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Ovarian Cancer Patient-Derived 
Organoids Used as a Model for Replicating 
Genetic Characteristics and Testing Drug 
Responsiveness: A Preliminary Study
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Abstract
This study aimed to explore the role of ovarian cancer patient-derived organoids (PDOs) in their replicating genetic 
characteristics and testing drug responsiveness. Ovarian cancer PDOs were cultured in Matrigel with a specialized 
medium. The successful rate and proliferation rate were calculated. Morphology, histology, and immunohistochemistry 
(IHC) (PAX8, P53, and WT1) were used to identify the tumor characteristics. Gene sequencing, variant allele frequency 
(VAF), and copy number variation were used to explore the mutation profile. The sensitivity to chemodrugs (carboplatin, 
paclitaxel, gemcitabine, doxorubicin, and olaparib) was conducted. Successful generation of organoids occurred in 
54% (7/13) of attempts, encompassing 4 high-grade serous carcinomas (HGSC), 1 mucinous carcinoma (MC), 1 clear 
cell carcinoma (CCC), and 1 carcinosarcoma. The experiments used six organoids (3 HGSC, 1 CCC, 1 MC, and 1 
carcinosarcoma). The derived organoids exhibited spherical-like morphology, and the diameter ranged from 100 to 
500 μm. The histology and IHC exhibited the same between organoids and primary tumors. After cryopreservation, 
the organoid’s growth rate was slower than the primary culture (14 days vs 10 days, P < 0.01). Targeted sequencing 
revealed shared DNA variants, including mutations in key genes, such as BRCA1, PIK3CA, ARID1A, and TP53. VAF was 
similar between primary tumors and organoids. The organoids maintained inherited most copy number alterations. 
Drug sensitivity testing revealed varying responses, with carcinosarcoma organoids showing higher sensitivity to 
paclitaxel and gemcitabine than HGSC organoids. Our preliminary results showed that ovarian cancer PDOs could 
be successfully derived and histology, mutations, and diverse copy numbers of genotypes could be faithfully captured. 
Drug testing could reveal the individual PDO’s responsiveness to drugs. PDOs might be as valuable resources for 
investigating genomic biomarkers for personalized treatment.
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Graphical abstract

Introduction

Ovarian cancer, the deadliest gynecological malignancy1, is 
often detected at advanced stages, leading to metastasis in 
over 80% of cases2. High-grade serous carcinoma (HGSC) is 
a significant contributor to ovarian cancer–related mortality 
and poses a challenge to gynecological oncology care. Primary 
treatment involves tumor-debulking surgery and adjuvant che-
motherapy. Following treatment, 70%–80% of patients expe-
rience tumor relapse and the development of chemoresistance3. 
In addition to chemotherapy, therapeutic approaches include 
antiangiogenic agents, poly (adenosine diphosphate [ADP]-
ribose) polymerase (PARP) inhibitors, growth factor inhibi-
tors, and immunotherapy4.

Ovarian cancer is classified into two types: Type I (e.g., 
endometrioid and clear cell) with mutations in the MMR, 
Wnt-catenin, ARID1A, and PI3K pathways and Type II (e.g., 
HGSC and carcinosarcoma) originating from fallopian tube 
intraepithelial carcinomas with p53 pathway inactivation, 
genomic variation, and CCNE1 activation5–8.

Understanding the mechanisms underlying ovarian can-
cer pathobiology remains incomplete, leading to limited 
improvements in treatment efficacy and patient survival9. 

Many cancer studies rely on cancer cell lines that inade-
quately recapitulate the histopathological and molecular fea-
tures of ovarian cancer and its origin, resulting in limited 
clinical relevance10. Consequently, organoid research sys-
tems are emerging as an alternative.

Ovarian cancer organoids are three-dimensional, miniature 
models of ovarian tumors derived from cancer cells, which 
closely resemble the original tumor architecture11. This 
patient-specific approach ensures that the organoids carry 
genetic mutations and characteristics unique to an individual’s 
cancer type12. One of the primary applications of ovarian can-
cer organoids is drug sensitivity and resistance testing13. They 
also allow scientists to study the biology of ovarian cancer, 
investigate disease mechanisms, and test potential therapies 
using controlled and representative in vitro systems14.

Nevertheless, patient-derived organoids (PDOs) have raised 
several unresolved questions. First, the overall efficiency of 
organoid generation could be improved. Second, even in the 
same patient, different organoid lines can exhibit distinct behav-
iors, potentially leading to variability in drug screening results.

