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be viewed as a prototypic systemic disorder resulting from the shear-stress condition inside the device. | j> verify the stimuli inside the chambers in terms of wall shear-stress on the membrane 10 |
dysregulation of multiple higher order biological processes. U g 5. | COMPLETE DEVICE TRIPLE
. . . . . . = g PATH
Chronic mflamn_watory dlseases_ represent one of the greatest collective v' Simultaneous comparison of several chemoactractans Leukocytes Syringe pump Critical location: —_ g4 -
burden of suffering and economic cost in the developed world: Glass chip Withdrawin . s ="
_ _ _ _ _ cellular colture g High Shear Stress due 57 2 4 CHAMBERS -
v' Alternate infusion of several fluids (washing fluid, to the sudden narrowing S - ['mm/s] £ e m= "7 -=="" High AND Medium
Y = == .. i - i -T2 shear stress
#> CI1:here s no curative treatment for any chronic inflammatory cellular colture,fixing fluid) of the section — 2 Jp=—a b
iIsease. 0 #=*"" | . | .
% ,\QQ '790 ,500 D«Oo 600 690 ,\QQ %QQ

j> The microfluidic device is made of two main superimposable parts :

j> Chronic inflammatory diseases comprise a eterogeneous group of
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disorders with unrelated etiologies but shared pathogenic mechanisms. = Experimental set up:
A variety of “inputs” affect the recruitment and activation of immune The top part: NG Syringe pump 2200,
nd inflammator lls, ther mplifyin N rpetuating th . ' - - Glass Syringe Hamilton ,
ial‘wflce:mmatac‘)ry staa?e, y_cells, thereby amplifying and perpetuating the includes three groups of three The bottom part: \\_5 L Honey pressure sensor.
- chambers:  different  resistive ncludes  wells interconnected by >\ High anc
pathways are designed to distribute leggggt:cll?ce > fzg evxf cofgcaelglng : 2D velocity profile: axial section of a chamber, view 22 - —— — N Complete | Medium
the flow rate so that three levels of ) 9 _ from the side ! —~—A configuration S——b . + V| Shear stress
shear-stress, one for each group, : _ corresponding chamber in the upper : =\ N \ /,
are generated iy * micronif layer. =0 S parallel paths
: > Leukocyte extravasation follows complex patterns that are affected i5 mm X 45 mm ,;
Dy several microenvironmental cues, such as: 15 mm X 50 mm j> Evaluation of the shear stress stimulus imposed inside the chambers, on the membrane
Glass microfluidic device: top and bottom parts.
0 relative densities and distribution of chemoattractants Device Conf o 0.075 [Pa] 2 [Pa] 4 [Pa] Low Chambers
=) Device Configuration : 0 | W 4.4 [Pa] _ ]| Shear Stress
Process of production
O adhesion receptor ligands | YP}inlet outlet > = T, low medium T, high \ |/~ path
Q integrity of the endothelium and the subendothelial matrix / \ﬂ / Layer AL CONNECTIONS Borosilicate Glass \ / \J [’i‘-;-_\%] é%? y
TOP | —> —> | 0.7 mm - &= Critical location:
Q local hemodynamic conditions imposing variable shear forces on the PART ‘ ; D Shear Stress on the
extravasating leukocytes [Kucik 2003 and Cuvelier SL 2005] \&/ \ ﬁ Laver A2 Test Borosilicate Glass — e = e - / /mem_brane > than the
As shear-stress stimulus Tw, wall shear stress, and Tm, shear . CHAMBERS 0.7 mm ( P stimulus (+ 5%)
stress on the cellular membrane are involved in that phenomenon and = == i s mm == == m= == == == Porous Membrane, Policarbonate (Millipore ©). | Polimeric gasket (testing)
they are both due to the action of blood flow. BOTTOM Chemotactic Sorosilicate Gl
orosltiicate Giass
PART raver B WELLS 0.7 mm Hydrofluoric P P Policarbonate membrane inside a
Isotropic Etching ;deL’ chamber : pores 8 um
Process
Chemoactractant Chemoactractant /\ /\ Actual shape Z/\T\(
, Thickness of the chambers 50 um P°Wd‘:;fe'2:ti“g D 70° =
' Others Thickness 90 pm Q = 4.66:10~-2 mm~3/s Q =1.28-mm~3/s Q = 2.56 mmA3/s In.the 90% of tl:]e Cham_ber_
. N I N section the velocity profile is
Chemotasis Haptotaxis - & \__J \__/ Minimize T, outside the chambers Shear stress on the membrane is homogenues for a wide part of the lenght ( x direction) of each chamber. rflat: floating cells Iflacﬁ an
Inflammatory response H 6 Leukocyte As regard to the the width (z direction), the shear stress is homogeneus for the central area ( 95 % of the | olmogeneust_ wal shear .
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s e i o e R e SRS A 11 lll =) Evaluation of the shear stress stimulus inside connections, between the inlets and the test
chemoattractant, leukocytes rapidly (seconds to minutes) convert to a flattened, irregular shape, and l chambers A
spread onto substrates or cells expressing adhesion receptor ligands . . | g
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Commercial devices, available to investigate chemotactic adhesion and 0.05<7 <4 Pa T medium Chamber scheme (side) \ \ L —
transmigration of cells, are called Boyden chambers [Chen 2005], as the hear str " Porous membrane l,
: : Shear stress T, low Chemoactractant
name of the homonymous test. Device is based on a chamber of two on the v v
medium-filled compartments separated by a microporous membrane
membrane; cells are placed in the upper compartment (under shear-free inside the :> Model of Shear Stress faced by cells on the membrane 50.056 [Pa] l
conditions) and are allowed to migrate through the pores of the membrane chamber | | l 3,5 mm
into the lower compartment, in which chemotactic agents are present. High o N Hp: plate and parallel surface 7., Wall shear Stress \l' (\/\ _ _
throughput devices exist, integrating more than one hundred shear-free | 6-11-v 1 Viscosity of fluid [Pa) ‘l' ‘L chambers _ _ _ L analy_si.
chamber (Neuroprobe®©). Devices integrating flow conditions are usually 1 5 P r = m Iscosity of fidid 1Fa |__~ | Tracking of fluorescent particles ,excited by means of Laser light.
consists in a single chamber with one condition of shear stress. N w < — Y Medium velocity Tw max <0.075 [Pa] Tw max <2 [Pa] Tw max <4 [Pa] Velocity vectors to compose the velocity profile are figured out in the medium
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