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ABSTRACT

INVESTIGATION OF THE INTERACTIONS BETWEEN CANCER
CELLS AND THE MICROENVIRONMENT AT THE CELLULAR
LEVEL

Breast cancer is the most frequently diagnosed cancer type and the first leading
cause of cancer-related deaths in women. Breast tumor mass is not only harboring cancer
cells but also several types of stromal cells, including fibroblasts. While all of these
stromal cells may have a calamitous effect on cancer progression, fibroblasts which make
up nearly 80% of tumor mass present unique characteristics such as extensive
extracellular matrix (ECM) production. In the context of tumors, the activated cells are
referred to as cancer-associated fibroblasts (CAF), expressing several markers such as
aSMA, FSP1, FAP, vimentin, and PDGFRp. However, an in-depth understanding of the
transdifferentiation of fibroblasts to CAFs is lacking.

ECM components may change when cells become cancerous, which can alter cell
behavior, facilitating proliferation, differentiation, and migration. Decellularized
ECM(dECM) has recently been considered one of the tools to study in-vitro cell-ECM
interaction. In this work, we utilized cancer cell-derived ECM(ccECM) to investigate its
effect on the differentiation of the fibroblast to CAFs by compering decellularization

methods called the extraction buffer and the freeze-thaw cycle.

Our study suggested that ccECM from MDA-MB-231 impacted the fibroblasts'
behavior from proliferation to differentiation via its ECM components, including
fibronectin and laminin. The fibroblasts cultured on ccECM showed increased CAFs

markers indicated above.

Overall, ccECM could be one of the intermediate steps in fibroblast
differentiation, but in the future, the factors present in ccECM should be scrutinized to

understand the mechanisms behind this effect.
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OZET

KANSER HUCRELERI ILE MIKROCEVRE ARASINDAKI
ETKILESIMLERIN HUCRESEL SEVIYEDE INCELENMESI

Meme kanseri en sik teshis edilen kanser tiirli olmakla birlikte kadinlarda kansere
bagli 6liimlerin birincil nedenidir. Meme tlimdri kiitlesi sadece kanser hiicrelerini ihtiva
etmekle kalmaz, ayn1 zamanda fibroblastlar dahil olmak iizere gesitli stromal hiicre
tiirlerini de barindirir. Bu stromal hiicrelerin tiimii kanserin ilerlemesi lizerinde hayati bir
etkiye sahip olsa da, tiimor kiitlesinin yaklasik %80'ini olusturan fibroblastlar, hiicre dist
matris (ECM) tiretimi gibi benzersiz Ozellikler sunar. Tiimorler baglaminda, aktive
edilmis hiicreler, aSMA, FSP1, FAP, vimentin ve PDGFRJ gibi cesitli belirtecleri
eksprese ederler ve kanserle iligkili fibroblastlar (CAF) olarak adlandirilirlar. Bununla

birlikte, fibroblastlarin CAF’lara nasil doniistiigii aydinlatilmay1 beklemektedir.

ECM bilesenleri, hiicreler kanserli hale geldiginde degisebilir, bu da hiicrelerin
ona kars1t cevabmi degistirip proliferasyonu, farklilasmay1 ve gogii kolaylastirabilir.
Hiicresizlestirilmis ECM(dECM) son zamanlarda in vitro hiicre-ECM etkilesimini
incelemek icin araglardan biri olarak kabul edilmistir. Bu calismada, hiicresizlestirme
yontemlerini, ekstraksiyon tamponunu ve donma-¢oziilmeyi karsilagtirarak fibroblastin
CAF'lara farklilagsmasi lizerindeki etkisini arastirmak i¢in kanser hiicresinden tiiretilen

ECM'i (ccECM) kullandik.

Calismamiz, MDA-MB-231'den gelen ccECM'nin, fibronektin ve laminin dahil
olmak iizere bilesenleri araciligiyla fibroblastlarin proliferasyonundan farklilagsmaya
kadar olan davramislarimi etkiledigini ileri siirdi. ccECM iizerinde kiiltiirlenen

fibroblastlar, yukarida belirtilen artan CAF isaretleri gosterdi.

Genel olarak, ccECM, fibroblast farklilasmasindaki ara basamaklardan biri
olabilir, ancak gelecekte, ccECM'de bulunan faktorler, bu etkinin arkasindaki

mekanizmalar1 anlamak i¢in dikkatle incelenmelidir.
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CHAPTER 1.

INTRODUCTION

1.1. Cancer

Cancer is about to be the first leading cause of premature related death by
superseding cardiovascular disease!. The latest estimation from the World Health
Organization (WHO) in 2019 revealed that the prevalence of cancer varies between
countries in which cancer is the first or second reason for cancer-related death in 112 of
183 countries before the age of 70. According to data estimated by GLOBOCAN, in 2020,
10 million deaths, including nonmelanoma skin cancer due to cancer, were recorded’.
The distribution of cancer incidence and mortality may vary by continent and sexes.
Indeed, the mortality rate in men is lung, prostate, and liver, whereas, in women, breast
and cervical cancer are followed by lung?. Cancer is a progressive disease in which cells
undergo continuous uncontrolled growth. When the cells transform into cancerous cells,
they acquire some characteristics such as changes in genetic background?, hijacking from
apoptosis®, losing contact inhibition®, growing without external signal®, and replicative
immortalization, immune evasion, resistance to cell death, enabling to induce and access
vasculature, capacity to invade and metastasize®. Human beings have been dealing with
cancer and its treatments from the dawn of history because it is not a homogeneous but
rather a heterogeneous disease that affects multiple organs and has different markers and
pathology that vary from person to person. Even though treatments have been improving
over the last decades with the help of technologies and the development of new systems
to mimic better cancer's nature, such as the lab-on-a-chip platform and personalized
medicine, we need to go beyond the limit in order to reveal new strategies upon cancer.
Breast cancer is one cancer type that claims many lives, and many points are waiting to

be brightened.



