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Cyclosporine began to be used as one of the immunosuppressive
agents in transplantation in the beginning of the 1980s, and in
the treatment of nephrotic syndrome in the pediatric nephrology.
Therapeutic area of cyclosporine is narrow and its side effects
limit its usage. Preference for cyclosporine and tacrolimus as
a calcineurin inhibitor is left for the choice of the department.
There are still countries with preferred-cyclosporine use because
of economic reasons. Cyclosporine is currently being used in the
treatment of nephrotic syndrome, but due to its high relapse rates
in a short-term use, and nephrotoxicity in long-term use, search for
new drugs with fewer side effects keeps continuing. As long as its
use is indispensable, it will be necessary to keep track of kidney
function and blood level of this medication closely to protect the
patients from toxicity.

Cyclosporine, a molecule obtained from a fungus
for the first time in 1969, began to be used as one
of the rejection preventive agents in transplantation
in the beginning of the 1980s, and began to be
used in various fields such as in the treatment of
nephrotic syndrome, in the autoimmune diseases,
and in veterinary medicine in the later years. In
its usage during childhood, it gave its place in
transplantation to drugs which have the same
effect potential and have fewer side effects. While
it is still in use in nephrotic syndrome, it seems
as it is going to give its place to other drugs
herein as well. Nevertheless, understanding the
pharmacodynamics of this drug, which is still in
use, requires keeping its drug interactions in mind
and being on the alert in terms of its side effects.
The aim of this review is to compile nephrology
usage area of cyclosporine, especially in childhood,
its effects, and its long-term results.

Cyclosporine is a cyclic protein with 11 amino
acids, which is obtained from fungi called
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Tolypocladium inflatum. Because it is a lipophilic
peptide, it can easily pass through the cell
membrane. Cyclosporine is in an inactive form
at first. It gets combined with cyclophilin, which
is a cytosolic protein, and thus it represses the
production of interleukin (IL)-2 by hindering the
motion of complex transcription factors within
the cell, thus it hinders the enzymatic activity of
calcineurin (Figure 1). Calcineurin is accepted to be
the target molecule that cyclosporine/cyclophilin
complexes attach. What affects the signal production
that calcineurin T cells trigger is an enzyme
which is in bond with calmodulin and calcium
and has serine/threonine phosphatase quality.
Dephosphorylation, kinase activity, phosphatase
activity, and protein expression can be included
among the calcineurin activities. Dephosphorylation
occurs in the target molecules within the cell as a
result of cyclosporine/cyclophilin bonding with
calcineurin, and as a result, inhibition of the IL-2
gene and other cytokine genes occur. Thus, IL-2
production is blocked, and proliferation signals
of T cells disappear.!?

Both in experimental and human studies, it
was shown that cyclosporine was the two-edged
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Figure 1. Mechanism of the action of cyclosporine. CsA indicates cyclosporine; NF-AT, nuclear factor of activated T-cells; and IL 2,

interleukin-2.

mechanism in the abolishment of proteinuria.
While the first one is an immunosuppressive effect
which it shows by directly affecting the release of
glomerular permeability factor, the second one
is the nonimmunologic effect on the glomerular
permeability selectivity.’

Although distribution volume is not different
from that of adults, clearance is higher in little
children compared to the body weight, the half-
life of the cyclosporine is shorter. For this reason,
some centers choose to divide the daily dose into
3 for the young patients. Necessary dose to create
the target blood level is higher than adults.

Bioavailability of oral formulas shows a great
variation. It is affected by the factors like age of
the patient, length of intestines, and presystemic
metabolism in the intestinal wall.’ They showed that
when cyclosporine is taken along with meals, it is
absorbed better due to the increase in the secretion
of bile, and there are fewer bioavailability variants.®
Some clinical studies were carried out related to
metabolising the drug. It was observed that those
who have ABCBI and NR1I2 genes had higher
bioavailability.”® Until the 1990s, the gel capsule
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form of the drug (Sandimum) was available. With
the microemulsion form (Neoral), it has become
easier to adjust the dose for children. It was also
shown that the absorption of this form was better
and had a higher time-drug-concentration curve
and bioavailability as well.”

Due to its lipophilic quality, the highest
concentration is found in the tissues with the
highest fat proportion in the body.! Higher
concentrations are found in the liver, kidney, and
pancreas and adrenal glands than plasma, and this
is in proportion to the cyclophilin level, which is
a cyclosporine binder protein.!''> As cyclophilin
cannot pass through the blood-brain barrier, its
levels in cerebral tissue are lower. Seventy percent
of it attaches to erythrocyte in the blood, 20% of
it is in blood, and 5% to 20% of it is related to
lymphocytes.’* As it attaches to the blood cells,
their levels in the whole blood are 1.5 to 3 times
less than that in plasma.' In the cyclosporine level
measurement, several methods can be used, and the
most beneficial one is to measure with monoclonal
radioimmunoassay. Using time-concentration curve
to determine cyclosporine exposure reflects more
accurate results instead of measuring plasma level
at specific times.!> However, using this method is



both expensive and time-consuming and also it is
very hard to implement in routine patient practice.
Cyclosporine levels can be measured from plasma
or from whole blood to be able to follow toxic
complications. At first, CO (the time right before
taking the drug) levels were used. However, time
length to reach the high concentrations after the
cyclosporine application ranges between zero and
4 hours. It reaches to its highest level in the 2nd
hour. For this reason, it was attempted to foresee
the drug exposure and clinic outcome by following
the plasma levels in the C2 after having taken the
drug.1617

Cyclosporine is metabolized with the cytochrome
P450 3A (CYP3A) enzyme within the liver and
gastrointestinal system microsomal enzyme. A
minor part of it, to be disposed of by kidneys,
is disposed of through biliary tract. Clearance of
cyclosporine and distribution volume decreases with
the increase in plasma cholesterol and haematocrit,
and on the other hand, decreases with the decrease
in serum creatinine.'®

It has many drug interactions. As it is metabolised
with cytochrome P450, giving drug components
that stimulate this system may lead to decrease in
plasma cyclosporine levels, in contrast with this
drugs which inhibit this may lead the plasma levels
of cyclosporine to increase. They are rifampicin,
nafcillin, phenobarbital, and carbamazepine
CYP3A4 inductors, and they lead to a decrease
in cyclosporine levels."

