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ABSTRACT

Objective: Advanced cervical cancer is still difficult to treat and in the case of recurrent 
cancer, it is desirable to utilize personalized treatment rather than uniform treatment 
because the type of recurrence is different for each individual. Therefore, this study 
aimed to establish a patient-derived organoid (PDO) platform to determine the effects of 
chemotherapy, radiation therapy, and targeted therapy in cervical cancer.
Methods: We established organoids from 4 patients with various types of cervical cancer. The 
histopathological and gene profiles of these organoid models were compared to determine 
their characteristics and the maintenance of the patient phenotype. Each type of organoid was 
also subjected to anticancer drug screening and radiation therapy to evaluate its sensitivity.
Results: We established PDOs to recapitulate the main elements of the original patient 
tumors, including the DNA copy number and mutational profile. We selected 7 drugs 
that showed growth inhibition in cervical cancer organoids out of 171 using an Food and 
Drug Administration -approved drug library. Moreover, adenocarcinoma and large-cell 
neuroendocrine carcinoma showed resistance to radiation therapy. whereas squamous cell 
carcinoma and villoglandular carcinoma showed a significant response to radiotherapy.
Conclusion: Our results showed that patient-derived cervical cancer organoids can be used 
as a platform for drug and radiation sensitivity testing. These findings suggest that patient-
derived cervical cancer organoids could be used as a personalized medicine platform and may 
provide the best treatment options for patients with various subtypes of cervical cancer.
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Synopsis
Patient-derived cervical cancer organoids recapitulated the main elements of the original 
patient tumor. Drug screening and radiotherapy of organoids facilitate access to patient 
tumor radiation sensitivity and chemotherapy prediction. Patient-derived cervical cancer 
organoids could be used as a personalized medicine confirmation tool.
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INTRODUCTION

Advanced cervical cancer remains difficult to treat. There is also no standard treatment 
method for recurrent cervical cancer. Cervical cancer is the fourth most common cancer in 
women worldwide. The cause of the majority of cervical cancers is an infection of the human 
papillomavirus (HPV) [1,2]. Two HPV types (16 and 18) are responsible for nearly 70% of 
high-grade cervical cancers [3-5]. The 2 major histological subtypes of cervical cancer are 
squamous cell carcinoma (SqCa) and adenocarcinoma (AdCa), accounting for 75%–90% and 
10%–25% of all cervical cancer cases, respectively [6]. AdCa is more challenging to detect 
than SqCa and has a poorer prognosis [7].

Villoglandular carcinoma (VGA) is an invasive tumor that occurs in young women and 
presents extrinsic growth with minimal vascular space involvement, and generally has a 
better prognosis than other types of cervical AdCa [8,9]. Neuroendocrine cervical cancer 
(NECC) is a malignant tumor derived from neuroendocrine cells that often accompanies 
metastasis and has a high recurrence rate even after surgery and radiation therapy [10,11]. 
Although studies are being conducted on these rare types of cancer, the low incidence makes 
it difficult to plan prospective cohort studies and determine the optimal treatment.

Currently, chemotherapy, targeted therapy, and immunotherapeutic agents are used for 
cervical cancer treatment, but biomarkers that can determine effectiveness in patients are 
lacking [12,13]. Therefore, a new preclinical model is needed to predict the response to 
treatment according to the characteristics of tumor types.

Patient-derived organoids (PDOs) are being considered as models of the new preclinical models. 
Organoids can recapitulate patient cancer cells and the tissue environment of patients through 
self-organization. Tumor organoids can be compared to normal cell organoids, and individual 
differences in the mechanisms by which tumors develop at various stages of cancer can be 
studied [14,15]. As a result, organoids are being evaluated as basic and clinically applied cancer 
research tools in which histological complexity and genetic diversity can be realized [16,17].

Although there have been few reports of radiation sensitivity testing for cancer organoids 
including rectal, colon, and nasopharyngeal cancer [18-21], to the author’s knowledge, this 
is the first study to establish the preclinical in vitro model to predict radiotherapy response 
using cervical cancer organoids. Optimizing radiation sensitivity through these PDOs is an 
essential strategy to increase the long-term survival of cervical cancer.

