bio-protocol Bopan s

Published: Oct 05, 2025
[ ]

Generation of Agarose-Based FFPE Cancer
Organoids for Morphology Preservation

Mi Rim Lee"#, Sumin Kang"%# A-Ra Jeon!, Sung-Woen Choi***, Sun-Young Kong?>¢ and Yun-Hee Kim! > % *

'Molecular Imaging Branch, Division of Convergence Technology, Research Institute of National Cancer Center, Goyang,
Korea

’Department of Cancer Biomedical Science, National Cancer Center Graduate School of Cancer Science and Policy, Goyang,
Korea

30ral Oncology Clinic, Research Institute and Hospital, National Cancer Center, Republic of Korea

“Rare & Pediatric Cancer Branch, Division of Rare and Refractory Cancer, Research Institute of National Cancer Center,
Korea

Targeted Therapy Branch, Division of Rare and Refractory Cancer, Research Institute of National Cancer Center, Goyang,
Korea

Department of Laboratory Medicine, National Cancer Center, Goyang, Korea

*For correspondence: sensia37@ncce.re.kr

"Contributed equally to this work
STechnical contact

Abstract

Formalin-fixed paraffin-embedded (FFPE) slides are essential for histological and immunohistochemical analyses of
organoids. Conventional preparation of FFPE slides from organoids embedded in basement membrane extract (BME)
presents several challenges. During the fixation step, dehydration often causes collapse of the BME, which normally
supports the three-dimensional architecture of organoids. As a result, organoids may lose their original morphology,
particularly in the case of cystic or structurally delicate types, leading to distortion and reduced reliability in downstream
histological evaluation. Here, we introduce a straightforward protocol that improves the reliability of FFPE slide preparation
for BME-based organoids by enhancing sample integrity and sectioning quality. By using 2% agarose as a mold during the
embedding process, organoids grown in BME were effectively stabilized, enabling reliable preservation of their morphology
throughout FFPE slide preparation. This method effectively addresses the difficulties in processing structurally delicate
organoids and allows robust preparation of diverse cancer organoid morphologies—such as cystic, dense, and grape-like
structures—while maintaining their native three-dimensional architecture. Our approach simplified the technical process
while ensuring reliable histopathological analysis, making it a valuable tool for cancer research and personalized medicine.

Key features

e FFPE preparation applicable to diverse cancer organoid morphologies, including cystic, dense, and grape-like, while
preserving three-dimensional architecture.

e  Agarose molding allows intact retrieval and fixation of BME domes, preventing collapse and maintaining organoid 3D
architecture during FFPE preparation.

e  Compatible with diagnostic IHC/IF markers (pan-CK, CK19, p63, Ki-67, p53) across cancer organoids.
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Schematic overview of the formalin-fixed paraffin-embedded (FFPE) organoid preparation protocol. Organoids
cultured in BME are washed and partially dried before being embedded in 2% agarose. The agarose block is then fixed in
formalin, processed for paraffin embedding, and sectioned for histopathological analysis. This method preserves organoid
morphology and enables reliable staining for downstream applications such as H&E and immunostaining.

Background

Patient-derived organoids (PDOs) are regarded as reliable preclinical models for cancer research and personalized medicine
[1]. They retain not only the structural complexity of the original tumor but also their biological behavior, including their
responses to various therapeutic agents [2]. By faithfully recapitulating tumor-specific characteristics, PDOs offer a robust
platform for testing novel therapeutics and developing individualized treatment strategies [3].

Importantly, PDOs display marked heterogeneity, and their morphology often reflects the underlying genetic and
transcriptional features of the parental tumor [4-9]. For example, accumulation of mutations is frequently associated with
dense or invasive organoids that can form grape-like structures, whereas organoids with lower mutational burden may
maintain cystic or balloon-like morphologies resembling normal-like epithelial architecture. 7P53 mutations, commonly
present in head and neck, colorectal, and breast cancers, are associated with disorganized, compact structures lacking clear
glandular architecture [10-12]. KRAS mutations, prevalent in pancreatic and colorectal cancers, often result in dense,
multilayered organoids without lumen formation [13,14]. PIK3CA mutations lead to irregular, enlarged organoids in breast
cancer [12], and CDHI1 loss produces loosely cohesive or scattered organoids devoid of epithelial polarity in gastric cancer
[4]. These genotype—phenotype relationships highlight the importance of preserving morphological integrity during sample
preparation, as morphology serves as both a phenotypic marker and a functional readout of tumor biology.

