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Abstract

Lung cancer is the leading cause of cancer-related death worldwide yet /n vitro disease models
have been limited to traditional 2D culture utilizing cancer cell lines. In contrast, recently
developed 3D models (organoids) have been adopted by researchers to improve the physiological
relevance of laboratory study. We have hypothesized that 3D hydrogel-based models will allow for
improved disease replication and characterization over standard 2D culture using cells taken
directly from patients. Here, we have leveraged the use of 3D hydrogel-based models to create
lung cancer organoids using a unique cell source, pleural effusion aspirate, from multiple lung
cancer patients. With these 3D models, we have characterized the cell populations comprising the
pleural effusion aspirate and have tracked phenotypic changes that develop during short-term /n
vitro culture. We found that isolated, patient cells placed directly into organoids created
anatomically relevant structures and exhibited lung cancer specific behaviors. On the other hand,
cells first grown in plastic dishes and then cultured in 3D did not create similar structures. Further,
we have been able to compare chemotherapeutic response of patient cells between 2D and 3D cell
culture systems. Our results show that cells in 2D culture were more sensitive to treatment when
compared with 3D organoids. Collectively, we have been able to utilize tumor cells from pleural

"Correspondence to: Shay Soker, PhD, Wake Forest Institute for Regenerative Medicine, Wake Forest School of Medicine, 1 Medical
Center Boulevard, Winston-Salem, NC 27157, ssoker@wakehealth.edu, 336 713 7295.

Supporting Information

Additional information describing other samples collected and processed utilizing pleural effusion aspirate as well as characterization
of 2D cell culture drug treatment and 3D cell culture drug treatments are included.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Mazzocchi et al. Page 2

effusion fluid of lung cancer patients to create organoids that display /n vivo like anatomy and
drug response and thus could serve as more accurate disease models for study of tumor
progression and drug development.
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Introduction

Lung cancer remains the leading cause of cancer-related death worldwidel-2. Specifically,
adenocarcinoma of the lung is the most common histological type and is directly related to
smoking and other environmental exposures. Advances in early diagnosis and treatment of
patients is of primary interest since the 5 year survival rate of patients with lung cancer is
only 15%?. One of the symptoms of lung adenocarcinoma is the development of malignant
pleural effusion (PE) which is a build-up of aspirate between the parietal and visceral pleural
layers3. Because advanced-stage lung cancer causes fluid imbalances which force fluid into
the pleural space, PE has been related to inflammation and infection, which increase
capillary permeability and can lead to subsequent metastasis 4. Lung cancer patients
frequently have PE drained to relieve multiple outward symptoms such as cough, shortness
of breath, or discomfort in the chest through two primary methods: thoracentesis or
thoracoscopy °.

One major challenge in studying lung adenocarcinoma is the low quantity of cells that can
be isolated from lung tissue biopsies. PE can act as a liquid biopsy offering information
about lung adenocarcinoma prognosis. PE samples contain a multitude of cell types which
are representative of the heterogeneity present in lung adenocarcinoma. After being utilized
for diagnostic purposes, excess PE is often discarded, unlike solid tumor biopsies which are
commonly stored as a paraffin-embedded block for future analysis 6. In this study we
isolated and identified viable cells that originated from lung adenocarcinoma in PE aspirates.
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PE samples are a readily-available, cost-effective source of tumor cells for monitoring of
disease progression and further studying the effects of treatments, as well as for creating
better lung cancer models to support precision medicine applications in the future.

