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Editorial Commentary

Tumor modeling maintains diverse pathology in vitro
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Ovarian cancers present with clinical, molecular, and 
genetic heterogeneity. The diversity of ovarian tumors can 
be illustrated by the assortment of histological subtypes, 
sites of origin of the primary and metastatic lesions, and 
cellular makeup found within each patient. Known as 
the most lethal gynecological malignancies, they display 
disparate intra- and inter-tumoral heterogeneity, thereby 
making the pathology difficult to model. Standard 2D 
in vitro culture—using ovarian cancer cell lines fail to 
mimic the genetic diversity found within patient tumors. 
Ideally new cell lines would be established for each 
ovarian cancer patient, allowing for a personalized and 
individual approach to treatment. Unfortunately creating 
new cell lines is a challenging process, one that is both 
time-consuming and expensive. Moreover, when a new 
cell line is finally established, a strong in vitro selection 
can extensively deteriorate the purity of a tumor sample. 
Extended culture has been linked to both a loss of tumor 
molecular characteristic and copy number variance such 
that the resulting line becomes a tenuous representation of 
the original tissue sample. Kopper et al. (1) address these 
limitations by demonstrating a 3D method for growing 
heterogeneous organoids, modeling a diverse set of ovarian 
patient tumors. They show that the in vitro cancer models, 
produced from their organoid culturing system, maintain 
the diverse molecular and genetic traits of the original 
tumor sites. The authors establish an ovarian cancer 
biobank and use it to investigate promising leads, and 

attempt to ameliorate clinical challenges facing the field 
today. 

Cytoreductive surgery followed by adjuvant carboplatin/
paclitaxel chemotherapy has remained the standard-of-
care treatment for ovarian cancer, however even with this 
aggressive treatment most patients develop recurrent disease 
within 12 to 18 months of their initial diagnosis. Although 
targeted therapies including angiogenesis and Poly (ADP-
ribose) Polymerase (PARP) inhibitors have garnered 
much excitement, development of rapid chemoresistance 
necessitates novel therapies and physiologically relevant 
models to screen them. Conventional 2D models using 
established cell lines, have proven monumental in the 
advancement of cancer biology, physiology, biochemistry 
and cancer development. However, these cultures often 
lead to clonal expansion, genomic instability, and lack of 
cell heterogeneity. Additionally, due to significant rates of 
copy number mutations, and a lack of somatic mutations 
to stratify ovarian cancer patients, personalized drugs 
and their combinations are critically needed. Using a one 
size fits all method results in loss of representation of 
the tumor subtype’s specific characteristics, which often 
expand on hallmark mutations, morphology, signaling 
network, and tumorigenicity. Moreover traditional  
in vitro culture is not physiologically relevant as it lacks a 
tumor microenvironment, which contributes significantly 
to metastasis, chemoresistance and reoccurrence (2). 3D 
spheroids are an especially relevant ovarian cancer model, 
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as they represent the physiological microtissues in the 
peritoneal ascites that circulate in the omentum of HGSOC 
patients, and are deemed critical to metastasis cascade. 
In vitro 3D spheroid models are a high throughput; non-
adherent platform that can be generated from a number of 
sources. Spheroids are typically derived after the mechanical 
or enzymatic digestion of tumor tissue samples into single 
cell suspensions to form spheroids, which can be composed 
of multiple cell types. Organoids are a cluster of cells that 
proliferate and self-organize to form a 3D structure. Often 
these cell types originate from a single progenitor cell 
source. The organization of an organoid is very similar to 
its native tissue (3). Organoids provide a high throughput 
platform, essential to personalized medicine as they capture 
and maintain the heterogeneity of the tumor from which 
they are derived. 

In vivo animal models including, patient derived 
xenografts (PDX) and genetically modified mouse models 
(GEMM) are an indispensable preclinical tool in ovarian 
cancer research. These models provide tumor cells with 
a partial physiologically relevant microenvironment, a 
preserved tumor architecture, and the ability to perform 
serial engraftment. Unfortunately, xenograft models are 
both time and resource intensive and force tumor cells to 
undergo mouse specific tumor evolution (4). 

To address these shortcomings, the authors develop a 
robust organoid-culturing platform. Pertinent in its ability 
to recapitulate tumors in vitro which span the breadth of 
ovarian cancer subtypes. Organoid lines from a variety of 
patients were established using a 24-well plate culturing 
system, precoated with basement membrane extract 
(BME) and optimized using a custom ovarian cancer 
organoid medium. The authors took tissue from 7 different 
histological tumor sites, as well as tissue samples from the 
fimbria of the fallopian tube (FT) and the ovarian surface 
epithelium (OSE), culminating in 56 separate organoid lines 
from 32 patients that crossed the entirety of the disease’s 
developmental range. 

