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Introduction: Indigenous communities globally are inequitably affected by non-communicable diseases such as cancer and coronary artery disease. Increased focus on personalized medicine approaches for the treatment of these diseases offers opportunities to improve the health of Indigenous people. Conversely, poorly implemented approaches pose increased risk of further exacerbating current inequities in health outcomes for Indigenous peoples. The advancement of modern biology techniques, such as three-dimensional (3D) in vitro models and next generation sequencing (NGS) technologies, have enhanced our understanding of disease mechanisms and individualized treatment responses. However, current representation of Indigenous peoples in these datasets is lacking. It is crucial that there is appropriate and ethical representation of Indigenous peoples in generated datasets to ensure these technologies can be used to maximize the benefit of personalized medicine for Indigenous peoples.

Methods: This project discusses the use of 3D tumor organoids and single cell/nucleus RNA sequencing to study cancer treatment responses and explore immune cell roles in coronary artery disease. Using key pillars from currently available Indigenous bioethics frameworks, strategies were developed for the use of Māori participant samples for live tissue and sequencing studies. These were based on extensive collaborations with local Māori community, scientific leaders, clinical experts, and international collaborators from the Broad Institute of MIT and Harvard. Issues surrounding the use of live tissue, genomic data, sending samples overseas and Indigenous data sovereignty were discussed.

Results: This paper illustrates a real-world example of how collaboration with community and the incorporation of Indigenous worldviews can be applied to molecular biology studies in a practical and culturally responsive manner, ensuring fair and equitable representation of Indigenous peoples in modern scientific data.
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Introduction

Globally, Indigenous communities are affected by high incidences of non-communicable diseases. Cancer and cardiovascular disease in particular are amongst the leading causes of mortality and morbidity and are recognized as health priorities by these communities (Garvey and Cunningham, 2019; Segelov and Garvey, 2020; Curtis et al., 2022; Te Aho o Te Kahu, 2023). The driving factors for these health inequities are complex and multi-factorial. Lasting impacts of colonization and institutional racism account for factors such as poor access to clinical care, poor pathways to diagnoses, and mistreatment in the healthcare system (Curtis et al., 2023; Reid and Robson, 2007; Griffiths et al., 2016; Selak et al., 2020). Importantly, improvements are being made to address some of these issues, including; increasing Indigenous participation in screening programs, embedding cultural values into health-related policy and science systems, and building capacity for non-Western models of health (Curtis et al., 2022; Henare et al., 2019; Reid et al., 2017). As treatment strategies advance and change, it is important that the implementation of Indigenous worldviews continues to be addressed. Currently, there is an increasing focus on personalized medicine approaches for the treatment of non-communicable diseases. This offers both an opportunity for improving the health of Indigenous people, and a high risk of further exacerbating existing inequities in health outcomes through poorly developed and implemented approaches (Matheson et al., 2018; Claw et al., 2018, 2024; Tsosie et al., 2021a,b). As advances in molecular biology techniques continue to improve our understanding of disease pathology and personalized treatment approaches, it is crucial that Indigenous participants are represented appropriately in generated datasets to ensure the technologies being used serve Indigenous populations in an equitable manner. By doing so, we can maximize the benefits of personalized medicine and genomic technologies for these communities.

Our scientific understanding of the underlying biological mechanisms of diseases such as cancer and cardiovascular disease has improved dramatically due to the development of complex in vitro models of diseases and advances in sequencing technology (Bi et al., 2021; Boretto et al., 2019; Brazovskaja et al., 2019; Kim et al., 2020; Chaffin et al., 2022; Ding et al., 2020; Fan et al., 2021; Simonson et al., 2023). In cancer research, the development of patient-derived 3D tumor organoids enables more accurate representation of the range of cells present in the tumor, the tumor microenvironment, and tumor architecture in vitro (Saeki et al., 2023; Porter et al., 2020; Spagnol et al., 2023; Tuveson and Clevers, 2019). Treatment of tumor organoids with cancer therapeutics allows for a greater understanding of therapeutic response compared to more traditionally used 2D culture models (de Witte et al., 2020; Narasimhan et al., 2020; Sisman et al., 2022). Coupled with next generation sequencing (NGS) technologies such as single-cell and single-nucleus RNA sequencing (scRNA-seq/snRNA-seq), we have the ability to understand the underlying transcriptional effect of cancer and cancer treatments at an individual cell level (Tuveson and Clevers, 2019). These technologies are now being used for the discovery of novel drugs and to better tailor therapies to stratified patient groups for more personalized treatment approaches (Fan et al., 2021).

In cardiovascular disease, snRNA-seq technology has allowed work to be carried out on human cardiac tissues to understand the transcriptional shifts that occur in patients with heart disease, and to identify which cell types these shifts occur in Chaffin et al. (2022), Simonson et al. (2023), Reichart et al. (2022), Litvinukova et al. (2020), Tucker et al. (2020), Amrute et al. (2023), and Liu et al. (2022). Large scale whole genome sequencing and GWAS studies have also been used to understand how underlying genetic mutations cause and impact development of heart disease, including; atrial fibrillation (Roselli et al., 2018), dilated cardiomyopathy (Garnier et al., 2021), and coronary artery disease (Mudd-Martin et al., 2021; Kalayinia et al., 2018; Parikh and Ashley, 2017; Aragam et al., 2022). Together, this information allows identification and stratification of patient populations that are at a higher risk for heart disease and development of personalized medicines that target genes in the relevant cell type for treatment.

