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Cancer associated fibroblast (CAF) has been proposed as a main
player in Tumor Microenvironment (TME) of solid tumors. It was
demonstrated that two main subtypes of CAFs have supportive or
suppressive influence on tumor cell through direct or indirect
communication via paracrine factors or membrane receptor proteins'.
These interactions allow tumor cells to acquire metastatic properties,
immune escape, and drug resistance. Recent studies have focused on
how two main subtypes of CAFs differentially regulate tumor
microenvironment using mouse model or cell line. Additionally,
colorectal cancer is known to onset with sequential genetic mutation.
This can be the driving force at the beginning, and tumor
microenvironment members such as CAF subpopulations and immune
cells took a part in tumor—suppressive roles?. However, there is lack
of explanation how tumor cells show uncontrolled malignant unlike
normal cells. Patient derived organoids (PDO) have widely used owing
to its advantageous feature in expectation of mimic the patient—
specific tumor biology®. The present study focuses on how normal
epithelial cell and tumor cell differentially response to stimulation

under fibroblast coculture system.

Patient derived normal organoid, tumor organoid and fibroblast
were well established and verified with expression of the cell type
specific markers. Concordant results were also confirmed even after

two types of cells were cultured together.

Direct coculture system was applied to monitoring both direct and
in—direct cell to cell interaction between PDO and PDF. Nature of two
types of cells were maintained after sorting. Normal organoid showed
extensive phenotypic changes in response of CAF and NAF coculture
such as increase in proliferation rate and more cystic morphology. On
the other hand, tumor organoid did not show visible difference

between mono-culture control and NAF/CAF coculture counterpart.



To discover the molecular mechanism involved in significant
variance between responses of normal and tumor organoid, RNA-
sequencing and further analyze with Gene Set Enrichment Analysis
(GSEA). It was revealed that normal organoid showed extensive
signaling pathways were up— or down— regulated when cultured with
NAFs and CAFs. Unlike the normal organoids, tumor organoids showed
fewer pathways were regulated by coculture of matched fibroblasts.

Same results were shown also in organoids from another patient.

Altogether, in—vitro PDO and PDF 3D coculture system uncovered
with a reflection of in—vivo tumor microenvironment. The difference
in degree between normal and tumor organoid cultured with fibroblast
might implicated that transcriptional mechanism involved in could be

the biomarker.

Keyword: Colorectal Cancer, Tumor microenvironment, Patient—
Derived Organoid, Patient—Derived fibroblast, Cancer associated
fibroblast, Normal fibroblast.

Student Number: 2020-29330
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Introduction

Cancer Associated Fibroblasts (CAF) is one of the most influential
components in tumor microenvironment and has been extensively
studied in various cancer types such as Colorectal Adenocarcinoma,
Pancreas Ductal Adenocarcinoma, and prostate cancer®. There have
been several studies that elucidate CAF have influence on tumor
progression, metastasis, and immune infiltration®®. During
tumorigenesis, especially in CRC, loss of function—mutation of APC is
considered as the first heat in early stage of tumor development via
canonical WNT signaling pathway’. Addition to APC mutation,
accumulation of further genetic mutations such as Kras, TP53 is also
known as major players in CRC development. However, there is
limitation in these genetic mutations to explain how tumor acquires
their ability for further progression, metastasis, and drug resistance.
CRC is known to interact with surrounding tumor microenvironment.
Especially one of the consensus molecular subtypes (CMS), CMS4 CRC
is marked by prominent stromal invasion®. This demonstrates the

importance of tumor microenvironment and its component.

Under normal and homeostatic condition, it has been shown that the
genes that are related to the epithelial-mesenchymal transition(EMT)
are known as a regulator in differentiation’ and wound healing process
9. On the other hand, in the case of tumor microenvironment, CAFs
provides tumor cell with cytokines that induce EMT signal in epithelial
cells and allow tumor cell to acquire metastatic ability'!. Furthermore,
during differentiation stage of intestinal stem cell, balance between
stemness promoted by Wnt, R—spondin and differentiation stimulation
induced by BMP signaling pathway are accurately controlled and
discriminate through the distribution of various fibroblast that secret
different cytokines. Unlike normal stroma, stromal Hedgehog signaling
pathway that produced mainly by CAFs are inhibited, leading to

disruption of homeostasis, induction of uncontrolled stemness, and
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hampered epithelial cell differentiation with function®. Lastly,
Epithelial-stromal communication via cytokines has been considered
as main causative of immune suppressive condition surrounding
tumors'?. Conventional epithelial cell-only culture system might not be
sufficient to understand mechanism of tumorigenesis under tumor
microenvironment which is composed of various cell types. Thus,
there is an unmet need for a model system to study the epithelial—
stromal interaction in vitro.