In this study, we aimed to establish ovarian cancer PDO 
from different histologies effectively, compare genetic features 
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between organoids and tissues, and use them for chemo-drug 
sensitivity testing.

Materials and Methods

Ethics

This study was approved by the Research Ethical Committee 
of Hualien Tzu Chi Hospital, Hualien, Taiwan (IRB111-
011-A). Informed consent was obtained from all patients.

Establishing Organoids From Ovarian Cancer 
Specimens

Biopsies of epithelial ovarian cancer specimens following 
primary or interval debulking surgeries were performed at 
Hualien Tzu Chi Hospital. Cancer specimens (1–3 cm3) were 
placed in specimen boxes soaked in normal saline and imme-
diately sent to the laboratory. Each sample was cut into four 
pieces for organoid culture, fixed in formalin, stored in 
RNAlater solution, and embedded in optimal cutting tem-
perature (OCT) compound (Thermo Fisher Scientific, MA, 
USA). For organoid culture, tissue fragments were rinsed 
with Ca2+/Mg2+-free phosphate-buffered saline (PBS, 
Thermo Fisher Scientific). Dispase (2 U/mL; Thermo Fisher 
Scientific), 1 mg/mL collagenase from clostridium histolyti-
cum (C9407, Sigma, St. Louis, MO, USA), 5 μM Y27632 
(Merk Millipore, MA, USA), and 10 μg/mL Dnase I (Thermo 
Fisher) in Dulbecco’s Modified Eagle Medium (DMEM)/
F12 (Thermo Fisher) was used for tissue digestion for 1–2 h 
at 37°C. DMEM/F12 supplemented with 10% fetal bovine 
serum (FBS, Sigma) inhibited enzyme digestion. The result-
ing solution was centrifuged at 300 × g for 5 min at 4°C, and 
pellets were formed. The pellet was re-suspended in the 
growth factor–reduced Matrigel (BD Bioscience, Frank 
Lakes, NJ, USA)/DMEM/F12 (70%/30%) containing rho-
associated protein kinase inhibitor (ROCK) inhibitor 
(Y-27632, 10 μM). The drop (20 μL/30,000 cells) was solidi-
fied on prewarmed 48-well plates at 37°C/5% CO2 for 20 
min. The prewarmed culture medium was then added. The 
medium was changed every 2–3 days. The basal medium 
was called AdDF+++ media and was composed of DMEM/
F12 with 1× Glutamax (Sigma), 10 mM HEPES (Sigma), 
and penicillin/streptomycin (Sigma).

The organoid culture media consisting of AdDF+++ 
supplemented with 1× B27 supplement (Life Technologies, 
Paisley, UK), 1.25 mM N-acetyl-l-cysteine (Sigma-Aldrich, 
MO, USA), 50 ng/mL WNT3A (R&D Systems, MN, USA), 
250 ng/mL R-spondin1 (R&D Systems), 100 ng/mL Noggin 
(R&D Systems), 5 mM nicotinamide (Sigma-Aldrich), 50 
ng/mL recombinant human EGF (epidermal growth factor, 
R&D Systems), 100 ng/mL recombinant human FGF10 
(R&D Systems), 10 μM forskolin (R&D Systems), 5 μM 
A8301 (Tocris Bioscience, Bristol, UK), 500 ng/mL hydro-
cortisone (Sigma-Aldrich), 37.5 ng/mL Heregulinβ-1 (R&D 

Systems), 100 nM β-Estradiol (Sigma-Aldrich), and 10 μM 
Y27632 (Merck Millipore). Cell viability was assessed using 
Cell Titer Glow 3D Reagent (Promega, WI, USA).

Passage of Organoids and Cryopreservation

Organoid passage was performed after 2–4 weeks of culture, 
depending on the proliferation rate of the organoids. 
Organoids in Matrigel were dissociated using TrypLE 
Express (Thermo Fisher Scientific), containing ROCK 
inhibitor, at 37°C for 5–10 min, depending on the density of 
the organoids. TrypLE Express was inactivated by 1:1 
medium dilution, and the suspension was centrifuged at 300 
× g (4°C for 5 min). Subsequently, mechanical titration into 
single cells was performed by intense pipetting. The cells 
were centrifuged again at the same specifications and plated 
onto Matrigel as described above. For cryopreservation, the 
dissociated cells were resuspended in DMEM/F12, FBS, and 
dimethyl sulfoxide (DMSO; Sigma-Aldrich) [60%: 30%: 
10%] and stored at −80°C overnight and subsequently moved 
to liquid nitrogen until further processing.

