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INTRODUCTION

• Sequential drug processing across organs:                         

systemic drug responses arise from coordinated gut absorption, 

hepatic metabolism, renal clearance, and downstream cardiac toxicity.

• Limitation of single-organ models:                                         

isolated systems fail to capture the sequential drug metabolism 

process, metabolite-induced toxicity, and inter-organ synergistic 

effects.

• Advantage of multiorgan models:                                       

integrated platforms improve clinical predictability, reduce false 

negatives for off-target toxicity, and shorten preclinical evaluation time.

Ingber, Nat Rev Genet, 2022

Cecen et al., Pharmaceutics, 2021

Kovalchuk et al., Toxicol Sci, 2020

Cong et al., Micromachines, 2020

Carratt et al., Toxicol Sci, 2019

Why Multiorgan Models are Essential for Predicting Systemic Drug Responses 
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INTRODUCTION

Multidisease Modeling and Drug Testing in One Platform

50 μm

Day 10

• Development of a gut–kidney integrated multiorgan platform

• Recapitulation of gut-derived kidney stone pathophysiology

• Validation of therapeutic responses after drug perfusion

Day 10 Trisodium Citrate

(TC; Na3C6H5O7) for 3 days

Day 13 + TC (1.6 M)

Yoon et al., Appl Phys Rev, 2022
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INTRODUCTION

• 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.

Current Limitations of In Vitro Organ Models

Zhu et al., Analytical Chemistry, 2025

Cognetti et al., Sensors, 2025

Patel et al., Soft Science, 2022

AI generated image

Therefore, there is a need for 

continuous, non-invasive on-chip monitoring technology.
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Biohybrid Tissue-Sensor Platform for Continuous Monitoring

• Biohybrid 3D printed tissue-sensor platform

• Real-time, wireless monitoring of contractile function

• Acute and chronic response profiling to cardioactive drugs

strain-gauge sensing system

engineered heart tissue

Yong et al., Adv. Mater., 2023

INTRODUCTION
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Why a Kidney (proximal tubule)–Cardiac Integrated Multiorgan Model

INTRODUCTION

• 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.
Schunk SJ, Zimmermann P. J Clin Med. 2025

Lee, Chang Jie Mick, et al. Circulation Research 2025

Marx-Schütt, Katharina, et al. European Heart Journal 2025

Jankowski, Joachim, et al. Circulation 2021

Choudhary, R., Pharm. Concepts., 2025
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RESEARCH GOAL

Research Goals

AI generated image

✓ On-Chip Real-Time Monitoring:                                                                   

Integrate 3D-printed sensors to continuously and non-invasively track 

kidney barrier integrity and heart contractility.

✓ Modular Vascular Network:                                                                     

Develop a flexible, plug-and-play framework that eliminates long tubing and 

minimizes dead volume between organs.

✓ Integrated Drug Testing:                                                                           

Evaluate physiological kidney-heart crosstalk and dose-dependent drug 

toxicity within a single, unified platform.
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METHODS & RESULTS

Fabrication of a Sensor-Integrated Cardiorenal Platform

• 3D-Printed Housing for the Cardiorenal Unit

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

• Cardiorenal Units Integrated with Printed PEDOT:PSS Sensor Arrays

SE 1700

Nozzle: 18G 

Material: 5 wt % PEDOT:PSS

heart (cardiac) module

vasculature 

module

kidney (renal) module

PEDOT:PSS electrodes

microfluidic 

connection port

0
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0
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m
 

A= 3.976 cm²

A= 3.976 cm²

Unpublished data
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METHODS & RESULTS

• TEER Measurement Strategy Using PEDOT:PSS Electrodes

Bossink et al., Lab Chip, 2021

Henry et al., Lab Chip, 2017

• Experimental Setup: Cardiorenal Unit and Device Interface

Sensor-Integrated Cardiorenal Platform for Real-Time TEER Monitoring

Unpublished dataCyclic Voltammetry (CV)
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• Time-Series Monitoring of Renal Epithelial Barrier Formation
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PEDOT:PSS 

electrode

PEDOT:PSS 

electrode

PEDOT:PSS 

electrode

Renal Epithelial 

Cells

Renal Epithelial 

Cells

Renal Epithelial 

Cells

• HK-2 (Human Kidney Epithelial Cells): 

1.5 × 10⁵  cells [per Single Module]

50μm

***
**

**

• Statistic Analysis: One-way ANOVA

• on-chip TEER measurement

This platform enables 

continuous readout of        

renal barrier integrity      

without requiring                  

any destructive sampling.



10

METHODS & RESULTS

Engineering a Modular Vascular Network for Robust Interconnection

• Addressing the Challenges of Vascular Mimicry

• Limited flexibility for multiorgan integration

• Long tubing causes a large dead volume

• Difficult to build compact and reconfigurable systems

Zhang et al., Lab Chip, 2016

• Step-by-Step Fabrication of the Vessel Framework and Perfusion Verification

• 0.5% (w/v) Skin-derived dECM bioink 

• HUVEC: ~1.5 × 104 cells [per Single Module]

• ABS: Acrylonitrile Butadiene Styrene

PDMS

ABS
20 G 

Steel Needle

1.3 cm 
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1 mm 

PVC Tube (OD: 2.29 mm, ID: 1.27 mm)

Unpublished data
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FUTURE PLAN

Future Roadmap

• Fabrication of CardioRenal Models with Integrated 

Strain-Gauge Sensor Arrays

Engineered Heart Tissue (EHT)

hiPSC-CMs in Heart-derived dECM

Strain Guage 

Sensor

* 0.6% (w/v) Heart-derived dECM bioink 

* 9 hiPSC-CMs, 5.4 × 107cells/mL  : 1 hCF, 0.6 × 107cells/mL

* human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs)

* human cardiac fibroblasts (hCFs)

Unpublished data

• Development of Versatile Add-on Modules for Custom Research

• Multi-Organ Interconnection Strategy

• Real-time Dose-Dependent Drug Monitoring on a Single Multiorgan Platform

Flow in

Flow out

Doxorubicin 

0.1 µM

Doxorubicin 

1.0 µM

Doxorubicin 

10 µM

Flow inFlow out

multiorgan unit
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SUMMARY

SUMMARY
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✓ 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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