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We are inspired by interfaces, tfransitions, and heterogeneity
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What can biomaterials do beyond generalization?

Tools to address questions of health disparities, patient *S.
S— variation, & heterogeneity.
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temporal change
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from margin to center**

Precision biomaterials. Complex societal challenges require more
than fechnology solutions. We must account for heterogeneity,
plasticity, and social factors.

O """" n Making space. Intenfional focus on centering people historically
- marginalized by our systems and history as well as centering projects
b@d at the margins of current scientific discourse.

a """" O Who is left out of the story?

Growth & perspective. The university is a place where we help shape
the future of our society. Building and resourcing a vibrant, equitable,
and innovative academic ecosystem.

© Harey Group @ University of lllinois ** bell hooks, 1984 3



Musculoskeletal tissue engineering craniofacial
enthesis
what will it take for regenerative therapies to spine:

become surgical standard-of-care
modify the tissue engineering friad (biomaterial-cells-
morphogens) to consider scalability, hierarchy

intervertebral disk

skeletal
muscle
opportunities & challenges rendon. | ;
biomaterials as factories of endogenous signals en r%gﬂ;?guTen '
synthetic circuits & long-range coordination
mechanical reinforcement & surgical practicality
shaping inflammatory response extremity
health disparities & underlying conditions , ) fracture
cartilage;
osteochondral
inferface

Source: 3DScience.com
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Modifying a collagen scaffold to promotes lineage trajectories

selective alterations to microstructural features of a collagen biomaterial to promote musculoskeletal differentiation
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Mineralized collagen scaffolds can shape multicellular crosstalk

MSCs inhibit osteoclastogenesis immunosuppressive capacity of hMSCs
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Collaborator: J. Lee (UCLA/VA), T. Fan (U. llincis)
© Harey Group @ University of lllinois Ren et al., JTERM, 2019 | Ren et al., Sci Adv, 2019 | Dewey et al., Materialia, 2021 | Kolliopoulos, ACS Biomater. Sci. Eng. 2023 | Kolliopoulos et al., Bioactiv. Mater., 2024



Mineralized collagen scaffolds to understand donor variability

Who is left out?
donor variability | ancestry (biology,
genetics, sociocultural factory) | sex

Population epidemiology
* Epidemiological

* Environmental

¢ Public health

* Social research

MR

Genomic
PK/PD assessments

>

Bioengineered platforms

-

Clinical trials
Lo IJ Patient participation

Cellular \/J

¢ Cellular therapies <
*iPSCs by
k $~<

&

Tissues
Tissue repositories

\/

James et al., Adv. H. Mat., 2021 | Shah et al., Am J Physiol Cell
Phsyiol., 2014 | Guerrero et al., Scientific Reports, 2018 | Kyeong Lee,
BMB Rep., 2018 | Moore et al., Nat. Rev Mater, 2021
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ASCs from male donors are more metabolically active for the entire culture period
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ASCs from female donors have higher ALP activity than male donors beginning at Day 15

Scaffolds seeded with ASCs from female donors contained increased Ca and P content

essent.,

oLOGICS

Tiffany and Kolliopoulos et al., Adv Healthc Mater 2024
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Emerging opportunities in musculoskeletal tissue engineering

ehlers-danlos syndrome | donor
variability | sex steroid hormones |
amniotic membrane
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endogenous factory of biomolecules,
vesicles, & cells | synthetic cells | wound
models | spatial/temporal sequencing

synthetic growth plate | scalable
solutions based on assembloids

Collaborators: C. Laukaitis (lllinois); K. Spiller (Drexel); N. Willett & B. Guldberg (Oregon); N. Hickock (TJU); M. Killian (Michigan)
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The endometrium is a dynamic mucosal tissue that lines the uterus and
undergoes remodeling over the course of a menstrual cycle

Endometrium

Myometrium

Epithelial Cell
< Stromal Cell
Endothelial Cell

= Uterine Myocyte

:I Luminal Epithelium

Stratum Functionalis

Stratum Basalis

Myometrium

Figure made with BIORENDER

Multi-fold health challenges

Preeclampsia hypertensive disorder (2-8%, globally).
Insufficient frophoblast invasion leading to poor
placentation is believed to be a significant driver.

Endometriosis poorly understood role of legion activity
(stress, inflammatory status, stigma, pain).

Endometrial cancer progression, therapeutic intervention.

