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Abstract

Although the peripheral nervous system exhibits a higher rate of regeneration than that of the
central nervous system through a spontaneous regeneration after injury, the functional recovery is
fairly infrequent and misdirected. Thus, the development of successful methods to guide neuronal
outgrowth, in vitro, is of high significance. It has been well-reported that surface topography
affects neuronal growth, orientation, and differentiation. However, the combined effect of flow-
induced shear stress and surface topography on neuronal outgrowth has been rarely reported, even
though shear stress is widely known to play a pivotal role in the organization, development, and
function of tissues. In this study, a precise flow controlled microfluidic system with specific

custom-designed chambers, incorporating laser-microstructured substrates, was developed to
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investigate the combined effect of shear stress and topography on neuronal cell growth, orientation,
length, and differentiation. Polymeric microstructured substrates, with controlled geometry and
pattern regularity, were fabricated by ultrafast laser structuring. A comparative study was
performed between static and dynamic cell cultures to assess the synergistic or antagonistic effect
of shear stress and topography on neuronal cells’ behavior. The cell culture results were
complemented with computational flow simulations aimed to precisely calculate the respective

shear stress values.

Iepiinyn

[Mopdro mov 10 TEPIPEPIKO VEVPIKO cHOTNUA EREOVIiel LYNAOTEPO PLOUO avayévvnong omd
EKEIVO TOL KEVIPIKOV VEVPIKOV GLOTNUATOG UECH avOOPUNTNG avayEvvnong HETO amd Evav
TPOVUOTIOUO, N KaB0dNYOLHEVT] AEOVIKT VEVPIKT] OVOYEVVIIOT] KO 1] AELTOVPYIKT OTOKATAGTOO
elval opKeTA omdvia. XUVERMG, 1 avATTLEN emTLYNUEVEOVY PeBdd®V Yo TV KaBodNynorn g
VELPIKNG avamtuéng, «in vitro», eivor vyiotng onuociog. ‘Exet avaeepbel Aentopepmdg O6TL M
TOTOYPOPi0. TOV VTOCTPOUOTOS eMNPedlel TV avATTLEN, TOV TPOGOVOTOAGUO KOl TN
SLPOPOTOINGT TOV VEVPIKAOV KLTTAP®V. Q6TOGO, 1| GLVOLAGUEV OPACT TNG OLOTUNTIKNG TAONG
KOl TNG TOTOYPAPIOS TOL VITOCTPOUOTOS GTNV VEVPIKT avaTTuEN £xel eEAdyioTa pehetn0el, Taporo
OV Ol JSWTUNTIKEG TAOELS €lval gupEmg YVmoTo 0Tt dadpapatilovy kabopltotikd poro otV
0pYAV®OT), OVATTUEN KOl AEITOVPYIO TOV 1GTMOV. X€ LT TN HEAETN, £vo GVOTNUO LKPOPODV
akplPog eheyyOUeEVNG PONG HE OCLYKEKPUYEVOLS EWOIKA  OYESIOCUEVOLS  OaAQOVS, OV
EVOOUATOVOLY  uKpodounpéve vrootpopate Aélep, avamtdydnke yww vo peietmbel n
oLVOLOCUEVT] OPACT] TNG OLATUNTIKNG TAGNG KOl TG TOTOYPUPIOG VTOGTPMUATOG GTNV AVATTUEY,
OTOV TPOGOVATOMGUO, OTNV EMUNKLVON KOl OTH  OPOPOTOINGT VEVPIKMOV KLTTAP®V.
[ToAvpepkd PIKpOodOUNUEVE VTTOGTPOUOTO, LE EAEYXOUEVT YEOUETPIO KO KOVOVIKOTNTA LOTIBOV,
KOTOGKELAGTNKAV UE YpNon vrepPpaymv mailumv Aélep. IpaypatoromOnike cuykpitiky HEAETN
petall oTaTIKOV Kot SUVOUIKOV KUTTOPIKOV KAAMEPYE®V Yia Vo, a&lodoyn0el | cuvepyatiky 1
AVTOYOVIGTIKY EMOPACT TNG SOTUNTIKNG TACNG KOl TNG TOTOYPOPING OTY| CLUTEPLPOPE TOV
veupikav Kuttdpov. Ta omoteléopota TG KLTTOPIKNG KOAMEPYEWNG CLUTANPOONKAV e
VTOAOYIOTIKEG TIPOGOUOUMOELS PONG UE GKOTO TOV aKPIP] VTOAOYIGUO TV OVTIGTOW®MV TIUMV

STUNTIKNG TAONMG.



