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A Modular Multiorgan Platform with Integrated 3D-Printed
Sensors for Real-Time Monitoring of Cardiorenal Crosstalk

Jungbin Yoon', Jihwan Kim', Uijung Yong'?, Donghwan Kim’, Sebin Lee', Jinah Jang'**

'Department of Mechanical Engineering, Pohang University of Science and Technology (POSTECH),
Republic of Korea, “Brigham and Women’s Hospital, Harvard Medical School, USA,
3School of Interdisciplinary Bioscience and Bioengineering, POSTECH, Republic of Korea

jinahjang@postech.ac.kr

Conventional in vitro single-organ models, including perfusable organ-on-a-chip systems, fail to recapitulate com-
nlex multiorgan crosstalk and often lack integrated sensors for continuous, non-invasive monitoring [1]. This is particu-
larly limiting for studying the cardiorenal axis, where bidirectional physiological feedback regulates hemodynamics and
fluid balance, and where dysfunction in one organ frequently drives systemic failure in the other [2,3]. Current disease
models cannot adequately capture these organ-level interactions, hindering the development of targeted therapeutics.
To address these limitations, we developed a modular multiorgan platform featuring integrated three-dimensional

3D)-printed sensor arrays for real-time monitoring of organ interactions and physiological crosstalk.

Central to this platform is a vascularized 3D proximal tubule (PT) unit engineered via advanced 3D bioprinting tech-
nology. A key innovation includes the precise patterning of highly conductive 5 wt% PEDOT:PSS electrodes, enabling
automated, non-invasive transepithelial electrical resistance (TEER) measurements without requiring manual sampling
or sacrificing tissue viability. This PT unit with a microfluidic system utilizes a dual-channel architecture separated by
2 0.4 pm porous membrane to support the co—culture of human proximal tubular epithelial cells (PTECs) and human
umbilical vein endothelial cells (HUVECs) under continuous perfusion. Over 7 days, the platform maintained excellent
slectrochemical stability and fluidic integrity, with rising TEER values confirming robust barrier maturation and func-
sional epithelial organization. Functional validation demonstrated up to 20% glucose reabsorption under physiological
“low, verifying the biological relevance of the PT unit.

This scalable system is currently being integrated with iPSC-derived cardiac units to facilitate simultaneous moni-
2oring of renal and cardiac functions, enabling comprehensive assessment of cardiorenal interactions. Ultimately, this
niomimetic multiorgan platform will serve as a sophisticated preclinical tool for investigating organ-organ interactions,
systemic disease modeling such as cardiorenal syndromes, and high-throughput drug efficacy and safety testing.

Keywords : Cardiorenal crosstalk, multiorgan platform, 3D-printed sensors
Acknowledgement : This work was supported by the Bio Industry Technology Development Program (RS-2024~

10448560) funded by the Ministry of Trade, Industry & Energy (MOTIE, Korea) and by the National Research Founda-
“ion of Korea (NRF) grant funded by the Korea government (MSIT) (No. RS-2024-00345060).
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for Real-Time Monitoring of Cardiorenal Crosstalk

Jungbin Yoon, Ph.D.
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Why Multiorgan Models are Essential for Predicting Systemic Drug Responses

Single organ chip or Multi-organ chip

+ Sequential drug processing across organs:
systemic drug responses arise from coordinated gut absorption,

e hepatic metabolism, renal clearance, and downstream cardiac toxicity.

* Primary cells

~

» Limitation of single-organ models:
isolated systems fail to capture the sequential drug metabolism

( { T 1 process, metabolite-induced toxicity, and inter-organ synergistic
Comparison of effe CtS.
Disease modelling Toxicity testing drug responses Personalize drug selection
: i - : + Advantage of multiorgan models:
o Lethel integrated platforms improve clinical predictability, reduce false
= radiation . . o ) )
Bronier negatives for off-target toxicity, and shorten preclinical evaluation time.
Cohorts of different genetic ancestries
= Snfar co(;orbidmes Ingber, Nat Rev Genet, 2022
ol l Cecen et al., Pharmaceutics, 2021
) Kovalchuk et al., Toxicol Sci, 2020
Targetedcclinical trial Cong et al., Micromachines, 2020
Carratt et al., Toxicol Sci, 2019
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Multidisease Modeling and Drug Testing in One Platform
+ Development of a gut—kidney integrated multiorgan platform + Validation of therapeutic responses after drug perfusion
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Yoon et al., Appl Phys Rev, 2022