Currently, most studies using these techniques and technologies severely lack representation of Indigenous participants. This is a well-documented issue for genome wide-association studies (Claw et al., 2018; Mudd-Martin et al., 2021; Need and Goldstein, 2009; Popejoy and Fullerton, 2016; Mills and Rahal, 2019; Martin et al., 2019) and may have accuracy implications when interpreting NGS gene panel tests involving Indigenous peoples in personalized medicine contexts. It also can lead to the development of therapies that are not beneficial for Indigenous populations, and missed opportunities for identifying therapies that would be beneficial for Indigenous populations (Nagaraj and Toombs, 2021; Ortega and Meyers, 2014; Patrinos et al., 2023; Nguyen et al., 2020; Henderson et al., 2019; Samarasinghe et al., 2023; Beyene et al., 2021). Thus, unless this inequity in research is addressed, the application of these technologies in health research and health care will ultimately exacerbate health inequities for Indigenous populations (Tawfik et al., 2023; Gwynne et al., 2023).

To improve Indigenous participation with and in research it is necessary to understand the distinctions in Indigenous knowledge and culture so that research can be conducted in a culturally respectful and safe manner. For example, for Māori (the Indigenous peoples of Aotearoa New Zealand) traditional knowledge of one's whakapapa is crucial to assertions of Māori identity and tribal membership. The cultural practice of song (waiata), proverbs (whakatauki), and ritual chant (karakia) ensures that the knowledge of whakapapa is preserved and passed from generation to generation accurately through oral tradition (Te Rito, 2007; Connor, 2019; Roberts, 2013). Regrettably, traditional Indigenous knowledge has historically been ignored due to the domineering assertion of Western science's written form of knowledge transfer (Stevens, 2008). This lack of acknowledgment of Indigenous traditional knowledge has contributed to mistrust in Western science practices (Aramoana et al., 2020; Beaton et al., 2017). However, understanding the significance of whakapapa (genealogy) for example, allows one to understand the importance and taonga (precious) nature of genetic material. This aids understanding of the previous failures of researchers (Garrison et al., 2019) and the mistrust and reluctance that surrounds biomedical research due to scientific colonialism and misappropriations. Importantly, Indigenous peoples have strong and well-informed perspectives on key functional parts of translational research such as biobanking, tissue banking and genomics-based research (Claw et al., 2018; Beaton et al., 2017; Hudson et al., 2016a; Caron et al., 2020), which demonstrate the importance of an individual feeling culturally safe in their research contributions (Beaton et al., 2017; Hudson et al., 2016a; Caron et al., 2020; Hudson et al., 2016b; Reweti et al., 2023; Hudson et al., 2016c). Cultural safety, in its most simplistic form, is often described as a step beyond cultural competence, whereby systematic steps toward decolonizing and transforming health research is performed in a way that respects the needs, rights and identities of Indigenous peoples (Curtis et al., 2019; Tremblay et al., 2023). As scientists, we need to understand and respect cultural practices in all aspects of research, to ensure research is conducted in a manner that protects and empowers our Indigenous participants that contribute to it.

In Aotearoa, there is the }responsibility to Te Tiriti o Waitangi (The Treaty of Waitangi), of Māori and non-Māori individuals, to work together toward eliminating entrenched health inequities (Article 3 of Te Tiriti; Reid et al., 2017; National Ethics Advisory Committee MoH, 2019; Ministry of Health NZ, 2019). The overall aim of our project was to improve Indigenous representation in cancer and }cardiovascular datasets generated from cutting-edge scientific techniques and technologies. We aimed to carry this study out in a collaborative manner that was culturally safe, respectful, and empowered those }participating in the study in their research contribution. We planned to recruit and }consent Māori participants coming in for appointments on suspicion of having breast or ovarian cancer, or coronary artery disease. For participants presenting with cancer, we planned to collect biopsy specimens }or tumor post-surgery and then generate 3D tumor organoids from these samples. Treatment of organoids with controls or relevant clinically used chemotherapies would then be carried out, and the response of these organoids to treatment would be investigated using scRNA-seq/snRNA-seq. We also planned to consent participants upon admission for coronary artery bypass surgery, to investigate the role of immune cells in pericardial and periaortic fat deposits in acute vs. stable coronary artery disease. While designing this project, it was clear that there were key aspects that could present as potential risks to Indigenous communities should we fail to integrate Indigenous worldviews and beliefs into all aspects of this work. These included: the project design, experimental procedures, analyses, and dissemination of data. To ensure that we were carrying out our study in a culturally safe manner, we further evaluated and engaged the wider community in the following specific areas: protection of samples going overseas, the use of live human tissue for organoid development, the use of RNA and transcriptional data and what that means for Indigenous participants, and the interpretation and governance of the data.

Here in this report, we present a real-world example of how consultation with community and the incorporation of Indigenous methodologies and worldviews, can be applied and implemented into molecular biology in a practical yet culturally responsive manner. This work builds upon previously published ethical frameworks (Beaton et al., 2017; Hudson et al., 2016a,b,c) and here we apply these to the newly emerging molecular technologies of tumor organoids and scRNA-seq/snRNA-seq (Table 1).


TABLE 1 Ethical frameworks based on tikanga Māori for live tissue and modern sequencing studies.
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Consultation and collaboration processes to inform study design

Building relationships (whakawhanaunatanga) between researchers, communities, and participants, was critical for this research, particularly as it is grounded in working with Māori communities and participants. This reciprocity in the research process ensured both parties had mutual goals in research aims, and that both were satisfied with how the research would be conducted. Consultation in these settings should not be tokenistic, and therefore it is important that we fully developed collaborative relationships with other researchers working with Māori communities, other Māori academics, and Māori clinicians, as well as iwi and community groups (Table 2). It is important that this research was conducted in a “mana-enhancing” manner, a strength-based model that draws upon and enhances a person's presence or power (empowerment of the individual and others as opposed to power over an individual) and that of their community and family (Wilson et al., 2021). The mana of the participants contributing to this research as well as that of the Māori leaders assisting with this research should be acknowledged. Koha, a Māori custom where a gift/offering/contribution is given to acknowledge the contribution or service of an individual or individuals, was given to Māori advisors to acknowledge the time and knowledge they have gifted to this project.