Therefore, this study aimed to establish if patient-derived cervical cancer organoids can 
recapitulate patient tumors and determine their efficacy as an in vitro platform for drug and 
radiation sensitivity testing in cervical cancer.

MATERIALS AND METHODS

1. Human data
The study was conducted with the approval of the Institutional Review Board (IRB) at Yonsei 
University Medical Center (IRB No. 4-2017-0516), and signed consent was obtained from 
each patient. Cervical cancer tissue was obtained according to the guidelines from Ethical 
Committee. Clinical data for the individuals are presented in Table 1.
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2. Tumor-derived organoid culture
Cervical tumor tissues were obtained from patients via punch biopsy. The tissues were 
digested in collagenase solution (2 mg/mL, C9407; Sigma, St. Louis, MO, USA) for 60–90 
minutes at 37°C in a shaker. After digestion, cell suspensions were washed with AdDF+++ 
(Advanced DMEM/F12 containing 1× Glutamax, antibiotics, and 10 mM HEPES). The cells 
were filtered through a 100 μm nylon cell strainer (542070; Greiner bio-one, Frickenhausen, 
Germany) and collected via centrifugation for 5 minutes at 1,000 rpm. Next, the erythrocytes 
were lysed in the red blood cell lysis buffer (11814389001; Roche, Mannheim, Germany). 
Then, the cells were mixed with Matrigel (356231, Corning, NY, USA). For seeding, a volume 
of 20 μL was dispensed to pre-warmed 24-well plates (142475; Thermo Fisher Scientific, 
Waltham, MA, USA), and allowed to solidify at 37°C for 30 minutes. After 30 minutes, 
the media was added. The complete growth medium for cervical organoids consisted of 
AdDF+++, supplemented with Noggin (250-38; PeproTech, Rocky Hill, NJ, USA), RSPO1 
conditioned medium (10%, made in-house), B27 supplement (1X, 12587010; Gibco, Grand 
Island, NY, USA), N2 supplement (1X, 17502048; Gibco), human EGF (50 ng/mL, E9644; 
Sigma), human HGF (50 ng/mL, 100-39; PeproTech), nicotinamide (2.5 mM, N0636; Sigma), 
N-acetylcysteine (1.25 mM, A9165; Sigma), ROCK inhibitor (10 μM, ALX-270-333; Enzo Life, 
Farmingdale, NY, USA), A83-01 (500 nM, 2939; Tocris, Minneapolis, MN, USA), and FGF10 
(100 ng/mL, 100-26; PeproTech).

3. Histology
The tissues were fixed overnight in 4% paraformaldehyde (PFA, pc2031-050-00; Biosesang, 
Seongnam, Korea) at 4°C, followed by dehydration and paraffin embedding. Organoids 
including Matrigel were collected. Matrigel was then removed using cell harvest solution 
(3700-100-01; R&D Systems, Minneapolis, MN, USA). Then, organoids were fixed with 4% 
PFA and washed with phosphate-buffered saline (PBS). Finally, the processed organoids 
were embedded in paraffin blocks. Sections were cut and hydrated before staining. 
These sections were subjected to hematoxylin and eosin (H&E) or immunohistochemical 
staining. The p16INK4a (1:500, ab108349; Abcam, Cambridge, UK) antibody was used for 
immunohistochemical staining. Images were acquired using the DM4000 microscope (Leica 
Microsystems, Wetzlar, Germany) and processed using Leica LAS X software.