Immunohistochemistry

Matrigel-embedded organoids were gathered in a 15-mL tube 
with Cell Recovery Solution (354253, Corning, 500 µL/well). 
To ensure complete dissolution, the organoid suspension 
underwent gentle pipetting at intervals for 30 min on ice. 
Subsequently, the tube was placed on ice to allow the organoids 
to sediment. Following removing the supernatant, the organ-
oids were washed with a small quantity of cold PBS. iPGell 
(FNK-PG20-1, Funakoshi Co., Tokyo, Japan) was used to 
solidify the organoids, and the organoid blocks were then fixed.

Tissues and organoids were fixed in 4% paraformaldehyde at 
4°C overnight and at room temperature for 1 h, respectively. 
The tissue and organoids were paraffin-embedded and sectioned 
to 5-μm thickness. The sections sent for histology were stained 
with hematoxylin and eosin (H&E). Immunohistochemistry 
(IHC) was performed using antibodies against ovarian cancer 
markers (p53, Dako, Glostrup, Denmark). Antigen retrieval was 
carried out using citrate-based buffer (10 mM trisodium-citrate 
in H2O, pH 6; Merck) at 95°C for 30 min, and permeabilization 
was carried out using 1% Triton-X in PBS (PBT). Blocking was 
performed with 0.15% glycine/2 mg/mL bovine serum albumin 
in PBT. For blocking, immunofluorescence staining using 10% 
donkey serum (Sigma-Aldrich) was performed before incuba-
tion with primary antibodies at 4°C overnight. Anti-rabbit or 
anti-mouse horseradish peroxidase-labeled polymers (Dako) 
were then incubated at room temperature for 30 min. For immu-
nofluorescence, fluorescein isothiocyanate (FITC)-labeled anti-
bodies were incubated for 10 min. As a negative control, the 
primary antibodies were omitted, in which case no signals were 
detected. All immunostained slides were stained with hematox-
ylin or DAPI (4ʹ,6-diamidino-2-phenylindole). Images were 
captured using a Zeiss LSM 900 microscope (Carl Zeiss 



4 Cell Transplantation

Microscopy GmbH, Jena, Germany). The proportion of immu-
noreactive cells was counted in at least three replicates using the 
ImageJ software version 8 (https://imagej.net/ImageJ).

DNA Quantification and Qualification

The degree of DNA degradation and potential contamination 
was assessed using 1% agarose gel electrophoresis. DNA 
quantification was conducted using the Qubit® dsDNA Assay 
Kit (Thermo Fisher) on a Qubit 4.0 Fluorometer (Thermo 
Fisher).

Library Preparation

For sequencing experiments, passage 1 organoids were 
used. For library preparation, 1 μg of DNA per sample 
served as the input material. Sequencing libraries were 
generated according to the manufacturer’s recommenda-
tions using the xGenTM Exome Research Panel V2 
(Integrated DNA Technologies, NC, USA), and unique 
index codes were incorporated to assign individual 
sequences to each sample. The library quality was evalu-
ated using a Qubit 4.0 Fluorometer and the Agilent bioana-
lyzer system. Subsequently, the libraries underwent 
sequencing on an Illumina NovaSeq 6000 platform, pro-
ducing paired 150 bp reads.

Data Analysis

The paired-end reads underwent thorough analysis for 
alignment to the human reference genome, utilizing the 
Burrows-Wheeler Aligner (v2.2.1) with default settings15. 
Following alignment, the Genome Analysis ToolKit 
(GATK) (v4.2.1.0) was employed for read processing16, 
incorporating MarkDuplicate and base quality score reca-
libration. Variant calling for single-nucleotide variants 
(SNVs) and small insertion/deletion (INDEL) events were 
conducted using HaplotypeCaller, with the GATK Variant 
Quality Score Recalibration tool utilized to obtain high-
confidence variants.

Comprehensive annotation of these variants was carried 
out with ANNOVAR (v2020)17, SnpEff (v4.3)18, and VEP 
(v100.4)19. Data integration was effectively managed using 
an in-house algorithm. For the identification of copy number 
variations (CNVs) and structural variations (SVs), Control-
FREEC (v11.6), and Manta (v1.6.0)20,21 were employed for 
CNV and SV detection, respectively. Annotation of these 
variants was performed using AnnotSV (v3.0.9)22. Genes 
exhibiting a variant allele frequency (VAF) of <20% in 
tumors and organoids were excluded from the analysis.

Copy Number Detection and Visualization

Tissue and organoid CNV analysis utilized the CNV kit soft-
ware toolkit (v0.9.8). This software detected and visualized 

CNVs based on whole-exome sequencing data23. The analy-
sis entailed comparing the read depths of on-target sequenc-
ing reads to provide copy number estimates for the entire 
genome within target regions. The results are visualized as a 
scatter plot displaying normalized copy ratios.

