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23.1 Gravitational Cell Biology

The evolution of life on Earth has been subject to a range of influences, whereas
gravity was the only constant and universal force during all times of Earth’s
history. Since the last decades, a lot of evidence has been obtained suggesting
that the function of mammalian cells and of small unicellular organisms is
different under conditions of microgravity. Consequently, the question arose
of how normal gravity may play a role in “normal” cellular function and if
gravity may provide important signals for the cell. It is a common method to
investigate the effects of forces by using systems in which these forces can be
eliminated. In the case of gravity, this means that experimental environments
have to be created where no or only minor gravitational forces prevail. A
variety of platforms exist where these conditions can be achieved. Experiments
can be performed under microgravity conditions of different length varying
between seconds (drop tower or parabolic flights), minutes (sounding rockets)
until up to permanent microgravity (ISS).

23.2 Studies Under Simulated Microgravity

However, the accessibility of these platforms is limited and cannot fully cover
the needs of the research community. Therefore, platforms providing access
to simulated microgravity are of great interest because they offer almost
unlimited experimental capacity. The most frequently used ground-based
facilities for these purposes (described in detail in Chapters 8 and 14) are the
2D clinostat, the random positioning machine (RPM), the rotating wall vessel
(RWV), and the diamagnetic levitation [1]. These devices were not only used
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for experiments with unicellular organisms such as Euglena, Paramecium, or
Loxodes, but also for experiments with whole plants, animals, or plant and
animal cell cultures. Simulated gravity studies with protists showed valuable
results concerning their gravitaxis and gravikinesis [2, 3]. A comparison of
the ground-based facilities used in experiments with the protists Euglena and
Paramecium showed that simulated microgravity conditions generated by the
fast rotating 2D clinostat are well suited, whereas the organisms experience a
change in positive and negative acceleration forces when they are exposed
to simulated microgravity on the RPM [1]. Experiments using magnetic
levitation are less recommended, because of the strong effects of the magnetic
field acting on these two types of protists [1, 4, 5].

23.3 Effects of Simulated Microgravity on Algae,
Plant Cells, and Whole Plants

Simulated gravity is also used in experiments with algae, plant cell cultures,
and whole plants. In Chara, the statolith-based gravity-sensing system in the
rhizoids has been intensively investigated by 2D and 3D clinorotation as well
as by magnetic levitation [6–8]. The comparison of the experimental outcomes
showed that when Chara is used as a study object, the fast-rotating 2D clinostat
is the preferred equipment to be applied for simulated microgravity, followed
by the 3-D clinostat and the random positioning machine. In contrast, magnetic
fields were not sufficient to generate the required simulated microgravity
conditions [1].

Arabidopsis thaliana is a frequently used study object because of its
excellent characterization on the molecular level. Gene expression analysis
performed with whole plants on a 3D clinostat described the identification
of new simulated microgravity stress-induced transcription factors [9]. Inves-
tigations performed with Arabidopsis cell cultures on 2D and 3D clinostats
as well as under magnetic levitation showed altered gravity-related signaling
cascades in the undifferentiated cultured cells [10].

23.4 Mammalian Cells in Simulated Microgravity

Mammalian cell cultures are frequently employed to study the direct effects
of microgravity on the fundamental processes in the cells of our body. Cell
lines, especially with fibroblast characteristics, are often used because of the
easy handling and experiment preparations. It could be shown that under real
and simulated microgravity conditions (2D clinostat or RPM), the epidermal
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growth factor (EGF)-induced signaling pathway is affected and that cells
changed their morphology to a roundish shape due to modifications affecting
the cytoskeleton [11–13]. New experimental designs allow also for the use of
the RPM to expose cells or even small organisms to simulated partial gravity
[presented by Dutch Space (Leiden, The Netherlands) at the European Low
Gravity Research Association in Vatican City in 2013 and in reference [14]].

Numerous comparative studies between real and simulated micrograv-
ity have also been performed with semi-adherent or non-adherent cells of
the immune system. Semi-adherent NR8383 macrophages show a similar
behavior under real and simulated microgravity conditions. The macrophageal
oxidative burst reaction is one of the key functions in innate immune
response. The associated phagocytosis-mediated reactive oxygen species
(ROS) production is rapidly and reversely decreased upon reduced gravitation.
The direct comparison between ground based and investigations under real
microgravity during parabolic flights using a 2D clinostat combined with
a one-axis clinostat fitted with a photo multiplier tube showed for both
experimental setups a pronounced reduction in the ROS production and
therefore of the reactivity of the cells [15]. Comparative studies have been
also performed on U937 cells, a human myelomonocytic cell line. For both,
real and simulated microgravity, a decreased proliferation rate was observed
[16, 17]. Furthermore, a reduced locomotion was identified in monocytes
most likely due to cytoskeletal modifications such as a reduced density of the
actin filaments and impaired ß-tubulin architecture [18, 19]. T lymphocytes
also strongly react to microgravity: They show an activation failure upon
stimulation with ConA (for a review, see [20]). This effect was reproducible
under simulated microgravity conditions in the RPM [21, 22]. In line with
these results, stimulation of Jurkat T cells with PMA resulted in an increased
expression of the cell cycle-regulating protein p21Waf1/Cip1 after 15min of
2D clinorotation. Real-time PCR experiments confirmed these results on gene
expression level [23]. Importantly, differential gene expression studies from
RPM experiments revealed that impaired induction of early genes regulated
primarily by transcription factors NF-kappaB, CREB, ELK, AP-1, and STAT
after T-cell receptor cross-linking contributed to T-cell dysfunction in altered
gravity, associated with down-regulation of the PKA pathway [24].

Taken together, ground-based facilities for simulated microgravity are of
great value and should be frequently used for preparation and/or validation
of real microgravity experiments, where time and sample numbers are often
limited. Several studies could show that 2D clinostats and the random posi-
tioning machine (RPM) are suitable to perform these ground-based simulation
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experiments. However, during the experiment design phase, special attention
shall be paid on choosing the most suitable system.
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