4. Preparation of DNA
DNA was extracted from formalin-fixed paraffin-embedded (FFPE), cells, and tissues using 
the QIAamp DNA FFPE Tissue Kit (Qiagen, Valencia, CA, USA), DNeasy Blood & Tissue 
Kit (Qiagen), and the Gentra Puregene Tissue Kit (Qiagen), according to manufacturer 
instructions. Quantification of DNA was performed using a Qubit 2.0 fluorometer (Life 
Technologies, Carlsbad, CA, USA).
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Table 1. Clinical characteristics of patients with cervical cancer (n=6)
Study information Sample information
Organoid lab name Line name in publication Patient age Sample event Radiation (Yes/No) Sample pathology at diagnosis HPV
CC011 CC001 49 Punch Y Invasive SqCa HPV 16
CC005 CC002 42 Punch Y AdCa Negative
CC013 CC003 33 Punch Y Large cell neuroendocrine carcinoma HPV 18
CC027 CC004 25 Punch Y Villoglandular AdCa Negative
CC048 CC005 38 Punch Y AdCa HPV 16
CC049 CC006 39 Radical hysterectomy Y Small cell neuroendocrine carcinoma HPV 18
CC089 CC007 50 Punch Y Invasive SqCa HPV 16
AdCa, adenocarcinoma; CC, cervical cancer; HPV, human papillomavirus; SqCa, squamous cell carcinoma.
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5. Preparation of libraries and sequencing
DNA was sheared into fragments of a mean peak size of 180–200 bp using Adaptive Focused 
Acoustics (Covaris, Woburn, MA, USA). Libraries were prepared using the SureSelect XT 
protocol (Agilent Technologies, Santa Clara, CA, USA) with Axen Cancer Master (559 genes; 
Table S1) developed by Macrogen (Macrogen, Seoul, Korea). Their quality was checked 
using the 2100 Bioanalyzer (Agilent Technologies); the desired size of the DNA product was 
200–400 bp. The libraries were then quantified using the Qubit dsDNA HS Assay Kit and 
the Qubit 2.0 fluorometer (Life Technologies, Carlsbad, CA, USA). Finally, the libraries were 
sequenced paired-end (2 x ×150 bp) on a NextSeq500 instrument (Illumina, San Diego, CA, 
USA) with high output using sequencing by synthesis chemistry to a depth of approximately 
2,000 × coverage.

6. Analysis of DNA sequences
The adapter sequences were removed using Cutadapt [22]. Trimmed reads were aligned 
to the reference genome (GRCh37/hg19) using BWA-MEM [23]. Poorly mapped reads 
with mapping quality (MAPQ) below 20 were removed using Samtools version 1.3.1. [24]. 
Duplicated reads were discarded using Picard MarkDuplicates (version 2.2.4). The base 
quality of deduplicated reads was recalibrated using a GATK BaseRecalibrator. Somatic 
mutations, including single nucleotide variants (SNVs), small insertions, and deletions 
(INDELs), were identified using the MuTect2 algorithm [25]. False-positive variant calls 
originating from oxoG artifacts were excluded. Additionally, mutations below 2% variant 
allele frequency (VAF) and 100X total depth were excluded. Germline variants were excluded 
when minor allele frequency (MAF) ≥5% in ExAC_EAS or MAF ≥5% in the Macrogen Korean 
Population Database. All the remaining variants were annotated using SnpEff & SnpSift v4.3i 
[26,27] with dbNSFP v2.9.3 [28]. The microsatellite instability (MSI) is the calculated ratio 
of unstable sites over QC-passed regions of the predefined ones of MSI-related sites using 
mSINGS [29]. The tumor mutational burden is reported as the number of mutations per 
megabase (mut/Mb) of the passed missense mutations [30].

7. In vitro drug screen
Cells containing Matrigel were seeded at 100 μL/well in a 96-well plate (3474, Corning). 
Three days after plating the cells, the drugs were added using the Xplorer electronic pipettor 
(NB.01; Eppendorf, Hauppauge, NY, USA). Paclitaxel (T7402; Sigma), cisplatin (232120; 
Sigma), LY290042 (S1105; Selleckchem, Houston, TX, USA), and rapamycin (S1039; Sigma) 
were dissolved in dimethyl sulfoxide (DMSO). Carboplatin (C2538; Sigma) was dissolved in 
PBS. All wells were normalized to each vehicle solvent used. Drug treatment was performed 
in triplicate for each concentration.

8. Drug library screen
Cells from the organoid plate were plated (3×103 cells) and cultured for 3 days, and the drug 
compounds were added to the culture medium at a final concentration of 1 µM. After 4 days 
of treatment with the compounds, cell viability was examined using the CellTiter-Glo® assay. 
The suppressive effect was considered significant when the ratio of the average cell viability 
in the presence of the compounds compared to the control (0.1% DMSO, n=1) was <0.1. The 
drug library was approved by the Food and Drug Administration.

