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Introduction

My research will focus on how the scientific community can better prepare to use organoids as a
research tool. Organoids are three-dimensional in vitro (outside a living organism) models
derived from stem cells or tissue samples which grow to mimic organs or other biological
tissues. In research settings, organoids often exist at the scale of tens-hundreds of microns in
diameter (Yao et al., 2020), but can grow up to millimeters in the case of brain organoids (Hofer
& Lutolf, 2021) or transplantation models (Watanabe et al., 2022). Organoids recapitulate in vivo
(inside a living organism) behavior better than other in vitro models, given their ability to form
complex, self-organizing structures, and exhibit diverse cell types and interactions (Tang et al.,
2022). Additionally, organoids can capture inter-patient heterogeneities that are critical to
providing appropriate care or understanding variability in biological states. Patient derived
organoids have been shown to mimic in vivo development (Fujii et al., 2016) and be positive
predictors of treatment response (Yao et al., 2020) in cancer, helping to personalize medicine and
tackle patient heterogeneities. Organoids have also been shown to model disease states to allow
for research on potential perturbations (Schwank et al., 2013), or screen for drugs against
infections (Zhou et al., 2017). Organoids have been established as a promising direction for
biomedical research, but the standards for organoid use are still developing, from the social
protocol surrounding the generation of organoids from donors, to the image analysis methods for
collecting data that allows scientists to extract meaning from organoids. Failing to solidify these
methods could lead to distrust among patients and a loss of information gained from organoids. |
aim to address this problem by evaluating the concerns of patients and professionals in regards to
informed consent for organoid donations, and by developing and testing the generalizability of

an accessible platform for organoid segmentation.
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Technical Research

I am developing OrganoSeg?2, an updated graphical user interface (GUI) for organoid
segmentation. OrganoSeg uses conventional techniques to segment brightfield images of
organoids, showing anywhere from a single organoid to several hundred, and reports data on
organoid size and shape. Published in 2018 by Borten et al., OrganoSeg was reported to be more
accurate for organoid segmentation than alternatives Imagel, MorphoLibJ, and CellProfiler.
Those platforms are popular for cell segmentation, but OrganoSeg’s edge in organoid
segmentation accuracy demonstrated that the three-dimensional setting in which organoids grow

benefits from an organoid specific segmentation platform (Borten et al., 2018).

Organoid specific alternatives have since developed, with a focus on machine learning (Keshara
et al., 2022). Schréter et al. (Schroter et al., 2024) compared OrganoSeg with three platforms,
one using conventional methods and two using machine learning, in segmenting brain organoids
across 30 days and two labs. SegFormer, a deep learning model, scored the highest, but
“require[s] programming and deep-learning experience” (2024, p. 3). Additionally, 80% of the
1,400 images were used for training in each split. While machine learning platforms have some
advantages in accuracy, they are less accessible to people without related experience, and often
intimidating/inefficient due to the training data required. OrganoSeg still showed accurate
recording of organoid growth for the majority of the experiment without training data, and its

GUI makes it accessible to a wide audience.

Efficient segmentation and collection of data assesses organoid response to therapeutics so that it

can be applied to research and treatment planning (Morelli et al., 2022; Yao et al., 2020).
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OrganoSeg remains a popular tool, having been cited over 100 times in the past 5 years,
indicating the importance of continued development to improve performance and match user
needs. We rebuilt the GUI to make OrganoSeg2, addressing limitations in efficiency, accuracy,
and functionality by seeking feedback on the original application from users within our lab. My
research problem is that this platform has not proven to be generalizable across different research
settings, which could limit the ability of researchers in heterogeneous settings to collect
meaningful data. Schroter et al. (2024), show OrganoSeg’s limitations with boundary recognition
in one organoid environment, and other limitations may appear elsewhere. I will conduct this
research by obtaining images of other organoid types or environments and evaluating
OrganoSeg?2’s performance, recording defects by my own observations or the accounts of users.
Evidence will involve statistically comparing the segmentation performance of the new platform
to the original, or to other existing platforms. Additionally, new functionality of the app will be
tested in a proof of concept. We incorporated fluorescence analysis and individual organoid
tracking in OrganoSeg?2. This will be applied to track the death response (marked fluorescently)
of breast cancer organoids exposed to irradiation, where individual tracking gives more power to
recognize trends than population level data alone. The overall goal of this research is to
generalize OrganoSeg2 and show its enhanced ability for organoid analysis so that it may
become publicly available, providing an accessible and accurate means for assessing organoid

growth.

STS Research
My STS research addresses informed consent in organoid research. Given organoids’ relative

newness, there is less certainty about what donors agree to when their biospecimens are used.