Drug Screening

Cells derived from Matrigel-embedded organoids were col-
lected and then dissociated into single cells through trypLE 
treatment and mechanical dispersion. The cell suspension 
was reconstituted in Matrigel/cancer organoid medium 
(70%/30%), and 2000 cells/3 μL drop were seeded per well 
of a 96-well plate. Passage 1 organoids were used in drug 
testing experiments. Culture medium was added, and the 
organoids were allowed to grow for 1–2 weeks. Chemodrugs, 
such as paclitaxel (Formoxol, Yung Shin Pharm. Ind., Co. 
Ltd., Taichung, Taiwan), carboplatin (Abiplatin, ABIC Ltd., 
Netanya, Israel), doxorubicin (Adriblastina, Pfizer, Kent, NJ, 
USA), gemcitabine (Lilly France, Fegersheim, Frace), and 
Olaparib (Sigma), and vehicle (DMSO) were tested. These 
drugs are commonly used for the treatment of ovarian cancer 
patients24. A fixed concentration of each drug was applied to 
the organoid culture depending on the proliferation rate of 
the organoids. The initial chemodrug concentrations were 
paclitaxel (10–15 nM), carboplatin (1–20 μM), doxorubicin 
(100 nM–800 μM), gemcitabine (100–800 nM), and Olaparib 
(1 μM)25. Each drug’s concentration was determined using 
the IC50 concentration reported in the previous study13. Cell 
viability was assessed using the CellTiter-Glo 3D assay 
(Promega) on the sixth day.

Statistical Analysis

Statistical analysis was conducted using GraphPad Prism 
(v8, San Diego, CA, USA), with statistical significance indi-
cated by a P-value of <0.05. Multiple comparisons were 
performed by one-way analysis of variance (ANOVA) and 
post hoc tests (Dunnett’s multiple comparison test with con-
trols) for drug sensitivity tests. Results are presented as mean 
± standard deviation, based on a minimum of three biologi-
cal replicates for each experiment.

Results

Establishing Primary Ovarian Cancer Organoids

Single cells dissociated from primary ovarian cancer were 
first cultured and expanded. By cultivating these dissociated 
single tumor cells in Matrigel with a niche factor cocktail 
that included WNT-3A, R-spondin, and others, we success-
fully generated ovarian cancer organoids from patients with 
stage I–III ovarian cancer of various histologic subtypes 
(112-24 HGSC-1, 112-25 HGSC-2, 112-07 MC [mucinous 
carcinoma], and 112-01 CCC [clear cell carcinoma]) within 

https://imagej.net/ImageJ
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1–3 weeks (as depicted in Fig. 1 and outlined in Table 1). The 
derived organoids exhibited spherical-like morphology, and 
the diameter ranged from 100 to 500 μm (Fig. 1). The MC 

organoids grew more slowly than other types of cancer 
organoids, taking an additional 10 days to reach the same 
size as the other cancer organoids (Fig. 1).

Figure 1. Primary ovarian cancer organoids derived from patients from day 1 to day 20. Brightfield microscopy images of the organoid 
lines on different days of growth. Scale bars 100 µm. (A) MC: mucinous carcinoma. (B-C) HGSC: high-grade serous carcinoma. (D) CCC: 
Clear cell carcinoma.

Table 1. The Characteristics of Patients Whose Tissues Were Utilized for Organoid Derivation.

Number Case Age at diagnosis Stage NAC Debulking status
Observation 

time (m) Recurrence
Time to recurrence 

after chemo Status

112-25 HGSC-2 34 IIIC None Optimal 9 No NA NED
112-01 CCC 43 IA None Complete 7 No NA NED
112-24 HGSC-1 48 IIIC None Optimal 9 No NA NED
112-07 MC 57 IC None Complete 3 No NA NED

NA: not available, NED: no evidence of disease.
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We introduce organoids cultured with the cocktail 
medium (low WNT3A), showcasing the superior efficacy 
for multi-tissue-type cultivation. The primary organoid cul-
ture achieved a success rate of 54%, with 7 out of 13 
attempts yielding positive results (Table 2). Six organoids 
were derived from tumor tissue, and one HGSC was derived 
from omentum cake. These established organoids, MC 
(Fig. 2A), CCC (Fig. 2B), HGSC-1 (Fig. 2C), and HGSC-2 
(Fig. 2D), accurately mirrored the histological characteris-
tics and exhibited p53 positivity observed in the primary 
tumors. In HGSC organoids, PAX8 and WT1 were also 
positive (Fig. 2C–D).