9. Cell proliferation assay
Four days (96 hours) after adding the drugs, adenosine triphosphate (ATP) levels were 
measured using the CellTiter-Glo™ 3D cell viability assay (G9683; Promega, Madison, 
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WI, USA). CellTiter-Glo was subjected to temperature equilibration of the plate to room 
temperature for 30 minutes. Celltiter-Glo reagent was added to each well in a 1:1 ratio with 
the medium amount and treated at room temperature for 10 minutes. And luminescence was 
measured using a Centro XS3 LB 960 microplate reader (Berthold Technologies, Oak Ridge, 
TN, USA). The results represent relative cell viability expressed as % control (drug untreated 
cell viability=100%). Data analyses were performed using GraphPad Prism 7 (GraphPad 
Software, San Diego, CA, USA); the values of IC50 and the area under the receiver operating 
characteristic curve were calculated using nonlinear regression (curve fit) for log [inhibitor] 
vs. normalized response (variable slope).

10. In vitro organoid radiation studies
The organoids were plated in 24-well culture plates and left to grow for 3 days. Subsequently, 
the organoids were exposed to single-fraction radiation (range, 0–12 gray [Gy]). Brightfield 
imaging of the organoids after radiation was performed using an Olympus IX73 inverted 
microscope at a 4X objective before irradiation treatment. After imaging, the organoids 
were exposed to single-fraction radiation (range, 2–12 Gy). The ATP activity of the surviving 
organoids was compared with that of the unirradiated sample using the CellTiter-Glo™ 3D 
cell viability assay. All experiments were performed in triplicates.

11. TUNEL assay
Cell death was evaluated by TUNEL assay after 7 days of incubation following radiation 
treatment at each dose (0, 2, 6, 12 Gy). Paraffin-embedded sections were treated with TUNEL 
kit reagents (G3250; Promega) according to the manufacturer’s instructions. After incubation 
with the staining reagents, the samples were washed 3 times with PBS. The images were 
acquired using an Olympus, BX53 confocal microscope. Cell viability was quantitatively 
analyzed by using ImageJ (National Institutes of Health, Bethesda, MD, USA) to calculate the 
percentage of TUNEL-positive cells.

12. Data analysis
Values are expressed as the mean ± standard deviation. Statistical analyses were performed 
using GraphPad Prism 7 (GraphPad Software). All experiments were repeated in triplicate in 3 
independent experiments. One-way analysis of variance and independent t-tests were performed 
to compare the means of different values. The p-values < 0.05 were considered significant.

RESULTS

1. Establishment of organoids from a cervical biopsy sample
To establish PDOs, we obtained tissues from consented patients with cervical cancer via 
punch biopsy (Fig. 1A). We dissociated and isolated the cancer tissue using collagenase. After 
digestion, the cells were embedded into the Matrigel matrix and submerged in the organoid 
culture medium for growing cervical cancer cells. Seventeen PDOs could be established in 
the cervical organoid culture medium (34% success rate) from 50 tumor tissues. However, 
it was difficult to establish organoids from the SqCa type (22.2% success rate) (Table S2). 
To elucidate the pathological characteristics of the organoids derived from these cervical 
tissues, we selected 4 types of established organoids SqCa (CC001), AdCa (CC002), NECC 
(CC003), and VGA (CC004). Clinical data of the patients are presented in Table 1. We first 
confirmed by H&E analysis that the organoids derived from the patients’ tissues exhibited the 
same characteristics as the original tumors (Fig. 1B). As shown in the H&E staining results, 
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the morphological features of the organoids are similar to those of the original tumor. The 
pathology was confirmed by staining for a diagnostic marker of cervical neoplasia p16 was 
expressed at a high concordance rate in the organoids and patient tumors (CC001, CC003, 
and CC004) (Fig. 1C). However, the p16 expression of the organoids derived from the AdCa 
(CC002) was different from that of the original tumors. We also confirmed that the PDOs 
could be propagated for at least 6 months and that they tolerated a cycle of freeze and thaw 
(Fig. 1D). These results demonstrate the reliable expression of the pathological pattern 
of the original patient tumor samples by the established organoids and the feasibility of 
maintaining the pathological patterns in long-term cultures.