Sustaining Evading
proliferative signaling growth suppressors

Deregulating
cellular

metabolism @

Resisting
cell death

A\.rotdmg
immune
destruction

B

:‘3"1;.,.'
: .Q

- ‘ T ‘i 00

46@ “‘

Enabling
replicative
immortality

Genome WA -
instability & b Tumor-promoting
mutation Q p inflammation
Inducing or accessing Activating invasion
vasculature & metastasis

Figure 1. 1. Hallmarks of Cancer

(Source: Hanahan D®)

1.2. Breast Cancer

As of 2020, breast cancer is the most frequently diagnosed cancer type among all
cancer types, with 2,261,419 new cases. Indeed, it is now placed 5" leading cause of
cancer-related death after lung, colorectal, liver, and stomach cancer in both sexes, but in
women, it is in the first place with 684,996 deaths®. There has been an ascendant tendency
in the global incidence of breast cancer, with 641,000 cases as of 19807. Nearly five to
10% of breast cancers are associated with mutated genes coming from the parent, and the
most common inherited germline mutations are BRCA1 and BRCA2, whose effect is
cumulative®!°. Developing breast cancer is 72% and 69% when a woman has BRCA1,
and BRCA2 mutated genes by the age of 80 years, respectively'!. In addition to BRCA1
and BRCA2, a gene panel including TP53, PTEN, PALB2, STK11, and ATM was
revealed by next-generation sequencing” '?. Besides the inherited genes, several factors
risk getting breast cancer, such as having first-degree relatives with breast cancer, race,
and ethnicity, having dense breasts, early menstruation or late menopause and alcohol
consumption, insufficient physical activity, and obesity® '>. Thanks to these factors, we
can understand how breast cancer arises, but the mechanism underlying breast tumors’
occurrence is not yet apparent. At the beginning, two leading strategies are put on the

stage about breast tumors.



The first is clonal evolution, in which any breast epithelial cell can undergo
genetic and epigenetic alterations that cause tumor formation. The cancer stem cell model
is the second one in which cancer and progenitor stem cells have the ability to initiate and
maintain tumor progression'# 1>, Although breast cancer can originate from any breast
site, the majority of breast cancer arises in the functional unit of the breast, termed
glandular tissue. °. The glandular tissue that is one of three basics unit of the breast with
the adipose and connective tissue has 12 to 20 sections called lobes that harbor lobules at
which the milk is produced and delivered to the nipple via ducts® '¢. Cancer arising in the
epithelial cells is called a carcinoma, the most pronounced cancer of the breast's glandular
tissue. The place where breast cancer types are named has two main categories:
preinvasive, confined by the basement membrane, and invasive, which can invade the
closer tissue through the breast stroma'’. While the former subsumes ductal carcinoma in
situ (DCIS) and lobular carcinoma in situ (LCIS), the latter involves the counterpart of
DCIS and LCIS called ductal carcinoma and lobular carcinoma. Both ductal and lobular
carcinoma originated in the lobes' lobular units, and they are by far the most organized
and studied groups among the breast cancer types'® !°. The second categorization of
breast cancer type is made by looking at their molecular profiles or intrinsic genes
according to PAMS50 results?® 2!, These intrinsic subtypes are basal-like, Cloudin-low,
HER2-enriched, luminal A, and luminal B. In contrast, basal-like and HER2-enriched
subtypes have TP53, BRCA mutations, and HER2, GRB7, TOPO2, and MYC
amplification; Luminal A and Luminal B have PIK3CA, ESR1, ERBB2, ERBB3
mutations, and ERS1, GATA3, FOXA1, XBP1 activation. The other subtype of intrinsic
breast cancer is the Cloudin-low, mostly triple-negative and similar to basal-like
subgroups® ?2. The third categorization of breast cancer is the surrogate intrinsic type
related to their receptor expression and histological situation. These receptors are
progesterone (PR), estrogen (ER), and human epidermal growth factor receptor-2 (HER-
2) and proliferation marker (Ki67). Based on the expression pattern of these receptors,
the first group is hormone-receptor-positive, which is subdivided into Luminal A
(ER/PR+and HER2-, low Ki67, good prognosis) and Luminal B-like HER2-/+ (ER/PR+,
high Ki67, intermediate prognosis), and HER2-enriched (ER/PR-, HER2+, high Ki67,
intermediate prognosis). Tumors with none of these markers fall into another group and

are triple-negative breast cancer (TNBC) with a high Ki67 and poor prognosis®>.



Breast cancer, like other types of cancer, is not homogenously a collection of
defective cells. It is heterogeneous and harbors different types of cells having different
mutations and receptor situations. It is also under the effect of the tumor
microenvironment (TME) and cells present in its stroma, making it complicated and
mitigating the probability of getting a remedy by chemotherapy and radiotherapy. That is

why the tumor and its microenvironment are under the scope.

1.3. The Tumor Microenvironment

Cancer is not a place where one can find only a single type of disordered cell;
instead, it is an ecosystem with various cell types enabling cancer initiation to metastasis.
The TME is a niche that comprises non-malignant host cells with the cellular and non-
cellular compartment called the stroma®*. As seed and soil theory indicated by Paget in
1889, a tumor needs a stroma that can be directed to progress and take advantage of the
cell located in its surroundings. 22, In a healthy stroma, cells are under homeostasis by
signaling pathways and secreted factors that provide communication between cells; hence

t24

there is harmony in cells and their environment“*. There is an extracellular matrix(ECM),

a chef as in an orchestra to connect cells and their microenvironment.

Moreover, ECM comprises a structure called basement membrane and interstitial
ECM, whose role is to separate epithelial cells from others and communicate with stromal
tissues by paracrine signaling, respectively?’. Although the stroma has tumor suppressor
ability, there are various cell types whose functions normally regulate and maintain the
cellular compact. Still, those cells can evolve to contribute to tumor progression as cancer
progresses in the tumor. For example, immune cells are customarily expected to be on
our side when any pathogenic situation occurs, cancer as well. However, there is ample
evidence that immune cells allow tumors to progress in every aspect as macrophages can
turn into tumor-associated macrophages facilitating tumor rejection and enhancing
angiogenesis, which is associated with poor prognosis®*-*. Besides macrophages, several
cell types are bystanders in the stroma that enhance angiogenesis, such as endothelial cells

and pericytes, or are cytotoxic for cancer cells like effector natural killer cells.>*3

Although the TME involves cellular and non-cellular components, one more cell
called fibroblast comprises 80% of stroma in breast cancer and nearly joins every step in

tumor progression. The first description of fibroblast dates back to the 19th century, when
4



the location and appearance were seen under a microscope. It is defined as a cell
synthesizing collagen residing in the connective tissue.?”-3®. Additionally, fibroblasts can
be derived either from mesenchyme yielding mesoderm or from the neural crest cells, and
it presents spindle-shaped cells which are non-vascular, non-epithelial, and non-
inflammatory*® %°. Because it originated from mesenchymal precursor cells, fibroblast
has similarities with cells from the same lineage, such as adipocytes, chondroblasts, and
osteoblasts. Thus, there is no unique marker when one wants to identify them. It seems
that fibroblast-specific-protein-1 (FSP-1) is the most valid marker with cell shape and

location in the stroma®'.