In contrast, as some calcium channel blockers
such as macrolides, azole antifungals, diltiazem,
and verapamil inhibit CYP3A4, it leads to an
increase in cyclosporine levels.?’ Glucocorticoids
affects glomerular filtration rate estimation by
increasing the cyclosporine level and decreasing
cysteine C levels after the transplantation, and
this emerges as the early nephrotoxic effect of
cyclosporine. Cyclosporine usage increases the
toxicity effect of amphotericin in the simultaneous
diuretic application.?’?> On the other hand,
drugs such as metoclopramide which affect
gastrointestinal motility cause cyclosporine levels
to increase by affecting cyclosporine levels. In its
use of hyperlipidemic drugs such as lovastatin,

Cyclosporine in Pediatric Nephrology—Camlar et al

serious myolysis, myopathy was reported.” In
its use with FK 506, as cyclosporine increases
its nephrotoxicity, using both of these agents
together must be avoided.* Not to give grapefruit
or grapefruit juice to the patients who take
cyclosporine is the most important thing in drug
interactions. Grapefruit, along with the decrease
in CYP3A4, by inducing the membrane transporter
P-glycoprotein, affects the intestinal absorbment
and tissue distribution.” During the consumption
of other drugs, cyclosporine serum levels help in
the follow-up as well. Effect of the body weight
on cyclosporine blood levels is also stated in some
studies. Less cyclosporine dose is required for the
patients with a higher body mass index.?

Therapeutic area of cyclosporine is narrow. It
is used both in adults and children. It first began
to be used to prevent acute rejection.”’” In some
later years, it began to be used in the treatment of
nephrotic syndrome.?® Apart from that, it is also
used in autoimmune diseases such as inflammatory
bowel diseases and psoriasis which do not respond
to some other treatments.”

In 1978, cyclosporine began to be used as
an alternative to azathioprine and steroid.?”
Cyclosporine is used in the transplantation of solid
organs such as the heart, liver, and bone marrow
as well. In the induction treatment, the dose of
cyclosporine was 8 mg/kg/d (165 mg/m?) for
those aged under 6 years old and 4.5 mg/kg/d
for those older than 6 years, during the 24 hours
of infusion. Within 48 hours oral dose started as
500 mg/m?/d for an age less than 6 years and 12
mg/kg/d to 15 mg/kg/d for an age greater than
6 years, once in 12 hours. Target blood levels for
the first 6 months is 100 ng/mL to 125 ng/mL,
and 50 ng/mL to 100 ng/mL after 6 months. For
the levels above 250 ng/mL, nephrotoxicity risk
is higher. However, it was observed that some
patients developed toxicity at levels as low as 100
ng/mL and some developed rejection at levels as
low as 250 ng/mL.%

In the comparisons made with muromonab-CD3
in the induction regimens, no difference was found
in the antibody formation.*! There is no evidence
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regarding preventative effect of cyclosporine
against the relapse of nephrotic syndrome after
the transplantation. However, a high dose of
cyclosporine (15 mg/kg/g to 35 mg/kg/g) may
be effective in the repetition of the disease after
the transplantation. It is used as combined with
other immunosuppressives, yet it is not advised to
use it together with tacrolimus, which is another
calcineurin inhibitor as it increases posttransplant
lymphoproliferative disease risk.

Measurement of the drug level is important to be
protected from immunosuppression and probable
side effects. The most suitable method found as the
concentration time curve. Twelve hours of time-
drug-concentration curve profile is the determiner
which shows the drug absorbment and cleaning
best. As using it in the practice is hard, target C2
level is found to be appropriate to be 1500 ug/L
in the early period after the transplantation. Low
serum levels were found to be related to rejection
and high serum levels were found to be related
to toxicity.?

Due to side effects of cyclosporine, another
calcineurin inhibitor, tacrolimus, began to be used
and found as effective as cyclosporine in preventing
acute rejection and long-term survival.?®* We have
been using tacrolimus instead of cyclosporine in
the transplantation induction protocol in our clinic
since 2004.

Cyclosporine is effective in various immune-
mediated glomerular diseases as well. It is used
both in the steroid-respondent and steroid-resistant
nephrotic syndromes.?®*** It is used in minimal
lesion disease, focal segmental glomerulosclerosis
(FSGS), immunoglobulin A nephropathy, lupus
nephritis, and membranous nephropathy.*

The first-line treatment of steroid-sensitive
nephrotic syndrome is steroids. Cyclosporine
is one of the agents used as a rescue agent of
steroids like levamisole, cyclophosphamide, and
mycophenolate mofetil in the steroid-respondent
cases. In steroid-dependent nephrotic syndrome,
cyclosporine decreased the relapse rates by 75%
to 90%. This helps protect patients from long-term
side effects of the steroid. Its effect was shown in
many studies, and in the 2013 the Kidney Disease:
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Improving Global Outcomes guideline, cyclosporine
use was advised for steroid-sensitive nephrotic
syndrome children to be at the dose of 3 mg/kg/d
to 5 mg/kg/d.* Cyclosporine has an antidiuretic
effect, as it will increase water retention during the
nephrotic syndrome attack, and it is advised to start
it after nephrotic syndrome enters the remission
phase. In steroid-dependent nephrotic syndrome,
cyclophosphamide is used as an alternative to
steroid, and long-term remission is observed.
However, as this drug can cause azoospermia
especially in male children and its long-term results
are not clearly known, cyclosporine seems to be
in the direction of becoming the first choice after
steroid instead of cyclophosphamide 343550

In most studies, relapses due to short-term
consumption of cyclosporine were observed
after having stopped using the drug.>** Hulton
and coworkers* found that restarting the drug
after having stopped the cyclosporine resulted
in more relapses and steroid was also needed for
remission. For this reason, it is advised to continue
to use cyclosporine for at least 1 or 2 years after
having started to use it.**” Tejani and coworkers?
compared patients using low-dose steroid and
cyclosporine with those using high-dose steroid;
the remission rate was found to be lower in the
group using only steroid.

