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The effects of long-term low-dose cyclosporin A treatment on
muscles and tendons: an experimental study

Uzun siireli ve diisiik doz siklosporin-A tedavisinin kas ve
tendonlar iizerine etkileri: Deneysel ¢alisma
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BACKGROUND

Limited studies report that patients receiving immunosuppres-
sive therapy, including cyclosporin A (CsA), face muscle
and/or tendon pathologies. The current study aimed (i) to
investigate if CsA cause changes in the microscopic structure
of striated muscle tissues and tendons after long-term low-
dose therapy and (ii) to examine if the vehicle of CsA,
Cremophor EL, or steroid administration might cause addi-
tional effects.

METHODS

Twenty-four adult female Sprague-Dawley rats weighing 230-
300 g were divided at random into four groups. Group 1
served as the control. Groups 2-4 received CsA intraperi-
toneally for 2.5 months: Group 2 received the oral form of
CsA, Group 3 received the intravenous form of CsA, which
contains Cremophor EL, and Group 4 received the intravenous
form of CsA and prednisolone. Samples from the Achilles ten-
dons and triceps surae muscles were examined at light micro-
scope level.

RESULTS

Focal necrotic areas, enlargement of connective tissue and
increase in mononuclear cells were clear on muscles in the
experimental groups. No morphologic effects were observed
on tendons.

CONCLUSION

Long-term low-dose CsA therapy causes focal microscopic
changes in muscles but not in tendons. No additional effects
were demonstrated with Cremophor EL or steroids. It should
be noted that muscle tissue damage after trauma or surgeries
in patients receiving CsA might be more dramatic due to the
pathologic changes already caused by CsA, as supported by
several case reports.
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AMAC

Az sayidaki calismada, siklosporin-A (CsA) i¢eren immiin-
stipresif tedavi alan hastalarda kas ve/veya tendon patolojileri
goriildiigii bildirilmistir. Calisgmamizda, (i) CsA ile diisiik doz
ve uzun siireli tedavinin ardindan mikroskobik diizeyde ¢izgili
kas dokusu ve tendonlarda degisiklik olup olmadig: ve (ii)
tedaviye CsA’nin ¢oziiciisii Cremophor-EL ya da steroid
eklenmesinin ek bir degisiklik olusturup olusturmadigi
arastirildi.

GEREC VE YONTEM

230-300 gr agirlifinda, disi ve erigkin 24 adet Sprague-
Dawley cinsi sican, rastgele dort gruba ayrildi. Grup 1 kontrol
olarak ayrilirken, diger ii¢ gruba 2,5 ay siire ile CsA (4
mg/kg/giin) periton i¢ine verildi. Grup 2’ye CsA'min oral
formu, Grup 3’e¢ CsA’nin Cremophor-EL igeren intravenoz
(IV) formu verildi. Grup 4’e ise CsA’nin IV formu ile birlikte
prednizolon (1 mg/kg/giin) uygulandi. Asil tendonlar1 ve
triseps kaslarindan hazirlanan doku oOrnekleri 1s1k
mikroskobunda incelendi.

BULGULAR

Tim deney gruplarinda kaslarda lokal dejenerasyon, bag
dokusu artig1, mononiikleer hiicre sayisinda artig gozlendi.
Tendonlarda herhangi bir degisiklik yoktu.

SONUC

Calisma, uzun siireli ve diisiik dozda CsA kullanimi sonucu
kas dokusunda morfolojik degisiklikler olmustur. Tendonlarda
herhangi bir degisiklik gozlenmemistir. Cremophor-EL veya
steroidlere bagl olabilecek ek bir degisiklik belirlenememis-
tir. CsA nedeni ile olusmus bu degisikliklere, travma ya da
cerrahi girisim sonrasi kaslarda olugabilecek hasarin eklenme-
si ile ¢cok daha dramatik bir tablo olugabilecegi goz ardi edil-
memelidir. Bu sonucu destekleyen birka¢ olgu sunumu vardir.
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Cyclosporin A (CsA) is a potent immunosuppres-
sive agent that is widely used after organ transplan-
tations and in the therapy of autoimmune diseases.
Deleterious effects after long-term and low-dose use
of CsA on different organs and tissues are still being
investigated. There are limited studies reporting
changes in muscles and tendons after immunosup-
pressive therapies. The effects of CsA on these tis-
sues during this therapy are controversial.