Studies in literature have put a new definition on the scene of fibroblasts which
are resting mesenchymal cells capable of activating through proper signaling and
characteristic similar to mesenchymal stem cells(MSCs)** #?. Several tangible evidence
identify the roles assigned to fibroblasts as properties for activated fibroblasts,
myofibroblasts, and MSCs, such as contractility, proliferation, secretory and synthetic
phenotype, and migration.*. Indeed, resting fibroblast is like a precursor for activated
fibroblast, and they become active when they receive relevant growth factors like
transforming growth factor-beta(TGFB)*. Several proses activated the leading play in
such as turnover of ECM, tissue repair, wound healing, fibrosis, and angiogenesis*> *°.
One of the main functions of the activated fibroblast is holding connective tissue under
homeostasis by secreting fibrillar ECM such as type I, III, V collagen and fibronectin,
and basement membrane ECM components such as collagen type IV and laminin*’-*. In
addition to secretion capacity, activated fibroblasts also have enzymes capable of
degrading ECM proteins called matrix-Metallo proteases (MMPs), which yield a duty for
activated fibroblasts to maintain the turnover of the extracellular matrix*’. Furthermore,
another role of activated fibroblasts in our body is to care for adjacent epithelial cells'

homeostasis via secreting growth factors and cell-to-cell interaction with the

mesenchymal-epithelial cell>°.

Moreover, apart from the physiological roles of activated fibroblast, they also
impact pathological conditions like wound healing and tissue fibrosis. When the wound
recovers, the number of activated fibroblasts decreases via apoptosis*’. However, suppose
we consider cancer as a wound that does not heal. In that case, it creates a reactive stroma

with an increased number of activated fibroblasts recruited to the tumor site by cancer



and stromal cells, including fibroblasts via secretion growth factors such as TGFf and
PDGF>!33. The fibroblasts in tumor stroma are called a tumor or cancer-associated

fibroblasts (TAFs or CAFs)>*.

a Resting or quiescent b Wound healing-associated ¢ CAFs and FAFs
fibroblast activated fibroblast (NAF)
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Figure 1. 2. Activation steps of fibroblasts

(Source: Kalluri R*)

1.3.1. Cancer-Associated Fibroblast

The TME has a crucial role in tumor progression, and it harbors cancer cells and
other stromal cell types, including activated fibroblasts called CAFs. When the fibroblasts
turn into CAFs, they also provide a unique environment for the cancer cell to hijack
immune cells and migrate through ECM utilizing the CAF secretory and synthetic
phenotype. Even if studies have revealed that CAFs are the leading player in cancer
progression when one considers defining them, it will be tricky due to the complexity of
their origins and markers. It was initially described as myofibroblast in CAF subtypes
thanks to alpha-smooth muscle actin (0-SMA) expression® >®. Although they are similar
to their counterparts, one can discriminate them from the toothed nuclei and multiple

brunches of cytoplasm under light microscopy®’. Further characterization of CAFs may



be validated by electron microscopy with their planer cell polarity, dense stress fiber,

increased rough endoplasmic reticulum (ER), and free ribosomes™.

The unique characteristic of CAFs is to create highly reactive stroma enabling
ECM turnover with boosted production and degrading ECM proteins by MMPs. This
ability of CAF accumulates various types of ECM proteins such as collagens, fibronectin,
laminin, and tenascin-C, which may increase the stiffness of stroma. Indeed, increased
stiffness can be a barrier to immune cells filtration and scaffold, helping the interaction
of cancer cells with the stroma. The remodeling of ECM by CAF promotes cancer cell
migration via its contractility and proteolysis capacity®®’. On the other hand, the
degradation of ECM proteins by MMPs can allow vascular endothelial growth factor A
(VEGFA) to interact with vascular endothelial growth factor receptors (VEGFRS),
promoting angiogenesis®’. On top of it, CAF secretes many growth factors, pro-
inflammatory cytokines, and chemokines, promoting the proliferation of cancer cells and
recruitment of immune-suppressive cells®***. For example, CAFs secreting immune-
modulatory factors such as C-X-C motif ligand CXCL(1,2,5,12), C-C motif ligand CC(5),
IL(1B,6,12) are associated with TME regulation and recruitment of immune cells®.
Moreover, it may promote cancer cell proliferation and metastatic spread by secreting
fibroblast-growth factor-2 (FGF-2) and SDF1/CXCL12. CAFs can significantly affect
tumor progression from initiation to colonizing cancer cells to the metastatic niche®. Yet,

it has been debated where CAFs come from and what are the markers to define them.

1.3.2. CAF Heterogeneity and Plasticity

As in cancer cells, CAF populations in tumor stroma are not homogeneous but
rather substantially heterogeneous®’. Studies showed that this heterogeneity resulted from
different sources for CAFs. The emergence of evidence has revealed that resident
fibroblast can turn into CAF with the process governed by TGFf and stromal-derived
factor-1 (SDF-1) released from cancer cells®’. Indeed, when TGFpP was administered to

d®® %9 Studies have also dictated

the rats, the fibroblast expressing a-SMA was increase
that CAF can evolve from resident fibroblast as in-vivo and in-vitro by inducing with
TGFB’**, Another source of CAF is epithelial cells governed by epithelial to
mesenchymal transition (EMT). Although the cancer cell's transition to CAF is debatable,

a study published in 2002 indicated that cancer cells might acquire myofibroblast
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characteristics governed by vimentin expression under appropriate conditions.®!. Further
studies also revealed that TGFp might be the potential transducer for EMT to gain
myofibroblast-like features for epithelial cells expressing fibroblast-specific protein-1
(FSP-1) and a-SMA32-86, Endothelial cells can evolve to myofibroblast by endothelial to
mesenchymal transition (EndMT), at which the TGF-B also directs. Those endothelial
cells present myofibroblast markers as in myofibroblast coming from epithelial cells®”*.
There are also less common sources from which CAF can be originated; for example,
under MDA-MB-231 and MCF-7 cancer cell line conditioned medium (CM), adipocytes-
derived stem cells can gain increased 0-SMA and Tenascin-C*°. Finally, bone marrow-

derived fibrocytes, mesenchymal stem cells, and smooth muscle cells can turn into CAF-

like phenotypes through recruitment or transdifferentiation’!.
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Figure 1. 3. Potential sources of Cancer-Associated Fibroblast

(Source: Chen X. and Song E°!.)