Remission rates with cyclosporine was found
to be zero to 71%. While Meyrier and colleagues*®
determined the remission rate to be 23%, Ingulli and
associates*? obtained a remission above 80% by using
a high dose (7 mg/kg/g). Cattran and colleagues®
administered prednisolone and prednisolone plus
cyclosporine in 49 steroid-resistant FSGS patients
for 26 weeks, and the remission rate was found
to be 4% and 70%, respectively. The reason for
this discrepancy might be related to concurrently
using steroid treatment regimen or histological
differences.?404243475152 Cyclosporine is suggested
among the treatment options for the children
with steroid-resistance nephrotic syndrome in the
Kidney Disease: Improving Global Outcomes.®
Also, long-term use of cyclosporine decreased the
progression to end-stage renal disease. By pointing
that a renal damage which was triggered before
in the patients with FSGS may become worse with
cyclosporine, it was highlighted that it should



not be used with the patients below glomerular
filtration rate 40 mL/min/1.73 m%.%

Most of the children with nephrotic syndrome
are sensitive means response to cyclosporine.
Unfortunately relapse rate is higher after cessation of
cyclosporine; in other words, it shows dependency
to the drug.>* This situation was attempted to be
resolved by prolonging the treatment process by
at least 12 months.*0°>%7

Cyclosporine resistance is defined as stopping
the treatment after receiving a response to
cyclosporine or not receiving a response after
restarting the drug use after having cut it down.”®
In the biopsies carried out at the beginning or at
the later periods of the treatment, they determined
that detecting FSGS or C4 or Clq is an increased
risk for cyclosporine resistance as well. Shaat and
colleaguees*! found while all of the patients with
steroid-dependent nephrotic syndrome respond
to cyclosporine, the response to cyclosporine
was 22% in steroid-resistant nephrotic syndrome
patients and concluded that cyclosporine resistance
is higher in case of steroid resistance. Mahmoud
and colleagues* determined that hypertension
and kidney dysfunction side effects were higher
in the group with cyclosporine resistance as well.

Some races show different responses in terms
of response and resistance.” It was shown that
especially those who have a mutation in NPHS2
gene show a resistance against cyclosporine like
in the steroid as well.*! Nonetheless, Caridi and
colleagues® showed that partial remission could
be available for the patients who had podocin
mutation.
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Figure 2. Nephrotoxicity of cyclosporine (CsA).
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Nephrotoxicity is the most important side
effect (Figure 2). The first effect of cyclosporine is
vasoconstriction in the glomerular afferent arteriole.
In the experimental studies, thromboxane B2, a
strong vasoconstrictor was found in urine and
the production of vasoconstrictor prostaglandin
E2 decreased. With calcineurin inhibition, along
with IL-2, another IL, transforming growth factor-,
endothelin (ET1), nitric oxide synthase, and
other proteins protecting the cell from apoptosis
are blocked as well.®* While this effect provides
immunosuppression, mechanisms which cause
renal toxicity are triggered as well. Another
mechanism which is thought to be responsible for
nephrotoxicity is oxidative damage that it makes
by increasing the free oxygen radicals which are
the result of lipid peroxidation that it creates in
the cell membrane.®

The last part of the proximal tubules, which
especially is concentrated in the medulla cortex,
is richer than peroxisomes which include P450
oxidases that are in charge in the cyclosporine
metabolism, and material accumulation within the
cell occurs because of the oxidase inhibition when
cyclosporine broke down into its metabolites.®
Also, direct toxic effect of cyclosporine on the renal
tubules is seen especially on proximal tubules.
Renal cell apoptosis and free oxygen radicals and
lipid peroxidation are well-known nephrotoxicity
mechanisms. The most often observed electrolyte
abnormalities are hyperkalemia, hyperuricemia,
and hypomagnesemia. Urinary magnesium loss is
observed due to the downregulation of cyclosporine
and paracellin.®* Calcium binding-D28k causes
downregulation hypercalciuria and hyperkalaemia.
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Cyclosporine may cause stone formation by causing
calciuria.®

While acute nephrotoxicity can be asymptomatic
clinically, it manifests as an increase in serum
creatinine and blood pressure. It emerges after
a short while after the drug consumption and is
reversible in a short time after the consumption
of the drug is stopped.®®

The effect of cyclosporine on the kidneys is
vasoconstriction and hyperfiltration. Due to its
direct toxic effect on the renal veins, it causes a
decrease in the plasma flow and glomerular filtration
rate. Various observations were obtained regarding
the hemodynamic changes of cyclosporine;
activation of renin-angiotensin system, sympathetic
nervous system, an increase in the release of potent
vasoconstriction ET1, and degenerated production
of nitric oxide. As a result of vasoconstrictor and
vasodilator, unbalance plays a supporting role
in the nephrotoxicity, as well.®” Inhibition of
the renin-angiotensin system with angiotensin-
converting enzyme inhibitors and angiotensin-1
receptor antagonists correct these functional and
structural changes and are an indicator of this
situation. In the studies done on the rats, due to
the increase in the renin in cyclosporine treatment,
juxtaglomerular hypertrophy and hyperplasia were
detected. Again in the rats, after the ET1 release
that cyclosporine stimulates, an increase in the
mesentery in the aorta and in the number of the
ET receptors in the renal cortex was determined.®®
Von Willebrand factor, which is an indicator of
endothelial damage related to the endothelium
injury that cyclosporine causes, showed that selectin
and thrombin complexes increased.®

Clinically, distinguishing these findings from
the acute rejection is difficult. Even though
toxicity does not have specific diagnostic findings,
histopathology requires for distinguish this
situation. Histopathological findings are occlusive
vasculopathy in the afferent arterioles, nodular
IgM positivity in the apical side of the arteriole
in the immunfloresan staining, and necrose
and smooth muscle cell damage in the electron
microscopy. It is seen as hyalinosis in the optical
microscope. Although patch-like isometric tubular
vacuolisation is not specific, it is a predictor. Some
cases may be related to serious vascular injury and
glomerulosclerosis collapsed due to ischemia, or
cyclosporine toxicity.”
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Chronic nephrotoxicity means the irreversible
deformation of kidney function and it is not
dose dependent. Here again, it is thought that
arteriolar damage is developed because of the
accumulation of the extracellular matrix molecules
due to that nitric oxide synthetase, transforming
growth factor-f, endothelin-1, collagen I and IV,
and bcl-2 affect its mechanisms.”"”2 The reversible
histologic findings of the chronic nephrotoxicity
is vacuolisation in the smooth muscle cells of the
afferent arterioles. After a while, these cells with
vacuole progress into necrose and leave their
place to proteinosis material. Interstitial fibrosis
is related to osteopontin in the tubulointerstitial
area, and transforming growth factor-f expression
and macrophage infiltration.”