Current models for lung adenocarcinoma include both two-dimensional (2D) and three-
dimensional (3D) cell culture systems, as well as patient-derived mouse xenografts (PDX) ’.
Patient derived cells can be isolated from tumor biopsies and used in /n7 vitro tumor models
to track disease progression and screen chemotherapeutics, which represents an ideal
platform for precision medicine applications. However, isolating pure populations of cancer
cells eliminates many of the non-tumor cell components, such as stromal cells or
extracellular matrix components (ECM), that maintain or support tumor progression. PDX
models aim to alleviate these concerns by creating microenvironments in which cells may
behave more similarly to physiologic conditions8-9 however they lack both human and
cancer-specific components, which may alter the human cancer cell behaviorl?. Considering
these limitations, ex-v/vo 3D cell culture models have aimed to create microenvironments
that incorporate specific ECM and stromal components to best replicate disease behavior
and progression. Most current 3D models are formed either by creating cell aggregates
(spheroids) or by encapsulating cells in hydrogels, surrounding them in ECM components
similar to their native microenvironment!1-12, Hydrogels can be chemically modified to vary
internal porosity, stiffness, and component availability for tissue-specific customization.
Lung-specific 3D tissue models have thus far included decellularized lung extracellular
matrices and scaffolds, naturally based hydrogels such as collagen and alginate, and
polymers3-16, Previous studies have shown clear changes in cell phenotype and genotype
over time between 2D and 3D methods?’.

In this study, we have isolated tumor and stromal cells from PE aspirate biopsies, cultured
those cells in 3D model systems (organoids) and in standard 2D tissue culture plastic dishes
(Table S1). Our goal for the current study was to determine maintenance of PE-derived cells
in vitro and to further characterize interactions between tumor and stromal cells, ultimately
to develop a more accurate model for lung adenocarcinoma (Figure 1). We were able to
document morphological changes in cells over time and apply chemotherapeutic treatments
in 3D and 2D culture systems. The results show differential responses between each of the
systems, which provides insight into the importance of 3D over 2D cultures. Collectively,
our data suggest that PE liquid biopsies are suitable for studying lung adenocarcinoma and
the importance of using 3D over 2D culture for disease modeling and drug efficacy
screening studies.

Materials and Methods

Cell Isolation

PE samples were obtained from Wake Forest Baptist Hospital under IRB#BG04-104 with
consent from patients previously diagnosed with lung adenocarcinoma and contained
between 500 mL and 1 L of fluid each yielding between 4 and 7.5 million cells for use in
culture. Samples were transferred from the primary container in which they were delivered
into 50 mL centrifuge tubes and centrifuged to separate cells from fluid and plasma. Once
cells were pelleted, BD PharmLyse was used following manufacturer’s instructions (1:10,
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lysing buffer:deionized water) to lyse and subsequently remove red blood cells (BD
Biosciences, San Jose, CA). Cells were centrifuged, cell lysate was removed, and the cells
were resuspended in RPMI 1640 medium with 5% fetal bovine serum and 200 U/mL
penicillin and streptomycin (RPMI-5) (ThermoFisher Scientific, Waltham, MA). Cells were
counted and seeded into 3D hydrogel cultures (108 cells/mL), also referred to as organoids,
or onto tissue culture plastic. From samples, approximately fifty organoids, one 6-well tissue
culture plastic plate, and fifty 96-well tissue culture plastic (TCP) plates were made at PO.

Cells were isolated from two patient samples (Sample 1 — isolated on 1-4-2017; Sample 2 —
isolated on 7-23-2017) and placed into 3D and 2D culture. Hydrogels were prepared using
three parts methacrylated type | collagen (6 mg/mL) to one part thiolated hyaluronan (1
mg/mL) (Advanced Biomatrix, Carlsbad, CA; ESI Bio, Almeda, CA). Cells were
resuspended in hydrogel at 10° cells/mL. In suspension, organoids were made by depositing
10 uL of gel into each well of 48-well TCP plates that were previously coated with a thin
layer of polydimethylsiloxane (PDMS), to reduce cell adherence and outgrowth. Once
plated, hydrogels were crosslinked with UV light (880 mW/cm?) for 1 second. Media was
added to the wells and organoids were allowed to grow for 3 weeks for 1-4-17 samples and
3-6 weeks for 7-23-17 samples prior to fixation (referred to as PO or passage 0, 3 weeks and
PO or passage 0, 6 weeks) (Figure 2). Cells placed into 2D culture were either plated in 6-
well or 96-well TCP plates. Those in 6-well plates were grown for 2 weeks and then
passaged into organoids (referred to as P1 or passage 1 organoids). Those in 96-well plates
were initially seeded at 1,000 cells per well and grown for 3 weeks before drug treatment.
RPMI-5 was used for all cultures and media was changed ever 3-4 days. PE lung
adenocarcinoma cell line H460 (pleural effusion, lung adenocarcinoma) was also utilized for
experimentation and placed in 2D culture using 96-well TCP seeded at 1,000 cells per well.
Cells were grown for 7 days and then drug treatment was administered as described below.
H460s were also placed into hydrogels using the methods described at a density of 7 x 10°
cells/mL. A mixed 3D culture was also created using a combination of H460 and normal
human lung fibroblasts (NHLF) to determine if there were any differences in drug response
(3.5 x 108 cells/mL) of each cell type.

