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SPECIFIC AIMS 

 

 

The goal of this research is to provide viable clonal 3D cultures derived from Non-

small-cell lung carcinoma (NSCLC) patients’ tumor fragments to help predict tumor drug 

sensitivity. Pasch et al. (2019) demonstrated that patient-derived cancer organoids maintain 

molecular and histological characteristics similar to the primary tumor. Xie et al. (2017) 

identified a side population of cells in a lung cancer cell line (A549) that carried different 

characteristics from the main population; that included an increased ability in 

tumorigenicity (replication rate), invasiveness, and chemoresistance. Dissecting a tumor 

into discrete cell populations based on somatic mutations allows more precise drug-

screening. Categorizing patient-derived cancer organoids based on clonal population may 

provide an advanced preclinical tool to represent the patients’ tumor in personalized 

treatment. 

The main objectives of this study are: 

1. Establish patient-derived clonal 3D cultures through finding minimum optimal 

media conditions for Non-small-cell lung carcinoma cell line viability in 3D 

culture.  

2. Identify different cell types and characteristics of the isolated subpopulations in 

Non-small-cell lung carcinoma organoids. 

3. Test five anti-cancer drugs for NSCLC cancer, that are FDA approved and widely 

used, to compare drug efficacy against clones in 3D culture, clones in 2D culture, 

and the heterogenous organoids. 
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BACKGROUND AND SIGNIFICANCE 

 

 

Organoids are three- dimensional in vitro culture models. An organoid is a mass of 

cells that resembles an organ and mimics the structure and function of the organ (Luca et 

al. 2013). Organoids may develop from isolated cancer patient tumor samples that are 

combined with a proper extracellular matrix support and serum-free medium with growth 

factors to encourage growth of organoids. Attractive attributes of organoids as models for 

drug discoveries include shorter time periods for growth and lower maintenance costs than 

patient derived xenografts and more genetic stability than 2D cell culture (Li, 2020). 

Organoids have shown similar morphologies and drug sensitivity as the primary patient 

tumor (Li, 2020). 

 

 

Figure 1. A. Picture taken with Celigo, viewpoint is from looking down at a single 24-well plate dome 

containing organoids. B. Picture of A. at a higher magnification, measure of reference is a 500 µm scale bar. 

(NCI Patient-Derived Models Repository, 2019). 

 

A B 
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Non-small Cell Lung Cancer 

Cancer is responsible for one in six deaths globally as of 2015 (World Health 

Organization). Also, cancer creates a significant burden on the global economy. Cancer 

affects all people, including low and high- income populations. Cancer is a disease in which 

abnormally mutated cells replicate rapidly and damage surrounding body tissue. Cancer is 

a complex disease in which there are various factors- genetic and environmental- that 

increase the risk of incidence. Lung cancer is responsible for 25 percent of all cancer related 

deaths. Those diagnosed with lung and bronchus cancer have only an eighteen percent 

chance of surviving five years (National Cancer Institute, 2019). More than 80 percent of 

lung cancers are Non-small cell lung cancer (NSCLC) (American Cancer Society, 2019). 

NSCLC is comprised of Adenocarcinomas, Squamous cell carcinomas, and large cell 

carcinomas. These types of cancers may arise from the following types of cells; basal cells, 

bronchiolar progenitor cells, bronchioalveolar stem cells (BASCs), and stem cells (Chen, 

2014). There are several studies focusing on the disease pathogenesis and creating a 

platform for cellular pharmacology. Different genetic alterations may cause the onset of 

lung cancer; this includes somatic mutations in the TP53 gene (present in half of lung 

cancers), EGFR gene (occurs 30 to 40 percent in Asian population with 

Adenocarcinomas),and KRAS gene (occur in 15 to 25 percent of lung cancer cases) 

(Genetics Home Reference, 2019). 
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Figure 2. Picture of an organoid derived from a lung cancer cell line at 40X magnification. (Stockwin et. al, 

2017). 

