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Immunolocalization of protein-bound
3-nitrotyrosine in inflammatory myopathies
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SUMMARY
3-nitrotyrosine (3NT) is regarded as a “footprint” of nitric oxide generation. The study aimed at documenting the presence and distribution of 3-nitrotyrosine (3NT) in muscle tissue samples from patients with idiopathic inflammatory myopathies (IIM) as well as from
those with non-inflammatory myopathies to consider whether polymyositis (PM) and dermatomyositis (DM) could be distinguished based
on 3NT immunohistochemistry in muscle biopsy. Cryosections prepared from muscle biopsies of 54 patients with either IIM, i.e. PM and
DM, or various non-inflammatory myopathies were immunostained using monoclonal antibody against 3NT.
The 3NT immunostaining was localized to endothelial cells and their close surroundings in muscle biopsies of DM and PM patients but
only in those areas of tissue sections where inflammatory cell infiltrates were present. No 3NT positivity was found in tissue sections of
IIM patients without inflammatory infiltrates in the studied sample as well as in muscle tissue sections of patients with non-inflammatory
myopathies. However, the endothelial cells were also positive in cases of confirmed non-inflammatory myopathies with secondary lymphocytic infiltration (myodystrophies, myasthenia gravis).
Despite the pathogenetic significance, the 3NT immunohistochemistry is of low diagnostic value for the differential diagnosis of IIM in
muscle biopsy.
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Imunohistochemická detekce 3-nitrotyrosinu vázaného na proteiny u zánûtliv˘ch myopatií
SOUHRN
3-nitrotyrosin (3NT) je povaÏován za jeden z indikátorÛ tvorby oxidu dusnatého (NO). Cílem studie bylo zdokumentovat pﬁítomnost
a distribuci 3NT ve svalov˘ch biopsiích pacientÛ s idiopatick˘mi zánûtliv˘mi myopatiemi (IIM) i nezánûtliv˘mi myopatiemi a posoudit,
zda polymyozitida (PM) a dermatomyozitida (DM) mohou b˘t odli‰eny na základû imunohistochemického prÛkazu 3NT ve svalové
biopsii. Imunohistochemická anal˘za pomocí monoklonální protilátky proti 3NT byla provedena na zmraÏen˘ch ﬁezech pﬁipraven˘ch
ze svalov˘ch biopsii 54 pacientÛ s IIM (tj. PM a DM) a s rÛzn˘mi nezánûtliv˘mi myopatiemi.
3NT imunopozitivita byla pﬁítomna v endoteliálních buÀkách a jejich blízkém okolí v biopsiích pacientÛ s DM a PM, ale pouze v tûch
oblastech tkáÀov˘ch ﬁezÛ, kde byly souãasnû pﬁítomny zánûtlivé infiltráty. Reakce na prÛkazu 3NT byly zcela negativní ve tkáÀov˘ch ﬁezech pacientÛ s IIM v oblastech vzorkÛ bez zánûtliv˘ch infiltrátÛ a také ve vzorcích svalové tkánû pacientÛ s nezánûtliv˘mi myopatiemi.
Endoteliální buÀky byly ale pﬁekvapivû pozitivní i u pﬁípadÛ prokázan˘ch nezánûtliv˘ch myopatií se sekundární lymfocytární infiltrací
(myodystrofie, myasthenia gravis).
I pﬁes patogenetick˘ v˘znam tohoto pozorování lze konstatovat, Ïe imunohistochemick˘ prÛkaz 3NT nemá vyuÏiteln˘ diagnostick˘ potenciál v diferenciální diagnostice IIM ve svalové biopsii.
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Polymyositis (PM) and dermatomyositis (DM) represent the subtypes of the idiopathic inflammatory myopathies (IIM). The main attack appears to be directed against the microvasculature in DM,
where activation and deposition of complement targets the endothelium of capillaries of muscle tissue, and the proper muscle dam-
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age is supposed to be a consequence of the resulting ischemia.
On the other hand, the muscle fiber damage seems to be caused
directly by cytotoxic CD8+ T cells and macrophages in PM (1).
Although immunohistochemistry is a helpful aid to diagnosis of IIM
by enabling the immunophenotypic analysis of the inflammatory
infiltrate as well as by revealing some of the underlying immune
mechanisms (2), the discrimination between the subtypes of IIM by
muscle biopsy remains difficult in a proportion of cases. But, it is
of upmost importance for the therapeutical decisions.
The “reactive oxygen and nitrogen species” seem to be involved
in the pathogenesis of autoimmune inflammatory myopathies; however, their importance has not been well understood (3–5). Formation of nitric oxide (NO), a gaseous free radical, is catalyzed by
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different isoforms of nitric oxide synthase (NOS). All the major isoforms of constitutively expressed NOS (i.e., neuronal and endothelial isoforms) are detectable in the skeletal muscle and they enable NO to fulfill many regulatory functions (6). One isoform of
NOS is inducible (iNOS) and it can be expressed by a plethora
of cells following a stimulation with diverse stimuli e.g., proinflammatory cytokines (7). The detection of differing mechanisms
and consequences of the oxidative stress was suggested to be helpful for distinguishing between PM and DM – whereas constant and
increased expression of iNOS was found in endomysial infiltrates
of PM, cells in perimysial infiltrates of DM were shown to be largely negative (3).
Half-life of NO is less than 15 seconds; it is rapidly metabolized
to nitrate and nitrite in the presence of oxygen. However, in tissues
NO can react by many other pathways (7), one of them being the
.
reaction with superoxide free radical (O2) that produces peroxyni.
trite (ONOO ) (8). There are many possible reactions of peroxynitrite in vivo; one of them is a reaction with free or protein-bound tyrosine that produces 3-nitrotyrosine (3NT), relatively stable end product that can be determined in biological samples (9).
Regarding the reported difference in expression of iNOS in PM
and DM (3) we tested the hypothesis postulating that these two diagnoses could be distinguished based on 3NT immunolocalization.
We also searched for the expression of 3NT in non-inflammatory
myopathies with special interest in those, where secondary lymphocytic infiltrates can occur, since they represent an important differential diagnosis of IIM (10,11).