Another debating issue is the detection of CAFs because there is no such marker
that is only associated with CAFs, rather several characteristics. Initially, myofibroblast
having increased a-SMA is termed CAF. In addition to a-SMA, studies have revealed
several CAF markers in the last two decades. The most common CAFs markers related

to the cytoskeleton and cytoplasmic proteins are S100A4/FSP-1, vimentin, and desmin®".
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Some CAF markers can also rise in receptor and membrane-bound proteins such as FAP,
PDGFRp, Cavalin-1 (CAV1), CD10, Podoplanin (PDPN), or ECM components like
tenascin-C, fibronectin, and laminin.”> °! Metanalysis and RNAseq data have recently
demonstrated several CAF subtypes classified according to their expression markers.
Studies have uncovered four subclasses named CAF-S1 to CAF-S4 of CAFs in breast,
ovarian, and later lung cancer®> °> %, Indeed each subtype has a range of expression
profiles with different functions. For example, CAF-S1 is more related to ECM
remodeling and presents a FAPheh FSp-1medum  ppGFRpmedum g S\ Amedium
CD29medium and CAV1'Y expression. CAF-S4, on the other hand, is associated with
perivascular regulation and shows a CD29"e" q-SMAhieh FSp-1low-medium pPHGER glow-
medium - C AV 1'% and FAP"&ve-1oW expression. Conversely, CAF-S2 presents in luminal
breast cancer, exhibiting a FAP"™#dive g.SMAnNetve  pDGFRpneedtive  CAV]negative
CD29"%, and FSP-1lownegative expression. Compared with other subtypes, CAF-S3 is
physiologically present in healthy tissue with a FAP"e#ive g_SMAReeative pQp._ | medium-high
PDGFRp™dium CD29medium and CAV1°%94+% The FAP"e" population of those subtypes
yields two new subgroups named inflammatory CAF (iCAF) located in distance sites
from the neoplastic cells and myofibroblastic CAF (mCAF) found near adjacent cells
according to their low or increased expression of a-SMA, respectively?>®% 96-%8
Furthermore, a comprehensive study by Lambrechts et al. revealed the existence of
fibroblast clusters in patient samples. They showed that lung cancer harbors five
fibroblast clusters named clusters 1, 2, 4, 5, 6, and 7, and all have distinct properties and
expression profiles. For example, Cluster 1 enriched in adjacent neoplastic cells expresses
high coll0A1, EMT, and ECM proteins with the TGF-related genes, while cluster 6
found in non-malignant tissue exhibit collagen type I, III, V, and VII. Additionally,
cluster 2 has higher expression of a-SMA and other genes related to myogenesis and

angiogenesis, reflecting fibroblasts' activation®.

Overall, CAF is one of the leading players in TME with various functions related
to tumor progression from initiation to metastasis. Although mounting evidence has
shown the existence of CAF from different sources, including resident fibroblast, the
differentiation of fibroblast to CAF is still under investigation, and an in-depth
understanding of the transdifferentiation of fibroblasts to CAFs is lacking. Utilizing
cancer-cell-derived ECM (ccECM), we proposed fibroblast cultured on ccECM



differentiates to CAF via surface-immobilized proteins and soluble growth factors present

in ccECM.

1.4. Aim of the Study

CAF is now remarkably under investigation to reveal its clinical value for
preventing invasion, metastasis, and immune hijacking in various cancer types, including
breast and lung cancer. Several known cellular processes such as EMT, wound healing
and secreted factors like TGFp participate in CAF differentiation. Although recent studies
have focused on CAFs' heterogeneity and subtypes, it is unclear how CAF differentiate
and create such a population pool. ECM is a robust cancer progression partner, facilitating
cellular communication and migration. Several cell types present in TME, including
fibroblasts, are highly regulatable. When the cells become cancerous, ECM contents may

change and create an active stroma, yielding a meshwork helping cancer progressions.

In the light of comprehensive studies, this work aimed to shed light on the effect
of ccECM on the differentiation of fibroblasts to CAF, creating a ccECM from the MDA -
MB-231 TNBC cell line using extraction buffer and the freeze-thaw methods.
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CHAPTER 2.

MATERIALS AND METHODS

2.1. Cell Culture

In this work, we used invasive triple-negative breast cancer cell line MDA-MB-
231, a non-tumorigenic human breast epithelial cell line MCF-10A, and lung-derived
fibroblast cell line WI38. All were acquired from ATCC. MDA-MB-231 cells, MCF-10A
cells, and WI38 cells were cultured in high glucose Dulbecco’s Modified Eagle Medium
(DMEM) (Biological Industries (BI) ref# 01-055-1A), DMEM/F12 (BI, ref# 01-0170-1A
), and MEM-ALPHA (BIL, ref# 01-042-1A), respectively. DMEM and MEM-ALPHA
mediums were supplemented with 10% Fetal Bovine Serum (FBS) (BI, Ref# 04-127-1A
), 1% L-Glutamine (BI, ref# 03-020-1B), and 1% Penicillin/Streptomycin (P/S) (BI, ref#
03-031-1B) while MCF10A cells culture medium was supplemented with 5% Donor
Horse Serum (DHS) (BI, ref# 04-004-1A), 20ng/ml EGF (Sigma, ref# E9644), 0.5ug/ml
Hydrocortisone (Sigma, ref# H0888), 100ng/ml Cholore Toxin(Sigma, ref# C8052), 1%
L-Glutamine, and 1% P/S. All cell lines were maintained at 37°C in a humidified

incubator with 5% CO?2.

MDA-MB-231 cells and WI38 cells were subcultured using 0.05% Trypsin-
EDTA (BI, ref# 03-05-1B ) in the humidified incubator at 37°C, 5% CO2 for 5 minutes,
whereas MCF-10 cells were split using 0.25% Trypsin-EDTA (BI, ref# 03-050-1B) for

15 minutes in the same environment mentioned above.

2.2. Decellularized Cell-Derived ECM as a Scaffold

Decellularized ECM(dECM) has been utilized in order to develop tissue
engineering thanks to its biocompatibility and bioactivity!®’. It was shown that dECM
could alter cell behavior via its physicochemical signals capacity and biological

performance!®!