 

Current Culture Conditions for Cancer Clones 

Current 2D cell cultures of cancer cell lines have limitations in fully representing 

the cancer sample (Jin, 2018). With 2D cell cultures, the cells in the sample come into 

contact with growth substratum such as a plastic flask. This attachment is believed to 

interfere with the heterogeneity of the in vitro model, disrupting growth of certain types of  

cells such as nonadherent cells within the tumor. This may be a result of cells not favoring 

the environment of the plastic, or cell outgrowth from advantages that come with direct 

contact with plastic. Organoids maintain greater heterogeneity of the cancer in the culture 

since growth is not dependent on adherence to the plate. Pampaloni concluded that 3D 

culture is a more accurate representation of the cell-cell and cell-matrix interactions than 

2D cell cultures (Pampaloni et.al, 2007). Based on the findings from Luca, when comparing 

2D and 3D cell culture models, the 3D culture offers the opportunity to investigate an 

unlimited supply of cells with similar genotypes and phenotypes under more physiological 
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conditions (Luca et.al.,2013). Van de Wetering found that organoids are suitable for 

biobanking and high-throughput screens due to their amendable characteristic and ability 

to extend expansion in culture while maintaining a greater genome stability (van de 

Wetering, 2015). Therefore, organoids will offer a greater diversity of resulting clones than 

the 2D cell line. Thus organoid cultures can be used to screen for drug inhibition of cell 

proliferation within a cluster of cells having differing phenotypes and presumably different 

genotypes. 

 

 

Figure 3. All images are of the same cell line from a Lung Cancer. Left three images are of 2D cultures/ 

monolayer. Right two images are of 3D culture/ organoids. (Jacobi et. al, 2017) 

 

Clones are a group of identical cells that are derived from a single cell. Former 

methods of establishing cell lines from tumors used disaggregated cells and the cells that 

grew in specific culture conditions may or may not reflect the full differentiation of cells 

in the original tumor sample. The heterogenic cells express different proteins, survive in 

different environments, and may express different signal transduction pathways. 

 One clone may be more detrimental to the health of the patient than another.  In a 

2017 experiment, a subpopulation of cells in a tumor was found to account for resistance 

to chemotherapy, tumor growth, invasion, and metastasis (Xie, 2017). Therefore, a 

pharmaceutical treatment that may interact with a specific pathway may only influence 
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those specific type of cells. There is value in examining the different cells contained in one 

culture from one tumor sample in separate experiments. This allows the research to validate 

their findings; instead of the drug only eliminating few cells in a cell line containing all 

variants. Constructing a sample of organoids created from one clone from a patient-derived 

cell line will help provide the model of interest and eliminate variables that are attached to 

models containing diverse cell populations. In the present experiment, donated tissue from 

patients will generate in vitro models from NSCLC cancers- lung and bronchus cancers. 

Constructing a sample of organoids created from one clone from a patient-derived cell line 

will help provide the model of interest and eliminate variables that are attached to models 

containing diverse cell populations. Having the clones constructed into organoids allows 

the development of samples that will represent cellular pathways individually and provide 

a model to test the drug reaching cells within the structure as opposed to just the cells on 

the surface.  

Drug penetration into a tumor may be incomplete and lead all cells to escape the 

anticancer drug. Creating 3D cultures should allow characterization of whether an 

anticancer drug compound can penetrate through the cells surrounding the exterior of a 

tumor and reach the cells in the center of the tumor mass and still be effective. High-

throughput screening of cancer cell lines have been used to determine drug-sensitivity 

patterns in relationship with genomic alterations of the cancer cells. In 2015, van de 

Wetering was able to identify certain chemotherapeutic drugs toxicity that correlated with 

specific genetic mutations using organoids (van de Wetering et.al, 2015). Potentially, if 

validated as quantitatively reliable, organoids could become the standard of evaluation of 
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a patient’s tumor in order to select the most efficacious anticancer drug. Precision 

medicine- medicine that is designed to provide optimum efficiency that is tailored to the 

individual- for cancer patients will become possible with accurate representation of the 

patient’s tumor ex vivo.  