Like tumor microenvironment composed of more than one cell type,
in the case of multicellular organism like human, the cells with various
function interact with each other through paracrine or autocrine
factors and this connection occurs in 3—Dimensional tissue. In other
word, this spatial organization is important. Indeed, ECM components
that mechanically support cells including epithelial cells not only
provide physical scaffold, but also induce mechano-transduction
within the cells, controlling the signaling pathway through binding to
cell surface protein'. For these reasons, it is necessary to design in
vitro 3D model system that resembles tissue. Organoid derived from
tumor and adult stem cell has been widely utilized, which resemble
normal tissue functional differentiation in vitro'*. To be more specific,
unlike conventional 2D cell culture using cancer cell line, which
accumulates uncontrolled mutation during passaging, Patient Derived
normal and tumor Organoids (PDOs) are advantageous as these cells
could be cultured for extended time without change in their own
properties (genetic background, drug response, morphology, etc.) one
recent study uncovered molecular mechanism how liver cancer gains
resistance to anti—cancer drug, such as 5-Flourouracil and sorafenib,
by using organoid and fibroblast!'®. Patient-derived Xenograft (PDX)
model is also known as model system that recapitulate Patient nature
and tumor microenvironment. However, difference of epigenetic
landscape between mouse and human might have influence on
progression of the xenografted tumors'®. Furthermore, mouse immune
system that interacts with the patient derived tumor is not perfectly
same with host immune itself. These suggest that PDO is suitable ex

vivo model.



In the present study, coculture of patient derived organoids (218
normal organoid and 218 tumor organoid, 218n0O and 218tO
respectively) and matched fibroblast (218NAF and 218CAF) was
conducted. Uncovering how normal colonic organoid and CRC
counterpart differently response to stimulation from fibroblast might

give insight to a novel biomarker to discriminate normal and tumor.



Materials and Methods

Antibodies

Rabbit monoclonal antibody recognizing Vimentin (5741) were purchased from
Cell Signaling Technology. FITC anti-human CD326(324204) were purchased
from Biolegend. Mouse monoclonal antibody recognizing FAP (H00002191-
MO1) was purchased from Abnova. Rabbit polyclonal antibody recognizing
PDGFRa (SC-338) were purchased from Santa Cruz. Alexa Flour 594 goat anti-
rabbit antibody(A11008), Alexa Flour 488 goat anti-mouse antibody(A11001)

were obtained from Thermo Fisher Scientific.
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Establishment of Patient—derived Organoids

Normal and tumor tissues were processed as described previously to
establish PDOs with minor modifications (3). Firstly, crypts were
isolated by cutting normal mucosa into 1-2 mm pieces and washing
with Dulbecco’s phosphate-buffered saline (DPBS) until there is no
debris in supernatant. Normal colonic mucosal fragments were
manually washed with 2mM ethylenediaminetetraacetic acid/ DPBS
chelation buffer and were incubated on ice for 1h. Next, extraction of
crypt is completed by shacking the tube vigorously after being washed
with basal media composed of advanced DMEM/F12 (Invitrogen,
Carlsbad, CA, USA) supplemented with penicillin/streptomycin
(Invitrogen), 10 mM HEPES, and GlutaMAX (Invitrogen). In the case of
tumor organoids, fresh tumor tissues were washed with DPBS and
minced with gentle MACS Dissociator (Miltenyi Biotec, Bergisch Gladbach,
Germany). The tissue pieces were filtered with a 70pm cell strainer to eliminate
debris and washed with basal media. The isolated normal crypt and tumor cells
pellets were mixed with Matrigel (Corning, NY, USA) in 12 well plates.
Organoid medium was added after Matrigel being solidified at a 37°C incubator.
The composition of organoid medium is as follows. For normal organoid, 0.2nM
recombinant wnt surrogate(Immunoprecise Antibiodies), 10% R-spondinl CM,
100ng/ml recombinant Noggin(PeproTech, Cranbury, NJ, USA), 50ng/ml
recombinant human EGF (PeproTech), B27 (Invitrogen), 1.25mM N-acetyl
cysteine (Sigma-Aldrich, St. Louis, MO, USA), 10mM nicotinamide (Sigma), 3
uM  SB202190 (Sigma), 500nM AS83-01 (Tocris, Bristol, UK), 10nM
prostaglandin E2 (Sigma), 10nM gastrin (Sigma), and 100pg/ml Primocin
(InvivoGen, San Diego, CA, USA) in basal medium.