picion from IIM and it was verified by muscle biopsy in 15 cases
(8 DM, 7 PM). Only patients that were not treated before the biopsy were included into the study. The control group consisted of 30
muscle biopsies of cases with confirmed non-inflammatory myopathies, from which in 8 cases secondary lymphocytic infiltrates
were found in the muscle biopsy – in five myodystrophies and in
three cases of myasthenia gravis.

MATERIAL AND METHODS

Muscle biopsy
Muscle tissues were snap frozen in isopentane (2-methylbutane,
Sigma-Aldrich Co.) cooled in liquid nitrogen. Cryosections were
examined by routine hematoxylin-eosin staining and a conventional spectrum of histochemical reactions, including myofibrillary
ATPase, nicotinamide adenine dinucleotide-tetrazolium reductase,
succinate dehydrogenase and cytochrome C oxidase (12). Immunohistochemistry was used according to standard protocols to phenotype lymphocytes using antibodies against the antigens CD20, CD3,
CD8, CD4 and to examine the expression of sarcolemmal and nuclear proteins associated with myodystrophies (including dystrophine, sarcoglycans, merosin, dysferlin, caveolin and emerin;
described in detail elsewhere (11)). Expression of HLA-I antigens
(clone W6/32, dilution 1:900; Dako, Co.) as well as of membrane
attack complex of complement (MAC, C5b-9; clone aE11, dilution
1:100; Dako, Co.), which were shown to be helpful in the diagnosis of myositis (2), was also examined immunohistochemically. The
antigen-antibody complexes were visualized by biotin-streptavidin
detection systems (LSAB2 System, Dako Co.).
The histopathological diagnosis of IIM was done based on the criteria outlined by the recommendation of the 119th European Neuro
Muscular Centre International Workshop (13) (Table 2, Fig. 1A,B)

Patients
Muscle biopsies were obtained from 54 patients (see Table 1).
24 patients were referred to the muscle biopsy for the clinical sus-

3NT immunohistochemistry
The novel anti-3NT monoclonal antibody 60-E3 was developed
by immunizing mice with nitrated BSA (bovine serum albumin) as

