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The study assessed reactivity of stromal-vascular skeletal muscle differons to acute chemical
injury. Dysferlin-deficient Bla/]J mice and the wild-type C57BL/6 mice were intramuscularly
injected with 100 pl of 0.5% procaine solution. The middle segment of gastrocnemius muscle
was taken on postsurgery days 2, 4, 10, and 14 for routine histological examination. To evaluate
proliferation and vascularization, the paraffin sections were stained immunohistochemically with
antibodies to a-smooth muscle actin and Ki-67. The connective tissue was stained according to
Mallory. The study revealed diminished proliferative activity of stromal-vascular differons and
decreased vascular density in muscles of Bla/J mice. Thus, mutations in the DY SF gene coding
dysferlin down-regulate the reparation processes in all differons of skeletal muscle.
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Dysferlin is a transmembrane protein of ferlin fam-
ily of proteins that is encoded by the DYSF gene and
performs the following functions: repair of damaged
membranes, fusion of vesicles, cellular adhesion, and
maintenance of intercellular signaling [3-5,10]. It is
also implicated in reorganization of microtubules dur-
ing myogenesis [3,6,13]. Mutations in DYSF gene
provoke one of the clinical forms of dysferlinopathies
known as inherited muscular dystrophies.

This disease is characterized with the weakness
of limb muscles followed by atrophy and disability.
Pathomorphologically, dysferlinopathy is character-
ized by the muscle fiber (MF) necrosis, leukocyte in-
filtration, fibrosis and skeletal muscle lipidosis [7,8].
In view of the rapidly developing methods of gene
therapy of hereditary pathologies, a number of knock-
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out lines of animals have been developed for the study
of pathogenesis and drugs testing.

Previously, we described the features of repara-
tive regeneration of skeletal muscles in mice with
dysferlin deficiency focusing on response of rhab-
domyogenic differon [2]. There are following mor-
phogenetic phases of reparative regeneration in the
skeletal muscles: MF necrosis, activation of myosa-
tellite cells, proliferation and differentiation of myo-
blasts accompanied with formation of myosimplast
[1]. Regeneration of skeletal muscles is accompanied
by active angiogenesis [14]. However, expression of
dysferlin is normally detected not only in MF, but
also in endotheliocytes [13], leukocytes [12], and fi-
broblasts [11]. Consequently, deficiency in DYSF ex-
pression may also affect the stromal-vascular response,
remodeling, and functional adaptation of regenerated
muscle. Unveiling these processes is important for
the study of pathomorphogenesis and the develop-
ment of etiopathogenetic therapy.

Our aim was to assess the effect of dysferlin de-
ficiency on the elements of stromal-vascular differons
(a lineage of cells forming vascular and connective-
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tissue components in the skeletal muscles) in response
to procaine damage in mice.

MATERIALS AND METHODS

For pathomorphological evaluation of reparation pro-
cesses in skeletal muscles in response to acute injury,
a chemical damage model was chosen because of ease
of dosing and precise administration of a myotoxic
agent. A bolus (100 pul) of 0.5% procaine (Renewal,
series No. 421115) was injected into the medial head
of right gastrocnemius muscle of Bla/J mice (n=16,
experimental group) and C57BL/6 mice (n=16, con-
trol group) via cutaneous incision [9]. In the injec-
tion site, the skin was shaved and treated with 70%
ethyl alcohol. Skin was cut, and myotoxic agent was
injected with insulin syringe under visual control. Fi-
nally, the wound was sutured. The animals were nar-
cotized with Zoletil and medetomidine. At each time
point (on postinjection days 2, 4, 10, and 14), the mice
(n=4) were euthanized with overdose of anesthetics.
Intact muscles of mice of the same age not inject-
ed with procaine (day 0) served as negative control.
The experimental protocols were approved by Local
Ethics Committee of Institute of Fundamental Medi-
cine and Biology, Kazan Federal University (protocol
No. 2, May 5, 2015).

The specimens of gastrocnemius muscle were
fixed in 10% buffered formalin and embedded into
paraffin using STP420E tissue processor (Thermo Sci-
entific) according to the standard protocol. The semi-
thin sections (4 p) were cut on an HM355S micro-
tome (Thermo Scientific). The sections were stained
with hematoxylin and eosin or Mallory’s trichrome.
They were also stained immunohistochemically with
antibodies (Ab) to a-smooth muscle actin (a-SMA)
(1:50, clone 1A4, Dako) and Ki-67 (1:200, clone SP6;
Abcam). The sections were used to study the histoge-
netic processes implicating the stromal-vascular dif-
ferons of injured muscle tissue.