2. Recapitulation of tumor-associated gene expression patterns by the PDOs
In many types of cancers, tumor-derived organoids have been shown to retain most of 
the somatic mutations, copy number variations (CNVs), and intratumoral heterogeneity 
observed in the original tumors. Therefore, we performed whole-genome sequencing on the 
biopsy-derived organoids and original tumor samples. A principal component analysis map 
also demonstrated that primary tumor tissue samples were segregated from cancer organoids 
(Fig. 2A). As shown in Fig. 2B, the copy number profiles showed a degree of concordance for 
PDOs derived from the same patient. Moreover, organoids derived from NECC (CC003) and 
VGA (CC004) tumors displayed high CNVs, whereas organoids derived from SqCa (CC001) 
and AdCa (CC002) showed relatively few CNVs. Next, we characterized oncogenic events in 
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Fig. 1. The establishment of cervical cancer organoids from patient tumor tissues. Patient-derived organoids can be established from a variety of cervical tumor 
types and can characterize the tissues of the original tumor. (A) Schematic of the cervical organoid culture procedure. (B) H&E staining image of various tumor 
tissues and the corresponding organoids. (C) IHC for p16 in tumor tissues and the corresponding organoid. (D) Organoid morphology was not changed after the 
freeze-thawing cycle. Scale bars, 200 μm (magnified images). 
H&E, hematoxylin and eosin; IHC, immunohistochemistry.



7/14https://ejgo.org

the genes (point mutations, insertions and deletions, amplifications) associated with cervical 
cancer (Fig. 2C). A missense mutation in the KRAS gene, frequently found in cervical cancer, 
was identified in CC003. In addition, organoids derived from the CC002 tumor exhibited 
a nonsense mutation in the TP53 gene. Importantly, KMT2C multi-hit and PRSS1 missense 
mutations were observed in all tumor types. Taken together, these results indicated that the 
organoid samples maintained the gene expression pattern after their isolation from patient 
sample tissues.

3. Differential drug responses of the cervical tumor organoids according to 
cancer subtypes

In addition to surgical intervention, radiotherapy and its combination with chemotherapy 
(i.e., chemoradiation) are commonly used for the treatment of cervical cancer. However, the 
exact benefit of combining these treatment options has remained controversial. Moreover, 
many patients suffer long-term adverse effects from chemoradiation. Therefore, we aimed 
to confirm the drug sensitivity of organoids derived from various cervical cancers. We 
tested tumor organoid sensitivity to several commonly used chemotherapy regimens, 
including paclitaxel, carboplatin, cisplatin, Ly290042, and rapamycin. These assays revealed 
differential drug responses of individual tumor organoid lines (Fig. 3A). In our analysis, 
paclitaxel had potent anticancer effects on organoids derived from all types of cervical cancer 
except VGA (CC004). Compared to other organoid types, CC002 organoids also showed 
high sensitivity to paclitaxel and cisplatin. Similar to other organoids, SqCa (CC001) was 
more resistant to Ly290042, a PI3K inhibitor, than to other drugs. NECC (CC003) organoids 
were sensitive to rapamycin, a mammalian target of rapamycin inhibitor. VGA (CC004) 
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Fig. 2. Genomic profiles of cervical patient-derived organoids recapitulating genetic alterations commonly found in primary tumor tissues. (A) The principal 
component analysis map for gene expression profiles of organoids and cancer tissues from patients. (B) Scatterplots showing the common losses and gains of 
chromosome number between the patient tissue sample (red) and the organoid (blue). The gains and losses were normalized against the mean genome ploidy 
level. (C) Somatic mutations and amplifications/deletions in the relevant genes of cervical cancer. For each sample, the tumor (No. -1) and organoid (No. -2) are 
paired and indicated by color coding (deep green, CC001; brown, CC002; green, CC003; deep red, CC004).



8/14https://ejgo.org

showed resistance to all drugs compared to other cancer types. The half-maximal cytotoxic 
concentration values for these drugs in all organoid lines are illustrated in Fig. 3B. These 
results show that PDOs can be used for drug screening assays to investigate the resistance 
and sensitivity of various cervical cancers to chemotherapy.