TABLE 2 Relative roles of groups involved in this body of work.
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Initial discussions surrounding the scope of the project were organized between the research group involved (both Indigenous and non-Indigenous representatives) and Māori experts in health leadership in the cancer and cardiovascular spaces. Initial advice was taken on from these discussions to frame the basis of ethics applications, including the study protocol and cultural practices (tikanga) developed within it, application for endorsement from a regional Māori advisory group (the Interim Research Advisory Group Māori, Te Whatu Ora Capital and Coast), and participant information sheets. Participant information sheets and consent forms were assessed by Indigenous researchers with expertise in Māori health research and sequencing based projects. This was to ensure consent forms implemented the tikanga Māori protocols designed for this project (where appropriate), were understandable to a lay audience, and prioritized the autonomy of the individual or whānau (family) consenting to the research. As a result of the consultation process, several key changes were made to our protocols. Firstly, we used an opt-out process rather than an opt-in process for karakia (traditional Māori chant or prayer) that was said over the samples at the beginning and end of each day when samples were used. The option for Christian or traditional karakia was given to participants, as well as a karakia written by Ngāti Toa Rangatira kaumatua (elders) blessing the sample and the researcher. Secondly, we ensured that tissue was kept both separate from non-human tissue (e.g., in −80°C freezers that contained only human samples) as well as separated between different participants, with the inclusion of waste streams (i.e., not culturing cells from different individuals together and using separate containers for cell culture waste streams). These measures were used to acknowledge the body and all associated parts of the body being tapu, or sacred, and having whakapapa (genealogy) and mauri (spiritual lifeforce) associated with them (Hudson et al., 2016b,c, 2010). Thirdly, ensuring comparisons were not made to non-Indigenous individuals by only recruiting Indigenous participants to the study. The aim of this study was to increase Indigenous representation in modern biomedical datasets rather than to directly compare Indigenous to non-Indigenous people. It was also considered important to reduce potential for deficit framing [“identification of internal deficiencies as the cause of disparities, focusing on Indigenous culture or peoples as the problem” (Reid and Robson, 2007)] to prevent conclusions from being drawn that could contribute to and potentially exacerbate Indigenous health inequities (Wright et al., 2022). Previous work by Indigenous researchers demonstrate that deficit narratives focused on the “problems that need to be fixed” for Indigenous individuals, and foster victim blaming and cultural deficit explanations rather than focusing on the root causes of disparities like colonialism and racism (Curtis et al., 2023; Bullen et al., 2023; Mashford-Pringle and Pavagadhi, 2020). By increasing Indigenous representation in these datasets and models, we are generating information that can be used to help improve Indigenous health outcomes without reference to non-Indigenous people as the standard.

Further consultation with clinicians involved in this work was undertaken to ensure the project was feasible within the New Zealand healthcare system and processes and would not affect the participant's healthcare. Clinical teams were made aware of the study as early as possible, and were made aware of how the samples were to be used (i.e., for the use of live tissue models). Samples were only to be collected if the clinician involved (radiologist, surgeon, or pathologist) deemed that collection would not interfere with diagnostic processes (i.e., tissue for diagnosis was prioritized for cancer specimens), and would not cause the participant any harm (i.e., if the participant had increased risk of bleeding with biopsy tumor samples were not taken, and samples from participants undergoing coronary artery bypass surgery was only what was removed as part of the medical procedure). This ensured that patient welfare was not compromised by the research.

This project, whilst based in Aotearoa New Zealand, has been designed in collaboration with researchers based at the Broad Institute of Massachusetts Institute of Technology (MIT) and Harvard University (Boston, USA). The Broad Institute has world-class experts in generating and analyzing scRNA-seq and snRNA-seq datasets. Sending samples from Māori participants overseas to be analyzed in collaboration with experts, under the protection of Indigenous researchers, ensured that the benefits of these techniques could be maximized. It was therefore important that the USA-based research team had a comprehensive understanding of why the study was designed as it was and the concerns of the Māori participants donating their samples and data to the study. A hui (meeting) was organized based at the University of Otago Wellington site, with researchers from the Broad Institute traveling from the USA to Aotearoa (New Zealand) to partake and share (wānanga) in different aspects of the project. In Te Ao Māori (the Māori world), important meetings are always conducted kanohi ki te kanohi (using a face-to-face approach); in this way, researchers are seen, known, and acknowledged within the community, allowing for stronger reciprocal relationships to be formed and building trust between the researchers and the participants contributing to the research (Hudson et al., 2007). This hui involved a 2-day symposium where researchers from across Aotearoa, with expertise in cardiovascular disease, breast cancer, ovarian cancer, and Māori health and tikanga, shared their expertise. Discussion on the ethics surrounding translational research, and the tikanga protocols in relation to this project allowed formulation of a better practice model for working in a mana-enhancing manner with Māori patient communities. For example, the use of traditional prayer, or karakia, for wet lab-based work, discussions on the role of family and community in the consent process, the use of live tissue and its implications for Indigenous peoples, the risks associated with this type of sequencing and the possibility of doing this work in an overseas laboratory, were focal to the discussions had. It is important to note that whilst a best practice model for working with our participant cohort was strived for, this is a continuous process as understandings deepen and practicalities shift. This discussion informed changes in the study design and identified challenges that could not be fully solved in this study alone, such as how to best approach multiplexing of participant samples during the sequencing process, or what Indigenized governance of the data would look like in best practice. These challenges would be continuously worked at following these initial discussions and continuously throughout this study. For example, the physical storage and translocation of sequencing data was discussed but was further adapted later once the research was being conducted on site at the Broad institute, ensuring that mechanisms for data transfer and storage were practical and able to be conducted by the Māori research team involved in a feasible manner. Other things such as the use of whole genome sequencing was discussed but was decided that it would not be performed as this required further ethical considerations and was outside of the scope of this study. Consideration of these comments allowed adaptations of all ethics forms and patient consent sheets accordingly.