Proliferation was evaluated by immunohistoche-
mical (IHC) staining with Ab to Ki-67. To this end,
the ratio of Ki-67" nuclei in vascular endothelium to
total number of nuclei in vascular endothelium and
the ratio of Ki-67 nuclei in connective tissue (CT) to
total number of nuclei in CT were calculated. Vascu-
larization was evaluated by counting the vascular den-
sity (the ratio of number of vessels to MF) from sec-
tions stained immunohistochemically with Ab against
a-SMA. The share of CT was assessed in sections
stained with Mallory’s trichrome.

The stained sections were photographed with an
Axiolmager Z2 light microscope (Carl Zeiss), there-
upon they were scanned in an Aperio CS2 slide scan-
ner (Leica Microsystems). The resulting images were

analyzed using Aperio ImageScope and ImagelJ. Sta-
tistical morphometry was performed on 10 micropho-
tographs at x400. The results were summarized as Me
(Q1; Q3). The data were analyzed with Statistica 13.3
software (StatSoft, Inc.) employing Kruskal—Wallis
test at p<0.05.

RESULTS

Previously, we revealed a diminished proliferative ac-
tivity of myogenic cells in the absence of dysferlin
expression [9]. The levels and dynamics of the share
of proliferating stromal cells were almost identical
to those in muscular component described earlier. In
mice of both lines, the proliferative activity of stromal
cells gradually decreased to experimental day 14. This
activity was smaller in Bla/J mice at all time points
except for day 10 (Fig. 1) being 4.34 (2.70; 6.52)% vs
0 (0; 2.69)% in C57BL/6 mice (p<0.05). The decline
of proliferative activity accelerated on days 2-4 in
Bla/J mice and on days 4-10 in C57BL/6 line. This
observation indicates a less intense and later comple-
tion of proliferation in Bla/J mice in comparison with
C57BL/6 line. By day 14, the indicators of prolifera-
tive activity virtually dropped to zero in both groups
and approached to those of negative control.

Unlike stromal and muscular cells, the endothe-
liocytes did not demonstrate a gradual decrease of
proliferation activity neither in control nor in ex-
perimental group. However, the proliferation activity
was lower in Bla/J mice from days 4 to 14, which
confirms the hypothesis of diminished proliferative
activity in the absence of dysferlin, including this ac-
tivity in vascular component of skeletal muscles (Fig.
2). In control group, proliferation activity increased
between days 2 and 4 from 10.72 (0; 21.58) to 28.23
(20.92; 35.84)% (p<0.05), whereas in experimental
group, it increased only from 13.33 (11.76; 26.79)
to 15.38 (11.11; 22.22)% (p<0.05). Therefore, the
dysferlin-deficient mice possess an insufficient re-
serve for proliferation of endotheliocytes. Probably,
this deficiency results from the absence of dysferlin
in endotheliocytes where its involvement in angio-
genesis was established [4].

Remodeling and functional adaptation are the fi-
nal steps in restoring morphofunctional ability of the
damaged tissue as evidenced by fibrosis and vascu-
larization. Here, the vascular density value increased
in both groups starting from day 2, and it reached the
maxima on day 14 counting 22.22 (18.42; 26.09)% in
the control group and 19.61 (15.64; 24.00)% in ex-
perimental one (p=0.09, Fig. 3). A small vasculariza-
tion ratio in the experimental group can be associated
with a low expression of dysferlin in endotheliocytes.
Probably, a reduced vascularization in the absence of
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dysferlin leads to hypoxia in the tissue, which down-
regulates the reparative activity in skeletal muscles.

The differences in proportion of CT were statisti-
cally significant at all time points, but the maximum
value was attained in Bla/J mice on day 10 (0.06 (0.01;
0.12)%). Thus, the absence of dysferlin does not af-
fect the fibrotic processes under the condition of acute
responsiveness of skeletal muscle.

The study showed that regenerative histogenesis
in dysferlin-deficient muscles is characterized with
alterations not only in MF, but also in vascular-stromal
differons. The study revealed a smaller proliferative
activity of stromal cells in Bla/J mice in comparison
with that in C57BL/6 mice. Similarly, on day 14, the
proliferative activity of endotheliocytes in dysferlin-
deficient mice was smaller than that in wild-type mice.
At all time points, vascularization was also lower in
Bla/] mice compared to the control ones. Thus, during
acute damage to skeletal muscles, dysferlin is impli-
cated in the recovery processes, which are developing
not only in MF, but also in other cellular elements of
the muscle.
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