4. High-throughput drug screening in PDOs reveals sensitivities to 
therapeutic agents

Based on the previous results, we next investigated the feasibility of using these established 
organoids in personalized therapeutic strategies. To this end, we screened a compound 
library of clinically used drugs for their ability to suppress the viability of organoids derived 
from cervical cancer tissue (Table S3). As shown in Fig. 4A, we successfully screened 7 
compounds that can substantially suppress the viability of cervical cancer organoids. As 
expected, 4 compounds were proteasome inhibitors (bortezomib, MLN2238, MLN9708, 
carfilzomib) are proteasome inhibitors, 2 were histone deacetylase inhibitors (panobinostat, 
romidepsin) and one was a translation inhibitor (homoharringtonine [HHT]). Mutation of 
serine protease 1 (PRSS1) was commonly found in the 4 PDOs in this study, and bortezomib 
was confirmed to target PRSS1 [31]. Moreover, bortezomib has been reported as a potential 
drug for radiation sensitivity [32]. In the case of the organoids used in this paper, HPV 
(16,18) infection was confirmed in the patients. The virus is associated with the expression 
of 2 oncogenes, E6 and E7, which are also ubiquitin–proteasome system-related factors. E7 
is known to bind to histone deacetylase (HDAC1/2). Moreover, it has been reported that 
combining a proteasome inhibitor and an HDAC inhibitor delays tumor growth [33,34]. 
Furthermore, translation inhibitors, such as HHT, are used for the treatment of patients 
with chronic myelogenous leukemia. It is an effective anti-melanoma agent that works by 
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inhibiting myeloid leukemia-1 cells to inhibit protein synthesis, leading to DNA damage, 
apoptosis, and cell cycle arrest [35,36]. HHT has also been recognized as a potential drug 
with radiation sensitivity in cervical cancer. To confirm this result, we tested the individual 
drugs in the organoids and observed >90% inhibition in the cervical cancer organoids for all 
7 drugs (Fig. 4B). These results suggest that PDOs can be useful for evaluating drug response 
and resistance to target drugs, and thus, predict patient outcomes.

5. PDOs response to radiotherapy
To validate the response of PDOs to irradiation in vitro, we performed a radiation dose-
dependent (0–12 Gy) survival analysis of the PDOs (Fig. 5A). Fig. 5B shows the degradation of 
the irradiated organoids (12 Gy) compared to the control (0 Gy), with the radiation-induced 
degradation being dose-dependent for CC001 and CC004 organoids (Fig. 5C). Next, we 
validated the survival fraction using the 3D CellTiter-Glo assay. SqCa (CC001) and VGA 
(CC004) showed radiosensitive characteristics, whereas AdCa (CC002) and NECC (CC003) 
showed radioresistant characteristics (Fig. 5D). Apoptotic cells were visualized via TUNEL 
staining of the organoids following radiation exposure (12 Gy). Radiation (12 Gy) induced an 
increase in TUNEL-positive apoptotic cells only in CC004 (Fig. 5E).

DISCUSSION

Cervical cancer is a heterogeneous disease that needs an appropriate tumor model for the 
development of novel therapeutics. PDOs are developed in various cancer types including 
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Fig. 4. Drug library screening of PDOs showing sensitivity to various therapeutic agents. A total of 171 compounds were tested in 4 types of PDOs. The heatmap of 
cell survival change profile by the anticancer library shows that survival after drug treatment is normalized to a maximum of 1. Selected drugs are marked with a 
red box. (A) Drug library #1 test with various CC organoids. (B) Drug library #2 test with various CC organoids. (C) Drug library #3 test with various CC organoids. 
(D) Brightfield image of CC002 treated with selected compounds. Scale bars, 200 μm (magnified images). 
CC, cervical cancer; PDO, patient-derived organoid.



10/14https://ejgo.org

colon, stomach, lung cancer et al. PDOs have appeared promising as a platform to better 
understand the mechanisms of tumor initiation, progression, and metastasis in a variety of 
cancer types.