For cancer drug discoveries, research groups typically test a drug on one specific 

type of cancer cell. The drug targets a specific tumorigenic pathway, but the actual tumor 

may contain cells resistant to the drug due to differing mutations. 2D cultures may not be 

able to host that specific cell population that is resistant to the treatment. Currently cancer 

cell line clones are being expanded in 2D cultures (t25 flasks).  

Mammary epithelial cells (MECs) were separated into single cell clones using flow 

cytometry to isolate basal and luminal cells (Jamieson, 2017). In the proposed study we 

intend to culture cells from the tumor resection as organoids, then isolate single cells to 

grow clonal populations that can be compared for tumorigenic properties. Each isolated 

clone will be amplified using a basement membrane extract (BME) and medium containing 

growth factors typical of the cancer location in the patient. A shortcoming of organoids is 

the lack of vasculature and no systemic immune responsive cell interactions. Once the 

organoids reach a few million cells, cells will be examined morphologically with 

hematoxylin-eosin (H&E) staining, Cells will be compared to cells in the original tumor 

resection also using H&E staining.  

Identifiler analysis to authenticate clones to original patient tumor fragment, drug 

screen with five different anticancer drugs, whole-exome sequencing (WES) for genomic 

stability, and RNA-seq for gene expression are techniques that will be used to compare the 
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clones. Each clonal population of cells derived from the organoid grown from the tumor 

sample will be cryopreserved for future experiments.  Samples of cells will be treated with 

five chemotherapy agents and assayed for cytotoxicity using Live/ Dead assay. Whole 

exome sequencing on each clonal population of cells will be used to determine mutations 

against the primary resection and 1000 Genomes Project. 

Conclusions from these analyses will determine if 3D clones are more accurate 

models than 2D current clone models. 
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PRELIMINARY REPORT / PROGRESS REPORT 

 

 

Organoids are being used to advance research for several human diseases. We 

hypothesize that using 3D culture to further research for high throughput drug screening 

and discovery for lung cancer is more valid than using 2D culture. Tiriac and Van de 

Wetering showed that it is possible to establish organoids from fresh surgical resections 

from primary tumors and metastases in human patients (Tiriac, 2018; van de Wetering, 

2015). This provides the rational for establishing lung cancer organoids for drug 

discoveries. Constructing organoid clones are viable.  

Supplements for Production of Clonal 3D cutlures 

The extracellular matrix support that the present experiment will use is Basement 

Membrane Extract (BME). BME has been shown to sustain expanding organoids in the 

van de Wetering research (van de Wetering, 2015). The BME culture condition allows the 

organoids to display phenotypes similar to the original tumor based on H&E staining. 

However, the extracellular matrix may not be able to represent all important physiological 

processes in a tumor, such as vasculature. The organoids are still semiphysiologic, where 

the cells expanded in 2D culture are not. The matrix provides xenobiotics and tissue 

organization. Phenotypic changes to the organoids may be a result of genetic mutations, 

but also a result of epigenetic modifications after isolation (Lee et al., 2018). Therefore, 

when choosing the composition of the medium, for the organoids the present experiment 

must expect to isolate potentially different clones in different media. As seen in previous 

experiments, key phenotypic characteristics of cancer cells are maintained across passages 

when media conditions are the same (Pasch, 2019). The first objective is to construct the 
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optimal conditions for viability of the clones in 3D culture, in order to obtain samples 

representing distinct cellular pathways and provide an in vitro model to test the efficiency 

of anticancer drug reaching cells within a tumor.  

A drug may only contact/ affect the cells on the peripheral of an organoid. It was 

documented that cells in the center of lung organoids survived drug screens while cells on 

the outside were killed (Jung, 2019). Cytotoxicity in the current study will use Live/Dead 

assay from Thermofisher to observe the conditions of cells in different parts of the 

organoid- including center- after drug treatment (Pauli, 2017). The Live/ Dead assay uses 

cell imaging and fluorescence to highlight individual cells. To indicate that the drug is 

penetrating the organoid and reaching cells in the center, there will be a result of red 

fluorescence cells in the center. Red-fluorescent ethidium homodimer-1 indicates death by 

loss of plasma membrane. 