Establishment of Patient—derived Fibroblast and

passaging

Patient derived fibroblast were extracted from matched normal and tumor
respectively. Cancer-associated fibroblast in supernatant of digested tumor
tissue was collected and cultured in fibroblast medium supplemented with
penicillin/streptomycin (Invitrogen), GlutaMAX (Invitrogen), 10% FBS and
MEM non-essential amino acid solution (Welgene). In the case of Normal
associated fibroblast, the colonic mucosal fragments were further minced by
gentleMACS Dissociator (Miltenyi Biotec, Bergisch Gladbach, Germany). The
samples were filtered with a 70uM cell strainer for elimination of microscopic
tissue debris. Collected cells were supplied with fibroblast medium. After
recovery of fibroblast is confirmed, the fibroblasts were cultured twice in a

week.

PDO culture and passaging

Organoid culture media was removed and added three times a week.
Organoids were passaged once in a week and the duration of culture
was varied according to their proliferation rate. Organoids embedded
in Matrigel were collected and dissociated by mechanical disruption or
by using Cultrex organoid harvesting solution (R&D systems) and then
incubated on ice for 45 min. The remaining Matrigel was washed out
with cold DPBS and cells were dissociated with Accutase (Stem Cell
Technologies, Canada). After further washing with DPBS, cells were
seeded with Matrigel. Only organoids with passage under 15 times

were used.
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Organoid and fibroblast coculture

Coculture was conducted by directly mixing fibroblast and organoid
in Matrigel with the ratio of 1:2. After 3 days of coculture, organoids
were separated from fibroblast by centrifugal force difference

between organoid and fibroblast.

Immunofluorescence and EdU incorporation assay

For immunofluorescence (IF), organoids were fixed with 3.7%
formaldehyde for 15 min at room temperature. After washing with
0.1% BSA in PBS for 3 times, 0.2% Triton X-100 (Sigma) was used for
permeabilization for 15min at room temperature. After 1h of blocking
with 4% BSA solution, primary antibodies were added with a sufficient
dilution ratio and incubated for overnight at 4°C. Then secondary
antibody tagged with desired fluorescence were added and then

detected. EdU incorporation assay was carried out using the Click-iT
Plus EdU Alexa Fluor 594 Imaging Kit (Life Technologies), 10uM of EdU was
added into organoid and incubated at least 4 hours. EdU reaction cocktail was
added following manufacturer’s instruction. After 30min of incubation, DNA
was stained, and the samples were detected.

For IF of fibroblasts, the cells were seeded on Poly-L-Lysine (Sigma) coated a
cover glass for three days. After being washed with PBS, cells were fixed with
3.7% formaldehyde for 15 min on ice. Cells were further washed and
permeabilized in 0.25% Triton-X100(Sigma). Cells were incubated at room
temperature with 2% BSA blocking buffer. After additional washing, cells were
incubated with desired primary antibodies overnight at 4°C. Cells were
incubated with Secondary Antibodies for 1 hour at room temperature with

florescence if needed.
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RNA extraction and RNA-seq

Total RNAs were extracted from organoids after 3 days of coculture.
Total RNA was extracted with TRI reagent (Molecular Research Center, #TR-

118) following manufacturer’s instruction. Total RNA was further processed and
reverse transcribed to synthesize ¢cDNA Real-time qPCR (RT-gPCR) was
performed as previously described. Primer sequences used for RT-qPCR are
described in Table 1. Sequencing libraries were prepared following the standard
protocol of [llumina Inc. for high-throughput sequencing. The transcriptome
was subsequently sequenced with a Genome Analyzer IIX (Illumina Inc.) as
previously described”. Sequenced reads were aligned to human transcript
following the UCSC database (Homo_sapiens.GR37/hgl9) for expression

analysis.