Drug Treatment

Drug treatments were administered to cells isolated from the second patient in both 3D and
2D. At 3 weeks, PO 2D cultures were treated with three drugs, each at three concentrations
as follows: cisplatin and pemetrexed (0.2 uM, 0.2 uM; 2 uM, 2 uM; 20 UM, 20 uM),
carboplatin and pemetrexed (0.2 UM, 0.2 uM; 2 uM, 2 uM; 20 uM, 20 uM), and crizotinib (1
uUM; 10 pM; 100 uM) in RPMI-5. After 3 days of treatment, an MTS assay was performed
(n=3) following manufacturer’s instructions with incubation duration of 30 minutes. Two
additional wells were fixed with 4% paraformaldehyde (PFA). This drug treatment was
replicated in 2D using H460 cells. At 5 weeks 4 days, PO 6-week organoids were treated
with cisplatin and pemetrexed (2 pM, 2 uM), carboplatin and pemetrexed (2 uM, 2 pM), and
crizotinib (10 uM) in RPMI-5. After 3 days, an MTS assay was performed (n=3) following
manufacturer’s instructions with incubation duration of 2 hours. Additional organoids (n=2)
were fixed for histological processing with 4% PFA. H460 cells in 2D culture alone, H460 in
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3D organoids alone, and H460 with NHLFs in 3D organoids were all treated as previously
described 2D and 3D studies for patient samples.

Immunohistochemistry

Results

Cultures in 3D were fixed with 4% PFA for 30 minutes and then paraffin processed as
appropriate for histology. Paraffin sections were cut at 5 um thick sections for staining.
Hematoxylin and eosin (H&E) staining was done via autostainer for each of the samples
shown. Alcian blue — periodic acid-Schiff stain (AB-PAS) was carried out per
manufacturer’s instructions for PO 3-week, PO 6-week, and P1 3-week organoids. For H&E
stained PO 3-week, PO 6-week, and P1 3-week structures within organoids were quantified
using ImagelJ. Representative images from three separate organoids for each condition were
quantified using the drawing tool and collecting the area from each structure. Number of
structures for each condition ranged from 65 to 110. Immunohistochemistry was performed
to further characterize samples 1-4-17 and 7-23-17 organoids. Sample 1-4-17 organoids
were stained using primary antibodies a-smooth muscle actin (a¢ SMA; 1:200, ab7817,
Abcam, Cambridge, MA), CD45 (1:200, ab10558, Abcam), pan-cytokeratin (CK, 1:200,
ab215838, Abcam), P63 (1:200, CM163, Biocare Medical, Pacheco, CA), and DAPI (1:300,
ab228549, Abcam). For sample 7-23-17, primary antibodies Mucin5AC (1:200, ab3649),
CK7(1:200, abh9021), and CK20 (1:200, ab76126) stains were utilized for characterization
and were incubated on sections overnight at 4°C (Abcam). CK7 and CK20 were carried out
as co-stains and DAPI was used amongst all stains. Secondary antibodies utilized for sample
7-23-17 were administered to slides and incubated for 1 hour at room temperature as
follows: Texas Red, goat anti-rabbit (1:200, T1-1000) and FITC horse anti-mouse (1:200,
F1-2000) (Vector Labs, Burlingame, CA). Each of the samples was finally stained with DAPI
(1:300, ab228549, Abcam) for 15 minutes at room temperature. Sample 7-23-17 slides were
imaged using an Olympus BX63 motorized upright microscope for both brightfield and
fluorescence microscopy (Olympus, Shinjuku, Japan).