The cellular target of CsA is calcineurin, a
Ca*/calmodulin-dependent phosphatase. Calcineu-
rin has been implicated in maintenance of muscle
fiber size and in expression of the type I skeletal
muscle phenotype. It is associated with muscle
regeneration via NFATc1/GATA2-dependent path-
ways. CsA is a cyclophilin ligand and inhibits cal-
cineurin. These effects raise the possibility that long-
term CsA use might be harmful on the different types
of muscle tissue.

Florio et al."' demonstrated that CsA increased
intracellular calcium, and such effect was dose-
dependent. Their study showed that CsA caused an
increase in lipid peroxidation and inhibited nitrous
oxide (NO) production in rat cardiomyocytes. They
suggested that CsA toxicity is due to a calcium over-
load, which in turn induces lipid peroxidation and
determines oxidative stress-induced cell injury.
Koulmann et al.” showed that CsA administration
fully prevented the hypoxia-induced increase in the
expression of numerous hypoxia-responsive genes in
parallel with changes in calcineurin activity, and
they suggested that CsA prevents hypoxia-induced
right ventricle muscle hypertrophy. Aoki et al.”
showed that CsA administration did not maximize
muscle mass loss induced by immobilization. They
also indicated that CsA fails to block skeletal muscle
regrowth after disuse. They suggested that cal-
cineurin inhibition by CsA modulates muscle pheno-
type rather than muscle mass.

There are several other studies related with the
effects of this drug on muscle at the molecular level:
Arai et al."¥ found that CsA treatment significantly
decreased the myosin heavy chain (MHC) I mRNA
level. They analyzed the effects of this drug on the
muscle mass as well as on the mRNA levels of MHCs
[MHC 1, IIa, IId/x, IIb] in the rat masseter. They
found upregulation of MHC Ila mRNA independent
ly of calcineurin signaling pathways, but also the
MHC mRNA transition from Ila to I and the muscle
mass maintenance mainly of type IIb fiber through
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the calcineurin signaling pathways. Koulmann et al.”!
studied the responsiveness of mature regenerated
soleus muscles to CsA administration in rats. They
found that CsA administration induced a similar sig-
nificant increase in MHC-IIA mRNA levels in both
intact and regenerated muscles. The study of Zbreski
et al.”’ indicated an increase in type Ila MHC content
and oxidative enzyme activities in the soleus muscle.
They suggested that CsA treatment would cause mus-
cle fiber atrophy.

Krauskopf et al.” showed that CsA generated
superoxide in smooth muscle cells. The anti-prolifer-
ative effects of CsA on vascular smooth muscle cell
proliferation were also demonstrated by Autieri."”

The toxic effects of CsA on microvasculature are
well known. Unsal et al.”® examined the effect of
long-term CsA administration on cremaster flap
microcirculation by using an intravital microscopy
system. They suggested that systemic CsA adminis-
tration seems to have minimal impact on the viabili-
ty of the muscle flaps.

There are several clinical studies related with the
locomotor complications, like avascular necrosis,
spontaneous fractures, tendinitis and spontaneous
tendon ruptures in transplant patients.”'¥ However,
whether or not these complications are related with
the side effects of CsA is still unclear.

Tendons are composed of connective tissue with
low cell content, mainly fibroblasts (also referred to
as tenocytes), with little vascularity, and are primari-
ly composed of collagen fibers. Increased incidence
of tendinitis and tendon ruptures is reported in kid-
ney transplant recipients."” These complications
might be related with either the clinical symptoms of
the patient or the immunosuppressive therapy. There
are only a few studies related with the effects of this
immunosuppressive drug on tendons. The diminish-
ing vascularity of the Achilles tendon with steroid
use has been demonstrated."” The authors suggested
that lung transplant recipients who receive
ciprofloxacin are at significant risk of developing
Achilles tendon disease. They also reported that the
overall association of ciprofloxacin and Achilles ten-
don disease is not dose-related. Tendon rupture
occurs at a lower total dose of ciprofloxacin than
tendonitis, emphasizing idiosyncratic susceptibility
to Achilles tendon disease.

