UNIVERSITY of Developing a Microfluidic Human Tendon-on-a-Chip to

J F . |
> ROCHESTER Investigate the Role of the Vasculature in Tendon Injury

CENTER for

MUSCULOSKELETAL Isabelle Linares M.S.12, Raquel Ajalik Ph.D. 12, James McGrath Ph.D.%, Hani Awad Ph.D.? Listen to

RESEARCH
1. Department of Biomedical Engineering, University of Rochester, Rochester, NY. 2. Center for Musculoskeletal Research, University of Rochester Medical Center, the poster
Rochester, NY. 3. Department of Biomedical Engineering, Rochester Institute of Technology, Rochester, NY.

Leveraging Tissue Chips to Study Tendon Injury Microfluidic Component Design Process Flow Influences Adhesion Molecule Expression
. .. : _ _ _ _ Static Culture Fluidic Culture
= Tendons connect muscle to bone and facilitate joint motion Insert + Lid with Reservoirs Insert + Lid Insert Only | VE-cadherin Expression
= Tendon injuries present a significant clinical burden: 16 Reservoir = s
million reported cases + $240 million in healthcare costs in Flow\P 2 2,67 s _
Channel Flow . 5 - VE-cadherin regulates
the U.S. each year - \ | , — Por s 5 - vascular integrity and
= While healthy tendon is hypovascular, injured tendons are — —_ ’\ Flow i L2 perealy
characterized by vascularized scar tissue, resulting in | —- -~
reduced range of motion, pain, and decreased quality of life | CAM-L Expression
| Q - Reservoirs on lid to prevent - Lid provides distance between - Reduces total PDMS thickness o *
Figure 1. Flexor tendon fibrotic evaporation in flow channel membrane and flow needles - Simplifies manufacturing process | -
adhesion, characterized by _ — 2 4- - ICAM-1 facilitates
disorganized matrix and 6 - Thickness affects gas exchange - Difficult to manufacture 5 immune cell recruitment
Y for cells and imaging quality S 2- to inflamed endothelium
Infiltration of blood vessels
Wh'Ch facilitate the_ a rrlva_l of Figure 3. Design evolution of modular flow insert (red indicates flow channel geometry). Table describes " static i
Immune cells to the injury site. dvant d disadvant ¢ H iterat
advantages and disadvantages of each fteration. Figure 7. A. HUVEC cultured in hToC with flow insert for 24 hours of static
= Tissue chips model 3D tissue organization to investigate A B C D culture or fluidic shear stress of 10 (_jynes/cmz. VE-cadherin expression reported
disease mechanisms and screen therapeutics Elow Ports % ' as fold change compared to static. B. HUVEC cultured with basal TNF-a
. i & PDMS = stimulation for 24 hours of static culture or fluidic shear stress of 1.5 dynes/cm?.
= Our lab developed the hum_an tendon—on-a_—chlp (h_TOC) to k (1) £ ICAM-1 expression reported as fold change compared to unstimulated static
model the tendon vascular inflammatory microenvironment N P l control (Scale bar = 100 ym) *p<0.05, ***p<0.001.
in static conditions k- . D | | | l
C " 4 f < >
v " 6.3 : : -
T onoo i e, " Validating Immune Cell Introduction Under Flow
@ Cytokmes” ¢ y - © ) PsConsat préa
Endothelium - . ' | \‘ ” Flow Channel
; , \ F @ Flow Channel NEOMETIEE =i , A
Membrane R g S e PSA/PET/PSA - FlowPorts <
Tissue S T ﬁ'il';n;;yte\u %’\ _ - - - _ @ @
Sl U el Myoflbroblast Figure 4. A. Exploded view of hToC components with flow insert: (1) flow insert, (2) dual-scale Fowrs
s e Figure 2. A, Ultrathin (100 nm), highly permeable dual-  1anomembrane, (3) vascular component, (4) tissue component. B, Flow insert design for manufacturing,
( ‘ff scale nanomembrane. The nanomembrane serves as flowu chgnlzely C Cr>c/)ss section of lionsert( D Im)aae 01(‘?l nlzaessss-u ridsueceso: I\fﬁraa s?if\wlz (flow )inierlt aaend( f II) ..... o i
= "% =7 a substrate to culture vascular endothelial cells and assembled fluidic device with flow tubing. J P Y, SIng ! iy
5 um Micropores Ngﬁ’a‘gores also separates the vascular and tissue compartments. J- | 40x Objective