. Moreover, several studies utilized these events to produce a tissue-
specific niche for subsequent experiments. For example, cell-derived ECM from

embryonic stem cells provided them to differentiate and become more proliferative when
11



embryonic stem cells were seeded on their dECM'?2. It was also found that dECM from
cells were able to differentiate other cell types, including endothelial and epithelial

cells'®

. Although there were countless studies in the literature, it is not certain which
procedure is appropriate for getting dECM which has been wholly purified from
immunological components like cell nuclei. Several techniques have been used to obtain
dECM having a mesh network, including the extraction buffer and the freeze-thaw
method'”!. Hence, here we tried to utilize both methodologies in order to obtain well-

organized and nuclei-free dECM.

2.3. Isolation of Cell-Derived Extracellular Matrix

2.3.1. Extraction Buffer

ECM deposition from individual experiments was kindly obtained according to
optimization of published protocols'®. Briefly, MDA-MB-231 cells were seeded at 5x10*
cells/cm®onto the glass coverslips in 6-well plates and maintained for 3, 5, and 7 days
within the humidified atmosphere at 5% CO2 and 37°C. The culture medium was
replaced with half of the fresh medium every two days. Once culture time finished, the
coverslips were kindly exposed to an extraction buffer including 20mM NH4OH((ref#
320145, sigma), 0.05% Triton X-100/ 1X Phosphate Buffer Saline (PBS) for 5 minutes,

and they were observed under light microscopy until the cells were removed entirely.

2.3.2. The Freeze-Thaw

ECM deposition from individual experiments was kindly obtained according to
optimization of published protocols'®. Briefly, MDA-MB-231 cells were seeded at a
ratio of 5x10* cells/cm? onto the glass coverslips in 6-well plates and maintained for 3, 5,
and 7 days within the humidified atmosphere at 5% CO2 and 37°C, and every two days,
the culture medium was replaced with half of the fresh medium. Once cells on the
coverslips were ready to experiment, the coverslips were gently transferred to new six-
well plates to perform clear decellularization using the freeze-thaw. The coverslips
transferred to six-well plates were washed with 1X PBS once and exposed to -80°C with
2ml of 1X PBS for 35 minutes, then they were exposed to warm 1X PBS until completely
melted. After one freeze-thaw cycle, each well was rinsed with 1X PBS until cells were

removed entirely, and a cell-free coverslip containing ccECM was used to culture
12



fibroblast cells following 200U/ml DNAse-1(# DN25, sigma) treatment for 60 minutes at
37°C.

2.4. Activation of Fibroblast

In our experimental setup for positive control, we use 10ng/ml TGFp (ref#
781802, biolegend) to induce fibroblast to CAF differentiation. W138 cells were seeded
onto coverslips using a serum-free medium and starved for 6 hours to increase the
recruitment of TGFf. After starvation, the serum-free medium was exchanged with W138
complete medium containing 10ng/ml TGF and cultured for 48 hours. Then, to see
whether differentiation occurred or not, we applied an immunostaining assay and Q-RT-

PCR using CAF markers indicating belove.

2.5. Immunostaining and Fluorescence Imaging

2.5.1. Staining for Fibroblast

Wi138 cells were cultured on decellularized coverslips containing ccECM and
ccECM-free coverslips at 20,83x10%cells/cm? for 48 hours to investigate whether ccECM
activated fibroblasts. Cells were fixed using 4% paraformaldehyde (PFA) after the
washing step with 1X PBS. Then, using 0.1% Triton X-100/PBS, cells were
permeabilized for 5 minutes at room temperature (RT) after washing with 1X PBS three
times each at 5 minutes intervals, and then cells were blocked with 5% goat serum
(GS)/PBS for 60 minutes at RT. Permeabilized cells were exposed to the primary
antibody/PBS using a CAF marker antibody sampler kit (#31549, cell signaling
technologies) at a ratio of 1:50 a-SMA, 1:200 FAP, 1:200 Vimentin, 1:200 FSP-1, 1:00
PDGFR, and 1:100 PDGFRa for overnight at +4°C. Then, cells were washed with 1X
PBS three times each 5 minutes intervals and incubated with the secondary antibody
solution/PBS containing Alexa Fluor 488-conjugated goat anti-rabbit secondary antibody
(#A11008, Life Technology) at 1:00, Alexa Fluor 647-conjugated phalloidin (#A22287,
Life Technology) at 1:30 to stain actin filaments and DAPI at 1:1000 for 40 minutes at
RT in dark environment. Finally, the coverslips were dipped into H20 once and mounted
onto a slide using a mounting medium ((#50001, ibidi). The coverslips were then imaged

under SP8 Confocal Microscopy (DMI8) and Zeiss Fluorescence Microscopy (HAL 100).
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2.5.2. Staining for ccECM

To visualize ECM components of ccECM, we performed immunostaining for
laminin and fibronectin. MDA-MB-231 cells were seeded onto coverslips at
5x10%*cells/cm? and cultured for five days. After cells were removed using the freeze-thaw
method, coverslips containing ccECM were exposed to 200U/ml DNAse-1 for 60 minutes
at 37°C. Then, coverslips were fixed using 4% PFA. Fixed coverslips were blocked using
5% GS/PBS following the washing step with 1X PBS three times each at 5 minutes
intervals. After blocking, coverslips were exposed to primary antibody/GS at 1:200
Laminin (Sigma # L9393) and 1:200 Fibronectin (Sigma, F3648) primary antibody
overnight at +4°C. Coverslips were then incubated with secondary antibody/PBS
conjugated with Alexa Fluor 488 goat-anti-rabbit secondary antibody at 1:200 and DAPI
at 1:1000 for 40 minutes at RT and dark environment. In the final step, the coverslips
were dipped into H20 and mounted on the slide using a mounting medium. The coverslips
were imaged under SP8 Confocal Microcopy with 63X magnification using immersion

oil.