The three main clinical challenges facing ovarian 
gynecological oncologists today include lack of early 
detection, tumor recurrence, and acquired chemoresistance. 
The author’s organoid platform enables long-term (validated 
up to passage 32) in vitro expansion of ovarian cancer 
subtypes. The tumor models produced are an accurate 
representation of original tissue samples for further use in 
analysis and manipulation. The author’s organoids maintain 
tumor histological characteristics, ovarian cancer hallmarks, 
recurrent mutations, tumor heterogeneity, biomarker 

expression, and genomic stability over extended passaging. 
Using 3D organoid methods to establish new representative 
tumor models, there is hope that these clinical challenges 
may yet be addressed. 

As seen in Figure 1, a thorough analysis was performed 
on the organoid culture to prove the validity of their 
methodology and ensure the maintenance of heterogeneity 
over extended passaging. Tumor morphology and 
biomarker expression was maintained and the organoid 
lines faithfully modeled the original ovarian cancer at the 
genomic level shown through metaphase spread analysis, 
whole genome sequencing, and DNA methylation analysis. 
Organoids preserved intrapatient heterogeneity showing 
copy number changes within a single patient depended on 
the primary metastatic site of origin. Tumor heterogeneity 
was also assessed through novel single-cell DNA sequencing 
confirming consistency with the developed organoid line. 
Organoid gene expression profiles clustered with their 
respective primary sample throughout passaging and 
organoid lines derived from the same patient were found to 
be more related than inter-patient comparisons. 

In addition to genomic data from each organoid, the 
researchers also profiled RNA transcripts identifying 
tumor lesions that were transcriptionally similar to one-
another in each patient. Second round sequencing of later 
passages from multiple patients provided a biological link 
between non-malignant mucinous borderline tumors 
(MBT) and malignant mucinous (MC) samples supporting 
the progression hypothesis toward invasive carcinomas. 
The authors also found a tie between OSE organoids that 
clustered with ovarian cancer organoids instead of other 
OSE and FT groups; possibly identifying a malignancy that 
had remained undiagnosed by routine clinical examination, 
further emphasizing the clinical significance of this culture 
method.

Drug treatment investigations were performed on new 
organoid lines allowing for resistance and chemosensitivity 
to be monitored in vitro. Response rates of the organoids 
faithfully replicated matched tumor samples, while recurrent 
lines actually mirrored resistance observed in the clinic, 
demonstrating the practical use of this method for patient 
specific treatments. Proof of concept experiments shows the 
capability for genome editing using CRISPR-Cas9. Normal 
FT organoids were transduced with plasmids encoding for 
TP53 gene and then clonally expanded. An accompanying 
change in morphology was observed, including a transition 
from cystic to a denser organoid structure with an increase 
in cell shedding around the organoid lumen.
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In this organoid model, the organoids were grown from 
isolated tumor cells; however, cancer does not grow in 
isolation and the effects of the various other supporting 
cells within the tumor microenvironment should be 
considered (5). Within the peritoneal fluid there are 
detached tumor cells, host cells including innate and 
adaptive immune cells, and activated mesothelial cells, all 
which can have cell-cell interactions with tumor cells (6). 
Additionally, the interactions of mesenchymal stem cells 
(MSC) and ovarian cancer cells have been widely studied, 
and the presence of MSCs can lead to increased cancer cell 
migration, metastasis, and resistance to chemotherapy (7).  
Furthermore, during passaging, the organoids were 
mechanically sheared through pipet tips. Multiple studies 
on the effect of shear stress on ovarian cancer have shown 
shear stress increased stress fiber formation and EMT 
biomarkers which can influence chemoresistance of cells, 
and thus should not be ignored (2). The choice of whether 
to use Wnt-condition medium or medium without Wnt 
conditioning was based on the organoid growth rate after 
two to three passages, and did not take into account the 
whether the components were found naturally in the body. 

While the study was able to establish 56 organoid 
lines from thirty-two patients, only one patient’s cell 

lines were used when determining whether the organoids 
captured tumor heterogeneity. Also, when testing 
the xenotransplantation of the organoids only seven 
organoid lines were tested, and all three lines transplanted 
orthotopically were HGS. Furthermore, researchers 
concluded that the organoids recapitulated in vivo drug 
sensitivity in vitro after only studying one cell line in an  
in vivo mouse model. A greater variety of organoid cell 
lines analyzed for tumor heterogeneity, transplantation, and  
in vivo drug sensitivity would provide a more robust data set 
from which to draw conclusions. 

