0.121 r=0.104
P=3815 P=.08 P=.563 P= 536 P=.01 P=365 P=.359 P=.445 P=.565 P=.621
TNFR1, au r=0.456 r=0.147 r=0.054 r=0.139 r=.004 r=0.033 r=0.650 r=0.678 r=0.208
P<.05 P=484 P=.796 P=517 P=.986 P=.876 P<.001 P<.001 P=318
TNFR2, au r=0.295 r=0.364 r=0.111 r=0.278 r=0.272 r=0.395 r=0.409 r=0.418
P=152 P=.07 P=.604 P=.178 P=.188 P=.05 P<.05 P<.05
IL-1B, au r=0.559 r=-0.04 r=-0.38 r=-0.18 r=-0.15 r=-0.33 r=-0.09
P<.01 P=.838 P=.06 P=.385 P=.479 P=.107 P=.677
IL-6, au r=0.140 r=-0.04 r=-0.09 r=-0.03 r=-0.19 r=-0.09
P=514 P=.857 P=.647 P=.880 P=364 P=.660
Abnormal r=0.079 r=0.016 r=0.015 r=0.177 r=0.299
muscle, % P=.715 P=.942 P=.944 P=0.407 P=0.155
MyHC-emb, r=0.773 r=0.196 r=0.402 r=0.138
au P<.001 P=0.349 P<.05 P=0.511
MyHC-peri, r=-0.04 r=0.373 r=0.319
au P=0.861 P=0.06 P=0.121
Pax7, au r=0.661 r=0.200
P<.001 P=0.338
M-cadherin, r=0.553
au P<.01

Abbreviations: au, arbitrary units; IL, interleukin; MyHC-emb, embryonic myosin heavy chain; MyHC-peri, perinatal myosin heavy chain; Pax7, paired box gene; TNF-«, tumor
necrosis factor-a; TNFR1 and TNFR2, TNF-« receptors 1 and 2, respectively.
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Figure 2. Direct relationships observed between expression of the 2 receptors of tumor necrosis factor-« (TFFR1 and TNFR2) and the different molecules associated with repair/
myogenesis programs (Pax7, M-cadherin, and Myo-D). Abbreviations: au, arbitrary units; NS, not significant.

muscles of the patients. This, together with the relative aggressiveness
of the procedure, would not justify including healthy subjects.
Second, because our group has already published studies in which
comparison was carried out with a control group?* and we have
obtained values that can be used as a reference.?->* Additionally, in
healthy subjects in normal circumstances, muscle repair programs
remain relatively inactive.

Furthermore, we decided to examine the external intercostal
muscle, which is not considered to be the main inspiratory muscle,
due to our intention to exclude any comorbidity. We know that
diaphragm samples are usually obtained from patients undergoing
surgery due to a severe associated disease.

Finally, the technique used to evaluate the expression of the
genes (real-time PCR) does not make it possible to guarantee their
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Figure 3. a) Relationships between expression of tumor necrosis factor-a (TNF-«) and the proportion of abnormal muscle (muscle damage index), and b) internal relationships
between different myogenesis activation markers: M-Cadherin with Pax7 and with Myo-D. Abbreviation: au, arbitrary units.

cellular origin. Nevertheless, this is the most suitable technique for
the principal objective of this study, which was to provide a
quantitative evaluation of the expression of these genes.

In summary, this study confirms the presence of cell damage,
though scarce, in the external intercostal muscle of patients with
COPD, while also showing low concentrations of inflammatory cells
and a close association between the expression of TNF-a receptors
and the activation of myogenesis programs. This last finding suggests
that this cytokine plays a relevant role in the repair and remodeling
of respiratory muscles in patients with COPD.
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