Investigate whether cryopreservation affects the growth 
rate of the organoids by comparing the growth rate of cryo-
preserved organoids with those that have never been cryo-
preserved. Both 112-24 HGSC-1 and 112-25 HGSC-2 
were evaluated. Primary derivation organoids reaching 
100 μm in diameter took 10 days, and subsequent culture 
time was the same as the primary derivation time. After 
cryopreservation, the growth rate to 100 μm in diameter 
was slower than the primary culture and took approxi-
mately 14 days (P < 0.01, Fig. 3).

Capturing Primary Tumor Genomic 
Characteristics in Organoids

For a comprehensive analysis of genomic features between the 
original tumors and the derived organoids, targeted capture 
sequencing of 1,053 cancer-related genes was performed in 
four pairs of organoids and primary tumors spanning of 112-
24 HGSC-1, 112-25 HGSC-2, 112-01 CCC, and 112-07 MC.

The genes in Fig. 4A were selected based on their well-
established roles in promoting cancer (oncogenes) or inhib-
iting it (tumor suppressor genes). This includes commonly 
mutated genes in ovarian and other cancers, such as TP53, 
BRCA1, and BRCA2. In addition, genes identified as fre-
quently mutated in ovarian cancer by previous studies, such 
as those from The Cancer Genome Atlas (TCGA), were 
also included.

Our study revealed that these pairs share crucial DNA 
variants, including those in BRCA1, ARID1A, PIK3CA, and 
TP53 (Fig. 4).

The 112-25 HGSC-2 cells harbored a missense mutation 
in BRCA1 (p.N862I, pathogenic). At the same time, 112-01 

CCC cells displayed stop-gain mutations in ARID1A 
(p.Y471*). The 112-07 MC cells contained silent (p.G786G) 
and non-frameshift deletion (p.A88_G93del) mutations in 
ARID1A, which were inconsistent in organoids and tumors.

Fig. 4 illustrates the mutations shared between the organ-
oids and tissues. Overall, 59% of the gene mutations were 
shared between the organoids and primary tumors in 112-24 
HGSC-1 and 112-01 CCC. However, only 25% of shared 
gene mutations were noted between organoids and primary 
tumors in 112-25 HGSC-2. The 112-07 MC was responsible 
for only 22.73% of the shared gene mutations.

VAF in the Tumor and Organoid

The VAF was similar between primary tumors and organoids 
(Fig. 5). The TP53 variant (c.G347A) had a VAF of 96% in 
the tumor tissue of 112-24 HGSC-1 and 85% in the organ-
oids. The NOTCH1 variant (c.G4368C) had a VAF of 39.8% 
in the tumor tissue of 112-07 MC and 53.1% in the organ-
oids. The PIK3CA variant (c.G1624A) had a VAF of 20% in 
the tumor tissues of 112-01 CCC and 43.4% in the organoids. 
The VAF elevation suggests a wild-type allele loss during 
organoid derivation.

In summary, the observed difference in VAF between 
tumor and tumor-derived organoids is likely influenced by 
tumor heterogeneity, clonal selection during organoid cul-
ture, genomic instability, selective pressures, technical con-
siderations, and potential evolutionary changes during 
organoid establishment. Further investigation and validation, 
possibly through additional sequencing and experimental 
analyses, are necessary to understand the underlying genetic 
dynamics.

Copy Number Variants in Ovarian Organoids and 
Tumors

The four pairs of ovarian organoids and primary tumors 
exhibited consistent patterns of amplification and loss across 
their chromosomes (Fig. 6). Both 112-24 HGSC-1 and 112-
25 HGSC-2 had limited CNVs, indicating non-homologous 
recombination deficiency (HRD). In the 112-01 CCC cases, 
parental tumors and organoids exhibit chromosome 19 
amplification; however, chromosome 2 loss is exclusive to 
the primary tumor. Notably, organoids inherited most copy 

Table 2. The Success Rate of Organoid Culture From Each Histologic Subtype of Ovarian Cancer.