 Primocin, an antibiotic, is in the medium to guard against bacterial or yeast 

contamination. Three different media will be tested. Two media differ based on the use of 

conditioned medium. A third medium differing from the other two based on including 

conditioned medium and the use of added reagents. These reagents include: EGF 

Recombinant Human Protein (hEGF), Recombinant Human FGF-10 (hFGF-10), 

Recombinant Human FGF-basic (hFGF-2), Prostaglandin E (PGE2). The media recipes 

come from the NCI repository. Reagents used in each media and further description is 

provided in the Research and Design.  

Biomarkers for NSCLC clonal 3D culture 
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 CD133, p63, keratin 5, TTF1, and keratin 7 are the five biomarkers selected for this 

study. CD133 is known to be a common stem cell expressed marker (Jung, 2019). P63 and 

keratin 5 are usually expressed within the basal cells of lung cancer. Basal cells have been 

proposed as the cell of origin for lung squamous cell carcinoma of NSCLC.   

TTF1 (thyroid transcription factor 1) and keratin 7 are usually expressed in epithelial cells 

of lung cancer and have been associated with adenocarcinoma of NSCLC. The 

identification of cell types is based on a range of tumors. A single tumor resection may 

contain all of the five biomarkers selected for this experiment or may contain a few or none. 

Techniques for Verification of Genomic Stability in Clonal 3D culture 

The established clonal cell lines will be subjected to short tandem repeat (STR) 

with the use of AmpFLSTR Identifiler PCR Amplification Kit from Thermo Fisher 

Scientific. Short tandem repeats are informative because they are a result of polymorphism 

and a source of a genetic disease. STR analysis is used to compare allele repeats at specific 

locations in DNA between two or more samples. The 2D culture clones, 3D culture clones, 

and organoid cultures will be compared to the original tumor tissue from the patient for 

authentication of identity. This is good cell culture practice. 

The clonal cell lines will also be stained with hematoxylin-eosin (H&E) to visually 

show differences in morphology between 2D and 3D cultures of the clonal lung cancer 

organoids. The substratum- the environment- may influence the cell populations growth or 

expression of proteins therefore affecting the architecture of the cells.  

The cells will be cryopreserved for the intent of future testing. A whole exome 

sequencing (WES) array will be performed on the original patient tumor tissue, organoid, 
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2D culture, and 3D culture by using Illumina. Qiagen DNeasy Blood &Tissue Kit (cat. 

69506) will be used to isolate the DNA. The sequenced DNA of all of the samples will 

aligned to the human reference genome. WES is used to compare the somatic mutation and 

copy number variation. All of the samples will be compared to see any genomic drift and 

compare genomic stability between the different cultures. 2D cultures may prevent the 

growth of certain cell populations due to the substratum. This would cause 2D cultures to 

lose genome stability. 

RNA-sequencing analysis will be performed using the Illumina Truseq Stranded 

mRNA Sample Preparation Kit (Illumina) for sample preparation. HiSeq 2000 sequencer 

will be used to sequence the RNA (this would be done outside of the lab). The purpose of 

RNA-sequencing is to view preservation of gene expression profiles. 

3D culture clones compared with primary tumor to validate the use of 3D cultures 

for drug discoveries because they show resemblance. All of these techniques will be used 

to view any divergence from the primary tumor (Shi et. al, 2019).  

3D culture cancer models have shown great accuracy in predicting clinical 

outcomes (Jacobi et. al, 2017). The drug resistance observed in the 3D cultures resembles 

the patient treatment response to the same drug (Vlachogiannis, 2018). Therefore, clonal 

3D cultures should help identify new drugs targeting specific pathways. 

