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Changes emerging with calcinerin inhibition in
Caenorhabditis elegans individuals as an aging
model
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SUMMARY
Objective: It is known that calcineurin inhibition prolongs life in individuals with Caenorhabditis elegans (C. elegans).
An important part of C. elegans genes shows great similarity to human genes. This study aims to evaluate the effects of
a calcineurin inhibitor on vital functions in C. elegans individuals.
Method: In this study, solutions of cyclosporine A which is a calcineurin inhibitér 1 uM (1.dose), 0.1 uM (2.dose), 0.01
uM (3.dose) and 0.001 pM (4.dose) were prepared and 1 ml from each solution was taken and added to petri dishes,
containing 10 ml Nematode Growth Media (NGM). The control group was fed the medium which was not added
cyclosporine. The indicated doses of cyclosporine whose synchronization has been completed were transferred to petri
dishes in order that each would have 20 pieces. C. elegans were observed using bottom light stereo microscop that
provided 6X-50X magnification. Live animals at the same time every day were counted and compared with the control
group until all C. elegans in all petri dishes died.
Results: The results have showed that there was a statistically significant increase in life span periods of C. elegans
exposed to cyclosporin depending on dose increase (p<0,05). It has been found out that physical development of C.
elegans exposed to increased doses of cyclosporin decreased significantly (p<0,05). The increase in doses of cyclosporin
have not caused statitically significant change in the number of pharynx pumping (p>0,05).
Conclusions: Calcineurin inhibition slows down the developmental process in C. elegans and prolongs survival, and may
produce positive effects on aging.
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INTRODUCTION

Skin aging is a complex biological process that
inevitably occurs over time. In the development of
this process, genetic, metabolic and endocrine
factors, and ultraviolet play a role’. Long-term
ultraviolet exposure increases metalloproteinase
activity, which causes the collagen damage.
According to the free radical theory, in photoaging,
free oxygen radicals form due to the
photooxidative stress. These create oxidative effect
on collagens and other metalloproteins. Moreover,
fibroblast, keratinocytes, melanocytes, Langerhans
cell functions deteriorate due to oxidation 2.

Caenorhabditis elegans (C. elegans) is a
microscopic, non-pathogenic nematode, which
lives in tree roots in nature 3. Although it is a non-
mammal living creature, it is used as a model for
neurodegenerative diseases and many other
diseases such as aging, metabolic syndrome, cancer
and depression *.

Calcineurin activity has been measured directly in
cells that populate skin, including melanocytes and
keratinocytes °. Moreover, inhibition of calcineurin
has been shown to block proliferation and
differentiation of cultured keratinocytes ® . In the
C. elegans nematode, calcineurin plays a major
role in cellular processes related to development,
reproduction, proliferation, behavior, movements,
and lifespan &1,

This present study was aimed at investigating the
effects of calcineurin inhibition by cyclosporine on
vital functions of C. elegans which can be used as
an aging model.

MATERIAL AND METHODS

Research approval was obtained from Cumbhuriyet
University Animal Experiments Ethics Committee
prior to the study.

Wild-type C. elegans (N2) and Escherichia coli
OP50 strains used in the experiment were
purchased from the Caenorhabditis Genetics
Center (CGC) at the University of Minnesota.

During the experiment, 2.5 g Peptone, 3 g NaCl and
20 g agar were dissolved in 1 L of distilled water.
Then they were autoclaved at 125 ° C for 15
minutes and cooled down to 55°C. Previously
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prepared 1ml MgSO4 (1M), 1 ml Cholesterol (5
mg / ml), 1 ml CaCI2 (1M) and 25 ml K2HPO4
buffer were filtered through 0.2 um porous filters,
and were homogenized by adding to the pH 7
medium. For the experiment, 1 pm (1% dose), 0.1
pum (2" dose), 0.01 um (3" dose) and 0.001 pum (4
dose) cyclosporine solutions were prepared. From
each solution, 1 ml was added to petri dishes each
of which included 10 ml of Nematode Growth
Media (NGM). After they were homogenized,
NGMs were cooled and solidified. Previously
prepared Escherichia coli OP50 strain was added
to the solidified NGM and dried in a sterile cabinet.
In the control group, cyclosporine was not added,
samples were fed in the medium 1.