Broader gender/sex considerations

Health disparities | race/ethnicity | intersectional identities
psychosocial stressors and hormone set-points
trans/non-binary | intersex health concerns

reflexive bioengineering via critical studies collaborations

Collaborators: K. Clancy, R. Nowak, G. Underhill (lllinois); G Dveksler (USUHS); M. Oyen (WUSTL)
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Decidudlized endometrial models and matrix-induced chirality

Need: Decidualization and trophoblast activity Design rules: Chirality and endometrial endothelial cells

Human Endometrial Microvascular Endothelial Cells (HEMECs)
Human Endometrial Stromal Cells (HESCs) Nucleus-Centrosome axis
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Collaborators: K. Clancy, G. Underhill, R. Nowak (lllinois)
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Endometrioma: ovarian lesion microenvironment

patient-derived menstrual . lesion initiation : lesion invasion - lesion persistence
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Collaborators: K. Clancy, G. Underhill, R. Nowak (lllinois)
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Matrix signals strongly influence endometriotic adhesion & patterning

Matrix combinations strongly influence
12z (endometriotic) epithelial adhesion
vs. healthy hEECs.

Stiffness and ECM explains more of the
variance in 12z attachment vs. EEC,

© Harey Group @ University of lllinois
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Increased adhesion of endometriotic epithelial and stromal cells
cohorts on ovarian-specific matrix environment; co-culture
increases endometriotic stromal cell actin expression
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Define patterns of endometrioma invasion via multicellular spheroids

D1
Epithelial

Ratios 0:100, 75:25,

50:50, 25:75, & 100:0 12z Cell Area

(epithelial to stromal) 30000 *
T
Increased outgrowth
was observed with the 20000 % _
25:75 ratio. E
TR ORI R 10000
2 et DO D1 D2

TN Day Post-Encapsulation

Franco-Murillo. Y. Reprod Sci. (2015)
Epithelial: pLL-EFT1a-RFP-T2A-Blast Lenti-Labeler (SystemBiosciences)

Endometriotic epithelial & stromal cells self-assemble into multi-layered spheroids with an epithelial shell

Endometriotic epithelial cells shown significant invasive phenotype

© Harley Group @ University of lllinois Theriault et al., in preparation 13



Future: Decidualized endometrial models & menstrual effluent inputs

Emerging opportunities to create decidualized Overlap between hypothalamic-pituitary-adrenal &
endometrial/endometrioma models using hypothalamic-pituitary-ovarian axes: cortisol and phthalates
menstrual effluent influencing trophoblast vs. endometriotic cell invasion
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Collaborators: K. Clancy, G. Underhill, R. Nowak (lllinois)
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Gender/sex. inifiatives that move beyond women's health s

Gender/sex: Sex is a multifactorial phenomenon that relates to hormones, gonads, chromosomes,
and more. And gender is a personal and social construction relating to identity, expression, and
lived experiences of inequadlity.

CGSH: develop shared understanding of gender/sex; how gender/sex relates to social
determinants of health; intfersecting lived experiences around race, ethnicity, class, and disability.

Donor variability
Is there biological reality? Strategies to consider degree of similarity/difference. Do biomaterial
solutions need to account for this variabilitye

Biology is not binary
Need a more capacious definition (vs. Western binary)

Who is excluded when using a narrow definition of women’s health?
Transgender men who retain uterus/endometrium. Transgender women: increased risk of lupus,
breast cancer. Intfersex patients.

© Harey Group @ University of lllinois White et al., Ther Adv Endocrinol Metab, 2022 15
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Matrix signals strongly influence endometriotic epithelial attachment

Human Endometriotic Epithelial-like Cells (12z) vs, Endometrial Epithelial cells(EEC)
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EEC Cell Number on ECM Combinations
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Non-parametric Wilcoxon test: matrix combinations strongly

influence 12z (endometriotic) attachment vs. healthy hEECs.

Stiffness significantly influences 12z endometriotic epithelial
attachment (6 kPa > 1 kPa).

Linear mixed-effects model (Imer/R): stiffness and ECM
explains more of the variance in 12z attachment vs. EEC
(variation explained by biological replicates)
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Ongoing:. patterns of cell eccentricity and multicellular interactions

Eccentricity
...... (. o ) iEC-ESC & 12z (endometriotic cells) hESC & EEC (uterine cells)
_ 1kPa 6 kPa 1kPa 6 kPa
0 0.5 0.95
12z (endo. epithel.) EEC (uterine epithel.)
EE'FE e — I:' Liver
53?% e —— . Ovary
) I:' Ovary & Liver
ECM combosition sianificantly affects Increased adhesion of endometriotic epithelial and stromal cells
eccentricit thile s’riffngss (6 vs 1ZPO) 4id not cohorts on ovarian-specific matrix environment (COLIV-SYNT1); co-
Y culture increases endometriotic sfromal cell actin expression
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