Bioinformatics Analysis

RNA-seq data of 6 differentially expressed gene cluster sets was

subject to the Gene Set Enrichment Analysis following to the GSEA

118

user manual ®. GSEA was operated against Gene Ontology, Hallmarks,

KEGG pathway gene sets using default parameters.
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Table 1. Primer sequences used in the cell type
validation via RT-qPCR

Gene Sequence

EPCAM_F GCCAGTGTACTTCAGTTGGTGC
EPCAM_R CCCTTCAGGTTTTGCTCTTCTCC
CDHI_F GTGTATGTGGCAATGCGTTC
CDHI_R TGCCCACAAAATGAAAAAGG
ACTA2_F GTGTTGCCCCTGAAGAGCAT
ACTA2_R GCTGGGACATTGAAAGTCTCA
FAP_F ATGAGCTTCCTCGTCCAATTCA
FAP_R AGACCACCAGAGAGCATATTTTG
VIM_F ACCAACGACAAAGCCCGCGT
VIM_R CAGAGACGCATTGTCAACATCCTGT

13 2] -



Table 2. Primer sequences used in RNA-sequencing
validation via RT-qPCR

Gene Sequence

ITGB4_mRNA_F CCCCCTTCTCCTTCAAGAAC
ITGB4_mRNA_R GCTGACTCGGTGGAGAAGAC
CXCL16_mRNA_F CTGGCCATCATCTTCATCCT
CXCL16_mRNA_R | GAGTCCGTCTCCTCACAAGC
FYN_mRNA_F TGGGGAAGTATGGATGGGTA
FYN_mRNA_R CACCACTGCATAGAGCTGGA
F3_mRNA_F GGGCTGACTTCAATCCATGT
F3_mRNA_R GAAGGTGCCCAGAATACCAA

14 A 2T}




Results

Patient derived Organoids and matched fibroblasts

retain the cell type specific markers

Firstly, to characterize the two mainly used cell types in this study,

cell type specific markers are verified by immunofluorescence and
RT-qPCR. In the case of patient derived organoid (hereafter PDO)
expressed epithelial cell type specific marker ZPCAM (Figure 1A). On
the other hand, Patient derived fibroblasts (hereafter PDF) showed
VIM, FAP, PDGFRA expression (figure 1B). RT-qPCR showed
concordant results. There was ACTAZ expression in PDF exclusively
and there was no EPCAM mRNA expression in PDF, not like in PDO
(Figure 1C).

To establish ex-vivo3D model system mimicking tumor
microenvironment, three types of coculture methods could be
conducted (Figure 1D). Each of methods has its own pros and cons.
Direct coculture let fibroblast and cancer cell interact both directly
and indirectly through soluble factor. However, there are always
limited fibroblast due to their slower cell devision. Also, it is hard to
detect organoid epxression changes only unless it is sorted. The other
two methods are free from limitation of fibroblast abundancy and
separation. However, these two methods can only detect in direct cell
interaction through growth factor, chemokine, hormones etc. It is hard
to study direct cell to cell interaction through these methods. For
these reasons, direct mixture of PDFs and PDOs were used as a

coculture condition.
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Figure 1. The cell type—-specific markers confer

Patient—derived cells were retain their own markers.

(A) Immunofluorescence analysis of 218n0 (Top) and 218tO (Bottom)
stained with ZPCAM, Vimentin (VIM), FAP and PDGFRA (scale
bar=200pum).

(B) Immunofluorescence analysis of 218NAF (Top) and 218CAF,
stained with ZPCAM, VIM, FAP and PDGFRA (Bottom) (scale
bar=200pm).

(C)Real-Time gqPCR was conducted with primers targeting ZEPCAM,
CDHI, ACTAZ VIM, FAP and were normalized to 18S ribosomal.
BAR represent the mean SD of two independent biological

samples.

