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ABSTRACT

We here report a new culturing method to producerenvascular-mimetic tissue consisting of smoottscia
cells (SMCs) and endothelial cells (ECs) toward finactical use of tissue engineering. To achiewe dtable
coculture, the requirements for SMC culture in mdatrannels are clarified by basic experiments. Tleengw
microchip that satisfies those requirements wasld@ed by bonding glass substrate and porous pblgnate
membranes. Finally, the stable coculture of SMC BGd in confined micro-space was demonstratedhferfitst
time. Those knowledge and new system would cort&ilbot only to the vascular tissue engineeringaben to the
cellular engineering in micro-space.
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INTRODUCTION

Recent progress in tissue engineering has lednial successes for several functional tissuesHbjwever, a
major limitation remains a lack of methods to progldhick tissues due to the restrictions of pasdiffeision of
biomolecules. There is a need for micro-scale Vastissues to construct large organsitro. We have previously
reported the basic culture and recovery of ECSzintg a separable microchip [2] and been investigaSMC
culture condition [3]. Next, multilayered tissuensisting of SMCs and ECs should be constructed (igHowever,
it is difficult to culture SMCs in microchannel tmese they are intrinsically stretch cells and tleeestill no reports.
To achieve the concept, stable culture of SMCs iecranhannel is necessary. In this present paperpbstructive
factors to SMC growth in closed microchannel wéngtlf identified by 3 basic experiments. Then,eavmmicrochip
that satisfied those requirements is designed lemdtable coculture of SMCs and ECs in closed miwpnels was
demonstrated for the first time.
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Figure 1: Total concept of this study. Multilayered SMCs and ECs are cultured in a microchannel. After cell culture,
they are harvested separating the microchip.

IDENTIFICATION OF OBSTRUCTIVE FACTORSON SMC GROWTH

Vascular SMCs are easily cultured on conventiordlaulture dish, but difficult to be cultured torfluent state
in closed glass microchannels. They are a kind wéate cells in vascular wall and stretch alongltmey axis of
spindle shape. So, larger metabolic requirementgaadth inhibition by surrounding geometry are sofgd to be
severe problem in micro-scale culture comparedteracells. Cell culture procedure in the microcisiglivided to
adhering term and increasing term. In adhering tesaspended cells are introduced into the micraoklaand
allowed to adhere on the surface stopping the piriufor 2 hours. After adhering term, medium isistantly
perfused and cells increase to confluent stat¢higreport, According to this idea noted above,consumption,
nutrients, and surrounding surface curvature wensidered in each term.

Firstly, O, consumption in adhering term was tested. Glas®tmwglass microchip and glass-bottom PDMS
microchip were prepared and the microchannels weated by collagen. Then, human arterial SMCs (HESM
were loaded and the medium flow was completelymtd(Fig. 2a). After 2 hours, the survival rate weaaluated as
the proportion of adhering cells to whole cellsniicrochannels. Fig 2b shows the significant diffeee of survival
rate between two microchannels. While almost 100%MCs adhered and survived on the bottom of thé&/BD
microchannel, survival rate in the glass microclenvas about 65%. In this experiment, the diffeecbhetween two
conditions is only the ©permeability of microchannel walls. So this difface in cell adhesion is caused by O
supply. And this result showed HASMCs in glass mitrannel were exposed to serioysd@ficiency even in first 2
hours. On the other hand, almost 100% of surviatd in PDMS microchannel indicates that the amadirdther
nutrients would be efficient in this term.
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Figure 2; Invest|gat|on of O2 effect. (a) Schamt|c of experiment. (b) Survival rate of SMCs after 2hours from
introduction.

Secondly, the medium supply in increasing term teaged in pseudo experiment. In the case of célture in
microchip, changing flow rate results in variablear stress acting on adhering cells. To excludestiear stress
effect, this experiment was done in conventiondll @gture dish. HASMCs were seeded at 50* cells/cnf and
cultured with exchanging 4 mL of medium in diffetérequency (A: every 8 hours, B: every 16 hours2€ hours,

D: no exchange). Fig 3 shows the growth curves 8SMCs in each dish and no significant difference in
inclination that means the increasing speed wasrgbd. From this result, at least 4mL/day (C) oflmam supply is
enough to grow HASMCs. This amount of flow rate is, 7 b
roughly equivalent to 0.1%L/min in microchannel

whose diameter is 3@@n and far less than that o i
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normal cell culture (severglL/min). So it is confirmed exchangs
that the conventional condition could have suppli ‘
enough nutrients to SMCs in microchannel, conttary
expectation. Although the amount of medium perfasi

rate to supply enough nutrients could be rougt
estimated, we could not discuss thedDpply, because

these dishes are exposed to atmosphere throudi®u Figure 3: Investigation of medium supply (a)

experiment. So, Odeficiency in this term should be Schematic of experiment. (b) Growth curves of
improved together with that in adhering term in sor HASMCsin éach dish

way.