NGMs to be used in the lifespan analysis were
prepared as described above. However, during the
lifespan analysis, in order to avoid development of
C. elegans eggs, fluorodeoxyuridine (FUDR) was
added to the NGM during the preparation stage. Of
the synchronized C. elegans, 20 were transferred to
each petri dish prepared with the aforementioned
doses of cyclosporine. C. elegans were viewed
with the stereomicroscope with a 6X-50X
magnification range. Until C. elegans in all the
petri dishes died, live animals were counted and
compared with those in the control group.

While 20 adult C. elegans were transferred into
petri dishes which contained NGMs including the
same doses of cyclosporine but no
fluorodeoxyuridine which were prepared to
investigate the pharyngeal pumping rate of C.
elegans per minute, in order to investigate the
physical development, C. elegans at the first larval
stage (L1) were transferred. To observe the
physical development of C. elegans, the petri
dishes were checked and compared with those in
the control group. The experiments were repeated
3 times at 21°C with 5 petri dishes.

The results of the experimental and control groups
were compared with the t-test. P values < 0.05 were
considered statistically significant. Statistical
analysis of the data was performed using the SPSS
(Statistical Package for Social Sciences-14). This
work was supported by the Research Fund of
Cumhuriyet University (T-604).



RESULTS AND DISCUSSION

The lifespan analysis of C. elegans exposed to cyclosporine is given in Table 1.

Table 1. Lifespan rates of C. elegans exposed to cyclosporine

Control — 1% dose -11.20+11.87
Control — 2" dose -8.96 + 12.81
Control — 3 dose -6.64 + 11.69
Control — 4" dose -2.36 + 8.58
1%t dose — 2" dose 2.24 +5.65
1% dose — 3" dose 4.56+7.09
1 dose — 4" dose 8.84 + 8.04
2" dose — 3" dose 2.32+3.70
2" dose — 4™ dose 6.60+ 7.14
3 dose — 4" dose 428 +5.18

* Mean values are significant for p <0.05 (t test)
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Figure 1. Lifespan in C. elegans exposed to cyclosporine (control and 1%, 2", 319, 4™ doses)
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According to Table 1 and Figure 1, an increase was observed in the lifespans of C. elegans exposed to

cyclosporine in parallel with dose increases.
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Table 2. Physical development in C. elegans exposed to cyclosporine

Control — 1% dose 1.53 +£0.28 0.000*
Control — 2™ dose 0.65+0.47 0.000*
Control — 3 dose 0.11 +£0.47 0.309
Control — 4™ dose -0.09 + 0.49 0.396
15t dose — 2" dose -0.87 +0.33 0.000*
1%t dose — 3 dose -1.41+0.47 0.000*
1%t dose — 4™ dose -1.62£0.31 0.000*
2" dose — 3" dose -0.54 + 0.57 0.001
2" dose — 4" dose -0.75+ 0.47 0.000*
3 dose — 4" dose -0.21 +0.68 0.192
* Mean values are significant for p <0.05 (t test)
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Figure 2. The physical development of C. elegans exposed to cyclosporine

According to Table 2 and Figure 2, an increase was
observed in the physical development of C. elegans
exposed to cyclosporine in parallel with decreases
in doses.

In the controls conducted at the end of the 3" day,
it was observed that the physical development of C.

elegans at the first larval stage (L1) decreased as
the dose of the cyclosporine increased.

According to the Picture 1, the images of C.
elegans at the first larval stage (L1) exposed to
cyclosporine obtained from the stereo microscope
on the third day showed that their physical
development slowed down as the dose increased.
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Picture 1. Physical developments of C. elegans after three days: a) Control (x3), b) 1 uM
cyclosporine (x3), ¢) 0.1 uM cyclosporine (x3), d) 0.01 uM cyclosporine (x3), €) 0.01 uM cyclosporine (x3)

The comparison of the groups in terms of the
pharyngeal pumping rates demonstrated that the
difference was not significant (p>0.05).

Aging is a multisystem complex and progressive
process resulting from the accumulation of cellular
damage left unrepaired 2. C. elegans, a soil
nematode, can be used as a model in studies
investigating molecular mechanisms underlying
the aging process 2. The advantage of C. elegans
is that it allows the observation and analysis of the
effects of a drug on the entire organism, which
makes it an appropriate model to be used in aging-
related studies. Determination of the genome
sequence will facilitate the modeling of many
diseases and investigating of the effects of various
chemicals 4,

Several factors such as neuroendocrine signals,
nutritional factors and mitochondrial functions
determine the lifespan of C. elegans. C. elegans
becomes an adult in 3 days through 4 larval stages
(L1, L2, L3 and L4). The lifespan of an adult C.
elegans is 18-20 days (at 20 ° C). Under adverse
environmental conditions such as nutrient
deficiency and heat, C. elegans become dauer
larvae and can live up to 60 days > 16,

In mammalians, calcineurin, a Ca?*/ calmodulin-
dependent serine / threonine phosphatase, is
involved in T cell activation and the development
of the heart . Calcineurin is produced in tissues
such as the nervous system, muscle, hypodermis
and vulva. In many developmental and cellular
processes of organisms, T-cell activation is
involved in skeletal and cardiac muscle

development, memory and apoptosis 8. Cardiac
hypertrophy has been determined to be associated
with many diseases such as Alzheimer's disease,
schizophrenia, diabetes and muscular dystrophy *°.