 Based on the research performed by Jacobi et al., (2017) 3D cultures and 2D 

cultures show variable results in drug screens. We predict that the proposed comparison of 

clonal 3D vs clonal 2D cultures from a tumor will show different sensitivity to five selected 

anticancer drugs based on drug penetrance of the 3D cell population and tumor specific 
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mutations in individual clones. The drugs to be tested are five Food and Drug 

Administration (FDA) approved anticancer drug treatments that are currently used in 

treating patients with lung cancer: Crizotinib (targets ALK, HGFR), Erlotinib (targets 

EGFR), Cisplatin (targets DNA- small molecule inhibitor), Sunitinib (multiple target 

tyrosine kinase inhibitor), and Paclitaxel (targets tubulin- small molecule inhibitor) 

(Tamura, 2018). Jacobi et al., (2017) did not observe any differences in cisplatin sensitivity 

between the 2D and 3D cultures. When treating the cells with paclitaxel, the cell lines 

reacted differently. Paclitaxel was found to be toxic for cells cultured in 2D. The same cells 

were found to be insensitive to paclitaxel in the 3D culture (Jacobi et.al, 2017). Because 

2D and 3D cultures react differently to Paclitaxel, it is expected that 3D culture more 

closely reflects in vivo tumor responsiveness to chemotherapy. 
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RESEACH DESIGN / METHODS 

 

 

The procedure will be done according to Biosafety Level 2 Standards. A Biological 

Safety cabinet will be used for cultivation of tumor cells. Personal Protective Equipment- 

such as lab coat, appropriate gloves, face mask, etc.- are worn to prevent any hazard to 

the personal, from unidentified virus or other infectious agents in the patient sample. 

Aim 1: Establish patient- derived organoids and clones (Months 01-06)  

Donated tissue from 10 patients with lung cancer that have signed an informed 

consent will provide material to generate in vitro models. No benign cancer tumors will 

be accepted. Tumors will be excised from the patient before the patient begins any 

treatment. The excised fragment of the patient’s tumor will be packaged and transported 

in a sterile conical tube, from the hospital to the laboratory in a transport medium (CO2 

Independent Medium containing primocin 100 µg/mL). The tumor sample will be 

dissociated using Collegenase/Dispase into single cell suspension.  The cells will be 

washed with complete medium with Fetal Bovine Serum to neutralize the collagenase. 

Single cells will be introduced into a 3D culture.  Clonal growth will be compared using 

the following three medium compositions in table 1. Two media differ based on the use 

of conditioned medium. A third medium differing from the other two based on the use of 

added reagents. 

3D culture preparation:  

The cells will be centrifuged at 1100 rpm to concentrate cells, and resuspended with 

basement membrane extract and plated onto 24- well plate. An appropriate amount of the 

designated complete, serum-free medium will be added to each well to cover the matrix 
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containing the cells. These cells will later be single cell cloned. The plates will be 

incubated at 37°C in 5% Carbon dioxide humidified incubator. The plate will be 

monitored twice every week and medium replaced every seven days. 

 

 

Figure 4. Pictures of the 24-well plate containing plated cells within BME before medium is added to the 

wells. A. Viewpoint from looking down at 24-well plate. B. Viewpoint from below 24-well plate looking 

up. (NCI Patient-Derived Models Repository, 2019). 

 

 

Figure 5. Picture of each well’s matrix confluent with organoids (before medium added). 
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Item: Medium 1 Medium 2 Medium 3 

Advanced DMEM/F12 (1X) X X X 

HEPES (1M) X X X 

GlutaMax Supplement (100X) X X X 

Primocin (50mg/mL) X X X 

N-acetylcysteine X  X X 

L-WRN Conditioned Medium X  X 

Nicotinamide X X X 

N21-MAX Medium Supplement (50X) X X X 

N-2 MAX Medium Supplement (100X) X X X 

Y- 27632 dihydrochloride X X X 

EGF Recombinant Human Protein (hEGF)   X 

Recombinant Human FGF-10 (hFGF-10)   X 

Recombinant Human FGF-basic (hFGF-2)   X 

Prostaglandin E (PGE2)   X 

 

 

Table1. Includes what each medium type contains. Media must be prepared fresh each week- certain 

reagents have a short half-life. (NCI Patient- Derived Models Repository). 