Table 1. Characteristics of cases enrolled into the study and results of 3NT immunodetection
A. Inflammatory myopathies
Clinical diagnosis
Histopathological diagnosis

n

M/F

age; mean (range)

Suspected myositis
Suspected myositis
Suspected myositis

8
7
9

5/3
4/3
3/6

54.5 (24–72)
58.1 (35–77)
52.6 (39–68)

DM
PM
IIM not confirmed

B. Controls (non-inflammatory myopathies)
Clinical diagnosis
Histopathological diagnosis
Non-inflammatory myopathies with secondary inflammatory infiltrate
Muscular dystrophy
Dystrophinopathy (DMD/BMD)*
Muscular dystrophy
Calpainopathy (LGMD2A)*
Myasthenia gravis
Myasthenia gravis**
Non-inflammatory myopathies
Muscular dystrophy
Dystrophinopathy (DMD/BMD)*
Muscular dystrophy
Calpainopathy (LGMD2A)*
Myasthenia gravis
Myasthenia gravis**
Mitochondrial myopathy
Mitochondrial myopathy*
Chronic steroid myopathy
Chronic steroid myopathy
Congenital myopathy
Central core disease
Myopathy, NS
Lipid-lowering drug myopathy
Thyreopathic myopathy
Thyreopathic myopathy
Myopathy with myalgias
Myopathy with tubular aggregates

Duration of the disease
before biopsy (months);
mean (range)
2.3 (0.5–4)
2.0 (1–3)
2.7 (1–5)

3NT imunoreaction
of endothelium
positive
positive
negative

n

3NT imunoreaction of endothelium

4
1
3

positive
positive
positive

6
2
5
3
2
1
1
1
1

negative
negative
negative
negative
negative
negative
negative
negative
negative

BMD – Becker muscular dystrophy, DMD – Duchenne muscular dystrophy, DM – dermatomyositis, F- female, IIM – idiopathic inflammatory myopathy,
LGMD – limb girdle myodystrophy, M - male, n – number of cases, PM – polymyositis, NS, not specified. * confirmed by appropriate genetic testing ** confirmed by appropriate electrophysiological and serological testing
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Table 2. Histopathological and imunohistological criteria used for the
diagnosis of idiopathic inflammatory myopathies in muscle biopsy
Polymyositis
- Endomysial inflammatory infiltrates surrounding and invading
non-necrotic muscle fibers (inflammatory cells are sparse or only slight
perivascular)
- Inflammatory infiltrate consists mostly from CD8+ T cells
and macrophages
- Ubiquitous HLA-1 expression on the surface of myofibers
Dermatomyositis
- Perifascicular atrophy
- Perivascular, perimysial inflammatory cell infiltrate
- Inflammatory infiltrate consists mostly from CD4+ cells and CD20+ B
lymphocytes
- MAC depositions on small blood vessels
- HLA-1 expression on the surface of perifascicular fibers

described previously (14). Three tissue sections from each case were
incubated with the primary antibody 60-E3 diluted 1:100 in the
antibody diluent (DakoCytomation, Co., cat. no. S2022, ready to
use) for 30 min at 37°C. After repeated washes with phosphate
buffered saline the antigen-antibody complexes were visualized using EnVision™+ Single Reagents (DakoCytomation, Co.). We used
the system following the long protocol (30 min) that offers extremely high sensitivity. The sections were washed in Tris-buffered saline

for 5 min and 3,3’-diaminobenzidine was used as a chromogenic
substrate. The sections were counterstained slightly with hematoxylin
and mounted into permanent mounting media. Negative controls
were provided by omission of the primary antibody and by using
primary isotype controls in corresponding concentration.

RESULTS
The results are summarized in Table 1. We observed strong 3NT
immunostaining localized to endothelial cells and their close surrounding (Fig. 1) in muscle biopsies of DM and PM patients, but
only in those areas of tissue sections where inflammatory cell infiltrates were present. No 3NT positivity was found in tissue sections
of clinically suspected IIM patients without inflammatory changes
in the studied tissue sample areas as well as in muscle tissue sections of patients with non-inflammatory myopathies. Surprisingly,
the endothelial cells and their close surrounding were also positive
in cases of non-inflammatory myopathies with secondary lymphocytic infiltration (Fig. 2).