Number of cases Successful numbers of organoid culture Successful rate (%) Organoid origin

HGSC 6 4 66.7 Tumor (3), omentum cake (1)
EM 2 0 0 0
CCC 2 1 50 Tumor (1)
MC 2 1 50 Tumor (1)
Others 1 1 100 Tumor (1)

Other: carcinosarcoma; HGSC: high-grade serous carcinoma; CCC: clear cell carcinoma; MC: mucinous carcinoma; EM: endometrioid carcinoma.
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Figure 2. Haematoxylin and eosin (H&E) staining and p53, PAX8, and WT1 immunohistochemistry of primary ovarian tumors and derived 
organoids. It is noteworthy that organoids recapture the histologic features of the primary tumors. (A) mucinous ovarian (MC). (B) clear 
cell carcinoma (CCC). (C-D) high-grade serous (HGSC), and p53 staining pattern. HGSC-2 and CCC expressed p53. MC and HGSC-1 did 
not express p53. Scale bar = 100 µm. Scale bar = 50 µm in immunofluorescence pictures of organoids (nuclear staining of p53).
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number alterations observed in tumors. However, 112-24 
HGSC-1 and 112-25 HGSC-2 cells acquired new chromo-
somal aberrations.

Utilizing Organoids for Personalized Drug 
Sensitivity Testing

Finally, we tested the drug sensitivity of our samples car-
cinosarcoma, 112-24 HGSC-1, 112-25 HGSC-2, and 
HGSC-7 to drug paclitaxel, carboplatin, gemcitabine, 
doxorubicin, and olaparib. The clinical treatment concen-
tration in serum for paclitaxel was 5.1 μM and for gem-
citabine was 32–70 μM26,27.

After paclitaxel (10 nM) treatment, the carcinosarcoma 
organoids revealed 40% survival, and 2 HGSC organoids 
revealed 60%–80% cell survival (10 nM, Fig. 7A). After car-
boplatin (1–20 μM) treatment, the carcinosarcoma organoids 
revealed 90% survival (1 μM), and 2 HGSC organoids 
revealed 80% cell survival (2–20 μM, Fig. 7B). After gem-
citabine treatment, the carcinosarcoma organoids revealed 
20% survival (100 nM), and 2 HGSC organoids revealed 
70%–80% cell survival (100–800 nM, Fig. 7C). After doxo-
rubicin treatment, the carcinosarcoma organoids revealed 
85% survival (100 nM), and 2 HGSC organoids revealed 
36%–82% cell survival (1000–8000 nM, Fig. 7D). After the 
olaparib treatment (1 μM), the 3 HGSC organoids revealed 
80%–90 % cell survival (Fig. 7E).

Table 3 lists the chemodrugs used in these patients com-
pared to the tested drugs. No recurrence was noted in two 

patients with HGSC observed for 9 months. Decreased tumor 
markers (CA125) were faster in 112-24 HGSC-1 than in 112-
25 HGSC-2 (Table 4). The decreasing trend of CA125 in 
patients was correlated with drug testing.

Discussion

This study successfully established primary ovarian cancer 
organoids that closely resembled the original tumors’ mor-
phology, histology, and genomic characteristics. These organ-
oids can be utilized for personalized drug sensitivity testing to 
reveal variations in drug responses among different histologi-
cal subtypes of ovarian cancer, which might be valuable for 
tailoring treatment approaches. The patient demographic and 
pathological characteristics, organoid derivation success rate, 
and drug responsiveness are summarized in Table 5.

Establishing robust preclinical tumor models is important 
for advancing the therapeutic discovery of ovarian HGSC28. 
The previous study has explored ovarian cancer organoids as 
models of genomic instability29. As organoid culture has 
gained broader acceptance, short- and long-term ovarian 
cancer models have been created30–33. However, there is a 
need for more consistency in the available data regarding 
success rates and survival durations in culture. In our study, 
the success rate of organoid derivation was 54%, which was 
comparable with other studies. After gaining experience in 
organoid culture, the success rate would be increased.

Alterations in copy number can affect the expression of 
highly abundant human genes, suggesting a global sensitivity 
to gene dosage34. It is important to note that this relationship 
does not consistently result in proportional effects owing to 
the presence of transcriptional adaptive mechanisms35. In this 
study, organoids and primary tumors displayed consistent 
amplification and loss across chromosomes. The organoids 
faithfully inherited most of the copy number alterations 
observed in the tumors. However, some organoids have 
acquired new chromosomal aberrations. Sequencing cancer-
related genes through targeted capture unveiled genomic 
insights within organoids and primary tumors that shared cru-
cial DNA variants, including BRCA1, ARID1A, PIK3CA, and 
TP53 mutations. Notably, some organoids and tumors exhib-
ited shared mutations.

The genetic changes in ovarian cancer are exceptionally 
diverse. Consequently, achieving personalized treatments 
requires the creation of genomically annotated patient-spe-
cific characteristics for therapeutic interventions36. Previous 
studies have also explored the use of ovarian cancer organ-
oids in therapeutic drug screening11,13,29. This study found 
that the response to chemotherapy varied among the different 
organoids. Carcinosarcoma organoids showed greater sensi-
tivity to paclitaxel and gemcitabine than HGSC organoids. 
The HGSC organoids exhibited lower sensitivity to these 
drugs, even at higher dosages.