The frequency of nephrotoxicity in the 10-year
follow-up protocol biopsies in transplantation
is 96%.7* Studies were carried out to determine
the toxic effects after the cyclosporine use in the
children with the nephrotic syndrome and found
23% to 63% proven histologically.”””® Chronic
nephrotoxicity in cyclosporine use emerges
within 2 years in the extrarenal transplantations
and in other autoimmune treatments.” Although
chronic structural cyclosporine toxicity findings
were observed in the protocol biopsies after
the transplantation, this situation was found to
be rare or cause loss of graft in the transplant
nephrectomies. The decrease in cyclosporine
nephropathies was detected with a decrease in
the dose in the immunosuppression protocols
to prevent nephrotoxicity.?#! Secondly, it was
attempted to switch cyclosporine with sirolimus
from the protocols in the early period. By this, it was
observed that controlling the blood pressure became
easier without a rejection.®” It was determined that
kidney function did not recover and patients with
low glomerular filtration rate or those who had
proteinuria became worse in the transitions in the
late period. Flecner and collegaues® regarded the
switch to using less nephrotoxic agents before a
serious renal damage was observed after having
used cyclosporine for a short time in the protocols
to be the best choice. As cyclosporine represses
cytokine production, it results in serious glomerular
damage with the rebound increase in the cytokine
levels after having stopped the treatment.®*

Several studies are carried out for prevention
cyclosporine-induced renal toxicity. Some of



them were with many antioxidants, vitamin E,
curcumin, propionyl carnitine, N- acetylcysteine,
alpha tocopherol, superoxide dismutase/
catalase, L-arginine, and erythropoietin.®>“* Some
publications showed that cyclosporine caused
microsomal lipid peroxydation in the kidneys,
lipid peroxydation-repressive effect of vitamine
E decreases cyclosporine nephrotoxicity.?? It was
shown that malondialdehyde which is a lipid
peroxidation product following the cyclosporine
application increased in the kidney cortex.
Mansour and coworkers” showed in their study
that L-arginine which is an agent that does
vasodilatation from nitric oxide in rat kidney,
decreased the degeneration in the kidney function
and histologic structure that cyclosporine caused.
In our study, we showed the tubular arteriolar
changes with the application of low- and high-
dose erythropoietin, that it decreased apoptosis
and oxidative stress yet had no effect on kidney
function and chronic fibrotic changes.?* McCulloch
and colleagues® found effects of nifedipine on
fibrosis in the transplantation patients, as a result
of treatment for a year, they showed that interstitial
volume decreased in the patients who did not use
nifedipine and their glomerular filtration rate was
protected better. However, none of the studies
achieved enough success to find their place in
daily practice.

Hypertension is reported as the most frequent
side effect of cyclosporine in transplantation.
Systemic renal hemodynamic changes by activation
of sympathetic system and renin-angiotensin
system demonstrated in many animal and human
studies.?®1% Blocking the neural calcineurin
epinephrine increases the catecholamine levels.”
Also, increasing in nitric oxide and endotheline-1
production causes vascular resistance as a result
of endothelial dysfunction. Endotheline-1 receptor
antagonists like bosentan and avosentan contribute
to the decrease in the blood pressure by decreasing
the endothelin releasement.’”® angiotensin-
converting enzyme inhibitors and angiotensin
receptor blockers combinations have an important
place in the reduction of both hypertension and
proteineuria. Also, calcium channel blockers are
useful to prevent hypertension and chronic allograft
damage. This side effect is much less with another
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calcineurin inhibitor, tacrolimus. The frequency of
hypertension in the children using cyclosporine in
the nephrotic syndrome treatment is less than that
observed in the transplantation (14% to 36%).7677%

Hemolytic uremic syndrome can be triggered
by cyclosporine after transplantation.!0!.102
Cyclosporine causes endothelial cell injury, but
its mechanism is still not fully explained.

Dyslipidemia induced by cyclosporine after the
transplantation is shown in some studies.!®1% In our
study, we found that CO0 levels with cyclosporine
were more meaningful to predict dyslipidemia.'®
Steroids have additive effects of the cyclosporine. In
the regimens using cyclosporine without steroids,
dyslipidemia rate was found to be much lower.
Hyperlipidemia and diabetes mellitus should
be avoided by a good metabolic control after
transplantation. Although the effect of diabetes
mellitus is not as much with tacrolimus, it should
not be disregarded.'*

Although after renal transplantation cyclosporine
had an important effect on bone remodelling there
is no negative effect in nephrotic syndrome.!%”1%
This situation was interpreted to be caused
because of the bone mineral deformation before
the transplantation.!?””

Gingival hypertroplasia and hipertrichosis are
cosmetics side effects of cyclosporine. It causes
problems, especially in the adolescent patients
that leads to incompliance of the treatment. When
hypertrichosis and gingival hyperplasia is detected
in the patient, cyclosporine should be changed
with tacrolimus which has fewer side effects.'””

Long-term use of the immunosuppressive
drugs can cause an increase in malignancies risk.
Especially, posttransplant lenphoprolipherative
disease related to Ebstein Barr virus is the most
common of them. Using with the other calcineurin
inhibitor should be avoided in the children with
posttransplant lenphoprolipherative disease
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development risk.!1

Tremor, convulsion, and posterior reversible
encephalopathy syndrome are the most common
neurologic side effects.'''!'2Side effects such
as dyspnea, pruritus, pancreatitis, liver failure,
burning in the tips of fingers, peptic ulcer, nausea,
and depression are also reported.

Kidney damage and delay in the hematopoietic
organ development were shown in the infant rats as
a result of giving cyclosporine to pregnant rats.!'?
Permanent loss of nephrons due to the exposure to
cyclosporine in antenatal period was found to be
glomerular, tubular, and intrarenal hemodynamic
dysregulation, renal enlargement, and endothelin-
dependent systemic hypertension.'' In our study
done on the rats, we determined that there was
a functional change in the kidneys and their uses
as a result of cyclosporine exposure through the
milk of their mothers who received cyclosporine
treatment, and this may cause permanent damage.'®
Although nephrotoxicity and other side effects
were not shown in the infants breastfed by their
mothers who received cyclosporine treatment in
some studies, American Pediatric Academy stated
that cyclosporine is transmitted into breast milk and
its long-term effects are not known. Cyclosporine
exposure in the infancy period with lactation may
cause the lymphoproliferative answer to T cell
mutation and mitogen activation to be hindered.!®

Although cyclosporine is a frequently used
agent in organ transplantation and in autoimmune
diseases, its side effects limit its usage. Preference
for cyclosporine and tacrolimus as a calcineurin
inhibitor is left for the choice of the department.
There are still countries with preferred-cyclosporine
use because of economic reasons. Cyclosporine
is currently using in the treatment of nephrotic
syndrome, but due to its high relapse rates in a
short-term use, and nephrotoxicity in long-term
use, searches for new drugs with fewer side
effects keeps continuing. As long as its use is
indispensable, it will be necessary to keep track
of kidney function and drug level of this drug
closely to protect patients from toxicity.

326

None to be declared.

10.

1

12.

13.

14.

15.

16.

. Taylor AL, Watson CJ, Bradley JA. Inmunosuppressive

agents in solid organ transplantation: Mechanisms of
action and therapeutic efficacy. Crit Rev Oncol Hematol.
2005;56:23-46.