In addition to the hui above, the manuhiri (visitors) from the Broad Institute and the Aotearoa based research team visited Takapuwāhia marae (a meeting complex of the iwi or local tribe) to discuss the project with mana whenua (a tribe with authority over the unceded land and territory), Ngāti Toa Rangatira. The visitors experienced a traditional Māori welcome onto the marae known as a powhiri, for discussions surrounding the project and the methods and methodology used for it. Kaumātua (respected elders), those involved in leadership groups in the health and education space, and other interested community members were involved. This hui allowed relationships to be built between the research team and the iwi, as well as both institutions (University of Otago, Wellington and Te Rūnanga o Toa Rangatira). Kai (food) was shared, and time for whakawhanaunatanga (Māori concept involving building relationships through shared experiences and working together, establishing a sense of belonging and relational connections) between the leaders but also the rangatahi (youth) from the iwi was prioritized. Koha in the form of a monetary gift was given to acknowledge the time and space given by the iwi for guests to come on to their marae and whenua (land). Conversations surrounding how we could continue to build this relationship and kaupapa were had. For example, discussions on how the research group could support future Ngāti Toa Rangatira medical students and scientists, and on health research priorities for iwi members.

Discussions surrounding the research project were also had with local general practitioners (primary care physician) at Ora Toa, the health providers run through Te Rūnanga o Toa Rangatira. Reciprocal support in research endeavors between University of Otago Wellington and Ora Toa centers was essential in building relationships and ensuring the wellbeing of participants was priority, as some of the participants in this study would be coming through Ora Toa centers on their healthcare journeys. General practitioners became aware of the research through these discussions and could notify potential participants about the research as early as possible, allowing another potential avenue for participants to have maximal time to talk with whānau and others about the project.

This project was intentionally designed to be led by a Māori researcher (the first author) whom is also a part of the Ngāti Toa Rangatira community. This allowed for greater levels of trust between the research team and the local iwi involved in the project as all discussions were built on these relationships. The research team also aimed to mitigate any potential conflicts by establishing governance groups early on, by ensuring reciprocal relationships were built, and acknowledging the time and involvement of the community through use of koha. Members of the community who were actively involved have been given authorship to acknowledge the wealth of traditional knowledge that has been shared with the research group for this project.



Cultural considerations for recruitment, the use of live tissue models and RNA-sequencing

Tika, meaning “correct” or “right” is a term from a Māori worldview that regards the study design and its goals. To ensure that the research encompasses tika we implemented into the study design that experts in the appropriate fields for this study, including Indigenous health, Māori customs, cancer and cardiovascular disease and others, were a continuous part of the collaboration process throughout our study. This includes a Māori governance group, as well as Māori academics and researchers in both traditional and non-traditional settings. The Māori governance group will oversee and make final decisions regarding the participant data that is used in this study and any interpretations made of data; they have veto rights over any dissemination or use of data that they deem not appropriate. Local Indigenous representatives, such as members of local iwi/tribal groups in Wellington New Zealand, Ngāti Toa Rangatira, will also be consulted. Previous meetings with these groups/individuals have covered topics such as plans for the dissemination of data and what should be shared with the wider research community and plans for taking samples overseas. These groups will also contribute to discussions surrounding publication of data prior to doing so ensuring that any conclusions made are appropriate and the interests of participants and the wider Māori community are protected (Table 2). Further to this, written consent will be needed should the samples be kept beyond the life of this study, or should other researchers want to access the data or samples. Importantly the current study is a solely Indigenous cohort, allowing us to focus entirely on a Māori voice informing research that involves organoid development and scRNA-seq and snRNA-seq. This ensures that benefits of such technologies can be maximized for Māori (Reid et al., 2017). Te Tiriti o Waitangi guarantees that the crown, and therefore its entities, will act in a way that Māori are not disadvantaged and if they are, will take measures to correct this imbalance (Reid et al., 2017). Whilst Māori make up 16% of the Aotearoa population, the dominant voice in research is that of non-Māori, and thus by solely recruiting a Māori cohort we hope to share the Māori voice and way of being through this project.

Although there is no direct translation in English, Mana is loosely defined as the “presence” of a person, place or object, the spiritual power or the authority and status. In this context, we associated Mana in relation to research that is just and equitable, and “mana enhancing” for the individuals contributing to our research. For example, ensuring that participants have fully informed consent is an important aspect of this, and the outcome of research needs to be shared with all who contribute, unless they decide otherwise. Consistent and prolonged engagement throughout the study and beyond with mana whenua is crucial to ensuring research goals of the scientific team and iwi are reciprocal, open, honest, equitable and most importantly, meaningful. We aim to uphold the mana of participants by making sure they are as involved in decisions as possible, consenting in the clinic as early as possible alongside family/whānau for the discussion if they wish, and ensuring they feel appropriately informed, that the decision is theirs to make, and that they have time to discuss with others if they desire. In this study participants were approached as early as possible (upon confirmation the participant would be having a procedure) before their surgical or biopsy procedure. This was ideally in-person when attending an outpatient appointment, or over the phone/email in the case that no other form of initial contact was possible. For consent, participants were consulted after their scheduled appointments with their medical team, with the research team liaising with the participant's clinical care team to ensure the patient would be comfortable and in a good state of mind for participation in research, ensuring patient welfare was at the forefront of the research team's priorities. We aim to give participants as much time as possible, while acknowledging that we are also working within the constraints of how the Westernized hospital system works and how appointment lists are generated. Consequently, there are occasions where recruitment to the study does not allow for as much time for the participant as we would like. However, informed discussions with general practitioners and community allowed us to make this kaupapa as safe as possible for participants to consent on a shorter timeline; we also aim to follow up with participants who said they are happy to be recontacted to give them the opportunity to withdraw from the study should they decide to, and to have any data and tissue returned. This approach to consent allows participants to learn about the study, take the time where possible to discuss with whānau, friends and iwi members, before deciding whether to participate, and to consider the decision to participate later. The intent is to treat consent as a living agreement with participants where they have rangatiratanga over use of their tissue and data. Finally, Māori researchers with experience conducting research alongside Māori communities, advised translations of titles in te reo Māori (the Māori language) in the patient consent forms was appropriate rather than the entire consent document. Translation of titles was outsourced to professionals fluent in the language. There was an option for oral translation and korero (discussion) in Te Reo Māori with members of the research team who are fluent if the participant wished.