 

When the matrix in each well become confluent with organoids, the 3D culture will be 

subcultured to amplify the clone and preserved by cryopreservation. To break down the 

matrix and release the organoids, complete medium with fetal bovine serum and Dispase 

will be added to each well. Plate will be returned to incubate at 37°C in 5% Carbon 
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dioxide humidified incubator. After enough time (one and a half hours), all of the 

contents in the wells will be transferred into a 50 mL conical tube. The cells will be 

pelleted by centrifugation at 1100 rpm, medium will be removed and fresh complete 

medium with fetal bovine serum will be added to the cells to ensure removal of all 

Dispase. Cells will be centrifuged again to allow removal of all media and transferred 

into a 1.5 mL starstedt tube. Appropriate amount of Basement Membrane Extract will be 

added to the cells to provide an extracellular matrix support. 30 µl of the cells and matrix 

mixture will be added to the appropriate number of cells. Plate will be inverted and 

placed in incubator for 25 minutes. Plate will be inverted back to upright before 

appropriate amount of designated medium is added to each well to cover the cells and 

matrix. Cells will be monitored every other day. When matrix is confluent with cells, cell 

line will be ready for expansion. If cells are not ready for expansion, culture medium will 

be replaced with fresh medium without disturbing the matrix of cells. The cell line will be 

passaged until the cell line contains a cell count of roughly five million cells (averaging 

two million cells per confluent 24-well plate).  

When the cell line sample has an adequate number of cells, it will be ready to be picked 

from for preparation of clonal cell culture. The organoids will be harvested by adding 

medium containing Dispase to degrade the BME. The cells will be washed with DPBS 

(1x). To help dissociate the organoids into single cells, the cells will be added to 

Accutase (a dissociation agent). Cells will be washed again with DPBS (1x). The single 

cells will be plated into soft agar onto 6-well plates. Within the week, cells from the soft 

agar will be individually picked to establish a clonal cell culture in BME for 3D culture 
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and cells picked for 2D culture. Organoids will be developed from those clones in BME. 

A sample (roughly one million cells) from each clonal 3D culture cell line will be 

subjected to flow cytometry to confirm the possession of at least one of the biomarkers 

expected for lung cancer cells. If negative, then the cell line will be cryopreserved for 

future use in other experiments. Those clones will not carry through this experiment. 

Having the WES analysis already for the primary tumor will allow the knowledge of 

what mutations that cell line contains and how that cell line may be applied in future use. 

Soft Agar: 

A 6-well Corning plate will be prepared with a layer of 1% agarose in each well. Soft 

Agar will be used to isolate the clonal cells. The organoids will be harvested by 

introducing Dispase to the well containing the domes. Once the BME is completely 

degraded, the organoids can be harvested. After washes, the cells will be introduced to 

Accutase to dissociate the cells into single cells. A cell count will be taken with 

Nexelcom. The cells will be diluted in 0.5% agarose to dilute the cells to be plated 5,000 

cells per well. The agarose and cell mixture will be added to surface of the 1% agarose 

layer in the well. Medium will be added above the layer of agarose and cells. After 

sufficient time for colonies to form from one cell (typical doubling time is 18 to 30 

hours)(Li, 2018), the colony will be mechanically excised from the agar and plated into a 

48-well plate well with growth medium, aiming to have one colony per well. There will 

be agarose layer at the bottom of the well to prevent contact between cells and plastic. 

The colony will be expanded in the well and harvested one there is a confluency of at 

least 80 percent in the well. Cells harvested will be subcultured and introduced to BME 
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and plated in wells on a 24-well plate for 3D culture as well as a T25 flask for 2D culture. 

The clones in 3D culture will be passaged the same as the organoids. 

