
The Impacts of Organoid Technology on Biology 

In 1907, Henry Van Peters Wilson, demonstrated that dissociated sponge cells have the capacity 

to self-organize into a new structure. This marks the first dissociation-reaggregation experiment, 

which would eventually pave the way into the development of organoids - biological structures 

that would revolutionize epidemiology and the entirety of science1.  

Organoids are three-dimensional self-organizing structures grown in a medium capable of 

suspending the cells, acting as a scaffold. Organoids are often grown from pluripotent stem cells, 

cells with the capacity to differentiate into any other cell type. A multitude of organoid types can 

be grown with the same cells. The resulting organoid nature depends on the medium. The correct 

combination of molecules within the medium can trigger specific stem cell differentiation. For 

instance, pluripotent stem cells are triggered to take up a meso-endodermal identity through 

triggering via activin A, hence creating an intestinal organoid2. Organoids can also be grown 

from tumor cells where a biopsy or surgery is done on the patient to remove tumor tissue. The 

extracted tumor tissue is later enzymatically fragmented and placed into the appropriate medium 

to grow into cancer tumors3.  

The versatile nature of organoids is highly leverageable and have increased the ease of drug 

efficacy testing, disease progression analysis, and gene comparison. It has contributed to a wide 

variety of research areas most notably in cancer research, brain developmental disease research, 

and even evolution.  

The personalization of organoids presents an 

opportunity to specialize cancer investigations. 

Frontline cancer research is currently centered 

around targeted therapy – the production of 

patient specific cancer treatment4. One active 

area of targeted therapy research is in relation to 

pancreatic ductal adenocarcinoma (PDAC), 

where cancerous growth occurs in the ducts 

located in pancreas5 (Figure 1). PDAC mortality 

is rising and is projected to surpass breast and 

colorectal cancer morality within the next 

decade4.  

It is one of the most common, aggressive, and, therefore, threatening cancers. Individualized 

treatment is especially important for PDAC since it is highly diverse among patients. It is often 

the result of an amalgamation of causes that range from genetic to epigenetic factors, leading to 

differing symptoms and responses to certain therapies, making it a heterogenous disease.  

Individualized PDAC treatment requires the sequencing of patient genome followed by 

anticancer drug efficacy testing. One possible avenue for targeted PDAC therapy research is 

patient derived tumor xenograft (PDTX). PDTX technology can be used to recapitulate 

cancerous genetic events. Unfortunately, PDTX is slow growing. The timeframe needed to grow 

an adequate amount of biological material using PDTX can span anywhere from 6 to 8 months, 

 

Figure 1: Diagram of pancreas5 



which exceeds the survival time of PDAC patients6. Any collected genome information and drug 

response would be, in effect, useless to the patient and therefore futile as a targeted therapy 

technique. Organoids, on the other hand, are comparatively fast growing and can also 

recapitulate the necessary genetic events. It is also tumor-specific in that it holds all the genetic 

information present in the tumor which can act as a template for treatment creation. This set of 

characteristics means that organoids can be leveraged for dosage profiling and to individualize 

drug selection7. 

A recent study, conducted by Benjamin Bian et al, has already been able to utilize organoids to 

stratify patients into groups based on predicted response to a given treatment. The study is an 

investigation into c-MYC and Bromodomain and Extra-Terminal proteins inhibitors (BETi). 

MYC is an oncogene, a potentially cancerous gene, and a regulatory gene that codes for 

transcription factors like NRF2, which will be discussed subsequently. The specific gene c-MYC 

is persistently expressed in cancer, which leads to boosted expression of cell proliferation genes. 

BETi can inhibit c-MYC by reducing its transcription level. It’s potential as a cancer cure is 

currently being investigated through organoids. Bian has been able to transfer MYC targets, 

originally designed for PDTX, onto PDAC-derived organoids. This allows for the rapid 

identification and selection of MYC-high organoids which is then used to test BETi treatments. 

The resulting organoids can also be used to classify tumors into MYC-high activity and MYC-

low activity, which can guide treatment plans as MYC-high patients are more likely to be 

sensitive to BETi treatments7 

Since organoids can be grown form a small number of cells, contamination by other cell varieties 

can be eliminated, hence presenting the perfect opportunity for gene expression analysis. This 

allows researchers to identify the specific mutations associated with differing stages of cancer 

progression and the effects on such mutations after treatment6. This technique has already been 

applied by Iok Chio et al, who knocked down NRF2 in human organoids. NRF2 is a transcription 

factor – a protein that regulates transcription rates. It operates by controlling the expression of 

antioxidant proteins, thereby reducing oxidative damage produced as a result of injury and 

inflammation. The study concluded that the lack of NRF2 expression was associated with lower 

proliferation rates in cancer organoids. It also allowed 

further elucidated the role of NRF2 in cell function, as 

Chio was able to link NRF2 redox regulation to 

mRNA translation16. 

Organoids and PDTX can also work in concordance. 

Pancreatic tumor organoids can be grown then 

transplanted into immunodeficient mice. For 

reference, primary tumors are preceded by lesions, 

which are called preneoplastic lesions (PanINs) as 

they occur before neoplasm, a novel abnormal growth. 

The transplanted organoids cause the mice to generate 

PanINs that are incredibly similar to human PDAC. 