Whakapapa is paramount to many parts of Māori culture and biological research, and can be linked to both relationships and genealogy, describing the relationship with one another but also relationships to one's ancestors, to the land and environment around us, and to other living things. Importantly, in the Māori world view there is no concept of the colonial construct of blood quantum, instead knowledge of one's whakapapa is the only prerequisite to self-identify as Māori; if you have whakapapa Māori, you are Māori. It is culturally inappropriate to impose concepts such as blood quantum onto individuals participating in research (Cram, 2019; Cram et al., 2022), and so in this study potential participants were identified based on self-reported ethnicity in their clinical records and upon discussion with the participant. This self-identification also allows for self-determination (rangatiratanga) for those who whakapapa Māori or have Indigenous ethnicity. Relationships between researchers, participants, communities and clinicians can all also be considered whakapapa, as whakapapa is about how people relate to each other and work together, extending beyond blood connections to the building of relationships. Whakapapa is also important in one's overall holistic health, and therefore it is important to acknowledge whānau or family in the decision-making processes for participants in research (Durie, 1982). During consultation participants were also informed that they could nominate another person, such as a member of their whānau, to make decisions on their behalf regarding the use of data generated from this work, emphasizing the mana family holds and the importance of whakapapa in making decisions in the consent process. Whakapapa also goes beyond oneself and whānau with the notion of collective consent, recognizing the authority and role of wider familial or community groups in Indigenous cultures, particularly in issues surrounding consent. Collective good traditionally is prioritized over individual autonomy in Māori culture, and in a research setting, is complimentary to individual consent, particularly in situations where genetic information is being gathered. For some individuals, this collective decision-making is therefore an extremely important part of the consenting process. This study provides an option for whānau/family consent, particularly as live tissue and genetic materials (RNA) are being used. Participants have the option to have co-signatures for consenting to the project, as well as the option for a co-signatory to act as a point of contact should the participant themselves be unable to be contacted by the research team. Ethical frameworks are still largely Westernized and often exist in the scope of academic settings. Legally, consent is still an individual's right to choose, and thus the option for whānau consent has been used as a way of acknowledging Māori beliefs within the constraints of the Westernized and academic systems.

Manaakitanga in the research context describes the responsibility of research to be culturally and socially safe and sensitive (Hudson et al., 2010). This includes ensuring use of Māori protocols and tikanga were appropriate and treating these concepts with respect. For this research project, tumor organoids are generated from breast or ovarian cancer samples, removed at the time of surgery by a member of the patient's clinical team, at the pathologist/radiologist's discretion. In Māori culture, tissue (anything derived from a person including blood, fluids, tissue) is tapu, or comes with restrictions, and is recognized as a taonga, a treasure. This extends to any nucleic acid and data related to that tissue. As there is tapu associated with the tissue, appropriate processes for donating tissues for research ought to be considered. Hudson and colleagues have previously described the traditional concept of tākoha as an appropriate process for the gifting of consented taonga and the responsibility of its care, doing so with respect and transparency. Tākoha obligates whoever uses the taonga, in this case the tissue, and all things derived from the tissue including sequencing and clinical data, to deliver useful outcomes in a culturally safe manner (Caron et al., 2020). This is explained further in frameworks such as Te Mara Ira (Hudson et al., 2016a), where in genomic research tākoha and Te Hau o te Taonga (the spirit of the gift), reflect the responsibility to make decisions regarding the taonga that adheres to the informed consent that the participant gave, respects the spirit it was given in, and relates to the level of information that the participant was given throughout the consent process. The research team in this context has a duty of care to the participant donating tissue and associated data to this project, to their whānau (family), and to the samples, throughout the lifetime of this project. As an example, the mauri or life force of a resource, in this case the patient tissue samples, should be maintained and protected by kaitiaki (guardians). Further, pericardial fat is being used to investigate the immune cell landscape in coronary artery disease. Whilst these tissues will not be cultured, they too are recognized as tapu and a taonga, particularly being heart tissue, and need to be treated with respect and as a treasure. In this way, participation toward this research is essentially the ultimate koha, or gift, and should be treated as such by researchers. For this work, we sought guidance from kaumatua and leaders from Ngāti Toa Rangatira, other Māori researchers and clinicians, and from whānau and iwi for the development of tikanga for the laboratory. This included the use of karakia in the laboratory, the physical separation of participant samples for use in the laboratory as acknowledgment of the mauri and wairua they have, the use and importance of whānau consent processes, and data sovereignty guidelines. To ensure kaitiakitanga of the samples whilst traveling to the USA, the samples were accompanied by the Māori researcher leading this project who had the responsibility of ensuring their safe departure and arrival. A karakia written by elders from the local iwi/tribe for this study to say over samples, acknowledges the sample as a gift and the spiritual lifeforce that comes with it. This karakia was used throughout the project at the beginning and end of working with the samples (each day the samples were used), and in the case where participants preferred, other karakia or Christian prayer was also used. A karakia was used before samples traveled to the USA to bless them for safe travel.