(D) Schematic view of three types of coculture.
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Normal organoid and Tumor organoid show different
phenotypic response upon their matched fibroblast

coculture

To figure out whether the PDOs were affected by PDF, normal and
tumor organoids were cultured with normal associated fibroblast
(NAF) or cancer associated fibroblast (CAF) at a 1:2 ratio for 3 days.

Morphological changes might imply that there were genetic or
epigenetic fluctuation under coculture condition. There were 2 major
changes in phenotypes of PDO (Figure 2A). Firstly, normal organoids
cultured with NAF or CAF showed extended diameter comparing to
mono—cultured control. On the other hand, matched tumor organoid did
not show this change. In addition to its size, cystic morphology was
dramatically shown 1in normal organoid cultured with matched
fibroblasts. Tumor organoid did not show distinct morphology change.
In summary, PDO cultured with its matched PDF showed more cystic
and extended diameter comparing to one without PDF, and this is the
only case for normal organoid, not tumor organoids.

Decreased in branching morphology and increase in size were
confirmed in the prior experiments. According to the prior research,
in the process of regeneration of normal intestinal tissue, fibroblasts
promote epithelial cells to proliferate. In terms of cell proliferation, at
day 3 of coculture, EAU proliferation assay was conducted to measure
and compare the cell growth between mono and cocultured organoids.

Indeed, normal organoids with fibroblasts showed increased in EdU
positive cells, implying that organoids proliferates more rapidly than

organoids cultured without fibroblasts (Figure 2B). In the case of tumor
organoids, there was no difference in proliferation rate between
cocultured and monocultured organoids (Figure 2C). To rule out the
probability of fibroblast contamination, cell tracker was used. Those
two cell types were stained with different color and thus it is possible

to distinguish each cell type and organoid-only expansion. In the
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coculture context, normal organoid stained with green showed

expansion and tumor organoids did not (Figure 2D, 2E).
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Figure 2. Phenotypes of 218n0 and 218t0O cultured

with or without fibroblast

(A)Representative images of mono—- or co- cultured 218n0 (Top) and
218t0 (bottom) and comparison of diameter between mono—-culture
controls and coculture counterparts. 218n0 ctrl(n=840),
218nO(+ NAF), (n=3414), 218n0O(+CAF), (n=2117), 218t0O
ctrl(n=509), 218t0(+ NAF), (n=2630), 218t0O(+ CAF), (n=1288),
scale bar=200um.

(B) Representative EAU images of mono- or co— cultured 218n0 (Left)
and quantitation of area of EAU positive cells (Right).
wx P-val <0.01, #=#* P-val<0.001,

(C) Representative EAU images of mono—- or co— cultured 218tO (Left)
and quantitation of area of EAU positive cells (Right).
ns, P-val>0.05

(D) Representative Celltracker images of mono— or cocultured 218n0
(Left) and diameter of organoid stained by green (Right)
sk P-val<0.0001, *+ P-val<0.01

(E) Representative Celltracker images of mono—- or cocultured 218tO
(Left) and diameter of organoid stained by green (Right)
ns, P-val>0.05
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RNA-sequencing reveals that normal and tumor

organoid show distinct transcriptomic pattern

To wuncover the molecular mechanism underlying difference of
phenotypic changes between normal organoid and the tumor
counterpart, organoids were separated, and RNA was extracted for
investigation of global transcriptomic change under coculture
condition. After 3 days of coculture, organoids were separated from
fibroblast via centrifugal force. Successful separation of organoids was
determined by gqPCR wvalidation of cell type specific genes. matched
fibroblasts were used as negative control for epithelial marker and
positive control for fibroblast-specific marker (Figure 3A).

Transcriptomic analysis of coculture normal and tumor organoid
reveals that normal organoid showed greater change in gene
expression by coculture compared to tumor organoids (Figure 3B).
Total 1931 genes were up or down regulated in 218nO+ 218NAF
coculture, and 1242 genes were up or downregulated in 218n0O
cocultured with matched CAF. On the other hand, there were 453 and
382 Differentially expressed genes in 218tO cultured with NAF and
CAF respectively. The volcano plot also indicates significantly larger
change in global transcriptome in normal organoids than tumor
organoids, in response to fibroblast introduction in culture.