Donors may also have closer ties to organoids than other biospecimens due to their complex
structure (de Jongh et al., 2022). Finally, biobanks store organoids and associated patient
information for long-term clinical or research applications, but present complications around
privacy, ownership, and commercialization (Boers et al., 2016). Using organoids for research
without representing the values of donors will lead to distrust of their use, reducing sources and
support for organoid research. I would like to understand the complications that organoids
present for patients and researchers, and how to address these concerns when establishing donor

consent.

Biospecimens have already seen much debate, most noticeably with the case of Henrietta Lacks,
whose cells were unknowingly distributed without informing or compensating Lacks’s family
(Beskow, 2016). Beskow (2016) discusses the current state of handling biospecimen donations,
governed by the Common Rule, as well as the lessons to be learned from the story of Henrietta
Lacks and from public opinion regarding informed consent. Considering the context of informed
consent regulation as well as relevant (bio)ethical frameworks such as reciprocity and solidarity

(Beskow, 2016) is important to developing recognizing patient rights while using organoids.

A systematic review by de Jongh et al., (2022) of organoid ethics presents informed consent as a
topical issue. This source highlights the most common areas of concern, e.g., respecting privacy
without losing biological information, but also those which are inadequately emphasized, e.g.,
organoid transplantation. While not clinically applied yet, transplantation exemplifies the
uncertain possibilities to consider in a consent model (de Jongh et al., 2022). One proposed

model is consent for governance, guided by a set of conditions that will be followed with patient
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donations. Boers & Bredenoord (2018) emphasize the presentation of the context of the research,
in regards to organoid management, privacy, benefits, ongoing participation, and ethical
considerations. Lewis & Holm (2021) stress the need for autonomy, allowing donors to make an
authentic decision based on their own morals, without coercion. While models such as
governance aim to inform the patient, Lewis & Holm suggest this emphasizes values inauthentic
to the donor, and the donor instead should receive only “value-sensitive information” (2021, p.
751), based on their own values. Despite invoking possible additional barriers, both agree that
properly recognizing patients’ rights will enable, not hinder, organoid research by gaining trust

among donors (Boers & Bredenoord, 2018; Lewis & Holm, 2022)

The theoretical framework I will use is the Collingridge Dilemma, or the “social control of
technology” (Collingridge, 1980). Early on with a technology, there is less known about what
should be controlled, but later, the practices surrounding it are ingrained and difficult to change
(Genus & Stirling, 2018). Kudina & Verbeek (2019) discuss strategies to address this dilemma,
balancing anticipation and concurrent regulation. They propose “technological mediation,”
examining interactions between humans, technology, and the environment, and how related
values influence one another at the early stage of a technology. This mediation could be applied
to organoids, with some applications theorized but not yet fully integrated at a clinical level, and
generally a consent model that is still in discussion (de Jongh et al. (2022). Genus & Stirling
(2018) discuss how this dilemma addresses holes in responsible research and innovation (RRI).
They suggest that RRI often settles on one trajectory for a technology, which ultimately limits
responsiveness. Focusing on Collingridge’s ideas, such as openness to a variety of ideas, taking

incremental steps, and emphasizing criticism on ideas that have become “entrenched”, may result
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in more successful control of technology, they suggest. For organoids, there are discussions on
what consent models are appropriate, but no changes to the Common Rule in over half a decade
(Protections (OHRP), 2017). Heeding these ideas could assist getting regulation around organoid

consent implemented.

Insights from both Bollinger et al.’s account of patients (2021) and Lensink et al.’s of
professionals (2021) will be primary evidence for understanding balancing concerns and shaping
an appropriate consent model. These will be compared to elements of current regulation
(Common Rule), as well as proposed models (Boers & Bredenoord, 2018; Lewis & Holm, 2022)
in order to see which concerns are fulfilled or not. Similarly, I plan to examine consent
documents in settings such as university research or commercial biobanks to see how the
informed consent agreements may influence users' values, reducing autonomy. If possible, I hope
to find evidence of rates of donor consent, which when examined alongside the language and

conditions of the consent, might identify key values to the donor.

Conclusion

I aim to contribute to the scientific community’s potential for the use of organoids in medicine. I
hope to further develop an application that can effectively collect data on organoids, while
keeping in mind what users of different backgrounds want. Validation aims to show the potential
to use this technology in a variety of contexts and to uncover previously difficult to identify
trends in patient derived organoid behavior so that it may be incorporated into patient-oriented
pipelines. I also hope to better understand the reservations that patients have in regards to

organoid use, and how past examples of informed consent should be used to guide organoid
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regulation. Ideally this will respect the values of non-scientists so that they are excited and
willing to donate biospecimens for organoid research, without introducing significant hurdles to
the research process. These goals work towards making the collection of information from
organoids easier and more responsible, improving our ability to understand human disease and

discover favorable treatments.
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