2D culture preparation:  

Cells will be introduced to 10-mL of complete medium that includes 10% Fetal Bovine 

Serum and plated into a T25 flask.  The flask will be incubated at 37°C in 5% Carbon 

dioxide humidified incubator. The flask will be monitored twice every week and medium 

replaced every seven days. The 2D culture will contain the same feeding medium for the 

corresponding organoid culture but with added 10% Fetal Bovine Serum. 

After expanding cell line to the same number of passages as the organoid cell culture, 

cells will be harvested. Cells will be subcultured using standard methods: removal of 

medium, DPBS rinse, and dislodged from substratum using 0.25% Trypsin. Suspended 

cells are mixed with growth medium, transferred to a new T25 flasks and incubated at 

37°C in 5% Carbon dioxide humidified incubator 

It is expected that the 3D culture will establish cell lines from patient- derived tumor 

material. Medium 3 will most likely provide the optimal conditions for the 3D cultures 

due to it containing the most reagents. 3D culture will expand more quickly than 2D 

culture.  

Aim 2: Identify characteristics of subpopulations in organoids (Months 06-12)  

For each organoid cell line, roughly one million of the cells will be taken for 

Fluorescence-activated cell sorting (FACs) by BD FACSCelesta. The organoids will be 

harvested by adding medium containing Dispase to degrade the BME. The cells will be 

washed with DPBS (1x). To help dissociate the organoids into single cells, the cells will 
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be added to Accutase (a dissociation agent). Cells will be washed again with DPBS (1x). 

The cells will be categorized based on the following cell-specific antibodies targeting: 

CD133, p63, keratin 5, TTF-1, and keratin 7. A sample from the organoid before being 

broken down into clonal populations will be used to identify collectively the biomarkers 

present in the organoid. After clonal populations are established, another sample will be 

taken for FACs to confirm the properties of that clone. The clonal 3D culture clone will 

be prepared the same as the organoid for FACs. 

3D culture and 2D culture clones will be harvested and broken down into single 

cells with use of Accutase (from above). Cells will be counted with use of Nexelcom- 

roughly 500,000 cells will be placed in one 1.5mL tube with complete medium. Those 

organoids will be sent to a lab for histology reports. From hematoxylin-eosin (H&E) 

staining, cells will be differentiated based on visual characteristics/ morphologies. We 

will compare morphologies between clones from organoids and 2D cultures that share 

similar biomarkers from the FACS analysis. Also, compare all clones to the primary 

tumor sample. 

Roughly 500,000 cells will be provided for short tandem repeat analysis to ensure 

the 2D and 3D culture are in fact from the same patient sample. This is to confirm that 

there were no mistakes during the processing of the samples, that there was no 

contamination or switches.  

Whole exome sequencing using isolated DNA from a sample of the original 

tumor specimen, mixed cell culture 3D, and single cell clones 2D and 3D sequenced on 

the Illumina platform (by core sequencing facility). Based on WES analysis, using 1000 
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Genomes Project, mutations will be compared to those previously identified in lung 

cancers as well as comparison between the different cultures from the same patient tissue. 

WES will show any genetic drift that may have occurred during the passaging of the 

clonal populations. We anticipate single cell clones will share some mutations and 

possess different cancer-related mutations. We expect the 3D culture clones to have 

greater genomic stability than the 2D culture clones. 

RNA- sequencing will be used to identify mutations expected in lung tumor cells, 

e.g. TP53, EGFR, KRAS genes, and examine if gene expression was preserved through 

the cultures. The organoids will be compared to the original patient tissue. The 3D culture 

clones will be compared the original patient tissue, organoid, and 2D culture clones.  

To ensure the ability to repeat experiments cell populations will be sufficient to 

cryopreserve cells before proceeding with genetic analysis and flow cytometry. To 

cryopreserve each sample, the cells in medium will be centrifuged to allow removal of 

medium. Complete medium containing DMSO and a higher percentage of fetal bovine 

serum will be added to the cells. One million cells will be cryopreserved in each vial and 

placed into a Mr. Frosty and into a -80℃ freezer. The following day, the vials will be 

transferred into liquid nitrogen tanks for storage. 