. Faulds D, Goa KL, Benfield P.Cyclosporin. A review of its

pharmacodynamic and pharmacokinetic properties, and
therapeutic use in immunoregulatory disorders. Drugs.
1993;45:953-1040.

. Leapman SB, Filo RS, Smith EJ, Smith PG. In vitro

effects of cyclosporin A on lymphocyte subpopulations. 1.
Suppressor cell sparing by cyclosporin A. Transplantation.
1980;30:404-8.

. Green CJ. Immunosuppression with cyclosporin A: a

review. Diagn Histopathol. 1981;4:157-74.

. Grevel J. Absorption of cyclosporine A after oral dosing.

Transplant Proc. 1986;18(6 Suppl 5):9-15.

. Ptachcinski RJ, Venkataramanan R, Rosenthal JT,

Burckart GJ, Taylor RJ, Hakala TR.The effect of food on
cyclosporine absorption. Transplantation. 1985;40:174-6.

. Fanta S, Niemi M, Jonsson S, Karlsson MO, Holmberg C,

Neuvonen PJ, Hoppu K, Backman JT. Pharmacogenetics
of cyclosporine in children suggests an age-dependent
influence of ABCB1 polymorphisms. Pharmacogenet
Genomics. 2008;18:77-90.

. Zhang Y, Li JL, Fu Q, et al. Associations of ABCB1,

NFKB1, CYP3A, and NR1I2 polymorphisms with
cyclosporine trough concentrations in Chinese renal
transplant recipients. Acta Pharmacol Sin. 2013;34:555-
60.

. Belitsky P, Dunn S, Johnston A, Levy G. Impact of

absorption profiling on efficacy and safety of cyclosporin
therapy in transplant recipients. Clin Pharmacokinet.
2000;39:117-25.

Wagner O, Schreier E, Heitz F, Maurer G. Tissue
distribution, disposition, and metabolism of cyclosporine in
rats. Drug Metab Dispos. 1987;15:377-83.

. Kahan BD, Van Buren CT, Boileau M, Ried M, Payne WD,

Flechner S, Newburger J. Cyclosporin A tissue levels
in a cadaveric renal allograft recipient. Transplantation.
1983;35:96-9.

Maurer G. Metabolism of cyclosporine. Transplant Proc.
1985;17(4 Suppl 1):19-26

Atkinson K, Britton K, Biggs J. Distribution and
concentration of cyclosporin in human blood. J Clin
Pathol. 1984;37:1167-71.

Lemaire M, Tillement JP. Role of lipoproteins and
erythrocytes in the in vitro binding and distribution
of cyclosporin A in the blood. J Pharm Pharmacol.
1982;34:715-8.

Grevel J, Welsh MS, Kahan BD. Cyclosporine monitoring
in renal transplantation: area under the curve monitoring
is superior to trough-level monitoring. Ther Drug Monit.
1989;11:246-8.

Midtvedt K. Therapeutic drug monitoring of cyclosporine.



17.

18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Transplant Proc. 2004;36(2 Suppl):S430-3.

Kavukegu S, Soylu A, Turkmen M, Kasap B, Gimustekin
M, Gilay H. Two-hour post-dose cyclosporin A levels in
adolescent renal transplant recipients in the late post-
transplant period. Pediatr Nephrol. 2004;19:667-71.

. Wu CY, Benet LZ, Hebert MF, et al. Differentiation of

absorption and first-pass gut and hepatic metabolism in
humans: studies with cyclosporine. Clin Pharmacol Ther.
1995;58:492-7.

Rowland M, Gupta SK. Cyclosporin-phenytoin interaction:
re-evaluation using metabolite data. Br J Clin Pharmacol.
1987;24:329-34.

Scott JP, Higenbottam TW. Adverse reactions and
interactions of cyclosporin. Med Toxicol Adverse Drug
Exp. 1988;3:107-27.

Cockburn IT, Krupp P. An appraisal of drug interactions
with Sandimmun. Transplant Proc. 1989;21:3845-50.

Wadhwa NK, Schroeder TJ, Pesce AJ, Myre SA, Clardy
CW, First MR. Cyclosporine drug interactions: a review.
Ther Drug Monit. 1987;9:399-406.

Scarfia RV, Clementi A, Granata A. Rhabdomyolysis and
acute kidney injury secondary to interaction between
simvastatin and cyclosporine. Ren Fail. 2013;35:1056-7.

Iwasaki K. Metabolism of tacrolimus (FK506) and
recent topics in clinical pharmacokinetics. Drug Metab
Pharmacokinet. 2007;22:328-35.

Bennett WM. What is the effect of grapefruit juice
on cyclosporine pharmacokinetics? Pediatr Nephrol.
1995;9:10.

Kasap B, Soylu A, Tirkmen M, Kavukgu S, Bora S, Gllay
H. Effect of obesity and overweight on cyclosporine blood
levels and renal functions in renal adolescent recipients.
Transplant Proc. 2006;38:463-5.

Calne RY, White DJ, Thiru S, Evans DB, McMaster

P, Dunn DC, Craddock GN, Pentlow BD, Rolles K.
Cyclosporin A in patients receiving renal allografts from
cadaver donors. Lancet. 1978;2:1323-7.

Tejani AT, Butt K, Trachtman H, Suthanthiran M, Rosenthal
CJ, Khawar MR. Cyclosporine A induced remission of
relapsing nephrotic syndrome in children. Kidney Int.
1988;33:729-34.

Favre H, Miescher PA, Lemoine R. Use of cyclosporine in
the treatment of autoimmune disorders. Transplant Proc.
1994;26:3194-6.

Harmon WE, Sullivan EK. Cyclosporine dosing and its
relationship to outcome in pediatric renal transplantation.
Kidney Int Suppl. 1993;43:S50-5.

Benfield MR, Tejani A, Harmon WE, McDonald R,
Stablein DM, Mcintosh M, Rose S; CCTPT Study Group.
A randomized multicenter trial of OKT3 mAbs induction
compared with intravenous cyclosporine in pediatric renal
transplantation. Pediatr Transplant. 2005;9:282-92.

Barama A, Sepandj F, Gough J, McKenna R. Correlation
between Neoral 2 hours post-dose levels and histologic
findings on surveillance biopsies. Transplant Proc.
2004;36(2 Suppl):S465-7.

Neu AM, Ho PL, Fine RN, Furth SL, Fivush BA. Tacrolimus
vs. cyclosporine A as primary immunosuppression in
pediatric renal transplantation: a NAPRTCS study. Pediatr

Cyclosporine in Pediatric Nephrology—Camlar et al

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Transplant. 2003;7:217-22.