The composition of the cancer organoid culture medium 
differed among the studies (Table 6). Matrigel and a niche 

Figure 3. Organoid growth rate before and after freezing. 
The time the organoid size reached 100 µm was evaluated in 
organoids derived from high-grade serous carcinoma (n = 3 each 
in 112-24 HGSC-1 and 112-25 HGSC-2). **P < 0.01.
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Figure 4. Organoids maintain the genetic alteration present in the original tumor. (A) A cancer-related set of variants was detected in 
both organoids and primary tumors with the mutation type indicated in the legend. Gene variants in the tumor and organoid from the same 
patient exhibit identical. T: tumor, O: organoid. HGSC: high-grade serous carcinoma, CCC: clear cell carcinoma, MC: mucinous carcinoma. 
The preservation of genetic alteration from the original tumor is evident in organoids. (B) Stacked bar graphs depict the number of mutations 
per patient sample identified in cancer tissues and derived organoids, organoid only and tumor only. (C) The percentage of shared, organoid-
only, and tumor-only. Primary tumors and organoids exhibited a shared variation percentage ranging from 22% to 59%.
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factor cocktail containing WNT-3A and R-spondin were 
important for organoid culture. The concentrations of WNT3A 
and RSPO1 differed between the studies. We used 50 and 250 
ng/mL of WNT3A and RSPO1, respectively. We did not use 
FGF2 but used a high concentration of FGF10 (100 ng/mL). 
In addition, our approach did not employ IGF1 (insulin-like 
growth factor 1) and HGF (hepatocyte growth factor). The 
organoid derivation efficiency was 54% in our study, which 

was lower than in other studies (80% in Nanki et al., 45%–
90% in Maru et al.)13,37. This study uses unique combinations 
and concentrations of growth factors and supplements, poten-
tially influencing organoid growth and behavior differently 
than other studies. Higher concentrations of estradiol and 
FGF10 could impact hormonal signaling pathways, crucial 
for ovarian cancer biology. The exclusion of specific factors 
like IGF1, HGF, and p38-inhibitor might reduce certain 

Figure 5. The variant allele frequency (VAF) was assessed in the occurrence of subclonal populations. Genes displaying a VAF of <20% 
in both tumor and organoid were excluded.
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Figure 6. We created copy number variation (CNV) profiles for four instances and assessed the correlations (Pearson’s r) between 
tumor tissue and organoid samples. These CNV profiles were generated using a comprehensive cancer panel covering 1,053 genes. In 
the plot, regions with amplification are depicted in red, while areas with loss are shown in blue. T: tumor, O: organoid samples. HGSC: 
high-grade serous carcinoma, CCC: clear cell carcinoma, MC: mucinous carcinoma.
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proliferative and survival signals, leading to different growth 
dynamics. These differences highlight the potential for this 
study to provide novel insights and optimizations in the 
development of ovarian cancer organoids.

The previous study by Senkowski et al.28 indicated that 
the organoid passage time ranges from 17 to 20 days, with 
passage criteria based on organoid number. Earlier research 
reported long-term expansion success rates of 23% to 38% 

Table 3. The Chemodrugs Used and Outcomes in These Patients Were Compared.

Age (years) Tested drugs Chemotherapy drugs Clinical response Observation time (m)

Carcinosarcoma, 
stage IV

68 Paclitaxel (10 nM), 
carboplatin (1 μM), 
gemcitabine (100 nM), 
doxorubicin (100 nM)

None dead 18 days

112-24 HGSC-1, 
stage IIIC

48 Paclitaxel (10 nM), 
carboplatin (2 μM), 
gemcitabine (100 nM), 
doxorubicin (1 μM)

Paclitaxel (175 mg/m2), 
carboplatin (AUC = 5), 
adding Avastin and 7.5  
mg/kg5 since the third 
course, will be continued 
for 22 course

NED 9 m

112-25 HGSC-2, 
stage IIIC

34 Paclitaxel (15 nM), 
carboplatin (20 μM), 
gemcitabine (800 nM), 
doxorubicin (8 μM)

Paclitaxel (135 mg/m2), 
carboplatin (AUC = 5)

NED 9 m

NED: no evidence of disease, m: month, AUC: area under curve.