Luminal, Luminal, Abluminal,

B. Assembled hToC device. C. Compartments and cell

. . Endothelial Monolayer : . : .
types represented in the hToC quad culture. A B Physiological Shear Stress : : Static | Probing | Migration
— Figure 8. A. Circulating monocyte transmigration cascade
& . under flow in response to 100 ng/ml MCP-1. B. First frame of
Project AlMm H 500 pl/min _A live video showing endothelial monolayer before the arrival of
- . . .
dynes/cm?® 2 j monocytes. C. Final frame after 2 hours of monocyte circulation
o _ 14 @ 8 " Nanomembrane | : through the flow insert, classifying monocyte interactions with SCAN ME
Develop a plug-and-play fluidic hToC with 2 % I (Culture Region) j endothelium based on schematic in A. (Scale bar = 50 um)
ohysiological vascular flow. : u i :
y J 6 § * 222 “:jmm i\\ A Static Culture Fluidic Culture B
- . . . . 4 100 p/min | Monocyte Transmigration
Hypothesis: Fluid flow will alter the fibrotic : 220 _ - > Quantification
. . ] 0 L - - | | al
response by_lmpact_lng. | +  Culture Region o 0o 05 1 15 2 25 O g Viembrane [T
= Endothelial barrier function Inlet Outlet Channel Distance (mm) = Bottom : oo
: . . . . . . S Channel | 3
= Concentrations of inflammatory mediators Figure 5. A. COMSOL fluid dynamics simulation showing a shear stress map of the flow channel. Confirms E:)” ik S J0000- T
: . : uniform shear stress at the culture surface. B. Physiological shear stress values across culture surface: 10.7 S g [}
= Rate of immune cell infiltration | . . 3
dynes/cm? at flow rate of 500 ul/min, 3.5 dynes/cm?at 200 pl/min and 1.5 dynes/cm? at 100 pl/min. ? 50004 o
0 BB, £ ﬁ 'v'.z'I . Aﬁ—A
) _ . . . . . O kK ' —— - : o S
Design & Experimental Workflow Endothelial Cells Elongate & Align with Fluidic Shear Stress = & E s
> < A 0&" R
‘5\'{0' @\@9 Q\ ((\O
Angle Relative to x-Axis (deg) _
DESIGN CRITERIA ﬂ B _
B — PROTOTYPE VALIDATION _ StaticCulure o O Figure 9. A. Confocal image stacks showing adhered (white) and transmigrated
%. Efflclilent a?semblif COMSOL fluid <imula A :Z“;:;"-;fw‘ﬁ.'ﬁ, ;*’?’.‘{;jf‘-f;' (orange) monocytes after 24 hours of either static culture or circulation (50 pl/min).
. Leak-proof operation —— . uid simulation N R S LN N i hs D2
3 Gas e'f(changz for cell culture - Endothelial cell alignment Peristaltic Pump :5,“&;»‘_;4,3 ::‘r,m: 1500 300 100 ng/ml I\/IC_:I_D-l was added to the bottom channel and_ _corr_lpared toa (-) MCP—l
4. Uniform shear stress profile e o\ SRS 7 control condition. (Scale bar = 70 pm). B. Quantification of transmigrated
USROS L L T 0° monocytes (cM@), normalized over the image stack size. *p<0.05.

20 40 60
Number of Cells

'

Clinical Relevance & Future Directions

FLOW COMPONENT DESIGN FOR C Fluidic Culture
APPLICATION in hToC MANUFACTURING L R S e
« Endothelial cell response to « Adapt for pressure sensitive A‘ W“‘* 1500 200 . Understgn_dmg_the mechanlsms_ of vascular inflammation in
fluidic shear stress adhesive (PSA) bonding hToC Bt T tendon injury Is underappreciated and could be key to the
* Immune cell circulation over " Strategy for mass production e o se T =8 180° 00 development of effective therapeutic strategies
endothelial barrier  — e .
Flow Direction S féo “40 60 * Fluidic hToC can serve as an adaptable tool for mechanistic
‘ HMDETOTENS studies of inflammation in the context of other fibrotic diseases
Figure 6.. A. Perist.altic pump flow setup. Phase image_s of human umbilicql vein end(_)thelial cells (HUVEC) = Plan to investigate the impact of circulating monocytes on the
DESIGN Sulturcid |r21 h'lgcr)]C WI'[.h flow msTrt l:‘)or 2_4 1hooours qf |:B s:_atl(_: culture olr Cl.3 phi/sg)(l)oglcal ];lQu"(:j“C sr;eflr stres? of 1(I)I inflammatory response of the complete hToC quad culture
TERZUION ynes/cm® (Phase image scale bar = um; F-actin image scale bar = 50 pm). Radar plots quantify ce » Evaluate antibody inhibitors of monocyte transmigration as
{ N alignment relative to the flow direction (along x-axis). HUVEC stained for F-actin to visualize cytoskeletal otential therapies
ol remodeling in response to flow. P P
N References Acknowledgements
llinares@ur.rochester.edu =
1. Wu F. et al. (2017) EFFORT, 2(7):332-42. 4. Mansouri M. et al. (2022) Adv. Health. Mat., 11(21):2200802. National Center ‘ : NANOMEMBRANE
2. Mehrzad R. et al. (2019) Ann Plast Surg, 83(4):419-23. 5. Pérez-Rodriguez S. et al. (2021) Biomicrofluidics, 15:054102. for Advancing ' @FP ml_l N E ) R EsEARCH
m linkedin.com/in/isabellelinares 3. Brebels J. et al. (2022) Polymers, 14(5):867. 6. Ando J. et al. (2011) Antioxid. Redox Signal, 15(5):1389-1403. Translational Sciences , * Grour

UH3TR003281