Two cases of bilateral Achilles tendon rupture
after minimal trauma are described in transplant
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patients. Jorgensen et al."” proposed that tendon rup-
ture might be due to a vascular phenomenon leading
to ischemia. Steinmann et al."*’ demonstrated that
CsA induced changes in collagen metabolism in an
experimental study. Movin et al."” reported two
patients with ciprofloxacin-associated Achilles ten-
don disease. Chhajed et al.*” found that lung trans-
plant recipients receiving ciprofloxacin are at signi-
ficant risk of developing Achilles tendon disease.
Merlini et al.”" reported the results of an open pilot
trial with CsA in five patients with collagen VI
myopathies. They reported that the alterations could
be normalized by treatment with CsA, which desen-
sitizes the permeability transition pore independent-
ly of calcineurin inhibition.

These case reports and limited experimental stud-
ies related with the effects of CsA on the locomotor
system led us to investigate its effects on skeletal
muscles and tendons at the microscopic level after
long-term low-dose treatments.

Some studies support the hypothesis that the
vehicle of CsA, Cremophor EL, might also have
toxic effects. Sanchez™ evaluated the acute effect of
CsA and its vehicle on maximal oxidative capacity
(V[max]) of cardiac, soleus and gastrocnemius mus-
cles of rats by an oxygraphic method. Their results
suggested that the inhibition of oxidative capacity
could be entirely attributed to the vehicle for all
muscles. Sanchez et al.,”” in another study, stated
that CsA, without Cremophor EL, has no deleterious
effects on muscle oxidative capacity but induces
alterations in energy metabolism in accordance with
the increased proportion of fast-twitch oxidative
fibers on the rat soleus muscle.

These two studies led us to examine the morpho-
logic effects of the vehicle, Cremophor EL, on either
muscle or tendon structure using light microscopy.

In several therapeutic protocols, CsA is used in
association with corticosteroids to obtain better ther-
apeutic results. Florio et al." stated that glucocorti-
coids might be effective in reducing CsA-induced
toxicity on cardiac muscle at concentrations that
were consistent with current therapeutic doses.
Murison et al.*” demonstrated that there was a signi-
ficant correlation between symptoms of tendinitis
and the cumulative steroid dose. We also aimed to
examine if combined therapy of CsA with steroids
might cause any differences on the microscopic
structure of striated muscles and tendons.
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Finding answers to the above-mentioned ques-
tions would be useful to clarify the role of CsA, its
vehicle Cremophor EL, and the steroids on these tis-
sues during immunosuppression. We also believe
that the conclusions of this study would be helpful
for the surgeon with patients undergoing therapy
including CsA, since cure of the muscle or the ten-
don might be different after surgery or another type
of trauma on these tissues.

MATERIALS AND METHODS

The experimental protocols used in this study are
in accordance with the ethical principles in animal
research followed by Trakya University of Animal
Experimentation and were approved by the Ethics
Committee for Animals Research of Trakya
University.

Twenty-four adult female Sprague-Dawley rats
weighing 230-300 g were divided at random into
four groups. They were kept in a room at constant
temperature (25°C) with alternating 12-h periods of
light and darkness and fed food and water ad libitum.
Group 1 served as controls and received no treat-
ment. Groups 2-4 received CsA intraperitoneally for
10 weeks at the dose of 4 mg/kg/day, which is the
therapeutic dosage used in many protocols for long-
term therapies. Group 2 received the oral form of
CsA, which does not contain Cremophor EL, the
vehicle. Group 3 received the intravenous form of
CsA containing Cremophor EL. Group 4 received
the intravenous form of CsA and prednisolone at
therapeutic dosage (1 mg/kg/day).