Figure 7. Ovarian cancer organoids as a platform for drug screening. Cell viability was expressed as a percentage of control. (A) 
Paclitaxel (10nM). (B) Carboplatin (1μM to 20μM). (C) Gemcitabine (100–800 nM). (D) Doxorubicin (100–8000 nM). (E) Olaparib 
(1μM). Chemodrugs were used for testing cell survival after treating 72 hours (n = 4 each). HGSC was more resistant to chemodrugs 
than carcinosarcoma. HGSC: high-grade serous carcinoma.
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using fresh primary cells and 53% with cryopreserved 
cells28,32,33,38. This suggests that long-term culture is feasi-
ble for ovarian cancer organoids28. In this study, we com-
pared the growth time for organoids to reach a diameter of 
100 μm before and after freezing. Our findings showed that 
organoids required 10 days to reach 100 μm before freezing 
and 14 days after freezing. This suggested the proliferation 
time of organoids after freezing became slower than in the 
primary culture.

This study had certain limitations. First, only four of 
seven organoids were studied for genomic characteristics, 
and six of seven were studied for drug responsiveness. This 
limited the gene mutation profile used to predict drug 

responsiveness. Second, the follow-up time of the patients 
was not long enough to see the accuracy of the drug respon-
siveness test. Third, this study did not subtract/normalize 
the sequence coming from the tumor-associated cells, such 
as fibroblasts and immune cells, from the actual cancer cell 
sequence of the tumor.

Conclusion

Our preliminary results showed that ovarian cancer PDOs 
could be successfully derived. The organoid’s histology, 
mutations, and diverse copy numbers of genotypes could be 
faithfully captured. Drug testing could reveal the individual 

Table 4. Change of the Tumor Marker (CA125: U/mL) During the Treatment Course.

Course before 1 2 3 4 5 6 post-6-1m post-6-2m

112-24 HGSC-1 1618 435 104 54.1 34.2 21.5 16.2 13.4 10.2
112/25 HGSC-2 302 302 288.4 164 98.6 63 48 41 19.9

HGSC: high-grade serous carcinoma, m: month

Table 5. The Patient Demographic and Pathological Characteristics, Organoid Derivation Success Rate, and Drug Responsiveness.

Organoid Age (year) Parity BMI (kg/m2) DM H/T Histology Tumor IHC status Stage
Organoid-derivation 

success rate (%)
Drug 

testing

112-01 43 0 25.78 － ＋ CCC ER (−), PR (−). Napsin 
A (+), p53 (+, wild 
type), WT-1 (−), 
PAS (+), PAS-D (−).

IA 100 －

112-07 57 0 34.21 － ＋ MC CK20 (−), CK7 (+), 
PMS2 (+), MSH6 
(+) and WT-1 (−).

IC 100 －

112-25 34 0 17.6 － ＋ HGSC-2 CK7(+), CK20(−), 
p53 (mutational 
overexpression) 
MSH6: normal, 
PMS2: normal, ER: 
Positive (strong, 
60%), PR: Positive 
(weak, 5%).

IIIC 100 T: +, C: +, 
G: +, D: +, 

Pi: +

112-24 48 2 20.11 － ＋ HGSC-1 WT-1 (diffuse +), p53 
(totally negative), 
napsin A (-), ER 
(2+, 50%), PR (2+, 
<5%).

IIIC 100 T: +, C: +, 
G: +, D: +, 

Pi: +

113-07 68 2 21.41 － ＋ HGSC-7 CK7 (+), CK20 
(−), GATA3 (−), 
NapsinA (-) and 
PAX8 (+), WT-1 
weak and focal.

IIIC 100 Pi: +

112-12 68 3 25.91 － ＋ Carcinosarcoma PAX8 (−), CK (focal 
+), vimentin (diffuse 
+), S100 (focal +), 
WT-1 (−), Desmin 
(−), Myogenin (−), 
CD34 (focal +), 
c-kit (−)

IV 100 T: +++, 
C: +, G: 
+++, 
D: +

CCC: clear cell carcinoma, MC: mucinous carcinoma, HGSC: high-grade serous carcinoma, ER: estrogen receptor, PR: progesterone receptor, CK: 
cytokeratin, PAS: Periodic acid-Schiff, PAS-D: PAS with predigestion with diastase, T: taxol, C: carboplatin, G: gemcitabine, D: doxorubicin, Pi: PARP 
inhibitor, BMI: body mass index, DM: diabetes mellitus, H/T: hypertension, IHC: immunohistochemistry, +: small response, +++: good response.
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PDO’s responsiveness to drugs. PDOs might be as valuable 
resources for investigating genomic biomarkers for personal-
ized treatment.
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