BIOFABRICATION&

ez igers  poysTErH BTN RS




Current Limitations of In Vitro Organ Models

IN VITRO MODEL (CURRENT STATE)

IN VIVO HUMAN ORGAN (GOAL)

organoid (e.g. brain organoid) Le°
. LACK OF REAL-TIME MONITORING (Visually Expressed) Data Collection
Cominuny .
o 1&\4,/‘-‘; @ 5

s
( \

LABOR-INTENSIVE WORKFLOWS (Visually Expressed)

Dynamlc Toxicity
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Tissue

Disruption Tners

Time

indow

Off-chip

Ll > assays

Toxicity

collection
vial

Time Y,

Al generated image

Lack of real-time monitoring:
Manual sampling disrupts tissue integrity and limits continuous

data collection.

Labor-intensive workflows:
Off-chip assays such as ELISA and LDH can miss dynamic toxicity
windows and reduce temporal resolution.

Zhu et al., Analytical Chemistry, 2025
Cognetti et al., Sensors, 2025
Patel et al., Soft Science, 2022

Therefore, there is a need for
continuous, non-invasive on-chip monitoring technology.
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INTRODUCTION

Biohybrid Tissue-Sensor Platform for Continuous Monitoring

Biohybrid 3D printed tissue-sensor platform » Acute and chronic response profiling to cardioactive drugs

Q> @ Drug study for acute effects (AE)
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Yong et al., Adv. Mater., 2023
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Why a Kidney (proximal tubule)-Cardiac Integrated Multiorgan Model

Glomerulus
Filtered
blood

environmental
factors/drugs

diabetes mellitus,

=/

Collecting duct ——

ARDIOVASCULAR \
DISEASE \ Urine exits d

PROGRESSION /
DEATH

Kidney-heart interdependence: dysfunction in one organ directly stresses
the other.

PT-driven systemic impact: reabsorbed drugs in the proximal tubule can
alter downstream cardiac function.

Integrated drug testing needs: physiologically relevant evaluation of

the drug reabsorption—cardiac response axis requires a connected
multiorgan model.

Application: predictive drug efficacy and cardiotoxicity testing for safer
therapies.

Drug Class &

J PT Handling Cardiac Effect

Examples

. . Filtered K- inhibiti

Cardiac Glycosides , Na*/K ﬁ&TPase inhibition
LS partly reabsorbed — 1 Ca2
Digoxin, Digitoxin) . e .
in PT — positive inotropy

Aminoglycosides
(Gentamicin)

Antivirals
(Tenofovir, Cidofovir)

Diuretics
(Acetazolamide)

Chemotherapeutics
(Cisplatin, Ifosfamide)

Accumulate via

Tubular injury

endocytosis — |K*, |[Mg2*
& reabsorption — arrhythmias
Actively .
reabsorbed Tubule toxicity .
— phosphate wasting
Jaccumulated :
! — weakness, arrhythmias
in PT
Electrolyte changes
CA inhibitors — acidosis, |[K*
actin PT — weak contractility;
arrhythmias
Reabsorbed Nephrotoxicity

& concentrated
in PT

— |Mg¥’, |K*
— arrhythmias;
cardiotoxicity

Schunk SJ, Zimmermann P. J Clin Med. 2025

Lee, Chang Jie Mick, et al. Circulation Research 2025
Marx-Schiitt, Katharina, et al. European Heart Journal 2025
Jankowski, Joachim, et al. Circulation 2021
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RESEARCH GOAL

Research Goals

v" On-Chip Real-Time Monitoring:
Integrate 3D-printed sensors to continuously and non-invasively track
kidney barrier integrity and heart contractility.

v Modular Vascular Network:

Develop a flexible, plug-and-play framework that eliminates long tubing and
minimizes dead volume between organs.

v Integrated Drug Testing:

Evaluate physiological kidney-heart crosstalk and dose-dependent drug
toxicity within a single, unified platform.