Cells from the drained PE of lung adenocarcinoma patients (~1 L) were used to produce
lung adenocarcinoma 2D and 3D cultures. Multiple PE samples were obtained, resulting in
viable cell cultures on TCP and in 3D organoids (Table S1). Cells on TCP were successfully
sub-cultured (passaged) up to 4 times with decreasing cellular proliferation with increasing
passage. Preliminary immunohistochemistry of 3D organoids revealed the presence of both
tumor and non-tumor cells. Of the different samples, we chose two (1-4-17 and 7-23-17) for
thorough histological and immunohistochemical characterizations and compared the 2D and
3D cultures (Fig 2).

The 1-4-17 sample yielded enough material for initial characterization of the PE samples
and to optimize the encapsulation procedure using hydrogels. Organoids containing cells
from the 1-4-17 sample were cultured for 3 weeks then analyzed. H&E staining revealed
various structures within the organoids including aligned stromal cells and clusters of cancer
cells with both immune and stromal components (Figure 3). Immunostaining showed the
presence of cells expressing aSMA (fibroblasts), CD45 (hematopoietic cells), cytokeratin
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(tumor cells), and P63 (potentially cancer stem cells) in the different structural regions of the
organoids (Figure 3). These cells were maintained within the organoids and may have co-
localized during the 3-week culture period. For example, two regions within a single
organoid were shown to have cellular structures that stained with tumor cell markers (CK*,
P63*) and fibroblast like cells (a SMA+) extending from their periphery, indicating
outgrowth and interaction with the matrix (Figure 3D-E). Hematopoietic cells (CD45%) were
observed primarily within the core of these structures and also dispersed within other
regions. A large region near the edge of the organoid showed fibroblast-like cells that stained
consistently for both CK and aSMA, indicating co-localization of fibroblasts and tumor
cells (Figure 3B). In regions without apparent structures, staining indicated sporadic
presence of CK*, P63*, and aSMA™* cell populations although elongation, co-localization,
and interaction with matrix were not apparent (Figure 3C).

This patient was a 66-year-old female at time of sample collection with pathology indicating
primary lung adenocarcinoma. Genetic testing revealed PIK3CA E545K and p53 V272L
mutations. The patient was initially treated with carboplatin and pemetrexed two years
previous to sample collection, and received nivolumab throughout the year previous to
sample collection. The patient was ultimately unresponsive to these treatments.

The 7-23-17 sample yielded an increased number of cells, allowing for histological. analysis
of organoids and for 2D versus 3D drug testing. Organoids made from freshly isolated PE-
derived cells (Passage 0 or PO) were initially stained with H&E and showed large acini
structures with empty lumen after 3- and 6- weeks incubation (Figure 4). Organoid
hydrogels remained the size they were created at (~10 uL) for the entire 6-weeks they were
in culture, with cellular reorganization changes observed within the organoids, and no signs
of necrosis were noted. Cells that were sub-cultured once in TCP and then encapsulated into
organoids (P1 organoids) formed smaller acini structures after 3-weeks in culture (Figure
S1). The smallest structures were formed within the center of the organoids and the largest
were observed only near the edges of each of the organoids with size being approximately
the same as those from PO. AB-PAS staining of mucins showed the presence of acidic
mucins within the large structures. The magenta stain also within or directly next to the acini
structures indicated the presence of neutral mucins!®. The staining appeared to decrease
significantly in the P1 organoids. To determine which specific mucin type is present, we
stained the organoids with anti-mucin 5AC antibodies. This mucin, not produced by cancer
cells but related to disease outcome, was found to be correlated to both primary and
metastatic lung cancer in previous studies 19. The immunostaining results indicated that
mucin 5AC is present in organoids made with PO cells and its signal is substantially reduced
in P1 organoids. The staining is most prominent along the edges of the organoid where more
considerably sized structures are present (Figure 4). These results are consistent with AB-
PAS staining. With the presence of disease state-related mucin presenting cells, the
identification of cancer within the cultures was necessary to guarantee the model was
representative of lung adenocarcinoma. For each of the organoids, expression of CK7 and
CK?20 was evaluated. Previous studies have demonstrated that lung adenocarcinoma is
CK7*/CK20~ 20, The PE cell organoids were positive for CK7 and negative for CK20,
similar to these studies positive stains were most prominent within the PO organoids and less
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so in the P1 organoids and appeared to be integrated into the acini structures, suggesting
colocalization and interaction with stromal cells to support cancer growth (Figure 4).