Gene set enrichment analysis was conducted in the purpose of
verification which biological function that the DEGs contributed to
(Figure 3C). Coculture of normal organoid and matched fibroblast led
to activation of the epithelial-mesenchymal transition, TNFa signaling
pathway and Kras signaling pathway etc. especially, genes that are
related to EMT signaling pathway are known as upregulated in
epithelial cell via cancer associated fibroblast'. In line with gene
expression level, gene sets that were enriched in tumor cultured with
matched fibroblast showed reduced contribution relatively to the

normal counterpart (Figure 3D).
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Figure 3. Transcriptomic Analysis of 218n0,218t0
cultured with or without NAF or CAF.

(A)Real-Time qPCR was conducted with primers targeting ZEPCAM,
VIM, FAP and were normalized to 18S ribosomal. BAR represent

the mean SD of two independent biological samples.

(B) Volcano plots of transcriptome sequencing data of 218n0 ctrl,
218n0(+ NAF), 218n0(+ CAF), 218t0O ctrl, 218tO(+ NAF) and
218tO(+ CAF), NAF cocultured and CAF cocultured versus mono—
culture controls. Red dots indicate FDR wvalues <0.05 and
|log2(fold—change) | >1.

(C) GSEA performed on RNA sequencing data from 218n0 ctrl,
218n0(+ NAF), 218n0(+CAF), 218t0O ctrl, 218tO(+ NAF) and
218tO(+ CAF). NES, normalized enrichment score. (P-val<0.05)

(D) Heat map showing normalized enrichment score of up— or down
regulated gene set in coculture 218nO and 218tO comparing to
mono-—culture controls.
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Comparison between transcriptome of basal normal
organoid and tumor organoid shows the fundamental

difference before Coculture

To confer whether the global expression regulation of organoid
induced by fibroblast was due to basal variation between 218n0O and
218t0. 218n0 and 218t0 cultured without fibroblast were subjected to
EdU proliferation assay (Figure 4B). There were more EdU positive
cells in 218tO comparing to 218n0, indicating that 218tO was more
proliferative than 218n0O under the same circumstance without
fibroblast. This was a concordant resulted with known property of
tumor with rapid and uncontrolled proliferation rate.

RNA-seq showed that there were 2878 genes were differentially
expressed between 218n0 and 218tO (Figure 4A), suggesting that
innate gene expression pattern might have influence on how they were
stimulated upon the stromal force. About the genes that are
differentially expressed between 218n0 and 218t0O, 5 genes were up
or downregulated in 218n0O cultured with matched NAF and CAF.
Notably, in the case of 218t0O, there was no significance expression
change upon fibroblast coculture (Figure 4C).

In summarize, normal and tumor organoid possess own transcriptomic
pattern. The result suggests that this difference might have influence

on transcriptional regulation by coculture of fibroblast.
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Figure 4. Comparison of 218n0 and 218tO cultured

without matched fibroblasts.

(A) Volcano plots of transcriptome sequencing data of 218n0 ctrl and
218t0O ctrl. Red dots indicate FDR values <0.05 and |log2(fold-
change) | >1.

(B) Representative EdU images of mono-cultured 218n0O and 218tO
(Left), and quantitation of area of EdU positive cells (Right). ** P-
val<0.01

(C) mRNA expression levels of PTPRR, HSDI7B2, RABS3B, PIGE, FABPI.

31 ":l‘\-_i _'\.i.':_.l-!é _.:!



Decrease in stimulation to the tumor organoid is

universal phenomenon.

To rule out the probability that down regulated response in 218
tumor organoid is the result of patient specificity, PDO and PDF from
another patient 211 were cultured directly mixed with the same
condition of 218 PDO and PDF. RNA was extracted and subject to
RNA-seq after 3 days of coculture. Although there was some
difference in degree of the number of differentially regulated Gene
sets, 211n0O and 218nO showed concordant result with 218 PDOs
(Figure 5A).

Especially, for the genes that are related to the Epithelial-
Mesenchymal Transition pathway were one of the most extensively
upregulated gene sets in both 218 organoids and 211 organoids. RT-
gPCR wvalidation of RNA-seq via primers targeting 4 EMT signaling
pathway genes demonstrate that 218 and 211 normal organoids were
more vulnerable to stromal stimulation and showed increase
significantly under coculture condition comparing to its tumor
counterpart (Figure 5B). GSEA of 218 and 211 normal and tumor
organoids with or without their matched fibroblast demonstrated that
even if normal and tumor organoids showed enrichment in the same
gene sets, the number of genes in the sets were differ. To be more
specific, there were more genes in the sets that are enriched in normal
and tumor organoid simultaneously (Figure 5C, D).