2.6. Scanning Electron Microscopy (SEM)

We prepared the coverslips for SEM (Thermoscientific Quanta 250 FEG)
microscopy to visualize whether decellularized coverslips harbor ccECM. For this, MDA-
MB-231 cells were seeded onto coverslips coated with ITO, enabling electron
transmission, at 50x10° cells/cm? and cultured for five days. Then, coverslips were
decellularized using either the freeze-thaw or the extraction buffer. Decellularized
coverslips were fixed using prefixation solution containing 3% PFA and 1.5%
glutaraldehyde (GA) for 2 hours in a laminar cabinet after treating 200U/ml DNAse-1 at
37°C. Fixed coverslips were washed with 1X PBS at 5 minutes intervals. We applied
serial dehydration with different percentages of ethyl alcohol (EtOH) to remove water
from washed coverslips completely. The coverslips were exposed to increased EtOH
concentration with varying intervals of time; 50% for 5 minutes, 70% for 10 minutes,
80% for 10 minutes, 90% for 15 minutes, and 100% for 20 minutes in the laminar cabinet.
Dehydrated coverslips were left in the laminar cabinet under air circulation until
completely dried. Finally, dried coverslips were put into the desiccator until needed. The
ccECM were imaged under SEM.
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2.7. Qualitative Determination of ECM Proteins.

To determine ccECM proteins on decellularized coverslips, we used Coomassie
blue staining. MDA-MB-231 cells were seeded on coverslips at 50x10° cells/cm? and
cultured for 3, 5, and 7 days. Then coverslips were decellularized using either the freeze-
thaw or chemical solubilization method. Decellularized coverslips incubated with 0.1%
Coomassie Blue solution containing 70% upH20, 25% methanol, and 5% acetic acid for
up to 30 minutes on a shaker. Then, the coverslips were dipped into the water once and

allowed to completely dry.

2.8. Fabrication of Microfluidic Device

The microfluidic device, called Lab-on-a-chip (LOC), was produced using a 3D
form lab printer. The mold was designed and printed by a 3D printer, and, after several
washing steps with isopropyl alcohol, molds were ready to process. Polydimethylsiloxane
(PDMS) and curing agent were mixed at a 1:10 ratio and poured over the molds. Then,
PDMS was peeled out from molds and bonded to the glass surface via a UV/ozone
crosslinker. LOC device consists of three channels which are the media channel (left),
ccECM channel(right), and fibroblasts channel(middle). The middle channel is connected

to left and right channels via two connectors, enabling cell migration for both sides.

2.9. Labeling of Fibroblasts

In migration assay, to track the fibroblasts green cell tracker (Cell tracker™ Green
CMFDA dye, #C2925) was used. Briefly, before a day from seeding fibroblasts to the
LOC device, they were washed with 1ml serum-free media. Then, the cell tracker was
suspended in 1ml serum-free media, and the fibroblasts were exposed to SuM of green
tracker for 30 minutes at 37°C in a humidified incubator with 5% CO2. Once cells
imported the dye, they were washed three times with 1ml serum-free media, and then
their complete medium was added. They were checked under ZEISS fluorescence
microscopy. Finally, green-stained fibroblasts were maintained at 37°C in a humidified

incubator with 5% CO2 until needed.
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2.10. Migration Assay

In order to observe the effect of ccECM on the fibroblasts' migration, we
performed a day-dependent migration assay for four days. For migration assay, the LOC
device was used (Figure 3.17A). Brietfly, MDA-MB-231 cells were seeded on the upper
channel at a 50x10° cells/cm? ratio and cultured until reaching confluency. After four days
from MDA-MB-231 seeding, the decellularization process was applied by the freeze-
thaw method (2.2.2), and the LOC device was washed with 1X PBS, upH20, and ethanol,
respectively. The next step was seeding green-stained fibroblasts at 20,83x10%/cm? to the
middle channel (Figure 3.17A). After the fibroblast attachment, all channels were filled
with complete fibroblast media. Three hours(day0) after the green-stained fibroblast
seeding, the cells were imaged by confocal microscopy with 10X magnification and tile
scan option. The LOC device was observed for four days, including day0, and the
migration capacity of the fibroblasts to both sides (3.17A) was assessed by ImagelJ

software.

2.11. Image Analysis

2.11.1. Quantification of Immunostaining Results

To quantify the fluorescence intensity of CAF markers, images were processed
by Imagel software. Firstly, images were exposed to subtraction after applying a Gaussian
blur filter to eliminate the background. Then, the intensity of proteins was measured using

the measure command and normalized to the cell numbers.

2.11.2. Quantification of Migration Analysis

Images were taken under confocal microscopy using a tile scan to measure the
migration distance to see all regions. Then, the region of interst (ROI) was determined on
brightfield images and fitted to fluorescence images following thresholding. We
measured the XY coordinates of ROI as pixels for four days, and distance was normalized

according to day0.
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2.12. RNA Isolation and Q-RT PCR

For validation of proteins that were used for the characterization of CAFs, we
performed g-RT-PCR. Briefly, MDA-MB-231 cells were seeded on 6 well plate with a
specific cell number as indicated immunostaining section. Then, the freeze-thaw method
was applied to obtain a surface with ccECM after 5 days of MDA-MB-231 cells seeding.
Secondly, the fibroblasts were cultured on a decellularized 6 well plate containing ccECM
and ccECM-free with or without 10ng/ml TGFp treatment with specific cell counts
indicated immunostaining section. After 48 hours of culture, the total RNA was extracted
using PureLink® RNA Mini Kit (NucleospinRNA, #74095510) according to
manufacturer procedure following flash freezing. cDNA was synthesized using the cDNA
Synthesis Kit(ThermoScientifics, # K1622) from 1pug/ml RNA after the concentration of
RNAs was measured by Nanodrop. To amplificate of desired genes, these cDNAs were
processed in q-RT PCR using Essential DNA Green Master Mix (Roche, # 42729200)
with 40 cycles on a Roche Real-Time PCR System. Cycle time(CT) values were
normalized to the CT values of Tata-Box Binding Protein (TBP) to quantify desired

genes. A formula indicated below was utilized to see fold changes.

Formula = 2-AACt = 2control group ( target gene Ct value- TBP Ct value)-experimental group (target gene Ct value-

TBP Ct value).

The cycles and primers used for q-RT PCR were summarized in tables 2.1 and 2.2,

respectively.