In the C. elegans nematode, calcineurin is effective
on the body volume, muscle contraction and
lifespan. In the C. elegans nematode, calcineurin
plays a major role in cellular processes related to
development, reproduction, proliferation,
behavior, movements and lifespan 819,

Calcineurin has been shown to increase the levels
of matrix metalloproteinases (MMP) in the cardiac
atrial myocytes by means of the nuclear factor of
activated  T-cells  (NFAT) 2. Matrix
metalloproteinases (MMPs)  secreted  from
epidermal keratinocytes and dermal keratinocytes
are responsible for collagen destruction. MMPs are
matrix-degrading enzymes that play an important
role in various destructive processes such as
inflammation, tumor invasion and skin aging 2% 22,
A variety of stimuli such as cytokine release, UV
and oxidative stress increase MMP levels. Skin
aging occurs extrinsically and intrinsically (in
chronological order). Changes in collagen, the
basic element of the skin, occur both in intrinsic
and in extrinsic aging®® 2. Expression of the
transient receptor potential vanilloid 1 (TRPV1)
increases due to UV exposure, and in turn the
extrinsic and intrinsic aging increase .

Levels of MMP-1 and, though to a lesser extent,
levels of other two collagenases (MMP-8 and
MMP-13) were higher in the skin exposed to UV
than were those in the normal skin. MMP-1 plays a



major role in photoaging®. Ca?" regulates the
activation of MMPs. Ca?* influx that occurs
through protein kinase C (PKC) dependent TRPV1
in keratinocytes plays a key role in UV-induced
MMP-1  expression.  The  UV-stimulated
intracellular Ca?* increase is the cofactor source for
PKC and is important in the activation of Ca%"/
calmodulin  pathway. Ca?* is involved in
intracellular signaling, and the growth, migration
and differentiation of the cells %°.

Ca? plays a role in many phenomena such as a
second messenger and gene expression. Ca?
mediates intracellular signaling by activating the
dependent protein kinase and phosphatase. In
eukaryotic cells, of the Ca?" dependent pathways,
the best known is calcineurin, a serine / threonine
specific protein phosphatase. Calcineurin is
inhibited by cyclosporine A 2728,

In the present study, cyclosporine which
antagonizes the intracellular effects of Ca?* and
inhibits calcineurin led to a significant increase in
the lifespans of C. elegans individuals in parallel
with dose increases. Compared to the control
group, a significant increase was determined in the
lifespan of members of the groups treated with
cyclosporine.

Investigations of the effects of cyclosporine on the
vital functions of C. elegans individuals revealed
that the physical development of C. elegans left
exposed to cyclosporine significantly reduced in
parallel with the changes in doses. Moreover in the
present study, the increase in the cyclosporine dose
did not cause a significant change in the pharyngeal
pumping rate.

In their study investigating the effects of strontium
chloride hexahydrate on the lifespan, physical
development and pharyngeal pumping rate in C.
elegans individuals, Akyol et al. determined that
depending on the doses of strontium, while the
lifespan  increased, physical  development
decreased, which is parallel to the results of the
present study. They also reported that the
pharyngeal pumping rate decreases due to the
increase in dose?. However, in the present study,
no changes were observed in the pharyngeal
pumping rate. This is because while strontium
reduces the Ca?" entry into the cell, cyclosporine
does not have such an effect. On the other hand, in
Dallas et al.'s study, calcineurin increased the
pharyngeal pumping rate in the C. elegans
individuals while a high dose of cyclosporine A (40
uM) decreased the pharyngeal pumping rate *. In
the present study, that no significant change was
observed in the pharyngeal pumping rate is
probably due the low dose of cyclosporine.
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In conclusion, the inhibition of calcineurin slows
down the developmental process of C. elegans and
extends their lifespan. It is possible to create a
positive impact on aging through the inhibition of
calcineurin.
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