Organoids can be grown and passaged similarly to cell line models and can be kept animated for extended periods of time. To acknowledge the wairua (spirit) that these models have, and that they too have whakapapa and are tapu the organoids developed in this study will only be kept animated for the necessary duration to treat them and prepare for sequencing (<6 months). Limitations to how they will be used for this study have been put in place to ensure that participants are consenting only to the study at hand, as to not exploit the tissue and related data stemming from its use, further protecting from any commercial interests. This has been outlined in the study protocol and patient consent forms that are received by ethics committees and the participants themselves, respectively.

It was also important to the research group that when using Māori samples, we needed to maximize the benefit for our participants and whānau that were contributing to the research. To achieve equity in health research, researchers need to be creative regarding ways translational research is conducted with the resources available in Aotearoa, the resources available globally, and the responsibility to Te Tiriti and to mana whenua that the research is being conducted responsibly. This project could not have been achieved without the support from researchers at the Broad Institute of MIT and Harvard in Boston, USA, who have given resources, time and knowledge to this work to ensure maximum benefits can be achieved from using single cell/nuclei RNA sequencing on these samples, in a safe and responsive manner. The Broad institute team are experts in single nuclei RNA sequencing, both with wet-lab experimental procedures, particularly with traditionally difficult to work with samples (small biopsy samples, fat samples, etc.), and the corresponding computational analyses of these datasets. Currently, this level of expertise in this area is unavailable in Aotearoa. Without this international collaboration, we would not have been able to use this kind of technology for our Māori participants. Developing these international relationships is key to how we can continue to uplift our Māori participants and uphold our responsibility to Te Tiriti, but only if the relationships are based on trust and understanding. Whilst we acknowledge the risk of sending samples overseas, when the communities, participants, the research team and the Māori research lead involved are aware of the risks and are actively mitigating them (by ensuring cultural protocols are embedded throughout), communities will benefit from translational research conducted through international relationships. Further, the team at the Broad Institute were open and receptive to using the tikanga protocols developed for the work in Aotearoa at the Broad Institute also, and have adapted storage space, and experimental and computational procedures to ensure practices at the Broad align with the practices performed in Aotearoa for this project. This includes allowing access to the sequencing platform for karakia before sequencing begins, ensuring samples are stored with human tissue only, and ensuring the transfer of data to Aotearoa based servers for data storage. Whilst the initial plan was to transport the samples to the Broad on-person, restrictions due to weight limitations and dry ice shipping meant that samples had to be sent ahead of the Māori researcher. Samples were blessed prior to their departure and sent at approximately the same time as the Māori researcher leaving for the USA. Therefore, whilst we aimed to have samples under the protection of the Māori researcher during transfer to the Broad, we had to be realistic in terms of both physical and legal restrictions of sending biological samples overseas over long distances. It is important to note that traditional tikanga Māori protocols develop in “new ways that keep pace with world changes,” as written by Māori academic Professor Hirini Mead; tikanga Māori has the capacity to make pragmatic changes and apply traditional practice to modern situations as the research environment changes and as technology progresses (Mead, 2016).

This work aims to emphasize the role of collaboration in these research environments, highlighting the importance of the Broad Institute researchers visiting Aotearoa for early project meetings and to experience Māori culture and understand why concepts such as tikanga are so important in translational research. With the Broad team adapting some of their laboratory protocols to ensure this project could be done according to the tikanga aforementioned, we hope to have highlighted that international collaborations with Indigenous samples can be done if, and only if, trusting relationships are developed between both research groups, and particularly the communities involved.



Indigenous data sovereignty

The technology of scRNA-seq and snRNA-seq enables each cell or nucleus to be “captured” in a small volume where they are lysed, and the contents of each individual cell sequenced (Brazovskaja et al., 2019). There is the potential for interpretation or possible extrapolation of whakapapa information (ancestry information) from this sequence data, and thus the challenge remains in how this data can and should be interpreted and what sort of protections should surround the data to mitigate these risks. To address this to the best of current capabilities and ensure our research is tika and performed with manaakitanga and mana, a data management plan was developed with Indigenous sovereignty and protection of this data at the forefront. This is an ever-evolving area of research and thus in this study, Indigenous data sovereignty has been ensured to the best of the research team's abilities at the time of publishing, while acknowledging that as progress is made, changes in how to address the use of Māori data should also change.

