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Introduction

Effects of Fluid Flow and Mechanotransduction

Effects of Cosmic Radiation

The unique conditions of microgravity and radiation exposure in
epace have a subatantial impact on human tizsue function, resulting
in extreme bone loss. The goal of this project is to synthesize the
current knowledge on bone lozs in space for uzse in future research.
There iz clear evidence, based on past research, !hn microgravity,
cosmic radiation, fluid flow, and h ion infl
function during space travel and result in significant loza. However,
there iz a need for future rezearch on how these factors relate to each
other and their collective infl on hani of bone
regeneration and repair. In addition, there is & need for more research
on potential solutions to prevent the bone loss 2een during space

travel

bone

_ Normal Mechanisms of Bone Regeneration and Repair|

Achieved through the actions of osteoblasts, osteoclacts,

osteocytes, and bone lining cells

Osteocytes detect bone damage to bone and zizgnal this to bone
lining cells via factora, such as PGE2, PGI2, NO, and IGF-1
Bone lining cellz recognize and reapond by recruiting csteoclast
precurzors to the site of Ahmlge

- 0 1 disted by RANK-L
Oateoclnn digest bone through excretion of acid that degrades
hydroxyapatite

* Undergo apoptosia — initiated by protegrin (OPG)
Osteoblasts recruited to area of newly digested bone by growth
factora: IGF-I, IGF-IL. TGFEL and TGFR2

Ostechlasts deposit osteoid in cavity = mineralized to form new
bone

Potential Solutions

Combating Fluid Flow Effects

* Biephoeph e: inhibit last activity

+ Intermi Compreezion: imp blood flow to affected llmh
* miR-33-5p 5 blaat difi

*+ mLlIPUS: prcmetel oaleab]ut proliferation

Combating Radiation Effects

. .lmlfo:une protecta cells from DNA damsge caused by radiation
= A idant Suppl ation: p againat ive oxygen
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Mechanotransduction and Fluid Flaw

* Mechanotransduction: process of taking mechanical energy and
converting it into electrical energy and biochemical signale

* Whes bone is bent or sompressed, a presiure gradient foroes fusd

out of the area of strain

Fluid and charge movement creates a streaming potential that

alters the electrical environment of the surrounding bone cells and

activates several cecondary evente, leading to the resorption and

formation of new bone in the damaged srea

Velocity of the interstitial fluid movement is thought to play a key

role in activating surrounding l:ella wl ben bone iz under stress
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+ Cytoskel k of actin, mi bules, and i
filamenta, which provide shape and stability to cells

* Actin filaments within cells zenze mechanical force and penerate

contractile and protrusive forces

Intermediate filaments serve as sensors of mechanical force

direction and strength

* Cytozkeleton reacts to changes in fluid chear streas and has been
linked to bone cells responze to loading

Fluid Flow and Bone Loss in Space

* Microgravity reduces fluid flow within bone by two means:

cephalad fluid shiftz and ]ma of mechanical 1nadmg

* Loss of the gravitational pressure gradi
the upper body and decreases pressure in the lower had.y

* Bone experiences unloading during space travel becanse it no
longer bears the weight of the astronsut

Decrease in fluid velocity and loez of loading-induced flow of

interstitial luid through the ] licular netwerk d

the mechanosenzitivity of the bone cells

Dueoc‘\-u! \mdargo apoptoais due to the lack of fluid shesr force
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+ Unloading d ion of oxteohlast 7 cells and
cauzes rezistance 1o pnn]:g roid h (PTH) and Inzulin-lik
growth factor :“n 1 (IG-F 1) in cateoprogenitor cells
* L-type calei 1 blagts are inhibited under

microgravity, blocking ﬂmu- major means of initiating bone
formation

Unloading caused osteocytic disuse leading to resorption

Under microgravity conditions, this assembly of the cytoskeleton
iz altered becauze they do not have the gravity vector a2 a guide
for growth

Under microgravity conditions, cell growth is blocked either the
G1 phaze or G2/M checkpoint due to cytozkeletal ch
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Cosmie Radiation

* Radiation environment in space iz a mix of galactic cosmic
radiation, solar particles, and geomagnetically trapped particles

* Galactic cosmic radiation (GCR) iz “background” radiation

originating from outside the solar system, but moetly from within

the Milky Way galaxy

Solar particles (SPE) come from solar flares and coronal mass

ejections, when larze mazzes are randomly ejected from the sun

Geoma icall d particles are protons and electrons

within the geomlgnenc ﬁe]d layer, which is the magnetic field

surrounding the Earth

* Az astronauts move further aweay from the Earth, the radiation

exposure shifts from mostly geomagnetically trapped particles to

GCR and SPE

When GCR and SPE particles interact with spacecraft shielding,

they can create 2econdary radiation and increase the potency of

heavy ion irradiation

Cellular Response to Radiation

* The body responded to radiation through inflammation, DNA
damage repair, and relesze of ROS scavengers

= Indl tion iz initiated by acti of itive kinases,
proinflammatory transcription factors, and upregulation of

proinflammatory cytokine production.

DNA repair hani base excision repair, nucleotid
repair, mizmatch repair, homologous recombination, sand non-
homologous end joining

Radiation-Induced Bone Loss in Space

bl Jafici

* Radiation causes | ofteocyte dcnruenon.
fibrosiz of bone d d BMSCs, and i

in osteoclazte

Reduction of osteoblasts occurs almost immediately after exposure
10 radiation

Osteoclasts increaze in number and activity when exposed to
radiation
Solar particles and galactic coamic radiation negatively affect

bematopoietic stem cella (HSC), both directly and indirectly

+ Direct: penetic changes and alterations in cytokine expression,
resulting in decreazed cell output from theze progenitor cella

* Indirect: “Biclogical Byatander Effect”

Meeenchymal stem cells preferenually differentiate into adipocytes

instead of myocytes, Ll , and chondrocytes

Cozmic radiation is believed to sensitize bone to the effects of

microgravity and their combined effects are what lead to injury

and bone lozz experienced in space

Ruye & Xong 3550, Barg & Ko edond [PV, Clawsbor v . (004 Chang o

Clabs (2914, Coldsennn (5 dia Groon sl