Under laminin-rich basement membrane extract (BME), PDOs form distinct three-dimensional structures through enhanced
self-renewal and self-organization, reinforcing their role in translational cancer research [15]. BME plays a critical role in
maintaining polarity, lumen formation, and cystic morphology by providing a laminin- and collagen-rich extracellular
scaffold [16]. However, during conventional FFPE processing, fixation often disrupts the BME, causing collapse of this
structural support and leading to distortion or loss of normal-like organoid morphologies [17]. While dense organoids may
partly preserve their structure through strong cell-cell adhesion, cystic or balloon-like morphologies are especially
vulnerable once the BME is compromised [18].

This protocol was specifically designed to overcome the collapse of BME and distortion of fragile organoid morphologies
that commonly occur during the dehydration steps of conventional FFPE processing. By functioning as a stabilizing matrix,
the agarose mold immobilizes organoids within the BME, thereby preserving their native three-dimensional architecture. As
a result, organoids maintain their original morphology, enabling accurate histological evaluation across a broad spectrum of
organoid types, including cystic, dense, and grape-like structures.

The major strength of this approach lies in its ability to reliably preserve both structural integrity and histological detail,
which are essential for downstream applications such as H&E staining, immunohistochemistry, and immunofluorescence.
Although the method involves steps that may appear harsh—such as drying and the addition of warm agarose—and FFPE
processing can impose certain limitations, molecular analyses that are highly sensitive to fixation stress may be restricted.
Nevertheless, this protocol effectively supports morphological assessment and protein-level studies. In our validation, we
confirmed the expression of cancer diagnostic markers such as CK 19, pan-CK, and P53 and further demonstrated that marker
expression relevant to subtype classification could be evaluated using tissue proteomics—based analysis [9,19-21]. Overall,
this protocol provides a practical and robust method for generating high-quality FFPE organoid slides, making it well-suited
for cancer research, biomarker evaluation, and translational applications in personalized medicine.
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Materials and reagents

Biological materials

1. Patient-derived organoids from the tumor tissue of patients with pancreatic cancer
2. Patient-derived organoids from the tumor tissue of patients with gall bladder cancer
3. Patient-derived organoids from the tumor tissue of patients with bile duct cancer

4. Patient-derived organoids from the tumor tissue of patients with oral cancer

Reagents

1. DPBS (Hyclone, catalog number: SH30028.02)

2. Agarose (GenDEPOT, catalog number: A0100-010)

3. Surgipath Paraplast (Paraffin) (Leica, catalog number: 39601006)

4. Sterilized non-ionized water

5. 10% neutral buffered formalin (GDCHEM, catalog number: 010-1406-1010)
6. Xylene (Daejung, catalog number: 8587-4400)

7. Ethanol (DAEJUNG, catalog number: 4119-4410)

Solutions

1. 2% agarose solution (see Recipes)
2. 70% ethanol (see Recipes)

Recipes

1. 2% agarose solution

Reagent Final concentration Quantity or volume
Agarose 2% (w/v) 04¢g

Deionized sterile water (DW) n/a 20 mL

Total n/a 20 mL

2.70% ethanol
Reagent Final concentration Quantity or volume
Ethanol 70% (W/v) 210 mL
Deionized sterile water (DW) n/a 90 mL
Total n/a 300 mL

Laboratory supplies

. Embedding cassettes: Histosette I (SIMPORT, catalog number: HIS-M490-3)
. Spatula (DAIHAN medical, catalog number: SL.Spa7011)

. 50 mL beaker (DURAN, catalog number: BK1010-DU)

. 10 mL disposable tips (Falcon, catalog number: 357551)

. 200P tip (Axygen, catalog number: T-200-Y)

. 1000P tip (Axygen, catalog number: T-1000-B)

. 2 mL microcentrifuge tubes (Axygen, catalog number: MCT-200-C)