Māori data sovereignty refers to the governance, quality, and use of Māori data (Hudson et al., 2020; Jansen, 2016; Kukutai and Cormack, 2020; Lovett et al., 2019). Māori data should be subject to Māori governance, and should have tribal sovereignty, realizing the aspirations of iwi and hapu (Jansen, 2016; Kukutai and Cormack, 2020; Lovett et al., 2019; Hudson et al., 2017). Data for and about Māori should be safeguarded and protected to prevent misuse or harm and should be of high quality and integrity. Further to this, per Article 2 of Te Tiriti o Waitangi, Māori have tino rangatiratanga (self-determination, sovereignty) over their taonga which in this case is interpreted as both the tissue samples themselves and the data generated from these tissues, and therefore it is our responsibility as Māori and non-Māori to ensure we are upholding Te Tiriti o Waitangi through our scientific and data analysis practices. In this study, participants were consented for the generation of scRNA-seq or snRNA-seq data of patient-derived tumor organoid samples, either untreated or treated with gold-standard/potential therapies, or from adipose tissues surrounding the heart. Previous cases of misuse of Indigenous genetic data have resulted in false claims being made, and have provided opportunities for therapeutic development without the insights gained from research with Indigenous populations benefiting Indigenous communities (Fox, 2020). For example, in the 1980's the Havasupai Tribal Nation in Arizona, USA, experienced misuse of their genetic data where data that was originally sought to address high levels of diabetes in their communities, was misused for unrelated studies on schizophrenia, migration, and consanguinity, subjects that were considered “taboo” for the tribe (Garrison et al., 2019). In Aotearoa, the warrior gene is the most notorious example of misuse of genetic research, where use of the term “warrior” was used to hypothesize connections between migration routes, aggressive behavior, and health outcomes related to smoking cessation for Māori populations, despite the genetic variant found being present in all populations, not just Māori (Garrison et al., 2019). Unsurprisingly, this association of a specific phenotype with Māori created the false narrative of Māori being genetically aggressive, and a huge amount of distrust in subsequent genetic research for Māori communities. Further to this, it is standard scientific practice internationally to deposit deidentified sequencing data into public databases for access by other researchers at the time of publication. However, this practice is not consistent with Indigenous data sovereignty models (Tsosie et al., 2021a). To address these concerns, we have designed a model where participants in this study have ownership/self-determination over their own data and tissue, including scRNA-seq and snRNA-seq data, and use by the research team is only with their permission for scientific publication of deidentified results. This model has been adapted from prior Māori-led genomic research, using a model that not only includes participant-retained ownership and determination of data with permission for the research team to use the data for only the purposes outlined in the study, but also community informed and governance group directed use of data to ensure that all data-related decisions are made with accuracy and cultural safety in mind. This practically means that participants can choose to allow for deposition of data into public databases, or not, at the time of consenting. Options for declining data deposition outright, or approval to be re-contacted about data sharing later for specific projects or purposes, has been included into the consent process. Data therefore will not be shared with other researchers unless explicit permission is received from the participants, with any additional use needing additional consent and ethical approval. All other details of the participants would not be shared without patient consent. Community and governance group decisions would include things such as ensuring scientific conclusions from the research are sound and accurate.

For the work performed in the USA at the Broad Institute of Harvard and MIT, a memorandum of understanding agreement with the Broad-based research team has been put in place to confirm that data would not be stored long term at the Broad Institute and all data generated from scRNA-seq and snRNA-seq experiments would be returned to Aotearoa. The US-research team have no rights to use the data without permission from the NZ research team.

All decisions for use of the data generated from this body of work would first be in collaboration with the Māori governance group for this project, a team of experts in tikanga Māori, health, and science. This is to ensure use of the data was culturally safe, and that all conclusions made from the work are beneficial for participants and Māori communities, reducing risk of any harms and misdemeanor. Whilst the wider use of data would be decided at the level of the individual (i.e., whether data could be collected and what type of data, whether sequencing data would be used for database depository or not etc.), the use of generalized deidentified data for purposes such as dissemination of data to the scientific community or to Māori communities would be at the discretion of the governance group based on their expertise in these areas to provide extra protection of the data. Further consultation and collaboration where appropriate with local iwi or participants (anonymously where possible) will be done when needed to confirm participants are comfortable with all conclusions from the work. Participants also have the option for individual data including raw transcriptional data (on a password protected hard drive or appropriate secure cloud-based transfer) to be returned to them when generated, as well as the option for any tissue remaining at the end of the study to be returned to them. For participants that wish to have individual lay summary results returned to them, copies of the publications the data was used for alongside a lay summary will be sent by email or mail. This could be in conjunction with an individual phone call or visit from the researchers to ensure the results have been understood and allow opportunity for questions. We also previously acknowledged that the samples used in this study and the associated data from these samples are taonga (gifts/treasures) that the research team have been given permission to use for this study. Returning of the gift, te whakahoki i te taonga, is an important step in this process to acknowledge both the gift of the tissue and the data from the participants and the gift of the knowledge that has been shared with the research team by community members and leaders. An example of how we aim to return the gift in this sense is through hui to share findings and continue to build relationships with iwi and community, and authorship of community members on publications in acknowledgment of the knowledge shared for this work. In addition to regular meetings with the Māori governance group for this work, we have also planned for further dissemination of findings to community groups, clinical partners/treating clinicians, and the Ngāti Toa Rangatira community prior to any publication. This is to ensure experts in Māori health and science, as well as the communities involved, are comfortable with what is being published. Leaders such as the Māori cancer leadership group Hei [image: image]huru Mowai, the cancer society of New Zealand, and the chief advisor Māori of the New Zealand Heart foundation will also be updated on results from this project. Overall, these practices were put in place to ensure Māori were fairly represented, and their mana upheld.



Conclusions

Eliminating health inequities globally looks like meaningful engagement in Indigenous health initiatives, shared leadership, mutual understanding of attitudes and barriers toward equity, and creating a culture of collaboration. We present here a study that carries out genuine community engagement and implements Indigenous protocols to inform and underpin a scientific study design that prioritizes the cultural safety of Māori participants, enhances the mana of those involved, and creates biomedical research models that are consistent with Indigenous worldviews.