Overall, Kopper et al. presented a reliable experimental 
model to address important clinical challenges, such as early 
detection, recurrence, and development of chemoresistance. 
They demonstrated a remarkable success rate, forming 
organoid lines from all subtypes of ovarian cancer as 
well as the FT and OSE. Using their model, organoid 
lines could be expanded, maintained, and stored in a 
biobank, facilitating downstream analysis of each sample. 
Importantly, they were able to show that their organoids 
maintained histological and genomic similarity to raw 
patient samples, even after passaging in vitro. Specifically, 
hallmarks of ovarian cancer were maintained including 
copy number variations, recurrent mutations, tumor 
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Figure 1 Establishing ovarian cancer biobanks using organoids. (A) Kopper et al. extracted tissue from human ovarian cancer. Primary and 
secondary tumors were collected from several locations followed by in vitro 3D culturing and genomic analysis. (B) These patient samples 
were cultured in a new organoid culture-based platform developed by Kopper et al. in order to carry out several characterization techniques 
to identify origin and phenotype of the collected patient samples. This system and subsequent analysis could be used to address clinical 
challenges of early detection, tumor heterogeneity, recurrence and development of chemoresistance. (C) Using the developed culture 
platform, Kopper et al. was able to isolate 56 different cell lines to form a biobank from which other researchers could conduct further 
studies of ovarian cancer. Numbers on the pie chart indicate number of patient lines created for each histotype. CCC, clear cell carcinoma; 
END, endometrioid; SBT, serous borderline tumor; MC, malignant mucinous; MBT, mucinous borderline tumor; LGS, low grade serous; 
HGS, high grade serous.
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heterogeneity. Furthermore, they showed that clustering of 
gene expression data grouped samples together according to 
ovarian cancer subtype, indicating maintenance of distinct 
subtype characteristics. The authors then demonstrated that 
these organoid models could be manipulated genetically, 
used in physiologically representative drug screens in vitro 
and in vivo, and used to identify malignant cells in samples 
from high-risk individuals.

Taken together, this model has enormous potential 
to address clinical challenges in ovarian cancer research. 
While not entirely novel due to the previous development 
of organoid model systems, this work stands out in the field 
as a result of the quality and quantity of the analysis and 
the long-term culture success that was achieved with a wide 
spectrum of patient samples. This is especially important 
given that patient samples are hard to obtain and often 
limited in their utility because they are so scarce. Using 
this model in ovarian cancer research could open the door 
to development of a comprehensive biobank that would 
accelerate all aspects of ovarian cancer research. Specifically, 
this model has potential applications in personalized 
medicine, early detection, and research on tumor recurrence 
and chemoresistance development, which are critical to 
improving clinical outcomes for ovarian cancer patients.

Now that Kopper et al. have thoroughly characterized 
their model system, further evaluation of its downstream 
applications are needed to maximize the overall impact on 
clinical outcomes and ovarian cancer research. For example, 
the authors demonstrated the value of their model as a tool 
for research on ovarian cancer development by identifying 
malignancy in an OSE sample (OSE(P)7) obtained from 
a prophylactic bilateral salpingo-oophorectomy (pBSO) 
and showing that they could use CRISPR-Cas9 genome 
editing on these normal samples to potentially induce tumor 
initiating mutations. Following through on this work with 
more samples from pBSOs will help to validate the use of 
this model in ovarian cancer development and early detection 
research. Based on the clustering of OSE(P)7 near a clinically 
diagnosed LGS-2 sample, further validation may help reveal a 
genetic signature of pre-malignant lesions that could facilitate 
development of preventative or early stage treatments. 

Similarly, the authors demonstrated the utility of 
their model for drug screening and xenotransplantation 
applications, however further testing of their organoids 
with drug treatments equivalent to those used in their 
corresponding patient will be required to truly know the 
potential of the model for personalized medicine applications. 
To this end, it is critical to track patient outcomes and 

treatment methods whenever possible to allow for evaluation 
of the clinical relevance of drug screens. It will also be 
important to examine the response of organoids derived 
from multiple different locations in the tumor to treatment 
to evaluate the effect that intratumor heterogeneity may be 
having on recurrence and therapy resistance. 

In addition to continually developing their biobank, 
it would be valuable for the authors to test if any of their 
organoid lines can be cultured under different conditions to 
evaluate how their culture system may be influencing their 
findings. Non-adherent environments would be especially 
important to test as ovarian cancer spheroids can often be 
found floating in the malignant ascites of ovarian cancer 
patients and can contribute to metastasis and recurrence (8). 
Moreover, while the presented organoids enrich for tumor 
cells, it would be valuable to characterize the initial cellular 
makeup of each tumor to evaluate how stromal, immune, 
and vascular cells may be influencing patient drug responses. 
This could also help to explain potential differences in 
drug response when comparing their organoids to patient 
outcomes. While we propose many future steps to maximize 
the utility of this organoid model system, the number of 
potential directions is indicative of the model’s potential 
in ovarian cancer research. In summary, this model is well 
developed and we believe that continued biobanking, 
analysis of downstream applications, and development of 
similar models for other cancers, could improve clinical 
outcomes for oncology patients around the world.
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