This patient was a 41-year-old male at time of sample collection and pathology indicated
adenocarcinoma which was possibly metastasis from primary pancreatic cancer. Genetic
testing revealed TERT L38L mutation. The patient initially received 5-fluoraurcil, irinotecan
and oxaliplatin treatment. Disease progressed and the patient was subsequently treated with
gemcitabine and paclitaxel. All treatments were given prior to sample collection. The patient
was ultimately unresponsive to these treatments.

With data showing cancer cells were present within the organoids and expressed markers of
lung adenocarcinoma, we proceeded to evaluate the response of the cultures to
chemotherapeutic drugs. Response to chemotherapeutics used for treating lung
adenocarcinoma was assessed using freshly isolated PE cells in both organoids and on TCP
(Figure 5 and Figure S2)21. We based drug concentrations on previously cited values and on
our preliminary testing of patient and H460 cells cultured on TCP (Figure S2)22-23, Qur
results showed statistically significant differences between the response of tumor cells on
TCP and in the organoids; specifically, the cells on TCP showed statistically greater
responses to cisplatin/pemetrexed and carboplatin/pemetrexed (cis/pem and carb/pem,
respectively) combinations than the organoids (Figure 5A and Figure S2). Tumor cell
viability in the organoids (as measured by mitochondrial metabolism by MTS) was not
significantly different than in untreated organoids. On the other hand, crizotinib, an ALK
(anaplastic lymphoma kinase) and ROS1 (c-ros oncogene 1) inhibitor, used in lung
adenocarcinoma patients, had a moderate effect on tumor cell viability both in TCP cultures
and organoids. To validate these results we created tumor organoids with H460, a cell line
derived from PE of patient with lung adenocarcinoma. The results with H460 cells were
similar to those of cells from the 7-23-17 sample with low sensitivity to chemotherapy
treatment (Figure 5B and Figure S2). We also tested if the addition of normal human lung
fibroblasts (NHLF) to the H460 cells in the organoids will change their response to the drug
treatments (Figure 5B and Figure S2). We found that the addition of fibroblasts did not
significantly change chemotherapeutic response. H&E staining further confirmed these
results (Figure S3). The addition of fibroblasts did not have an effect on organoids’ structure
or drug response. Collectively, the differences indicate that 1) tumor cells in 2D and 3D
differ in their response the chemotherapies, 2) these differences can vary based on the
particular drug and 3) the presence of non-cancer cells such as fibroblasts had no significant
effect on cancer cell drug response in the organoids.