Several studies have reported the establishment of patient-derived cervical cancer organoids 
(Table S4). Lõhmussaar et al. [37] modeled the normal human cervix organoids and used the 
organoid-based platform to study the HPV, which is one of the main causes of cervical cancer. 
Gurumurthy et al. [38] reported the formation of endocervical and ectocervical organoids 
derived from mouse and human adult stem cells. Maru et al. [39,40] also succeeded in 
establishing organoids in the squamous columnar junction of the normal cervix, and first 
established in culturing organoids from cervix clear cell carcinoma (cCCC) and discovered 
that the MET gene is a therapeutic target in cCCC recurrence. Other studies have established 
organoids in the rare disease, small-cell neuroendocrine carcinoma and identified a specific 
set of genes that contribute to drug susceptibility [20]. A recent study reported the use of 
patient-derived ectocervical organoids to model cancer-associated sexually transmitted 
bacterial pathogen infection and its effect on co-infection with HPV E6E7 and chlamydia 
[38,41]. Collectively, these suggest that the organoid system can recapitulate cervix cancer 
tumor properties and be used as models of disease pathogenesis. However, further research 
is needed to determine whether a screened companion diagnostic option for clinical trials 
can be developed.

We first established 4 types of organoids from different subtypes of cervical cancer and 
confirmed that these organoids retained the properties of the patient primary tissues. No 
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Fig. 5. Cell survival of human cervical cancer organoids after irradiation. (A) Schematic diagram of the irradiation procedure of cervical organoids. (B) Brightfield 
image of PDOs treated with 2 points (0, 12 Gy) of radiation. (C) PDOs are treated with indicated doses (0/2/6/12 Gy) of radiation, followed by H&E staining. Scale 
bars, 200 μm (magnified images). (D) Cell viability of PDOs according to radiation dose (0/2/6/12 Gy). Data are expressed as the mean ± standard deviation. 
Gy, gray; H&E, hematoxylin and eosin; PDO, patient-derived organoid. 
*p=0.010–0.050; †p=0.001–0.010; ‡p<0.001.
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specific cause was found for organoids that could not be established. We speculated that 
the condition and size of the specimens and the differences in the cervix from where the 
specimens were collected may have influenced organoid growth. Next, we analyzed the 
characteristics of the established organoids according to the type of cervical cancer. We 
identified the specific genes through gene profiling analysis of the organoids and patient 
sample tissues. The KMT2C gene is the third-most frequent gene mutation in cervical cancer 
and is also associated with a high tumor mutational burden [42]. Our results suggest that 
the mutated KMT2C gene in all carcinoma types of cervical cancer has the potential to be a 
predictor of targeted treatment response and prognosis.

To assess the potential of this system to identify or validate effective therapies for cervical 
cancer, the generated PDOs were exposed to an anticancer library and targeted agents. As 
a result of comparing the effects of anticancer drugs on various cervical cancer organoids, 
most PDOs were sensitive to proteasome inhibitors and histone deacetylase inhibitors, but 
other anticancer drugs showed different reactivity by type. This also indicates the importance 
of heterogeneity within cancer in cancer treatment resistance and the need for personalized 
medicine. Although we have shown that organoid response can predict the clinical outcome 
of anticancer drugs, we performed a radiation sensitivity test for organoids because radiation 
is the main treatment option for cervical cancer. Recently, after radiotherapy in rectal cancer 
organoids, sensitivity, specificity, and accuracy were evaluated through matching analysis 
with the patient’s histological tumor regression grade to evaluate organoids as clinical 
predictors [20]. And, in the glioblastoma study, established the approach to identify novel 
therapeutic targets to enhance radiation therapy using CRISPR-based technologies [43]. 
However, no studies have been conducted on cervical cancer. The radiation sensitivity test 
results showed that SqCa and VGA were sensitive to radiation therapy and AdCa and large-
cell neuroendocrine carcinoma showed resistance to radiation therapy consistent with 
clinical data [7,44]. In addition, we are optimizing the radiation treatment method for more 
patients (Fig. S1). Altogether, our results are the first paper to apply radiation therapy in 
cervical cancer organoids and indicate the potential of cervical cancer organoids as a tool for 
radiation therapy.

In conclusion, we established patient-derived cervical cancer organoids that recapitulated the 
patients’ tumors in various histologic types. Cervical cancer organoids showed differential 
responses to drugs and radiation test and have a strong potential to be a pre-clinical model 
to identify personalized treatment options and develop new drugs in the era when animal 
testing is increasingly banned.
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