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Summary report of the ISS-Kibo utilization mission:
“Characterization of blood vessel gateway formation and molecule expression at dorsal
vessels of spinal cords by gravity stimulation”

(Gravity gateway reflex)

Principal Investigator, Masaaki Murakami (Hokkaido University)

April 2022

1. Introduction

Using mouse models, we have demonstrated that gravity-mediated sensory nerve
stimulation from the soleus muscle induces sensory-sympathetic crosstalk. This
crosstalk leads to the secretion of noradrenaline around the dorsal vessels of the fifth
lumbar spinal cord (L5) and induces the expression of immune-cell chemotactic factors,
such as chemokines, from vascular endothelial cells, leading to a gateway for
autoreactive CD4+ T cells at the blood-brain barrier (Arima et al, Cell 2012). This
phenomenon was named the "gravity gateway reflex" and shown to induce tissue-
specific autoimmune diseases. Since then, we have found and published five other
gateway reflexes: pain, artificial electrical stimulation, stress, light, and
microinflammation (Arima et al, eLife 2015, Stofkova et al, Sci Rep 2019 etc.). These
studies showed that the location of the gate is defined by the site and type of nerve
stimulation and that the presence of autoreactive CD4 T cells in the blood is sufficient to
trigger the pathology. Furthermore, we identified the IL-6 amplifier (IL-6 amp) as a
mechanism for opening the gate. The IL-6 amp describes enhanced NFkB activation
after the simultaneous activation of NFKB and STAT3 in nonimmune cells (Ogura et al,
Immunity 2008, Murakami et al, Immunity 2019, Murakami et al, Cell Reports 2013). In
this study, we aimed to determine the effects of gate formation in the L5 and retina when
mice were kept in a microgravity condition in the presence of autoreactive CDA4T cells
that recognize central nervous system (CNS) and retinal antigens and administered
intravenously.

2. Experimental Results and Outcomes

(1) Preparation of self-reactive CD4+ T cell lines

In this space experiment, in order to respond more flexibly to sudden launch delays of the
rockets, etc., the autoreactive CD4+ T cell lines will be prepared in advance, frozen in large
quantities, and transported to the Kennedy Space Center for use. The establishment of
autoreactive CD4+ T cell lines was examined during the feasibility study. CD4+ T cells were
isolated from mice immunized with myelin peptide (MOG) or photoreceptor peptide (IRBP),
and T cell lines were established by periodic antigen stimulation in vitro. By devising
antigen stimulation methods and culture media, we succeeded in establishing CD4+ T cell
lines against these self-antigens and published a paper in 2017.

(2) MHU-4 Mission Summary
To investigate the effects of microgravity on the gateway reflex, mice transferred with
autoreactive CD4+ T cell lines against a myelin peptide and a photo-receptor peptide were




prepared and cultured at the Kennedy Space Center. Twelve C57BL/6J mice that had
completed acclimation and rearing were transferred with 1 x 107 cells of each of the two
types of autoreactive CD4+ T cells 3 days prior to launch. Six mice were then selected as
the final flight group and loaded into the launch/retrieval support unit (TCU) on May 4,
2019, and started rearing on the International Space Station, where they were kept for
approximately 31 days.

The ground control experiment was conducted using the ground model of the TCU/HCU
breeding apparatus to simulate the experimental conditions of the space experiment, such
as the breeding environment, etc. Six C57BL6 mice were used for the launch simulation on
October 20, 2019, and then returned on November 19, 2019, to the Tsukuba Space Center.
After completion of the on-orbit breeding, the mice were loaded into the TCU for return, and
all mice returned safely to earth on June 3, 2019. After returning to earth, the weight of one
mouse was found to have decreased by about 20%. Therefore, this mouse was excluded
from the immune system analysis, and the remaining five mice were used.

(3) Results and achievements of the MHU-4 mission

Various experiments were conducted on earth using mice bred in a microgravity

environment and ground control mice. The ISS/Kibo utilization mission produced the

following six results.

a. Two autoreactive CD4+ T cell lines against MOG, a CNS antigen, and IRBP in retinal
neurons were generated for space experiments and published in a paper in 2017
(Tanaka et al, Bio Protoc. 2017).

b. Three mice transferred with autoreactive CD4+ T cells on the MHU-4 mission were sent
to the International Space Station, where they stayed for about one month and were
recovered alive.

c. Analysis of the gravity gateway reflex showed that the L5 gate, which is observed on the
ground, disappeared under microgravity conditions, demonstrating the gravity gateway
reflex hypothesis that "immune homeostasis in the CNS is controlled by gravity" and
proving a new effect of gravity on the CNS.

d. The paper that first reported the light gateway reflex used ground-based control
experiments in 2019 (Stofkova et al, Sci Rep 2019), but the analysis of mice bred in
microgravity showed that the retinal gate for the light gateway reflex is enhanced in
microgravity conditions. Thus, the hypothesis that "gravity regulates immune
homeostasis in the retina" was proven to be true outside the CNS, proving a new effect
of gravity.

e. An analysis of changes in lower limb muscles and bone showed that the presence of
autoreactive CD4+ T cells in microgravity suppressed changes in soleus muscle weight,
muscle type alteration, bone mass and bone mineral content, demonstrating that the
hypothesis "gravity regulates immune homeostasis in muscles" is also true outside of
the CNS and proving a new effect of gravity.

f. Thirteen scientific papers in English have been published from this mission, with three
more in preparation about the results of the space experiments.
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Summary report of the ISS-Kibo utilization mission

“Studies on phase behavior of multicomponent colloidal clusters under
microgravity (Colloidal Clusters)”

Principal Investigator; Junpei Yamanaka (Nagoya City University)
Jan., 2023

In recent years, much attention has been : : diamond lattice structure
a cluster of colloidal particles

attracted to "photonic crystals," artificial materials o—
whose refractive index changes periodically. When -

light propagation is prohibited for light from all _

directions, the material has a "perfect photonic >

band gap" (perfect PBG). A perfect PBG occurs =
when a dielectric material forms a diamond-lattice- Fjg, 1 Tetrahedral clusters and diamond
type periodic structure. lattice structure of colloidal particles.