 It is expected that there will be a greater number of clonal subtypes available from 

the 3D culture compared to the 2D culture. 3D culture will provide better genomic 

stability as well as greater cell viability.  

Aim 3: Monitor drug efficacy against clonal 3D cultures , clonal 2D cultures, and the 

heterogeneous organoids (Months 12-14)  



Program Director/Principal Investigator (Wade, Anna):  Wade, Anna 
_______________________________________________________________________________________________ 

 

 

 
_______________________________________________________________________________________________ 
 

 Page  27 Continuation Format Page 

 

 

Five anticancer drug treatments, currently prescribed to patients with lung cancer  

Crizotinib (targets ALK, HGFR), Erlotinib (targets EGFR), Cisplatin (targets DNA- 

small molecule inhibitor), Sunitinib (multiple target tyrosine kinase inhibitor), and 

Paclitaxel (targets tubulin- small molecule inhibitor), will be used on 3D original 

organoid mixed cell culture from tumor sample, each clonal 3D culture, and 2D culture 

clonal sample (if there is a 2D culture match to a 3D clonal culture)  in triplicate. For a 

negative control, no drug treatment will be added to portion of wells for each cell line’s 

drug screen. This will ensure that the death of cells is due to the drug treatment and not to 

poor environmental conditions or another variable. For a positive control DMSO will be 

used. We expect DMSO to kill all the cells.  

The cell lines will be seeded in a 24-well plate corresponding with culture type. The 

designated serum-free medium will be added to cover the matrix of cells for the organoids. 

The plate will be incubated at 37°C in 5% Carbon dioxide humidified incubator. The 

therapeutic agents will be added four days later, this allows reformation of organoids 

(visual verification by using a microscope). Drugs will be tested in a gradient of 

concentration for each test: 10 M, 20 M, 40 M, 80 M, 100 M. The cell viability will 

be determined each day for five days of treatment. Viability will be determined utilizing 

the LIVE/DEAD Viability/ Cytoxicity Kit (Invitrogen) according to the manufacturer’s 

instructions (Jung, 2019). For imaging with a fluorescence microscope, the cells will be 

stained with green-fluorescent calcein-AM (indicates intracellular esterase activity) and 

red-fluorescent ethidium homodimer-1 (indicates death by loss of plasma membrane) in 

dPBS 1x for one hour at 37 °C followed by imaging. The fluorescent imaging allows one 
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to monitor cell death of the cells within the core of the organoid and the cells on the 

periphery. The purpose is to make sure the drug treatment is penetrating the organoid.  

From previous work, I expect that there will be variable results between the mixed 

cell culture, 2D clonal culture, and the 3D clonal culture. I would expect evidence of cell 

survival for most, if not all of the anti-cancer treatments used on the mixed cell organoid 

cultures. Due to certain populations containing chemoresistance to that specific drug. I 

would expect that 3D and 2D would differ in the sense that the cells in the core of organoids 

are not exposed to the drug directly when the drug is added to the medium/culture. 

Therefore, depending on the concentration of the drug, the drug may not have a strong 

enough effect to reach and kill the cells in the core of the organoids. Based on the findings 

from Jung et. al (2019), I believe that we will witness cell death on day two even at the 

concentration of 20 M. It depends on the clonal population and the anti-cancer treatment 

also.  

Additional research would be required to test more biomarkers to cover more 

somatic mutations found in NSCLC. Only five were selected in this experiment for 

NSCLC. Future labs may implant the clonal 3D cultures into mice to look for 

tumorgenicity, genome stability, or other differences due to mice containing a vasculature 

system, microbiomes, immune system, etc. Clones are only a small part of the tumor. To 

personalize a treatment for a patient, the goal is to create a cocktail of the necessary anti-

cancer drugs that were found to eradicate each cell population in that person’s tumor. 

Therefore, the cocktail of anti-cancer drugs should be tested on the mixed cell organoid 

culture. Some clones may not be able to be grown in vitro at all and that could cause an 
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issue. The side effects of combining certain drugs together would also need to be monitored 

before delivered to the patient.  
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