. Glass jar (Lklab Korea, catalog number: H06-660-151)

. Slide box (LABRYDAY, catalog number: HIP-1021B)
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Equipment

. Tissue processor (Leica, HistoCore, model: PEARL)

. Heated paraffin embedding station (Lecia, HistoCore, model: Arcadia H)
. Microtome (Leica, HistoCore, model: BIOCUT R)

-20 °C freezer

. 4 °C refrigerator

. Microwave oven (various suppliers)

. Cold plate (Leica, model: EG1150 C)

. Microscope (Leica, model: DM500)

. Tissue float bath (JISICO, model: J-NBT)

10. ThermoE cooling and heating block (Bioer Technology, ThermoE, model: CHB-A4-2420)
11. Pipette-aid (DRUMMOND, model: HDR-4-000-201)

12. 200P and 1000P pipettes (GILSON, model: MyPIPETMAN)
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Procedure

A. Preparation of 2% agarose solution

1. Preheat the heat block to 60 °C.

2. Insert 2 mL tubes into the heat block.

3. Add 0.4 g of agarose to 20 mL of distilled water in a 50 mL beaker (Figure 1A).

Tip: The minimum volume to make a 2% agarose gel is 20 mL. If considering multiple FFPE organoids, prepare sufficient
amounts by calculating 1 mL of 2% agarose gel for each BME drop containing a growth organoid.

4. Melt the agarose sufficiently in a microwave oven until powder particles are not visible (Figure 1B).

5. Using a pipet-aid with a 10 mL disposable tip, dispense 1.5 mL of 2% agarose into 2 mL tubes placed on a prewarmed
heat block.

6. Allow the agarose temperature to cool to 60 °C for 1 h in a heat block (Figure 1C).

Note: This section describes the process of dissolving agarose powder into a 2% solution for use as a mold to retrieve
organoids embedded in BME. The agarose solution should be prepared before starting section B. To prevent solidification,
maintain the agarose solution at 60 °C in a heat block until the completion of step B7.
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Figure 1. Harvest basement membrane extract (BME) with organoids using 2% agarose. (A) Agarose powder is
prepared with water in a beaker to bring it completely into solution. (B) It is dissolved into a complete 2% agarose solution
in the microwave. (C) The 2% agarose solution should be stored at 60 °C during the process. (D) BME (pink, black arrow)
with embedded organoids after washing and drying. (E) The 2% agarose is solidified. (F) The 2% agarose is separated with
BME using a spatula. (G) When the solidified 2% agarose is turned upside down, the bottom side of the BME is exposed to
air. (H) Covering the bottom with 2% agarose solution completely envelops the BME. (I) The cassette is soaked to achieve
fixation.
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B. Embedding the organoid into the agarose mold

1. Wash the BME-containing organoids.

a. Remove the organoid culture media completely using a P1000 pipette.
b. Add 1 mL of 37 °C DPBS to each well.

c. Incubate for 1 min at room temperature (RT).

d. Repeat twice.

e. Remove as much DPBS as possible using a P1000 pipette (Figure 1D).

2. Dry the BME dome at RT.
a. Place the 24-well plate upside down at an angle while resting on the lid placed on a table, thus allowing air to pass through.
b. Dry at RT for 1 h.

3. Add 600 pL of 2% agarose to each well.

4. Solidify the agarose for 1 h at room temperature (Figure 1E).

Note: The agarose solution is initially clear but becomes visibly cloudy as gelation progresses, indicating successful
solidification.

5. Separate the agarose by inserting a spatula into the gap between the plate walls along the edge (Figure 1F). The spatula
must be gently moved in a circular motion along the edge of the well to evenly lift the agarose.

Note: Gently move the spatula in a circular motion along the edge of the well to lift the agarose evenly, thereby enabling
efficient and smooth separation.

6. Place the agarose mold upside down on the tissue cassette (Figure 1G).

7. Cover the bottom of the agarose mold with 150 pL of 2% agarose (Figure 1H).

8. Solidify the agarose for 10 min at room temperature.

9. Close the lid of the cassette.

10. Soak the cassette in 10% formalin and fix overnight at 4 °C in a standard laboratory refrigerator (Figure 11).

C. Tissue processing and embedding
1. After fixation, process the cassettes using the HistoCore PEARL tissue processor for 13 h, as detailed in Table 1.
2. Remove the cassettes from the tissue processor and transfer them into the molten paraffin of a heated paraffin-embedding

station.