Hulton SA, Neuhaus TJ, Dillon MJ, Barratt TM. Long-term
cyclosporin A treatment of minimal-change nephrotic
syndrome of childhood. Pediatr Nephrol. 1994;8:401-3.

Neuhaus TJ, Fay J, Dillon MJ, Trompeter RS, Barratt
TM. Alternative treatment to corticosteroids in steroid
sensitive idiopathic nephrotic syndrome. Arch Dis Child.
1994;71:522-6.

Niaudet P, Habib R, Tete MJ, Hinglais N, Broyer M.
Cyclosporin in the treatment of idiopathic nephrotic
syndrome in children. Pediatr Nephrol. 1987;1:566-73.

Tanaka R, Yoshikawa N, Kitano Y, Ito H, Nakamura

H. Long-term ciclosporin treatment in children with
steroid-dependent nephrotic syndrome. Pediatr Nephrol.
1993;7:249-52.

Hino S, Takemura T, Okada M, Murakami K, Yagi K,
Fukushima K, Yoshioka K. Follow-up study of children with
nephrotic syndrome treated with a long-term moderate
dose of cyclosporine. Am J Kidney Dis. 1998;31:932-9.

Brodehl J, Hoyer PF, Oemar BS, Helmchen U, Wonigeit K.
Cyclosporine treatment of nephrotic syndrome in children.
Transplant Proc. 1988;20:269-74.

Hamasaki Y, Yoshikawa N, Nakazato H, Sasaki S, lijima
K, Nakanishi K, Matsuyama T, Ishikura K, Ito S, Kaneko
T, Honda M; for Japanese Study Group of Renal Disease
in Children. Prospective 5-year follow-up of cyclosporine
treatment in children with steroid-resistant nephrosis.
Pediatr Nephrol. 2013;28:765-71.

Shatat IF, Schoeneman M, Flynn JT, Woroniecki RP.
Association of steroid and cyclosporin resistance in
focal segmental glomerulosclerosis. Pediatr Nephrol.
2007;22:834-9.

Ingulli E, Singh A, Baqgi N, Ahmad H, Moazami S, Tejani A.
Aggressive, long-term cyclosporine therapy for steroid-
resistant focal segmental glomerulosclerosis. J Am Soc
Nephrol. 1995;5:1820-5.

Meyrier A. Treatment of idiopathic nephrotic syndrome
with cyclosporine A. J Nephrol. 1997;10:14-24.

Mahmoud |, Basuni F, Sabry A, El-Husseini A, Hassan
N, Ahmad NS, Elbaz M, Moustafa F, Sobh M. Single-
centre experience with cyclosporin in 106 children with
idiopathic focal segmental glomerulosclerosis. Nephrol
Dial Transplant. 2005;20:735-42.

Hoyer PF, Brodehl J, Ehrich JH, Offner G. Practical
aspects in the use of cyclosporin in paediatric nephrology.
Pediatr Nephrol. 1991;5:630-8.

Radhakrishnan J, Halevy D. Cyclosporin treatment
of glomerular diseases. Expert Opin Investig Drugs.
2000;9:1053-63.

El-Husseini A, EI-Basuony F, Mahmoud |, Sheashaa H,
Sabry A, Hassan R, Taha N, Hassan N, Sayed-Ahmad N,
Sobh M. Long-term effects of cyclosporine in children with
idiopathic nephrotic syndrome: a single-centre experience.
Nephrol Dial Transplant. 2005;20:2433-8.

Ossareh S, Madadi B, Joodat R. Effect of cyclosporine
a in the treatment of proteinuric patients with
immunoglobulin A nephropathy. Saudi J Kidney Dis
Transpl. 2014;25:661-6.

Lombel RM, Gipson DS, Hodson EM; Kidney Disease:

327



Cyclosporine in Pediatric Nephrology—Camlar et al

50.

51.

52.

53.

54.

55.

56.

57.

58.

59

60

61

62.

63.

64.

328

Improving Global Outcomes. Treatment of steroid-
sensitive nephrotic syndrome: new guidelines from
KDIGO. Pediatr Nephrol. 2013;28:415-26.

Pravitsitthikul N, Willis NS, Hodson EM, Craig JC. Non-
corticosteroid immunosuppressive medications for steroid-
sensitive nephrotic syndrome in children. Cochrane
Database Syst Rev. 2013 29;10:CD002290.

Cattran DC. Cyclosporine in the treatment of idiopathic
focal segmental glomerulosclerosis. Semin Nephrol.
2003;23:234-41.

Lieberman KV, Tejani A. A randomized double-blind
placebo-controlled trial of cyclosporine in steroid-resistant
idiopathic focal segmental glomerulosclerosis in children.
J Am Soc Nephrol. 1996;7:56-63.

Lombel RM, Hodson EM, Gipson DS; Kidney Disease:
Improving Global Outcomes. Treatment of steroid-
resistant nephrotic syndrome in children: new guidelines
from KDIGO. Pediatr Nephrol. 2013;28:409-4.

lyengar A, Karthik S, Kumar A, Biswas S, Phadke
K.Cyclosporine in steroid dependent and resistant
childhood nephrotic syndrome. Indian Pediatr. 2006;43:14-
9.

Garcia C, Michelon T, Barros V, Mota D, Uhlmann A,
Randon R, Ramalho H, Abbud Filho M. Cyclosporine in
the treatment of steroid-dependent and steroid-resistant
idiopathic nephrotic syndrome in children. Transplant
Proc. 1998;30:4156-7.

Kemper MJ, Kuwertz-Broeking E, Bulla M, Mueller-
Wiefel DE, Neuhaus TJ. Recurrence of severe steroid
dependency in cyclosporin A-treated childhood
idiopathic nephrotic syndrome. Nephrol Dial Transplant.
2004;19:1136-41.

Klaassen |, Ozgdren B, Sadowski CE, Méller K, van
Husen M, Lehnhardt A, Timmermann K, Freudenberg F,
Helmchen U, Oh J, Kemper MJ. Response to cyclosporine
in steroid-resistant nephrotic syndrome: discontinuation is
possible. Pediatr Nephrol. 2015;30:1477-83.

Sairam VK, Kalia A, Rajaraman S, Travis LB. Secondary
resistance to cyclosporin A in children with nephrotic
syndrome. Pediatr Nephrol. 2002;17:842-6.

. Aizawa-Yashiro T, Tsuruga K, Watanabe S, Oki E, Ito

E, Tanaka H. Novel multidrug therapy for children with
cyclosporine-resistant or -intolerant nephrotic syndrome.
Pediatr Nephrol. 2011;26:1255-61.

