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Abstract

Pancreatic ductal adenocarcinoma (PDAC) remains one of the most difficult
cancers to manage, marked by a poor prognosis and resistance to standard
treatments. A hallmark of PDAC is its highly complex tumor microenvironment
(TME), which is abundant in immune cells and cancer-associated fibroblasts.
Dynamic42's spheroid-on-chip technology introduces an innovative in vitro
platform to replicate the intricate features of PDAC. This application note
outlines the creation of a perfused three-dimensional (30) PDAC model within a
microfluidic chip system. The model effectively captures the dynamic
interactions between PDAC cells and their TME, establishing an optimal
framework for assessing drug efficacy and immune response. By incorporating
perfusion, it mimics physiological conditions, enabling real-time investigations
into drug delivery and cellular behavior.

Highlights

e The three-channel chip enables culturing of tumor spheroids under a
vascular barrier.

e Incorporation of primary fibroblasts forms a fibrotic shell around
tumors.

e Drugs can be administered through the vasculature.

e Drugs can be assessed for specific toxicity against spheroids.

e Primary monocytes applied through the vasculature migrate into
PDAC spheroids.

e Invading monocytes differentiate into M2-like macrophages.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most common and lethal
form of pancreatic cancer, accounting for over 90% of pancreatic
malignancies. It is characterized by rapid progression, high metastatic
potential, and resistance to conventional therapies. One of the greatest
challenges in addressing PDAC lies in its dense stromal environment, which
creates physical and biochemical barriers that impede drug delivery and
immune system response. With an exceptionally low five-year survival rate—
hovering around 10%—there is an urgent need for advanced, patient-specific
models to better understand this devastating disease and accelerate the
development of effective treatments.

Cancer spheroids are three-dimensional clusters of cancer cells that closely
replicate the architecture and behavior of tumors, offering a more accurate
model than traditional two-dimensional cell cultures. They mimic key features
of the tumor microenvironment, including cell-cell and cell-matrix
interactions, hypoxia, and nutrient gradients, making them invaluable tools for
cancer research. Spheroids are widely used to study tumor growth,
metastasis, and therapy response under conditions that resemble those in the
human body. Moreover, they provide a platform for testing drug efficacy and
evaluating combination therapies in a controlled and physiologically relevant
setting.

Organ-on-chip technology introduces a revolutionary approach to modeling
human cancers in vitro. By replicating critical aspects of the tumor
microenvironment, such as the extracellular matrix, vascular networks, and
cellular heterogeneity, organ-on-chip devices enable researchers to study
complex tumors in a controlled yet physiologically relevant context. These
platforms facilitate investigations into the interactions between cancer cells
and the stromal compartment, mechanisms of drug resistance, and the
testing of novel therapeutic strategies.
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Additionally, organ-on-chip models allow the incorporation of patient-derived
cells, making it possible to study individual tumor characteristics and develop
personalized treatment regimens. Importantly, such cancer-on-chip models
must incorporate sufficient complexity to faithfully replicate PDAC-like
tumors.

Dynamic42 has developed an advanced chip that combines the complexity of
spheroids with organ-on-chip models, allowing for unprecedented
advancements in cancer model development. This application note highlights
the use of PDAC spheroids beneath a vascular barrier, enabling dynamic drug
treatment and the assessment of immune-cancer interactions.
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Materials and Methods

The materials and methods outlined in this application note closely follow
those outlined in Deipenbrock et al., 2025. Any modifications or adaptations
made to the protocol are clearly specified.

Hardware & Consumables

/ Peristaltic pump

/ Biochip BCOO3_8PET_MC

/ 2-Stop Tubing

/ Connectors(Adapter)

/ Plugs

/ Reservoirs (1ml)

/ Ultra low adhesion 96 well plates

BCOOS3 three-channel biochip

Cells

/ HUVEC human ubillical cord vascular endothelial cells

/ PANC-1Tumor cell line

/ PSC Pancreatic stellate cells - Primary PDAC associated Fibroblasts
/ Primary monocytes

Media and reagents for cell and on-chip culture

/ EGM2 endothelial growth medium
/ DMEM F12

/ DMEM

/ Qualified FBS

/ Rat Collagen

/ Matrigel®

/ Penicillin-streptomycin
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Results

1. Development of PDAC-on-Chip Model Using the
Dynamic42 3-Channel Biochip BCO03

The PDAC-on-chip model was established using the Dynamic42 three-channel
biochip (BC003), which features a polyethylene terephthalate (PET) membrane
with 8 pm pores (median density: 1x 10/cm?) separating the upper and middle
channels, and a microcavity (PC) membrane with 2 pm pores for the middle
and lower channels (Fig 1A).

To prepare the vascular compartment, human umbilical vein endothelial cells
(HUVECs) were seeded into the upper channel and cultured statically for 3
days until confluency was achieved (Fig 1A). Simultaneously, pancreatic cancer
cells (PANC-1) and tumor derived pancreatic stellate cells (PSC) were co-
seeded into ultra-low adhesion U-bottom plates. Over 4 days, the two cell
types self-assembled into PDAC spheroids.

On Day 4, the spheroids were mixed with 2.5% Matrigel (v/v) and introduced
into the microcavities of the middle channel (Fig 1A). Circular perfusion was
initiated using a peristaltic pump (25 pl/min), with the upper channel
simulating blood flow and the lower channel providing sustained nutrient
delivery (Fig 1A, 1B). At 72 hrs of perfusion, the endothelial layer (Fig 1C) and
PDAC spheroids, as characterized by a proliferative PANC-1 core encased in a
fibrotic shell (Fig 1D), are still intact. Drug treatments or immune cells were
administered through the vascular channel for therapeutic evaluations and
immune polarization assays.
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