At last, surface curvature of the substrate waeded he microchannel in glass microchips has ogrgiurface
because of the fabrication by wet etching proc&sscheck the effect of curvature on cellular growttASMCs
were cultured on two kinds of microgrooves that barhicircular and rectangular cross-sections (Bjg Although
the seeding densities were same on all surfacgs3), significant difference was showed in surfaceerage
between curving and flat surface after 120hourg (¥¢). The same tendency was observed also on Dh&SP
substrates (data is not shown). Those resultsatalithat curvature does not affect on the adhesdfitbASMCs but
matters to the proliferation in increasing term.nf@opapers have reported the strange migration aiguel
metabolism of living cells on micro fabricated sod [4, 5]. However, the mechanism of suppressiatill unclear
and the detail should be investigated by furtheeaech.
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Figure 4: Investigation of curvature effect. (a) Schematic of substrates. (b) Adhering density of SMICs after 2hours
from seeding. (c) Coverage of SMCs after 120 hours.

Throughout these experiments, we concluded thatOg@peficiency in both terms (b) curving surface in
increasing term are the obstructive factors orgtioevth of HASMCs in closed microchannels.

SMC CULTURE INANEW MICROCHIP

To achieve the stable culture of HASMCs, a new aubip was developed. To exclude @ficiency and growth
suppression by curvature, new microchip was prepaamdwiching glass substrate with penetrating eulwannel
(width: 40Qum, thickness: 7Q@m) by two porous polycarbonate membranes applyavg temperature bonding
technique (Fig. 4). Briefly, a glass substrate wi@sined by piranha solution. In parallel, two shedtporous PC
membrane were prepared and modified with Aminopitdpshoxysilane (APTES). Then, both sides of thasg
substrate were contacted to APTES-modified PC mangs and bonded by heating at ‘Cl@or 12 hours with
applying 100N of pressure. This microchannel hé&dlal surfaces and efficient Qs supplied from the outside.
Then, it was connected to syringe pump and dippexdthe medium.
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Figure 5: Schematic view of new microchip and experimental setup for SVIC culture.

After coating the collagen onto the microchanneASMICs were loaded at 7x3®lls/mL and the perfusion is
stopped for 2hours. After cell adhesion, the medwams perfused atL®/min. After 48hours, HASMCs reached to
confluent state (Fig). Next, human arterial endidheells (HAECs) at 5x1%ells/mL were introduced into the
microchannel and the perfusion was stopped for Zhd\fter adhesion of HAECs, the medium was pedusgain
at uL/min. After 50 hours from the introduction of HAECthey adhered onto the confluent HASMCs stiffly.
Comparing to the previous result, it is obvioustttie SMCs could be cultured successfully. Thighis first
demonstration of coculture of SMCs and ECs in nubemnel and would provide significant guides fosotdar
tissue engineering and indicates that the coculbiBMC and EC in the microchannel needs a newgdesf a
separable microchip.

Figure 6: Cultured cellsin the microchip (a) Confluent SMCs (green) after 5S0hours from seeding (b) Cocultured
SMCs and ECs (red) after 50hours from EC seeding. (¢) Previous result in the normal separable microchip: SMCs
underwent necrosis after 15hours from EC seeding.

CONCLUSION

In this report, we clarified the obstructive facgtdor SMC culture in the closed microchannelg.déficiency in
the adhering term and growth suppression by cursurface in increasing term were the critical peotd for SMC
proliferation. Then, a new microchip that solvedsh problems was developed and the successfultereudf
SMCs and ECs were demonstrated for the first timéhe microchannel. Those knowledge and technigqoeldv
contribute to the cellular engineering in micro-g@cluding micro vascular tissue engineering.
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