. Caridi G, Berdeli A, Dagnino M, Di Duca M, Mir S, Cura

A, Ravazzolo R, Ghiggeri GM. Infantile steroid-resistant
nephrotic syndrome associated with double homozygous
mutations of podocin. Am J Kidney Dis. 2004;43:727-32.

. Campistol JM, Sacks SH. Mechanisms of nephrotoxicity.

Transplantation. 2000 27;69:S5-10.

McGrath LT, Treacy R, McClean E, Brown JH. Oxidative
stress in cyclosporin and azathioprine treated renal
transplant patients. Clin Chim Acta. 1997;264:1-12.

Busauschina A, Schnuelle P, van der Woude FJ.
Cyclosporine nephrotoxicity. Transplant Proc.
2004;36:5229-33.

Chang CT, Hung CC, Tian YC, Yang CW, Wu MS.
Ciclosporin reduces paracellin-1 expression and
magnesium transport in thick ascending limb cells.
Nephrol Dial Transplant. 2007;22:1033-40.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Lee CT, Huynh VM, Lai LW, Lien YH. Cyclosporine
A-induced hypercalciuria in calbindin-D28k knockout and
wild-type mice. Kidney Int. 2002;62:2055-61.

Cattaneo D, Perico N, Gaspari F, Remuzzi G. Nephrotoxic
aspects of cyclosporine. Transplant Proc. 2004;36:5234-
9.

Lee DB. Cyclosporine and the renin-angiotensin axis.
Kidney Int. 1997;52:248-60.

Perico N, Dadan J, Remuzzi G. Endothelin mediates the
renal vasoconstriction induced by cyclosporine in the rat. J
Am Soc Nephrol. 1990;1:76-83.

Malyszko J, Malyszko JS, Pawlak K, Mysliwiec M.
The coagulo-lytic system and endothelial function
in cyclosporine-treated kidney allograft recipients.
Transplantation. 1996;62:828-30.

Mengel M, Mihatsch M, Halloran PF. Histological
characteristics of calcineurin inhibitor toxicity-there is no
such thing as specificity Am J Transplant. 2011;11:2549-
50.

Islam M, Burke JF Jr, McGowan TA, Zhu Y, Dunn SR,
McCue P, Kanalas J, Sharma K. Effect of anti-transforming
growth factor-beta antibodies in cyclosporine-induced
renal dysfunction. Kidney Int. 2001;59:498-506.

Lassila M, Finckenberg P, Pere AK, Krogerus L, Ahonen
J, Vapaatalo H, Nurminen ML. Comparison of enalapril
and valsartan in cyclosporine A-induced hypertension and
nephrotoxicity in spontaneously hypertensive rats on high-
sodium diet. Br J Pharmacol. 2000;130:1339-47.

Mihatsch MJ, Thiel G, Ryffel B. Histopathology
of cyclosporine nephrotoxicity. Transplant Proc.
1988;20:759-71.

Habib R, Niaudet P. Comparison between pre- and
posttreatment renal biopsies in children receiving
ciclosporine for idiopathic nephrosis. Clin Nephrol.
1994;42:141-6.

Sieberth HG, Clasen W, Fuhs M, lttel T, Kindler

J, Mihatsch MJ. Serial kidney biopsies in patients
with nephrotic syndrome treated with cyclosporin. J
Autoimmun. 1992;5:355-61.

Neuhaus TJ, Burger HR, Klingler M, Fanconi A, Leumann
EP. Long-term low-dose cyclosporin A in steroid
dependent nephrotic syndrome of childhood. Eur J
Pediatr. 1992;151:775-8.

Gregory MJ, Smoyer WE, Sedman A, Kershaw DB,
Valentini RP, Johnson K, Bunchman TE. Long-term
cyclosporine therapy for pediatric nephrotic syndrome:
a clinical and histologic analysis. J Am Soc Nephrol.
1996;7:543-9.

Bennett WM. Insights into chronic cyclosporine
nephrotoxicity. Int J Clin Pharmacol Ther. 1996;34:515-9.

Gotti E, Perico N, Perna A, Gaspari F, Cattaneo D, Caruso
R, Ferrari S, Stucchi N, Marchetti G, Abbate M, Remuzzi
G. Renal transplantation: can we reduce calcineurin
inhibitor/stop steroids? Evidence based on protocol biopsy
findings. J Am Soc Nephrol. 2003;14:755-66.

Mourad G, Vela C, Ribstein J, Mimran A. Long-term
improvement in renal function after cyclosporine reduction
in renal transplant recipients with histologically proven
chronic cyclosporine nephropathy. Transplantation.
1998;65:661-7.



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Pescovitz MD, Govani M. Sirolimus and mycophenolate
mofetil for calcineurin-free immunosuppression in renal
transplant recipients. Am J Kidney Dis. 2001;38:S16-21.

Flechner SM, Kobashigawa J, Klintmalm G. Calcineurin
inhibitor-sparing regimens in solid organ transplantation:
focus on improving renal function and nephrotoxicity. Clin
Transplant. 2008;22:1-15.

Hamar P, Peti-Peterdi J, Szabo A, et al. Interleukin-2-
dependent mechanisms are involved in the development
of glomerulosclerosis after partial renal ablation in rats.
Exp Nephrol. 2001;9:133-41.

Longoni B, Migliori M, Ferretti A, et al. Melatonin prevents
cyclosporine-induced nephrotoxicity in isolated and
perfused rat kidney. Free Radic Res. 2002;36:357-63.

Parra T, de Arriba G, Conejo JR, et al. Cyclosporine
increases local glomerular synthesis of reactive oxygen
species in rats: effect of vitamin E on cyclosporine
nephrotoxicity. Transplantation. 1998 27;66:1325-9.

Lee J. Use of antioxidants to prevent cyclosporine a
toxicity. Toxicol Res. 2010;26:163-70.

El-Sherbeeny NA, Nader MA. The protective effect of
vildagliptin in chronic experimental cyclosporine A-induced
hepatotoxicity. Can J Physiol Pharmacol. 2015;24:1-6.

Sagiroglu T, Kanter M, Yagci MA, Sezer A, Erboga M.
Protective effect of curcumin on cyclosporin A-induced
endothelial dysfunction, antioxidant capacity, and oxidative
damage. Toxicol Ind Health. 2014;30:316-27.

Origlia N, Migliori M, Panichi V, et al. Protective effect of
L-propionylcarnitine in chronic cyclosporine-a induced
nephrotoxicity. Biomed Pharmacother. 2006;60:77-81.