Table 1. Tissue processing program

Step Time Temperature
70% ethyl alcohol lh Room temperature
80% ethyl alcohol lh Room temperature
90% ethyl alcohol lh Room temperature
95% ethyl alcohol lh Room temperature
100% ethyl alcohol lh Room temperature
100% ethyl alcohol lh Room temperature
100% ethyl alcohol lh Room temperature
Xylene lh Room temperature
Xylene lh Room temperature
Xylene lh Room temperature
Paraffin lh 60 °C

Paraffin lh 60 °C

Paraffin lh 60 °C

D. Making a slide

1. Place the FFPE organoid blocks in a -20 °C laboratory freezer for at least 1 h before sectioning to ensure thorough cooling.
Keep each block on a cold plate until it is sectioned to maintain cooling and prevent softening.

2. Set the FFPE organoid on the microtome (Figure 2C).

Note: Blocks can be mounted either vertically or horizontally, depending on user preference.
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3. Trim the FFPE organoid until the agarose layer appears (Figure 2A, B). The first layer is paraffin, which appears waxy
(Figure 2B, D). When the block is further trimmed, the agarose layer is identified as a transparent area at the center (Figure
2B, E).

4. Trim the FFPE organoid until the BME layer appears.

Note: As the BME layer containing organoids may appear at any time after the agarose layer appears, check it after every
10 slices under a microscope (Figure 2B, F-H).

5. When organoids begin to appear, place the 4-um slices in 70% ethanol and then place them in a tissue float bath warmed
to 42 °C.

6. Lift the slice with the slide (Figure 2I).

7. Place the slides in a slide box and dry overnight at RT with the lid open.

8. Store the slides in a sealed slide box to prevent direct air exposure until they are used for staining.
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Figure 2. Preparation of a formalin-fixed paraffin-embedded (FFPE) organoid slide. (A, B) Sequential zones
encountered during sectioning of FFPE organoid blocks. Zone I (yellow) corresponds to the paraffin-only layer. Zone 11
(pink) includes the paraffin plus agarose layer. Zone III (green) contains the organoid-embedded region. As sectioning
progresses, organoids become visible within the slice. The paraffin layer is indicated by a diagonal pattern, the agarose layer
is indicated by gray, and the BME layer is indicated by dots. (C) Set the FFPE organoid in the microtome. (D) Paraffin
section of initially cut FFPE organoids. (E) Paraffin section with the entire agarose section exposed. (F) Paraffin section
with organoids starting to appear. (G) Image of FFPE organoid indicating the exposed organoid layer. (H) Image of FFPE
organoid section indicating the exposed organoid layer. (I) The cut section is left to float in water at 42 °C and placed on a
slide.

Data analysis

This protocol addresses a common challenge encountered when generating paraffin blocks from organoids cultured in BME.
When fixation is performed directly on organoids embedded in BME, the matrix undergoes dehydration during processing,
leading to collapse or distortion of the organoid structures (Figure 3). While densely packed cancer organoids, maintained
primarily by strong cell—cell adhesion, often retain their morphology, cystic or balloon-like organoids—representing normal-
like or loosely cohesive tumor phenotypes—are particularly vulnerable. For these morphologies, structural integrity relies
heavily on BME support; thus, dehydration of the matrix frequently results in the collapse of the organoid architecture.

As shown in Figure 4, when FFPE organoids were prepared using our improved method, organoids were distributed
throughout the section while maintaining the original BME framework, and even normal-like organoids retained their cystic
morphology without collapse. This demonstrates that the protocol effectively preserves delicate organoid structures and
ensures reliable preparation of paraffin blocks.