Al generated image
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METHODS & RESULTS

Fabrication of a Sensor-Integrated Cardiorenal Platform

» 3D-Printed Housing for the Cardiorenal Unit « Cardiorenal Units Integrated with Printed PEDOT:PSS Sensor Arrays
= L
mov.
Egn =

microfluidic
connection port

« PEDOT:PSS Electrode Printing (Working and Counter Electrodes)

heart (cardiac) module

/
== vasculature
module
kidney (renal) module
Nozzle: 18G PEDOT:PSS electrodes
Material: 5 wt % PEDOT:PSS

- F 4
Unpublished data
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Sensor-Integrated Cardiorenal Platform for Real-Time TEER Monitoring

TEER Measurement Strategy Using PEDOT:PSS Electrodes « Time-Series Monitoring of Renal Epithelial Barrier Formation
= —— g thelial

* on-chip TEER measurement

500

*%*

PEDOT:PSS
electrode

*%*
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*k%k
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200+

100

Mean Resistance (kQ)

0—— T T T T T
0 24 48 72 120 168

Hours (hr)

Applied Current Bossink et al., Lab Chip, 2021
Henry et al., Lab Chip, 2017

» Statistic Analysis: One-way ANOVA
Experimental Setup: Cardiorenal Unit and Device Interface

0.2

T, PEDOT:PSS i, This platform enables
g 0.1+ ‘ i WEVH "

= electiose PSSl continuous readout of
S 0.0 e P | . . .

% * HK-2 (Human Kidney Epithelial Cells): ren?' barrier In_te_grlty
£ 011 1.5 x 10° cells [per Single Module] without requiring

o2 any destructive sampling.
- -1.5 —1‘0 (;5 OTO 0‘5 1‘0 15
Voltage [V]
Cyclic Voltammetry (CV) Unpublished data
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METHODS & RESULTS

Engineering a Modular Vascular Network for Robust Interconnection

» Addressing the Challenges of Vascular Mimicry « Step-by-Step Fabrication of the Vessel Framework and Perfusion Verification

Blood vessels

Types of blood vessels

Artery Vein
Arteriole

Capillaries

Venule

D= 4.2/2.6/0.85 mm

hollow PDMS tubes

r

Wl

Cleveland H
Clinic /
2025 @7/,

Zhang et al., Lab Chip, 2016 - - st
(OD 2.29 mm, ID: 1.27 mm)

+  Limited flexibility for multiorgan integration o .
+  Long tubing causes a large dead volume »__0.5% (wlv) Skin-derived dECM bioink

e . . HUVEC: ~1.5 x 10* cells [per Single Module]
+ Difficult to build compact and reconfigurable systems ABS: Acrylonitrile Butadiene Styrene

Unpublished data
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FUTURE PLAN

Future Roadmap

» Fabrication of CardioRenal Models with Integrated » Development of Versatile Add-on Modules for Custom Research
Strain-Gauge Sensor Arrays

*  Multi-Organ Interconnection Strategy

Strain Guage
Sensor

organ organ

Doxorubicin

<::| 0.1 uM
Doxorubicin
- Kidney - 1.0 UM

o . Doxorubicin
ed dECM - Heart Kidney - 10 pM

A 4

Kidney

hiPSC-CMs in Heart-deriv:
*0.6% (w/v) Heart-derived dECM bioink

* 9 hiPSC-CMs, 5.4 x 107cells/mL : 1 hCF, 0.6 x 107cells/mL Flow out
* human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs)
* human cardiac fibroblasts (hCFs)

Flow in
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SUMMARY

In summary, this study demonstrates a modular multiorgan platform integrated with 3D-printed sensors for real-time, non-
invasive monitoring of kidney—heart interactions and drug responses.

We anticipate that the addition of a strain gauge-based cardiac sensor and an advanced vascular interconnection module
will further develop this system into a more predictive cardiorenal drug-screening platform.
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