The animals were killed with an overdose of
ether at the end of the study. Samples from the
Achilles tendons and triceps surae muscles were
taken from each animal. They were fixed in Bouin
solution. Routine histologic procedures were used
for the preparation of specimens, and all specimens
were finally embedded in paraffin. Sections from
these blocks were stained with hematoxylin and
eosin. Microscopic examination was done under the
light microscope at 100X, 200X and 400X magnifi-
cation.

RESULTS

Findings in Group 1 (Control)

Tendons and muscles showed normal microscop-
ic features, i.e. the presence of fibers with peripher-
al nuclei and a polygonal shape and with no signs of
lesion (Figs. 1a, b). Fibers were aligned linearly in
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longitudinal sections. Striation was observed on
muscle fibers.

Sections from Achilles tendons demonstrated
normal structure of tendons with tenocytes in align-
ment with the linear pattern of collagen (Fig. 1b).

Findings in Group 2

(CsA without Cremophor EL)

There were localized degenerative areas on mus-
cles. Necrotic myofibers were characterized by
densely eosinophilic stain. Some fibers had lost stri-
ations. Connective tissue between muscle fibers was
increased. A mild increase in the number of mononu-
clear cells was also clear (Fig. 1c). Existence of
internal pyknotic nuclei in some cells was evident.

Sections from Achilles tendons showed normal
microscopic structure of flattened nuclei of tenocytes

Fig. 1. (a) A section from the triceps surae muscle of an ani
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between collagen fibers and aligned in rows (Fig. 1d).

Findings in Group 3 (CsA with Cremophor EL)

Focal degenerative changes on muscle fibers
were clear. Connective tissue was increased.
Mononuclear cellular infiltration was evident.
Internal pyknotic nuclei of many cells were also
noted (Fig. 2a).

Microscopic examination of specimens from the
Achilles tendons of animals in this group revealed
dense, fairly regular, collagenous tissue with mostly
fibers and very few cells (Fig. 2b).

Findings in Group 4
(CsA with Cremophor EL plus Prednisolone)

Mononuclear cell infiltration was significant. The
endomysium was infiltrated by lymphocytes in some

mal from the control group. Myofibers demonstrate microscop-

ic structure of normal striated muscle cells with multiple peripherally located nuclei around the branched cells (H-E
x 200). (b) Section of myotendinous junction from an animal of the control group. Segment of dense epimysial con-
nective tissue traverses the field. Myofibers on the left bottom side of the field and tendon, which covers most of the
field, demonstrate normal morphology at the microscopic level. The tendon is composed of dense, fairly regular col-
lagenous tissue with very few cells (H-E x 200). (c) Section from the muscle of an animal that received CsA without
Cremophor EL. Note the increase in connective tissue between fibers (arrows) and cellular infiltration (white arrow)
(H-E x 100). (d) Micrograph from the section of Achilles tendon (upper right) and triceps surae muscle (lower side
of Figure) of an animal treated with CsA without Cremophor EL. Cellular infiltration between muscle cells is seen
while there is no microscopic change in the tendon (H-E x 200).
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areas. Internal pyknotic nuclei in muscle fibers and
increase in connective tissue between fibers were
also observed (Fig. 2c).

Achilles tendon sections in this group demonstra-
ted long parallel bundles of collagen fibers and
fibroblasts in longitudinal rows and no pathologic
findings (Fig. 2d).

DISCUSSION

This study has demonstrated for the first time the
effects of CsA on muscles and tendons at the micro-
scopic level after long-term and low-dose therapy.
The results show that CsA therapy, even at low dose,
can cause some morphologic side effects in muscles.
These include localized necrotic changes, increase in
connective tissue between muscle cells and mononu-
clear cellular infiltration. Some changes at the