Discussion

The goal for the current study was to use a unique cell source, PE aspirate, to biofabricate a
3D lung adenocarcinoma model for disease modeling and chemotherapy screening. By
encapsulating isolated, primary cells into specialized hydrogels, we have produced lung
cancer organoids that preserve cancer cell characteristics and tumor heterogeneity. We have
observed the presence of adenocarcinoma, stromal, and immune cells that drive cellular
reorganization and co-localization that cannot be recapitulated in simple 2D culture.
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In sample 1-4-17, we identified large branching structures containing CK* tumor cells and
aSMA* fibroblasts (Figure 3) suggesting that tumor cells within the organoid are supported
by the stromal fraction. Cancer-associated fibroblasts (CAFs) have previously been linked to
poor prognosis?4. CAFs have been previously shown to support the cancer
microenvironment which can induce drug resistance?>. However, for the current study CAFs
were not added since the samples already contained stromal fibroblasts. However, aSMA*
fibroblasts were present at the periphery of the organoids, suggesting that they may be active
and acting as CAFs. They could also form a fibrotic capsule around the tumor organoid,
similar to many solid tumors. The CK* cells were identified with a broad range antibody that
detects CK 4- 10, 13, 14, 18, and 19, indicating that cancer cells remained within the patient
derived tumor organoids. Finally, the presence of CD45* cells indicates that hematopoietic
cells such as leukocytes can be preserved within the hydrogel-based 3D tumor organoids. In
sample 7-23-17, we observed mucin-containing acini structures. This finding shows the
tumor organoids provide a supporting microenvironment that facilitates formation of
bronchiole-like structures that produce mucin, similar to lung adenocarcinoma /n vivo, and
these acinar structures were preserved over the course of 6 weeks with minimal changes. On
the other hand, if the tumor cells were first grown on tissue culture plastic dishes and then
encapsulated in hydrogel to form 3D organoids, these structures were significantly smaller
and produced less mucin. This indicates when tumor cells are removed from their natural
environment and cultured on non-physiological substrates (plastic), they lose their ability of
tissue-like re-organization. In contrast, the 3D tumor organoids provide a proper physical-
chemical environment that serves as a physiologically relevant model of /n vivo tumor tissue
which maintains phenotypic and re-organization features. Overall, this study indicates that
samples from PE aspirate yield adequate cell numbers and diversity to create tumor
organoids that better represent lung carcinomas compared with standard cell culture models.
Within the scope of our study, we have not been able to control cell fate in 2D to yield the
phenotypes seen in 3D over time indicating that 3D conditions are more appropriate for
preserving cell phenotypes that allow for acini formation and cellular colocalization. The
organoid system demonstrated capability of preserving structures and heterogeneity for up to
6 weeks and suggest that it can model the interactions between different cell types within the
tumor. Current lung adenocarcinoma disease models are commonly 2D cells cultures or
involve /n vivo xenografts whereas, models that have integrated the use of 3D cultures
primarily use cell lines 2627, The tumor organoid technology described here uniquely
combines flexible and easily assayed /n vitro culture with an /in vivo-like environment that
can be used to study disease progression and assess treatments.

An essential function of tumor modeling is testing the response of the cancer cells to
treatments such as chemotherapies. A comparison in the response to compounds commonly
used to treat lung adenocarcinoma?®-30 revealed a significant difference between PE-derived
cells in 2D and 3D cultures. The cells in TCP were significantly more sensitive to cis/pem
and carb/pem combinations compared with the cancer cells in the organoids. On the other
hand, the response to crizotinib, an ALK (anaplastic lymphoma kinase) and ROS1 (c-ros
oncogene 1) inhibitor, was more similar (yet with a significant difference) between PE-
derived cancer cells in 2D and 3D cultures. These results could probably not be explained by
diffusion since the organoids were only 10ul in size. On the other hand, it may be due to loss
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of cancer cell sensitivity to a specific drug after /n vitro culture expansion. It has been
reported that cancer cells cultured in plastic dishes for extended periods of time significantly
change their phenotype and response to drugs!’. Furthermore, our results have shown a
phenotypic change of the cancer cells, in forming smaller acinar structures and lower
production of mucin, even after one passage in plastic culture dishes. Together, these results
suggest that cancer cells in our organoids have a more physiologic response to
chemotherapeutic drugs however, the differences between the two culture systems is
dependent on the specific target of the drug. As such, it is important to document the drug
sensitivity of cancer cells in the tumor organoids and ensure the expression levels of targeted
proteins and pathways are sufficient to predict drug response 77 vivo31-32, Accurate
expression of oncogenic pathways in organoid models is essential for precision medicine in
order to prescribe an optimal treatment to each patient based on the genetic profiles of their
tumor cells. Our model has been able to use PE aspirate removed by a routine, required, and
relatively non-invasive procedure for the creation of 3D organoid models that better
represent lung tumor microenvironment. The use of regularly removed PE fluid provide a
unique opportunity to researchers and clinicians to monitor disease progression and response
to treatment /n7 vitro. Our data shows that there is a substantial difference between 2D
cultures and 3D organoids in phenotype and drug response indicating that these models yield
different results and researchers should look for the best representation of the disease state of
interest.