This allows researchers to isolate biomarkers for early 
 

Figure 2: Organoid xenograft process8 



stages of PDAC. Nevertheless, for reasons stated previously, this cannot be used to directly 

develop targeted therapy, but it can offer critical information for early cancer identification8. A 

general summary of the process can be observed in Figure 2. 

Organoids have also been developed for the human brain, allowing scientists to investigate a 

multitude of disorders such as autism and Alzheimer’s. 

Autism spectrum disorder (ASD) is a common disorder is characterized by an emphasis on 

routine and impaired communication17. ASD usually presents itself during the early stages of 

brain development, which has made it difficult to study. Recent scientific advancements have 

created neural organoids that can closely model human development, thus permitting scientists to 

observe and identify the neurodevelopmental markers associated with severe ASD. One study 

using these techniques was conducted in 2016 by Jessica Mariani et al. Mariani found that ASD-

derived organoids exhibited upregulation, an increase in quantity as a response to a stimulus, of 

cell proliferation, neuronal differentiation, and synaptic assembly. They also observed a 

heightened number of neurons that inhibit GABA, a neurotransmitter that reduces neuronal 

excitability, also known as GABAergic inhibitory neurons.  However, the specific gene that 

underpins these consequences remains unknown, leaving room for further investigation into 

ASD via neural organoids9.  

Neural organoids can also be used 

to investigate Alzheimer’s disease 

(AD), a neurodegenerative disease 

that decreases cognitive 

functioning and significantly 

impaired memory. Alzheimer’s is 

a very difficult disease to model, 

resulting in poor success rates in 

clinical trials. This is due to a 

poor translation of treatment 

effects from models to patients. 

For instance, two-dimensional culture systems currently utilized are not able to fully model the 

complexity of the protein aggregation that leads to Alzheimer’s. This is where organoids can be 

employed. Brain organoids derived from AD patients can show AD-like pathologies. The 

aggregation of B-amyloid peptides on brain tissue plaques, a key sign of AD, has been observed 

in organoids10. AD patients also tend to have hyperphosphorylated tau protein, where the tau 

protein, a highly soluble microtubule associated protein, has all its phosphorylated sites fully 

saturated. Specifically, the tau proteins maintain the strength and straightness of microtubules13. 

Hyperphosphorylation of tau proteins causes collapse and the formation of tau tangles, 

preventing proper functioning of microtubules, and thereby limiting the transport of nutrients, 

leading to cell necrosis (Figure 3). AD-derived brain organoids also demonstrate 

hyperphosphorylated tau protein11. The demonstration of these AD pathologies in an age 

dependent manner makes organoids a highly attractive candidate for an AD model which could 

improve the translatability of treatment effects in clinical AD trials. In 2016, researchers 

 
Figure 3: Hyperphosphorylation of tau13 



Waseem Raja et al, demonstrated that application of β- and γ-secretase inhibitors reduce amyloid 

and tau pathology in AD-derived organoids, thus increasing the likelihood of successful 

translation to clinical trials, although the actual efficacy in humans remains to be seen12. 

Organoids can also be used to investigate non epidemiological topics such as evolution. One 

such evolutionary trait that still requires further investigation is the divergence of human brains, 

in terms of intellectual capacity, from other primate brains. The main issue is that the specific 

difference in molecular pathways that lead to the divide is hard to pinpoint. The first barrier to 

direct comparison is the inaccessibility of primate, specifically chimpanzee, tissue during the 

first stages of brain development. Perhaps the most crucial stage to observe is neocortical 

neurogenesis, the stage where the neocortex, a segment of the brain involved higher-order brain 

functions, is first formed. This was previously impossible as neocortex neurogenesis first occurs 

in utero. 

In 2019, researchers at the University of California managed to develop chimpanzee cerebral 

organoids derived from induced pluripotent stem cells (iPSC), a type of pluripotent stem cell 

derived from a somatic cell. iPSC-derived organoids have the capacity to self-assemble in a 

manner that mirrors early developmental processes. As such, these organoids have regulatory 

networks and pathways similar to those in fetal chimpanzees. 261 genes were identified which 

differed between chimpanzee organoids and humans. These genes included multiple regulators 

of PI3K/AKT/mTOR signaling14. For reference, the PI3K/AKT/mTOR pathway is an 

intracellular pathway that influences cell cycle regulation15. This pathway was observed to have 

increased activation in human radial gilia, specialized cells characterized by long radial 

processes, depending on the proportion of the insulin receptor (INSR) and integrin beta 8 

(ITGB8), a protein that forms an integrin complex which mediates human airway epithelial 

proliferations. They were also able to observe the composition of chimpanzee and human 

organoids post-neural differentiation, finding that overall cell composition was near identical 

across species. One drawback was that human primary samples and human organoids had slight 

differences in composition, with primary samples displaying more radial gilia and glycolytic 

cells. However, this, according to the research team, can be taken as a baseline and accounted for 

in future analyses.  

Organoids have incredible potential as a research device. It offers a unique opportunity to 

witness the nature unfolding, to watch as cells self-organize into complex biological networks. 

With biology advancing at an ever-accelerating rate, organoids are sure to prove an invaluable 

asset. This is especially true in cancer research, as scientists begin the gradual transition from 

treatment research to treatment implementation in which organoids will be the linchpin. It has 

provided researchers with insight into disease development, ergo catalyzing great strides in 

epidemiology, bringing science one step closer to curing devastating diseases across the globe.  
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