We propose a model (Figure 1) of continuous collaborative consultation with Indigenous communities, health experts and patient support groups, Indigenous experts in the appropriate fields, and participants themselves (Table 2), to inform appropriate protocols that are respectful to the individuals and whānau (families) who are contributing to research. Although this work has been conducted in the context of breast and ovarian cancer, and coronary artery disease, we aim to provide a practical application of using existing ethical frameworks for modern biomedical research with Indigenous communities, to highlight how practices can be adapted to better suit the patient cohorts contributing to the research (Table 1). It is important to acknowledge that the processes outlined are what was deemed important for this study based on the collaboration and engagement between Indigenous communities in Wellington, New Zealand, and the research team. It is encouraged that each study should do their own consultation and form collaborative relationships to perform culturally appropriate research with their own local Indigenous communities. Different Indigenous groups will share different views on some of the issues outlined in this study. This body of work should not be used as a definitive method of incorporating these values into scientific protocols but as an example of some of the ways they can be incorporated into science practically, based on engagement and relationships formed with communities and Indigenous researchers. Further, this is a continuous cycle of engagement and Indigenization of traditional western science research, and therefore continued engagement with local representatives and experts and development of protocols with Māori customs embedded will be done to ensure that we continue to conduct research that is culturally safe and best practice for the participants involved (Figure 1). Establishment of these relationships allows opportunities for further Indigenous scholars to access high quality institutes in a culturally safe way, to ensure progress continues to be made toward equitable precision research. As the current study progresses, we will continue to adapt and improve these practices as ethical frameworks progress and develop, ensuring these cultural processes develop in line with the scientific protocols used.


[image: Figure 1]
FIGURE 1
 Cycle of engagement for studies working with Māori participants to ensure meaningful translational research is conducted that benefits the communities we are trying to serve. Engagement with Māori academics, leaders, communities, iwi, and participants is essential to ensure the Māori customs and practices that are put in place for both wet-lab and computational procedures and best practice.


Research with Indigenous communities is crucial to ensure existing entrenched inequities are eliminated from biomedical research, however any research that is performed alongside Indigenous communities should be research that the community themselves needs and wants and upholds their tino rangatiratanga in all aspects. Overall, we have designed a study that is built upon Indigenous values, in the Aotearoa New Zealand context. We have implemented traditional Māori customs into our research to the best of current capabilities with the aim of continuing to improve Indigenous representation in biomedical research and create better practice models for clinical research.
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Application of ethical frameworks for live tissue models, snRNAseq and associated Maori data

Mana

Manaakitanga

Whakapapa

1. Initial planning and participant consent

Collaboration with experts in tikanga
Maori, Méori researchers with expertise
in cancer, cardiovascular disease,
modern technologies

Participants consulted after
appointment with medical professionals
and as early as possible

Samples and data can be returned at the
conclusion of the study

Recruitment of participants based on
self-reported ethnicity

Solely Maori participant cohort
(recruiting only those identifying as
Maori)

Translations of titles in participant
consent form with options for
discussing the project in Te Reo Maori
with members of the research team who
are fluent

Participants approached as soon as
possible (upon confirmation of biopsy
or surgery) to allow time to discuss with
whanau and community (or iwi)

Use of whanau or collective consent
where the participant/whanau wishes
(co-signature) — collective consent

Written consent needed for keeping
samples beyond life of study or if other
researchers want to access data or
samples (participant to decide if they
want data to be uploaded to databases
etc.)

Maori governance group and
supervisors as well as community
groups active part of project planning,
supporting and growing the Maori
science workforce

Participant consent is preferably face to
face (kanohi ki te kanohi) but if not
possible email/phone

Continuous relationship building
between researchers, participants,
communities and clinicians

2. Considerations for live tissue use and collection of tissue

Limitations to how the organoids are
used for this study in place so
participants only consenting to the
study at hand

Tissue and organoids not kept beyond
life of study

Tissue is tapu and a taonga, and has
mauri associated with it — protected by
kaitiaki, and recognized as koha

Organoids only kept animated for
necessary duration to treat them and
prepare for sequencing

Dewar blessed by kaumatua prior to
storage of organoids and tissue

Tissue and organoids stored in dewars
or freezers that only contain human
tissue

Karakia said over samples written by
kaumatua from Ngati Toa Rangatira (or
Christian/other prayer if preferred) —
opt-out rather than opt-in

Tissue and corresponding waste streams
kept separate, acknowledging the mauri
and wairua associated with them

3. Sending samples overseas to the Broad Institute of MIT and Harvard, Boston, USA

Organoids and live tissue not grown
outside of Aotearoa

Samples that are not destroyed by
analysis (SnRNAseq) are returned to
Aotearoa at the conclusion of analyses

No samples or data stored at the Broad
beyond the necessary time for analyses
or beyond the time where the Maori
researcher is present at the Broad

Samples taken to Boston alongside
Maori researcher

Samples sent to the USA frozen or fixed
for analysis at same time as Maori
researcher leaving for USA

Tissue and organoids stored in freezers
with only human tissue, sequenced on
flow cells that only contain human tissue

4. Use of Maori data, data governance and dissemination

Karakia before samples were sent for
safe travel of samples; Karakia before
analyses in the USA as well as Aotearoa
(before sequencing or cell/nuclei
isolation)

Maori researcher has kaitiakitanga
(guardianship) over samples and data
whilst at the Broad Institute

Data removed from Broad Institute
servers and returned to Aotearoa and
Aotearoa based storage services

Maori governance group and
community members as authors on
publications where appropriate

Participants have the option for secure
return of individual data (including raw
genetic data), individual lay summary
results, or overall study results

Consistent engagement with iwi and
community representatives

Maori governance group oversees and
makes final decisions regarding use of
data, and have veto rights over use of
data.

Participants have sovereignty over their
own data and tissue including
snRNAseq data, use by the research
team is only with their permission for
publication of deidentified results

Ngati Toa Rangatira community invited
to share in findings at study conclusion,
as well as clinical partners, and
participant groups themselves
(community groups, advocacy groups
etc e.g., Hei Ahuru Mowai)

Broad Institute research team have no
rights to use the data without
permission from the Aotearoa research
team (memorandum of understanding
in place)

Participants to choose whether to
permit recontact about data sharing or
further studies. Data is not shared with
other researchers unless explicit consent
is given to do so

Participants can choose to allow or not,
for deposition of data into public
databases

Tika, mana, manaakitanga, and whakapapa are core terms as adopted from Te Ara Tika and the four pillars model described by Hudson et al. (2010).
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