] %,

Fig. 2. (a) Section of the muscle of an animal treated with CsA with Cremophor EL. Note the significant increase in mononu-

molecular level in muscle cells after CsA administra-
tion were shown in several previous studies as men-
tioned before. There are controversial results
related with the effects of CsA on muscles.
Irintchev™ showed a hyperplastic effect of CsA
treatment on regenerating muscles. Sakuma et al.”
observed that CsA treatment upregulates Id1 and
Smad3 expression and delays skeletal muscle regen-
eration in vivo. In another study, Sakuma et al.””
reported that the modulation of MEF2C by CsA
treatment might inhibit the hypertrophic process in
the soleus muscle after mechanical overloading. In
the current study, long-term low-dose application of
CsA did not cause hyperplasia or regenerative
changes in muscles. However, localized necrotic
changes were observed. Zbreski et al.” indicated an
increase in type Illa MHC content and oxidative

clear cellular infiltration (H-E x 200). (b) Achilles tendon of an animal treated with CsA with Cremophor EL.
Tenocytes and collagen fibers between these cells demonstrate normal microscopic structure (H-E x 200). (¢) Section
of an animal treated with CsA with Cremophor EL and prednisolone. Note the increase in connective tissue (arrows)
and mononuclear cellular infiltration (white arrow). Necrotic changes in some muscle fibers were also evident (*) (H-
E x 200). (d) A section from the Achilles tendon after treatment with CsA with Cremophor EL and prednisolone.
Dense collagenous tissue with tenocytes shows normal microscopic structure (H-E x 200).
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enzyme activities in the soleus muscle and suggest-
ed that CsA treatment would cause muscle fiber atro-
phy. This study supports our results. We also believe
that the well-known toxic effects of CsA on
microvasculature would cause defects in the micro-
circulation around muscles, perhaps causing necrot-
ic changes.

Mononuclear cellular infiltration was another
microscopic finding on the sections treated with
CsA. Sakuma et al.” observed many mononuclear
cells possessing both MEF2C and myogenin protein
in mice treated with CsA, but not the placebo, after
seven days. This result is consistent with our find-
ings.

Another aim of this study was to examine the
effects of this drug on tendons. Our study showed no
detrimental morphologic effects on tendons after
long-term low-dose use of CsA. Skovgaard et al.”™
reported that tendon ruptures are more frequent in
individuals with kidney disease in dialysis or after
transplantation compared with patients receiving
other organ transplantations. Steinmann et al."¥ dem-
onstrated that CsA induced changes in collagen
metabolism in an experimental study. In the current
study, no significant changes in either tenocytes or
collagen structure were observed in all groups at the
light microscope level. These results support the
hypothesis that CsA, Cremophor EL and steroids
may have no harmful effects on tendons that could
cause tendinitis or tendon ruptures. It is therefore
more likely that tendon ruptures are related to meta-
bolic changes associated with kidney disease rather
than with transplantation or with glucocorticoid
treatment.

Another aim of this study was to examine
whether or not Cremophor EL, the vehicle of CsA,
had additional effects on either muscles or tendons.
Cellular infiltration was clear, especially in Groups 3
and 4 in this study. We hypothesize that Cremophor
EL stimulates this infiltration process since more
cells were seen in the groups receiving this vehicle.

The last aim was to clarify the effects of steroids.
Specimens from animals in Groups 3 and 4 demon-
strated similar microscopic findings. Therefore, it is
suggested that steroids do not have curative effects
after their application with CsA.

We conclude that patients receiving long-term
low-dose CsA therapy should be aware of possible
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symptoms due to the changes in muscle structure.
Local necrotic changes can be seen on striated mus-
cle cells. It is well known that mild changes, as we
have observed in this study, might be repaired by the
tissue itself. However, they might also cause more
harmful pathologic changes if there is another cause
of damage like a trauma or surgery. Several case
reports support this proposition. The results of this
experimental study support the idea that tendons are
not affected by long-term CsA therapy. Tendon rup-
tures and tendinitis, which were seen in the patients
after the immunosuppressive therapy, are probably
due to other causes. Surgeons can be more comfort-
able when they plan a surgery, like surgical suturing
of an Achilles tendon rupture, in patients receiving
CsA with glucocorticoids. However, it should be
noted that muscle tissue damage after trauma or sur-
gery in patients receiving CsA might be more dra-
matic due to the pathologic changes already caused
by CsA, as supported by several case reports.
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