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Abstract:  One of the major space biosci-

ences unknowns for human exploration out-
side of LEO is the question of how the de-
generative effects of microgravity unloading 
of cells and tissues might be magnified under 
deep space radiation conditions in cislunar 
space and on solar system voyages to Mars 
and beyond(Blaber, Sato, and Almeida 2014).  
Although our group and others have already 
studied some of these interactions in micro-
gravity(Blaber et al. 2013; Blaber et al. 2014; 
Blaber et al. 2015) and ground models such 
as rodent hindlimb unloading and charged 
particle radiation from accelerated protons 
and iron at Brookhaven NASA Space Radia-
tion Laboratory, these earth-based models of 
microgravity and space radiation have serious 
limitations and only offer a glimpse of the 
real interactions of the two major biological 
spaceflight factors (radiation and microgravi-
ty) outside of LEO.  Specifically, the com-
plexity of space radiation particle composi-
tion, energies, and dose rates is virtually im-
possible to simulate on earth, making our 
conclusions at best uncertain.  Likewise, 
hindlimb unloading and other models only 
mimics limited aspects of real microgravity 
exposure, and effects on indicators such as 
gene expression in bone in these models vary 
significantly from real microgravity.  Prior to 
long-term human exploration voyages in the 
solar system we must understand how real 
microgravity and real space radiation might 
interact, and to what extent they can syner-
gize to promote irreversible human tissue de-
generation.  In microgravity during space-
flight in LEO, under low space radiation ex-
posure conditions, our research team already 
identified the activation of cell cycle arrest 
mechanisms via p21/CDKN1, leading to bone 

degenerative effects on the bone formation 
osteoprogenitor differentiation pathway. In 
addition to being microgravity-induced in 
mouse bone tissue, p21/CDKN1a is also a 
canonic radiation-response gene, temporarily 
arresting the cell cycle to allow for DNA re-
pair following radiation exposure.  Because 
of these dual p21 roles (in radiation and mi-
crogravity response), we have hypothesized 
that microgravity and space radiation may 
potently synergize to arrest fundamental tis-
sue regenerative processes in deep space out-
side of LEO.  The affected biological systems 
may include the regeneration by adult stem 
cells of bone and muscle, blood and immune 
system regeneration from marrow, intestinal 
lining regeneration from crypts, skin regener-
ation, neural stem cell differentiation and mi-
gration to establish new memories and learn-
ing, etc.  The Deep Space Gateway is an ideal 
experimental platform for testing the extent 
and mechanisms of real microgravity and 
deep space radiation effects on cells and tis-
sues, and to obtain key information needed 
for enabling safe human exploration of space 
outside of LEO.  Specifically, we propose to 
leverage our existing LEO p21/CDKN1a sci-
ence briefly described above and the newly 
developed cell and tissue culture Bioculture 
System hardware for ISS, now being validat-
ed on SPX-13, to achieve these goals(Blaber, 
Sato, and Almeida 2014).  The proposed new 
hardware development for the Deep Space 
Gateway utilizes the existing NASA Biocul-
ture System cassette and flowpath design, and 
downscales the 10-cassette ISS express rack 
locker full system, to a streamlined 1-cassette 
system with less than one quarter of the mass 
and volume of the current hardware.  A single 
cassette will be used to culture multiple non-
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proliferating human heart beating tissue or-
ganoids as currently being validated on SPX-
13 for one month or longer.  Additional tech-
nical capabilities will be added to the cassette 
including remote monitoring of heart tissue 
electrical activity and live video microscopic 
imaging of beating heart tissue that can pro-
vide science outputs without sample return. 
Cells can also be remotely fixed and cold 
stored in the Bioculture System cassette for 
on orbit analysuis using the ISS WetLab-2 we 
recently deployed on ISS(Parra et al. 2017) or 
for later retrieval or returned to earth alive.  
The advantage of basing the new hardware 
for the Deep Space Gateway on a modular 
component of novel ISS hardware just com-
ing online, is the fact that the extremely com-
plex development process including for gas 
exchange and cell/tissue biocompatibility and 
fluidics has already been resolved, and the 
fact that the existing cassette module will be 
used in a much smaller but essentially func-
tionally similar to existing enclosure, allow-
ing us to develop more rapidly, with less ex-
pense, and to focus more on the science and 
less on new hardware development complexi-
ties.  In addition, the current validation exper-
iment of the Bioculture System on SPX-13, 
with human cardiomyocytes, will offer valua-
ble baseline information about the responses 
of these human heart tissue organoids to mi-
crogravity in LEO, without elevated space 
radiation, setting the stage and providing 
background science data to compare results to 
microgravity exposure in cislunar space, this 
time with elevated space radiation levels.  
Overall this science and hardware concept 
proposal for exploration biological research 
in cislunar space using the Deep Space Gate-
way combines a key exploration biological 
science unknown, based on strong hypothesis 
driven science, with a feasible hardware de-
velopment plan, greatly enhancing its chances 
for successful completion 
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