Application of colorectal cancer organoid-on-
a-chip in the tumor microenvironment, cancer
drug development and drug screening
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Introduction

Figure 4: Characterization of representative CCOs. H&E-
stained samples and phase contrast images show histological
structure and morphology of CCOs. CDH17 (Thermofisher, MA5-
38141) and GPA 33 (Novusbio, NBP2-89873), markers in colon
cancer diagnosis and prognosis, were expressed in CCOs. Ki-
67 (Sigma, 275R) markers were expressed in dividing and
growing cancer cells. Phalloidin staining shows cell polarity in
CCOs.

The development of advanced in vitro models has been critical in improving cancer drug screening. Widely
used traditional 2-D cell cultures have many limitations such as absence of tumor heterogeneity, lack of
tumor microenvironment (TME) complexity, and lack of 3-D architecture. Here, we proposed that the most
promising approachable models are cancer organoid-on-a-chip models, which combine 3-D cancer
organoids with microfluidic devices. These systems replicate the tumor microenvironment and organ-level
physiological responses, providing a more accurate and controlled environment for drug testing. The fluidic
microenvironment allows for dynamic, real-time drug exposure to tumor cells, more accurately reflecting
physiological drug exposure seen in human patients.
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Colorectal cancer is now the third leading cause of cancer-related death among women and men due to
high incidence of cancer metastasis and chemotherapeutic treatment inefficiency. Therefore, in vitro cancer
models are important to evaluate the efficacy of compounds, identify drug resistance mechanisms, and
explore therapeutic targets. Cancer organoid models closely mimic the structure of tumors in vivo, including
cell-to-cell and cell-matrix interactions, and allows for the creation of drug resistance niches.

-
(=]
o

% of Viability
(4,]
o
]

0 I 1 I 1
0 10 20 30 40

Concentration [uM]

ATCC® holds over 300 next-generation manufactured cancer models. The models are characterized and
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validated at ATCC® and are available to support cancer research and drug discovery. There are 78 BDM.43 ™ 2 = PDM-8™
expanded colorectal cancer organoids available in the ATCC® portfolio. In this study, we demonstrate that ' 5 -~ PDM-43™

colorectal cancer organoid (CCQO)-on-a-chip can be used for drug sensitivity testing, delivering compounds
to in vitro cancer models within real-time physiological drug exposure. Data suggest that novel tumoroid-on-
a-chip microfluidic system mimics the real microenvironment of a specific tumor to the complex organ-level
physiological and pharmacological responses.

Figure 5: D|fferent drug-sensitivity in different HCMI
models. Uniform CCOs were embedded with 5 mg/mL Cell
Basement Membrane (ATCC® ACS-3035™) into Organoid
Culture Plates (STEMCELL™ Technologies, 200-0562) and
treated with 5-Fluouracil for 7 days. (A) Images were taken by a
phase contrast microscope. (B) Cell viability assays indicate
chemotherapeutic drug sensitivity in a dose-dependent manner.
The cell viability assay was performed using the CellTiter-Glo
Luminescent Cell Viability Assay (Promega, G7570).

Human Cancer Models Initiative (HCMI)

The Human Cancer Models Initiative (HCMI) is an international consortium that is dedicated to generating

novel human tumor-derived culture models with associated genomic and clinical data. The HCMI A @ 2%, D PDM.-7 ™™ PDM.-g™ PDM-43™
consortium comprises funding agencies and cancer model development institutions. The consortium's . s ‘; o
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funding agencies include the National Cancer Institute (NCI), Cancer Research UK (CRUK), Hubrecht .:@ 3 - 2
Organoid Technology (HUB), and Wellcome Sanger Institute (WSI). NCI-funded model development ROIRES Organoid-derived
institutions include the Broad Institute and the Cold Spring Harbor Laboratory. CRUK and WSI co-fund Organoid monolayer o iy :
organoid development in the United Kingdom; CRUK provides the patient samples, while WSI derives and B Normal human colorectal organoid-derived monolayer 2SSy ey RS S Same
sequences the organoid models. The foundation HUB is a Netherlands-based not-for-profit organization .
that derives and sequences organoid models. ATCC® was selected as the sole distributor for the HCMI .
models. The generating institutions deposit the models into ATCC®, where they are authenticated, 8\
expanded, preserved, and made available for global distribution. The HCMI model data are available from |
the NCI as a resource to the research community. c
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(Manassas, VA G dt ) N k T ‘ ’ culture. (A) Schematic representation shows that dissociated 3-D organoids are seeded on a transwell (Corning, 3470) for
inical Data Coordinating; data portal and tools~, ™ B R e _ No evidence of . . . . . .
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Figure 1: Flow chart of HCMI model development processing and CHARACTERZATIONS 10 F images. (D) H&E staining images show CCO-derived monolayer culture on a Transwell-Clear Inserts Polyester membrane)
collaborative entitles. NCl-supported cancer model development is a https:/icmi-searchable-catalog.nci.nih.gov/ over the culture period. CDH17 was stained in monolayered-CCO cultures but not stained with Ezrin antibody (data not shown).
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Organord dorived microenvironment (TME) of CCO-derived
monolayer monolayer culture with a fluidic system
for therapeutic implications. (A) Three layers
formed within the TME: CCO-derived
- et monolayer culture, Human Dermal Fibroblasts
(ATCC® PCS-201-010™) embedded in 8 mg/mL
| of Collagen | (Corning, 354249), and Human
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Table 1: Information from detailed representative CCOs COnCI USiOnS

e . ... . Histological Cultu.re Hedia Gender/Age/R | Clinical Disease Molecular
Catalog Acquisition Site Subtype (provided by ace Stage Status Characterization i - - " i " "
Number -l ATCC®) 8 = The HCMI portfolio contains next-generation patient-derived cancer organoid models from a diverse
o ggm Lorge ntestine;  Adenocarcinoma;  OrganoidMedia L progessive  WGS, WXS, RNASed, collection and is provided with clinical data and molecular characterization.
0063-c1g  Sgmoidcolon - Primary Formulation #1 disease DNA methylation = HCMI models are more physiologically relevant for drug screening and discovery as compared to
HCM- o . , | . . WGS, WXS, RNA- traditional 2-D cell lines.
oM CSHL (e e ooy O gt Melo7/son Stagelle 00! Seq DNA | - | | | -
0064-C18 methylation = CCO-derived monolayer culture mimics the architecture of tumor tissue and has improved accessibility
o £C Large intestine;  Adenocarcinoma; Organoid Media Female/61/ G, Bt RN of aplcal and basolateral sides for drug screening.
PDM-43 SANG- Rectum Primary Formulation #4 Unknown Stage llIB N/A Sed, DNA ® - 1" . ST .
0266-C20 methylation = ATCC® HCMI models can be used on a fluidic system, creating more realistic in vitro TME models for

cancer research and drug screening.
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