Anderson R, Van Rensburg CE, Myer MS. Alpha-
tocopherol prevents cyclosporin A-mediated activation of
phospholipase A2 and inhibition of Na+, K(+)-adenosine
triphosphatase activity in cultured hamster renal tubular
cells. Toxicol Appl Pharmacol. 1994;125:176-83.

Heberer M, Jorgensen J, Mihatsch MJ, Marx A, Landmann
J. Protective effect of allopurinol and superoxide
dismutase in renal isografts in cyclosporin A-treated rats.
Ren Fail. 1991;13:233-42.

Mostafavi-Pour Z, Zal F, Monabati A, Vessal M. Protective
effects of a combination of quercetin and vitamin E against
cyclosporine A-induced oxidative stress and hepatotoxicity
in rats. Hepatol Res. 2008;38:385-92.

Mansour M, Daba MH, Gado A, Al-Rikabi A, Al-Majed
A. Protective effect of L-arginine against nephrotoxicity
induced by cyclosporine in normal rats. Pharmacol Res.
2002;45:441-6.

Kasap B, Soylu A, Kuralay F, Sarioglu S, Kiray M,
Tugyan K, Turkmen M, Kavukcu S. Protective effect of
Epo on oxidative renal injury in rats with cyclosporine
nephrotoxicity. Pediatr Nephrol. 2008;23:1991-9.

McCulloch TA, Harper SJ, et al. Influence of nifedipine on
interstitial fibrosis in renal transplant allografts treated with
cyclosporin A. J Clin Pathol. 1994;47:839-42.

Ponticelli C, Montagnino G, Aroldi A, Angelini C, Braga M,
Tarantino A. Hypertension after renal transplantation. Am J
Kidney Dis. 1993;21:73-8.

Scherrer U, Vissing SF, Morgan BJ, et al. Cyclosporine-
induced sympathetic activation and hypertension after

Cyclosporine in Pediatric Nephrology—Camlar et al

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

112.

113.

heart transplantation. N Engl J Med. 1990;323:693-9.

Calo L, Semplicini A, Davis PA, Bonvicini P, Cantaro S,
Rigotti P, D’Angelo A, Livi U, Antonello A. Cyclosporin-
induced endothelial dysfunction and hypertension: are
nitric oxide system abnormality and oxidative stress
involved? Transpl Int. 2000;13:5S413-8.

Takenaka T, Hashimoto Y, Epstein M. Diminished
acetylcholine-induced vasodilation in renal microvessels of
cyclosporine-treated rats. J Am Soc Nephrol. 1992;3:42-
50.

Morris ST, McMurray JJ, Rodger RS, Farmer R, Jardine
AG. Endothelial dysfunction in renal transplant recipients
maintained on cyclosporine. Kidney Int. 2000;57:1100-6.

Al-Nouri ZL, Reese JA, Terrell DR, Vesely SK, George JN.
Drug-induced thrombotic microangiopathy: a systematic
review of published reports. Blood. 2015;125:616-8.

Abraham KA, Little MA, Dorman AM, Walshe JJ.
Hemolytic-uremic syndrome in association with both
cyclosporine and tacrolimus. Transpl Int. 2000;13:443-7.

Fazal MA, Idrees MK, Akhtar SF. Dyslipidaemia among
renal transplant recipients: cyclosporine versus tacrolimus.
J Pak Med Assoc. 2014;64:496-9.

Hosseini MS, Rostami Z, Einollahi B. Dyslipidemia after
kidney transplantation and correlation with cyclosporine
level. Nephrourol Mon. 2013;5:831-4.

Soylu A, Kavukgu S, Turkmen MA, Kasap B, Soylu A,
Bora S, Gllay H. Correlation of CO and C2 levels with
lipid profiles in adolescent renal transplant recipients in
the early and late posttransplant periods. Transplant Proc.
2006;38:1286-9.

Regelmann MO, Goldis M, Arnon R. New-onset diabetes
mellitus after pediatric liver transplantation. Pediatr
Transplant. 2015;19:452-9.

Westeel FP, Mazouz H, Ezaitouni F, Hottelart C, Ivan C,
Fardellone P, Brazier M, El Esper |, Petit J, Achard JM,
Pruna A, Fournier A. Cyclosporine bone remodeling effect
prevents steroid osteopenia after kidney transplantation.
Kidney Int. 2000;58:1788-96.

Freundlich M. Bone mineral content and mineral
metabolism during cyclosporine treatment of nephrotic
Syndrome. J Pediatr. 2006;149:383-9.

Ponnaiyan D, Jegadeesan V. Cyclosporine A: Novel
concepts in its role in drug-induced gingival overgrowth.
Dent Res J (Isfahan). 2015;12:499-506.

McDonald RA, Smith JM, Ho M, et al; CCTPT Study
Group. Incidence of PTLD in pediatric renal transplant
recipients receiving basiliximab, calcineurin inhibitor,
sirolimus and steroids. Am J Transplant. 2008;8:984-9.

Chen LW, Chen JS, Tu YF, Wang ST, Wang LW, Tsai YS,
Huang CC. Age-dependent vulnerability of cyclosporine-
associated encephalopathy in children. Eur J Paediatr
Neurol. 2015;19:464-71.

Saeed B, Abou-Zor N, Amer Z, Kanani |, Hilal

M. Cyclosporin-A induced posterior reversible
encephalopathy syndrome. Saudi J Kidney Dis Transpl.
2008;19:439-42.

Mason RJ, Thomson AW, Whiting PH, Gray ES, Brown
PA, Catto GR, Simpson JG. Cyclosporine-induced
fetotoxicity in the rat. Transplantation. 1985;39:9-12.

329



Cyclosporine in Pediatric Nephrology—Camlar et al

114. Turkmen MA, Kavukgu S, Sarioglu S, Soylu A, Akhunlar

H, Yilmaz O, Guven H. Effects of lactational cyclosporine
A use on rat pups. Pediatr Transplant. 2006;10:454-60.

115. Coady NT. Maternal transplantation medications during

breastfeeding. J Hum Lact. 2002;18:66-8.

116. Padgett EL, Seelig LL Jr. Effects on T-cell maturation and

330

proliferation induced by lactational transfer of cyclosporine
to nursing pups. Transplantation. 2002;73:867-74.

Correspondence to:

Secil Arslansoyu Camlar, MD

Dokuz Eylul University, Department of Pediatrics, Division of
Pediatric Nephrology 35340, Izmir, Turkey

Tel: +90 505 271 4628

Fax: +90 232 412 6005

E-mail: secilars@yahoo.com, secil.camlar@deu.edu.tr

Received January 2018
Revised April 2018
Accepted May 2018