The construction of photonic crystals using the self-assembly of colloidal particles has been
actively investigated. As shown in Fig. 1, diamond structures can be obtained by creating tetrahedral-
type clusters with oppositely charged two-component colloids and stacking them as the structural unit.
We have previously investigated the formation of the colloidal clusters. However, basic information on
the clustering conditions, including the relationship between the charge number and the association
numbers, is not yet clear. In addition, to obtain perfect PBGs, the particle particles constituting the
diamond lattice must have a refractive index 7, approximately twice that of the medium. For example,
the refractive index of titania (TiO.) is 2.72, which gives a refractive index ratio of 2.04 to water and
satisfies the criteria. However, the specific gravity of titania is approximately 3~4, and when left on the
ground, titania sediments at a rate of several mm/hr or faster, settling and agglomerating at the bottom
of the container, making data acquisition extremely difficult.

In this study, positively and negatively charged colloidal particles were mixed to form clusters in a
microgravity environment where particle precipitation is negligible. We fixed the sample in polymer gel
and returned to the ground for analysis. The aims of the study is as follows: (1) To obtain an equilibrium
state diagram (phase diagram) by examining the structure of the clusters and the distribution of the
association number of titania particles. (2) To measure the optical properties of titania tetrahedral clusters,
although it is difficult to do so due to the small size of the clusters. We set (1) as Full Success and (2) as
Extra Success. In addition, we set Minimum Success to obtain titania tetrahedral clusters, which cannot
be obtained on the ground due to precipitation. In the Extra Success, the optical properties of the titania
tetrahedral clusters will be evaluated, and the data will be compiled and graphed as a basis for the
development of future optical devices.

The space experiment was conducted in July 2020 on the Japanese Experiment Module "Kibo" of
the International Space Station (ISS). Positively and negatively charged particles with a diameter of
approximately 1 um were mixed in the microgravity environment of the ISS to form clusters. The
polystyrene (PS) particles were also used, assuming as a standard sample to confirm that the space
experiment was performed correctly.

Samples were returned to the
ground in 2021 and analysis began in
March. All space samples were
confirmed to have been immobilized in

the gel as planned. Fig. 2(a) shows the R R M'panicle':

appearance of a titania sample (TiO» # Fig. 2 (a) An overview of the gel-immobilized titania

23) removed from the sample bag after colloid sample. Cross sections of (b) space sample and
(c) ground sample.




the return. The samples were cut with a surgical scalpel, and
their cross-sections were observed. Fig.2(b) and (c) compare
the cross sections of the space experimental sample and the
ground control sample (gelled under quasi-microgravity with
a clinostat). In the ground sample, the particles settled
significantly, and the center of the sample was transparent,
while no supernatant was observed in the space sample,
confirming the effect of microgravity.

The specific gravity of the PS particles is about 1.05,
which is comparable to that of the medium. Therefore, before
the space experiment, we expected that the results of the PS
particle system would not differ significantly from those of the
ground control experiment. However, the space sample
showed an average number of aggregates about 50% larger
than the ground control, and also showed better structural
symmetry of the tetrahedral clusters. Fig.3(a) and (b) show a
photograph of the PS particle aggregates and the dependence
of the mean association number <m> on salinity.

The results for the titania particle system are shown in
Fig.4. Fig.4(a) is a magnified image for clusters having the
association number m from 1 to 4, with only red fluorescence
detected on the left, and with a white light source on the right.
(Negatively charged particles are indicated with an "n").Fig.4
(b) and Fig.4 (c) show the [NaCl]-dependence and charge
number Z-dependence of the m distribution. Thus, we obtained
knowledge on the association of titania systems that could not
be obtained on the ground and achieved Minimum and Full
success in this space experiment.

The optical properties of the titania particle tetrahedrons
from the space experiment were also investigated. Light-
enhancing effects due to clusters compared to single particles
were observed, especially in the vicinity of 450-500 nm. At
this stage, we believe that this is largely due to the contribution
of light focusing and reflection by the spherical lens rather
than light confinement, but this is a result that we had not
anticipated before the experiment. If this effect is utilized in
the future, it could lead to the development of very compact
optical amplifiers. In addition, by measuring the reflection
spectrum in the visible region and calculating the photonic
bands of the diamond lattice, it was calculated that a material
with a perfect photonic band at 3.2 pm could be obtained.

Thus, we believe that we have achieved Extra success
because we have evaluated the optical properties and obtained
results that may be useful for developing optical materials. We
hope that the results obtained from this experiment will be
useful to design colloidal photonic crystals.
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Fig. 3 (a) Photographs of clusters
of PS particles obtained in the
space experiment and (b)
dependence of the average number
of aggregates <m> on salinity.
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Fig. 4 (a) Magnified images of
titania-based clusters from the
association number m=1 to m=4
(left: red fluorescence detected,
right: image with a white light
source). and distribution of m. (b)
[NaCl]-dependence and

(c) the particles charge number(2)-
dependence.
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