Cite as: Lee, M. R. et al. (2025). Generation of Agarose-Based FFPE Cancer Organoids for Morphology 6
Preservation. Bio-protocol 15(19): e5467. DOI: 10.21769/BioProtoc.5467



bio-protocol Published: Oct 05, 2025

F
: G ' 1,80
- ;@ T = . %]
: & f
8¢ ol e
Y & ¥
) a =
| TP . N
LN SOl V0
w0l || o R

Figure 3. Limitations of the conventional formalin-fixed paraffin-embedded (FFPE) organoid preparation method.
(A) Basement membrane extract (BME), indicated by black arrows, after the washing step. (B) BME collapse caused by
dehydration following fixation. (C) Detached BME floating above the plate surface when fixation is followed by washing.
(D) Complete loss of the 3D BME structure after washing. (E, F) Hematoxylin and eosin (H&E) staining of FFPE organoids
prepared by the conventional method, showing loss of BME architecture and distortion of originally round, normal-like
organoids that appear collapsed and misshapen. Stained slides were scanned using the Vectra Polaris™ Automated
Quantitative Pathology Imaging System (Akoya Biosciences). The images were captured with the Phenochart software.
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Figure 4. Improved preservation of organoid morphology using the optimized formalin-fixed paraffin-embedded
(FFPE) organoid preparation protocol. Representative hematoxylin and eosin (H&E) images of organoids without
morphological damage. Slides were scanned using the Vectra Polaris™ Automated Quantitative Pathology Imaging System
(Akoya Biosciences). The images were captured with the Phenochart software. GBS, gallbladder cancer organoids derived
from surgical tissue; PCA, pancreatic cancer organoids derived from ascites; CCG, cholangiocarcinoma organoids derived
from percutaneous liver biopsy; OC, oral cancer organoids derived from surgical tissue.

Validation of protocol

This protocol was used to analyze the histological characteristics of more than 200 tumor organoids from nine cancers. It
was verified that not only hematoxylin and eosin (H&E) but also immunohistochemistry (IHC) and immunofluorescence
(IF) staining were possible without any change in organoid morphology due to the fixation solution. This protocol was
validated in subsequent research articles focused on patient-derived organoids using pancreatic cancer, biliary tract cancer,
and body fluids.

These paraffin-embedded organoid slides can subsequently be utilized for staining in the same way as conventional tissue
slides, depending on the research purpose. Here, H&E and IHC were performed as representative examples, focusing on
diagnostic markers such as CK19, Pan-CK, Ki-67, P63, and P53 (Figure 5).

By preserving the native 3D architecture formed within the BME dome, this protocol maintains the spatial organization of
organoids, making it especially suitable for co-culture models where cell—cell interactions and tissue context are critical for
biological interpretation (Figure 6).

* Cho et al. [19]. Refining the classification of cholangiocarcinoma subtypes through proteogenomic integration has revealed
new therapeutic prospects. Gastroenterology (Figure 4G).

* Choi et al. [20]. Establishment of patient-derived organoids from cancer patients using ascitic or pleural fluid. Cancer Res
Treat (Figure 1B, Supplementary Figures 4-6).
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* Lee et al. [21]. Application of plasma circulating KRAS mutations as predictive biomarkers for targeted treatment of
pancreatic cancer. Cancer Sci (Figure 3).
* Lee et al. [9]. Organoid morphology-guided classification of oral cancers reveals prognosis. Cell Rep Med (Figure 3)
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Figure 5. Histological and immunofluorescence characterization of formalin-fixed paraffin-embedded (FFPE)
organoids. Representative images show brightfield morphology of patient-derived organoids (DIC) prior to fixation,
hematoxylin and eosin (H&E), and immunohistochemistry (IHC) staining for cancer diagnostic markers, including CK19,
Pan-CK, Ki-67, P63, and P53. DIC images were acquired using a Zeiss microscope with ZEN 3.7 software. Stained slides
were scanned using the Vectra Polaris™ Automated Quantitative Pathology Imaging System (Akoya Biosciences). The
images were captured with the Phenochart software. PC, pancreatic cancer organoid established from surgical tissue; PCE,
pancreatic cancer organoid established from endoscopic ultrasound—guided fine needle biopsy; PCG, pancreatic cancer
organoid established from percutaneous liver gun biopsy; PCA, pancreatic cancer organoid established from ascites; CCG,
cholangiocarcinoma organoid established from percutaneous liver biopsy; CC, cholangiocarcinoma organoid established
from surgical tissue; OC, oral cancer organoid established from surgical tissue.
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Figure 6. Characterization of oral cancer organoids co-cultured with cancer-associated fibroblasts (CAFs) using the
formalin-fixed paraffin-embedded (FFPE) organoid preparation method. (Left) Brightfield morphology of oral cancer
organoids after co-culture with CAFs. (Middle) H&E staining of FFPE organoid sections. (Right) Immunofluorescence
staining shows oral cancer organoids stained with pan-CK (green), CAFs stained with a-SMA (red), and nuclei
counterstained with DAPI (blue). Brightfield and IHC images were acquired using a Zeiss microscope with ZEN 3.7
software. Hematoxylin and eosin (H&E)-stained slides were scanned using the Vectra Polaris™ Automated Quantitative
Pathology Imaging System (Akoya Biosciences), and images were captured with the Phenochart software.
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General notes and troubleshooting