Table 2.1. Cycles for g-RT PCR

Stage Temperature Duration Cycle
Preincubation 95°C 600 s 1 cycle
95°C
3 step 60°C 30s 45 cycle
amplification
72°C
95°C 10s
Melting 65°C 60 s 1 cycle
72°C ls
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Table 2.2. Primers for g-RT PCR

Genes Forward (5°---3") Primers Reverse (5°---3") Primers

TBP TAGAAGGCCTTGTGCTCACC TCTGCTCTGACTTTAGCACCT
Vimentin GCTAACCAACGACAAAGCCC CGTTCAAGGTCAAGACGTGC
ACTA2/o0- TCAATGTCCCAGCCATGTAT CAGCACGATGCCAGTTGT
IEIZI: GAAAGAAAGGTGCCAATA GATCAGTGCGTCCATCA
PDGFRp ACA CGG GAG AAT ACT TTT GC | GTT CCT CGG CAT CAT TAG GG
FSP-1/s100A4 TCCACAAGTACTCGGGCAAAG CTCTTGGAAGTCCACCTCGT
CD29 CTGTGATGCCTTACATTAGCAC ATCCAAATTTCCAGATATGCGC

2.13. Statistical Analysis

Unless otherwise stated, all data were analyzed by t-test(two-sample assuming
unequal variances ) to determine significance. The statistical indicator was taken as
p<0.05, and data on the charts were reported as mean + standard error. (otherwise, it was

indicated in the figure legend).
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Figure 3. 1. Workflow of experimental design.

3.1.1. The Extraction Buffer was not able to Deposit ECM Components

on the Surface After Decellularization

To verify that ccECM can be produced by cultured MDA-MB 231 cells, we first
apply the extraction buffer method as in several studies!®* 10019 Coverslips were
observed under light microscopy after decellularization by either the extraction buffer or
the freeze-thaw on days 3, 5, and 7(Figure 3.2). Although a recent study utilizes ccECM
from MDA-MB-231 cells using the extraction buffer method, they did not show any sign
of ccECM on their paper'®®. Similarly, in our decellularized coverslips, we did not achieve
to observe any indication of ccECM using the extraction buffer on days 3,5, and 7(Figure
3.2A). Due to the inability to produce ECM deposition with the extraction buffer, we
sought new methods to get ccECM. As indicated in several works, the freeze-thaws
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techniques could be used to create a cell-free scaffold from cell sheet'® ''°. When
coverslips were observed after decellularization by the freeze-thaw, there was something

on those coverslips under light microscopy, which we called ccECM(Figure 3.2B).

3.1.2. ECM Depositions were Detectable Qualitatively with Coomassie

Blue Staining

To determine whether decellularized coverslips had proteins, they were exposed
to 0.1% coomassie blue dye in a dark place. Before staining decellularized coverslips,
coomassie blue was tested using coverslips coated with 0.1mg/ml matrigel, and poly-L-
lysine(PLL), and 0.05mg/ml collagen(Figure 3.3A). After checking of coomassie blue
for qualitative determination of any protein on the surface, it was used for decellularized
coverslips. When we performed that staining, there were no differences between the

extraction buffer and the freeze-thaw method(Figure 3.3B).

Although there was no sign of ECM depositions on the coverslips decellularized
by the extraction buffer(Figure 3.2A), coomassie blue staining indicated that both
coverslip surfaces decellularized by the extraction buffer and the freeze-thaw had proteins
(Figure 3.3B), which yielded a contradictory situation. Therefore, we proceeded with

SEM to visualize those decellularized coverslips.

3.1.3. Decellularization of MDA-MB-231 Cells could Yield a Mesh
Network by the Freeze-Thaw but not the Extraction Buffer

According to coomassie blue staining, both methods yielded ECM depositions on
decellularized coverslips(Figure 3.3). However, we did not observe any deposits on the
coverslips decellularized by the extraction buffer(Figure 3.2A). Hence we decided to
visualize them under SEM in order to monitor whether those coverslips harbor any mesh
network similar to decellularized ECM, as shown by Abigail C. Hielscher et al. in 201217
Even though using the extraction buffer was not easy to handle ccECM from MDA-MB-
231, they could observe the mesh network of ccECM only if they used the co-culture of
a fibroblast cell line, having a high capacity to produce ECM depositions, with MDA-

MB-231 under SEM.
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Figure 3.2. Decellularization of coverslips to verify ccECM coming from 3,
5, and 7 days cultured MDA-MB-231 cells. A. Decellarized
coverslips(bottom) by the extraction buffer. B. Decullarized
coverslips(bottom) by the freeze-thaw. Deposition of ccECMs
were indicated by white arraows. Images were taken by light
microscopy with . (Scale bar = 100um)
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Figure 3.3. Staining of coverslips to qualitatively detect of ECM
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Consistent with their results, in our work, we observed a mesh network of ccECM
on the coverslips decellularized from MDA-MB-231 cells by the freeze-thaw but not the
extraction buffer on days 5 and 7(Figure 3.4). Since coverslips stained with coomassie
blue indicated increased color and homogeneity on days 5 and 7(Figure 3.3B), we
continued with those days for SEM(Figure 3.4). SEM results showed that decellularized
coverslips by the freeze-thaw had a compact and network-like structure on day 5(Figure

3.4B).

In contrast, the coverslips decellularized by the extraction buffer had no proper
structure (Figure 3.4A). Moreover, we also observed that the freeze-thaw method did not
give a well-organized structure on day 7 (Figure 3.4B). To confirm the probability of
obtaining ccECM on day 5, we repeat these experiments using DNAse treatment to rescue

cell-free nuclei.

3.1.4. Decellularization of MDA-MB-231 Cells Left a Well-Organized
Mesh Network by the Freeze-Thaw on Day 5

Since we observed ccECM on day 5, we repeated this experiment to check the
reproducibility of conditions(Figure 3.5). We obtained similar results when comparing
the coverslips decellularized by these two methods on day 5 (Figure 3.4, day 5). In the
current setup, 200U/ml DNAse was applied to decellularized coverslips to eliminate any
naked piece of DNA from ccECM!'®(Figure 3.5). As indicated in that figure, DNAse
treatment did not affect the mesh network of ccECM fibers when the freeze-thaw method

was used (3.5A).

On the other hand, the extraction buffer still did not create useful ccECM for the
incoming experiment (Figure 3.5B). Hence, we proceeded with the freeze-thaw method

for further investigations.