Altogether, these results suggested that the normal organoid and the
tumor organoids react differently to supplementation of stromal

components.
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Figure 5. Comparison of 218n0 and 218tO cultured

without matched fibroblasts.

(A)GSEA performed on RNA sequencing data from 211n0O ctrl,
211n0O(+ NAF), 211n0O(+CAF), 211tO ctrl, 211tO(+NAF) and
211tO(+ CAF). NES, normalized enrichment score. (P-val<0.05)

(B) RT-qPCR validation with primers targeting [TGB4, CXCL16, FYN,
F3 mRNA levels were normalized with 18s ribosomal RNA.

(C) Schematic view of common phenomenon under in-vitro coculture
of 218 PDOs and PDFs. Size of the circle indicates gene set size

and colors indicate Normalized Enrichment Scores (NES)

(D) Schematic view of common phenomenon under in-vitro coculture
of 211 PDOs and PDFs. Size of the circle indicates gene set size

and colors indicate Normalized Enrichment Scores (NES)
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Discussion

In this study, Patient—Derived Organoids and its matched fibroblasts
were directly mixed into the 3D Matrigel culture system, which allows
these cells to interact both directly and indirectly through their cell
surface receptors or cytokines. Normal colonic organoids showed
phenotypic changes in coculture condition, such as increase in cell
proliferation, more cystic morphology. Unlike the normal organoid,
CRC organoid possess higher proliferation rate comparing to its
normal counterpart. In addition, the tumor organoid showed less
phenotypic changes when cultured with matched fibroblasts. To
understand molecular mechanism underlying these differences, RNA-
sequencing was conducted and transcriptomic pattern of normal
organoid mono-culture control, normal organoid cultured with NAF or
CAF, tumor organoid mono-culture control, tumor organoid cultured
with NAF or CAF were compared. Interestingly, normal organoid
showed numerous gene expression change and this shift occurred in
less extent when it comes to tumor organoid.

It has been shown that tumorigenesis of CRC requires genetic
mutations occurring spontaneously that might act as tumor-initiating
force. These mutations might provide tumor with chance to accumulate
more mutations and change genetic landscape that take tumor from
normal counterpart. Whole Exome Sequencing (WES) will be
conducted and find out whether the different transcriptomic reaction
to the stromal stimulation were originated from genetic difference

between normal organoid and tumor organoid.
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It was revealed that Normal organoid and tumor organoid both
showed induction of various signaling pathways upon their matched
fibroblast coculture. It has been demonstrated that CAF provides
tumor cell with advantages in tumor progression. For instance, one
study showed that BRD4 ligand originated from CAF allow tumor cells
to get resistance to BET inhibitor by remodeling chromatin of the
cells!”. In addition to paracrine interaction between fibroblasts and
tumor cell, Direct cell-cell interaction mediated by cell surface protein
might accelerate further tumor progression. Tumor cell
overexpressing ATP1Al induced NFkB signaling pathway in
surrounding fibroblasts, allowing transcriptional activation of activin
A, eventually lead cancer cell to activate EMT?’. As transcriptomic
pattern was widely changed under coculture condition, there might be
epigenetic regulation which effects broad expression changes in
cancer cell. Methylation pattern should be uncovered to verify which
genomic regions showed regulated by putative transcriptional factor!”.
Chromatin immunoprecipitation Sequencing (ChiP sequencing) is a
fundamental tool for identification transcription factor controlling on
and off in gene expression. Chip—-sequencing will be conducted to
further investigate the presence of master regulator broadly affect
biological processes which was induced by the stromal stimulation.

To summarize, in vitro coculture system using PDO and PDF reveals
that normal epithelial and tumor cells react differently to
supplementation of stromal components. Comparison of basal normal
organoid and tumor organoid demonstrates that fundamental genetic
background of both organoids might lead to the uncontrolled
phenotypes in tumor cells. Uncovering this nature proposes a new

marker to discriminate normal and tumor cells.
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