General notes

1. This method supports a wide range of organoid types—including oral, liver, pancreatic, bile duct, and gallbladder cancer—
and is particularly effective for preserving delicate morphologies such as cystic, grape-like, or loosely cohesive organoids,
which are often lost or distorted during standard processing. For FFPE preparation, any organoid culture method employing
a BME such as Matrigel can be used, provided that an optimized culture medium is applied for each organoid type. If
additional guidance on organoid establishment and culture prior to FFPE processing is needed, our recently published work
may serve as a useful reference [22].

2. This protocol is optimized for tissue processing using an automated processor, following standard procedures typically
applied to formalin-fixed tissue specimens. However, manual embedding workflows commonly used for tissue samples can
also be applied without compromising the quality of FFPE organoid preparation.

3. The paraffin-embedded organoid blocks generated using this protocol can be sectioned and subsequently subjected to
standard histological and immunostaining procedures in the same manner as conventional tissue samples.

4. This structural integrity enables robust downstream histological and molecular analyses such as H&E staining,
immunohistochemistry (IHC), and immunofluorescence (IF). However, because the procedure involves relatively harsh
processing steps, it may not be suitable for molecules or epitopes that are highly sensitive to stress, representing a limitation
of the method.

Troubleshooting

Problem 1: A circular hole appears at the center of the 2% agarose mold after solidification of the agarose in step C4.
Possible cause: The volume of 2% agarose gel poured in step B3 was insufficient to fully cover the BME dome, resulting in
incomplete embedding of the organoid.

Solution: A sufficient volume of 2% agarose gel needs to be added in step B3 to fully embed the BME dome. Typically, 600
uL of 2% agarose gel is sufficient to submerge a BME dome prepared with 40-50 pL of BME. However, the height of the
dome may vary depending on the volume of BME used and whether the plate surface is coated. In these cases, the volume
of agarose gel needs to be adjusted to ensure that the dome is fully embedded.

Problem 2: Upon lifting the agarose mold from the 24-well plate, the BME dome failed to remain embedded and was left
behind on the surface of the well.

Possible cause: The BME was not sufficiently dried prior to the addition of 2% agarose gel, resulting in weak adhesion
between the BME and the agarose mold.

Solution: After washing, the PBS needs to be thoroughly removed. If the BME remains visibly moist after drying at room
temperature for 1 h, extend the drying period for an additional 30 min to 1 h. To avoid complete dehydration, BME should
be sufficiently dried to promote adhesion to agarose while retaining its structural integrity.

Problem 3: The 2% agarose mold breaks easily.

Possible cause: The agarose concentration is too high.

Solution: When preparing a 2% agarose gel, minimize the evaporation of sterile water. When heating to dissolve the agarose
powder, boil several times for short periods.

Problem 4: The density of organoids is too low in the sectioned paraffin slides.
Possible cause: A small number of organoids were seeded.
Solution: The number of seeded cells should be increased to allow for the observation of multiple organoids in a layer.

Problem 5: No organoids are visible in the FFPE section.
Possible cause: Organoids grew insufficiently.
Solution: Start generation of FFPE after the organoids have grown to a minimum size of approximately 100 pm.
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