Collectively, this study highlights a unique lung cancer model system, using PE aspirate for
lung cancer cell isolation and the creation of 3D organoids that preserve the phenotype of
the cancer cells as well as maintain cancer and stromal cell interaction for an extended
period /n vitro. Our data supports the use of 3D over 2D culture models for lung
adenocarcinoma drug testing. Although we were limited by the sample size of patients, our
data supports the necessity to continue to pursue the use of PE-derived 3D tumor organoid
cultures in replacement of 2D cultures to best model lung cancer disease progression and
treatments.
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Figure 1. Experimental Pipelinefor Pleural Effusion.
Pleural effusion cells are separated from the PE liquid through centrifugation and cells are

plated in tissue culture dishes (2D) or encapsulated in hydrogels (3D). Both 2D and 3D
cultures allow for comparative drug treatment in order to determine differences in predicted
drug response. The 3D culture method further allows for disease modeling over a longer

period of time.
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Figure 2. Cell Usage Schematic.
Of the patient samples collected, two (referred to as samples 1-4-17 and 7-23-17) were

cultured and subsequently characterized or treated with chemotherapy. Isolated cells from
Sample 1-4-17 were placed directly into organoids and grown for 3 weeks at the end of
which they were characterized using IHC and H&E. Sample 7-23-17 cells were isolated and
placed directly into organoids grown for either 3 or 6 weeks, or grown on TCP. Organoids
grown for 3 weeks were either characterized using IHC and H&E or used for drug treatment.
Organoids grown for 6 weeks were used for characterization. Sample 7-23-17 cells grown on
TCP were initially placed in either 96-well or 6-well TCP plates. Those in the 96-well plate
were used for drug treatment. Those in the 6-well plate were passaged at approximately 3
weeks and those cells were made into organoids. The organoids from passaged TCP wells
were grown for 3 weeks and characterized.

ACS Biomater Sci Eng. Author manuscript; available in PMC 2020 April 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mazzocchi et al. Page 15

A

Figure 3. 1-4-17 Sample Char acterization.
Organoids made from cells from of the 1-4-17 sample were cultured for 3 weeks and then

processed for histology and immunohistochemistry. H&E staining revealed many unique
structures characterized using aSMA, CD45, pan cytokeratin, P63 and DAPI. It was
revealed that the structures retained a mixed cell population.
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Figure 4. 7-23-17 Sample Char acterization.
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Organoids made from cells from of the 7-23-17 sample were cultured for the indicated times
and then processed for histology and immunohistochemistry. H&E, AB-PAS, Mucin5A,

CK7, and CK20 were used to characterize the organoids.
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Figure 5. Organoid and TCP Chemotherapy Screening.
Cell from the 7-23-17 sample (A) and H460 PE-derived lung adenocarcinoma cells (B) were

cultured in organoids for 5 weeks and in TCP and then treated with the indicated
chemotherapy drugs for 3 days. MTS assay was carried out to determine cell viability and
results were normalized to untreated cells (Control). Some of the organoids made with H460
cells contained in addition normal human lung fibroblasts (NHLF) (* p<0.05, ** p<0.005)
(+ p<0.05, ++ p<0.005 with control).
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