DISCUSSION
To our knowledge, the immunolocalization of 3NT in inflammatory myopathies was not studied so far. We demonstrated 3NT im-

A

B

C

D

Figure 1. 3-nitrotyrosine (3NT) immunolocalization in inflammatory myopathies.
(A) Polymyositis. Endomysial inflammatory infiltrates consisting mostly from lymphocytes surrounding and invading non-necrotic muscle fibres (cryosection,
HE, orig. magnification x400). (B) Dermatomyositis. Perifascicular atrophy and degeneration along with perimysial perivascular inflammatory cell infiltrate
(cryosection, HE, orig. magnification x200). (C) 3NT immunostaining of blood vessel endothelium of a dilated capillary close to the lymphocytic infiltrate as
well as of flat endothelial cells inside the infiltrate in a case of polymyositis. (D) 3NT immunostaining is strongly positive in endothelial cells and their close
surrounding of both the capillaries between the muscle fibers and the small venule in a case of dermatomyositis. Note the reduced number of endomysial
capillaries typically accompanying dermatomyositis. Inset: Positive 3NT immunostaining in the endothelium of a larger perimysial blood vessel (cryosection,
immunoperoxidase method, counterstained lightly with hematoxylin, orig. magnification x400).
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Figure 2. A case of dystrophinopathy (Duchenne muscular dystrophy) with
a myodystrophic pattern of changes in the muscle tissue accompanied by
the lymphocytic infiltration (cryosection, HE, orig. magnification x200). Inset:
3NT immunostaining is positive in some endothelial cells. (cryosection,
immunoperoxidase method, counterstained lightly with hematoxylin, orig.
magnification x400).

munostaining of endothelial cells in the inflamed muscle tissue of
both the PM and the DM patients, however, also in the vicinity of
secondary lymphocytic infiltrates in some cases of the non-inflammatory myopathies.
Although we did not approach positive identification of NOS isoforms responsible for the generation of the corresponding NO, we
can speculate that iNOS represents the particular NOS subtype.
While cells containing constitutively expressed NOS produce small
amounts of NO (picomoles) in response to receptor stimulation
quickly and transiently, cells that contain iNOS produce large
amounts of NO for a prolonged period. It is known that induction

of iNOS may occur in the activated endothelial cells (15) and we
have observed 3NT positivity in endothelia restricted solely to the
inflamed areas.
The reaction of peroxynitrite with free or protein-bound tyrosine
that produces 3-nitrotyrosine is nonspecific and occurs randomly
with the first tyrosine that peroxynitrite encounters (9). The generation of peroxynitrite depends not only on an expression and activity of NOS but also on an expression of many enzyme systems
that determine the level of superoxide; furthermore, tyrosine can be
nitrated also by several other, peroxynitrite-independent reactions
(16). Thus, 3NT cannot be regarded as a simple footprint of NO
generation but rather as a potential measure of exposure to oxidative stress, an imbalance between the generation and removal
of “reactive oxygen and nitrogen species”. Our results are consistent with an expectation that the strongest 3NT immunoreaction
should be observed at the site of generation of reactive nitrating
species (i.e., in the endothelium) and that the diffuse and continuously weaker staining of regions surrounding strongly positive endothelial cells corresponds likely to the penetration of reactive nitrating species from the site of their generation to the surrounding
tissues limited by their brief biological half-lives.
In summary, the immunolocalization of 3NT was exclusively localized to endothelial cells and their close surrounding in inflamed
areas of IIM studied and to endothelial cells near the secondary
lymphocytic infiltration in cases of non-inflammatory myopathies.
Despite the pathogenetic significance, we conclude that the 3NT
immunohistochemistry is of low diagnostic value for the distinction
between the subtypes of inflammatory myopathies in muscle biopsy. Moreover, the 3NT immunopositivity of endothelial cells in cases of myositis-mimicking non-inflammatory myopathies disqualifies
the 3NT immunohistochemistry as an aid to the differential diagnosis of IIM.
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