23



ccECM MDA-MB-231

=

MDA-MB-231

ccECM

Figure 3.4. SEM verification of ccECM decellularized from
MDA-MB-231 cells. A .Decellularized
coverslips(bottom) by the extraction buffer on days
5 and 7. B. Decellularized coverslips(bottom) by the
freeze-thaw on days 5 and 7. ccECM: MDA-MB-
231 cell-derived extracellular matrix. Scale bar:
50um for cells A, B upper, 20um for ccECM A, B
bottom.
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Figure 3.5. Comparison of ccECM on day 5 under SEM. A. Decellularized coverslips
by the freeze-thaw. B. Decellularized coverslips by the extraction buffer.
C. Glass surface for negative control. All surfaces were treated with
200U/ml DNAse. Scale bar: 50pum:30u: 10pum(from left to right)
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3.2. SECTION II

3.2.1. DNAse Treatment of Coverslips Significantly Decreased The
Naked DNA Remnant After Decellularization

After decellularization, DNA contamination might result from removing MDA -
MB-231 cells from the surface, affecting downstream experiments when fibroblast is
seeded on those ccECM. That is why we wanted to check whether there was any naked
DNA on the decellularized surface using DAPI(Figure 3.6). Staining with DAPI showed
that decellularized surface had free nuclei(Figure 3.6A ). Before we progressed to
downstream experiments, we wanted to ensure there was a cell nuclei-free surface after
decellularization. Hence, decellularized surfaces were first treated with 100U/ml
DNAse(Figure 3.6B, left). As seen in that figure, it also did not yield an acceptable nuclei-
free surface. Decellularized surfaces were then exposed to 200U/ml DNAse as in other
published studies'?”> 1%% ' Treating decellularized surfaces with 200U/ml DNAse
eliminated the majority of free nuclei (Figure 3.6B, right). Thus, we progressed with

200U/ml DNAse treatment for each decellularized surface for future experiments.

3.2.2. Decellularized Surfaces Harbored Fibronectin And Laminin on

Their Surface

To confirm that fiber-like structure was part of ECM, we conducted
immunostaining upon fibronectin and laminin, which are physiologically present in
ECM!07 112113 " After culturing 5 days of MDA-MB-231 cells on the glass surface, it was
decellularized by the freeze-thaw and treated with 200U/ml DNAse, and then they were
processed through immunostaining. Here, we showed that decellularized surfaces had
significantly increased expression of those ECM components (Figure 3.7). Figure 3.7A
indicated that these ECM components were dispersed along the surface area. Compared
to the glass surface, the decellularized surface had statistically increased intensity for
fibronectin and laminin (Figure 3.7B), proving that the freeze-thaw method was useful
for creating cell-free ECM from cultured cells. Therefore, we jumped to the next steps
related to fibroblasts differentiation to CAFs using decellularized glass surface from 5

days of cultured MDA-MB-231 cells.
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MDA-MB-231 ccECM without DNAse

B ccECM with 100U/ml ccECM with 200U/ml
DNAse DNAse

Figure 3.6. Elimination of free nuclei from decellularized surfaces
using DNAse treatment. A. 5 days cultured MDA-MB-
231 cells (left) and decellularized surface without
DNAse treatment(right). B. Decellularized surface
with
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Figure 3.6-(cont) 100U/ml DNAse treatment(left) and 200U/ml
DNAse treatment(right). Nuclei were stained
with  DAPI and indicated with blue
color(upper). ECM depositions were indicated
with white arrows in bright field images.
Images were taken by confocal microscopy
with 40x magnification. Scale bar: 50um.
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Figure 3.7. Confirmation of ECM components on decellularized ECM by
immunostaining. A. Immunostaining for fibronectin on ccECM
versus glass surface(left) and laminin versus glass surface(right). B.
Fluorescence intensity of fibronectin, laminin on decellularized and
glass surface (n=3; p< 0.0001; ****), Images were taken by confocal
microscopy with 63X magnification using immersion oil. (Scale bar:
20um). Statistical analysis was performed using unpaired t test ( *
p<0,05; ** p<0,01; *** p<0,005 ; **** p< (0,0001). The error bars
represent the standard error.
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3.3. SECTION III

ccECM Facilitated The Differentiation of Fibroblast to Cancer-
Associated Fibroblast

To understand whether the decellularized ccECM facilitated fibroblast
differentiation to CAFs, fibroblast cell line, W1-38, was cultured onto those ccECM for
48 hours. Although there are debating issues regarding activation of fibroblast, a common
cytokine called TGFp induces fibroblast in both autocrine and paracrine’* 7> 7%:8% Hence,
we used 10ng/ml TGF as a positive control in our experimental setup. Another problem
arises when one wants to identify CAFs since no such marker could be used to
characterize them. Indeed there are several markers, including vimentin, FAP, PDGFR§,
a-SMA, and FSP-1/s100A4!'* 115 Therefore we included those markers in determining
whether fibroblast on ccECM differentiated to CAFs.

3.3.1. Fibroblast on ccECM Showed a Significant Increase in Vimentin

Expression at the Protein Level but not mRNA Level

One of our markers was vimentin which is a type III intermediate filament.
Vimentin is generally located at different places on the cells but is mainly present in the
cytoplasm and membrane. It participates variety of cellular events such as cell regulation,
maintenance of mechanotransduction, and prevention of mechanical stress''®. Here, we
found that vimentin expression in TGFp-induced fibroblast was much greater than
fibroblast on the glass surface (Figure 3.8A, 3.8B, n=3, **** p<(.0001), which indicated
TGFp induced fibroblast activation. Consistently, vimentin expression increased when it
cultured on ccECM compared to glass surface (3.8A, 3.8B, n=3, ****p<(0.0001). We did
not observe any differences between TGFp-induced fibroblast and fibroblast on
ccECM(Figure3.8B, n=3, ns). Next, we wanted to validate our immunostaining results by

performing RT-PCR upon CAFs markers.

Contrary to immunostaining results, none of our conditions showed significant vimentin
expression compared to control (3.8C). According to our data, fibroblast on ccECM

indicated 32% (Figure 3.6C, n=3, ns) and 11%(Figure 3.6C, n=3, ns) decrease expression
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compared to control and TGFp treated cells, respectively. On top of it, TGFB-induced

cells were also decreased by 16% more than the control group (Figure 3.6C, n=3, ns).
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Vimentin expression on fibroblast cultured on ccECM for 48 hours. A.
Immunostaining for vimentin in fibroblast induced with 10ng/ml
TGFP(upper), cultured on decellularized ccECM(middle), and
cultured on the glass surface(bottom). Images were taken by confocal
microscopy with 40X magnification. Cell nuclei were stained with
DAPI and represented with blue(1® line), vimentin intensity was
represented with green(2™ line), and actin was stained with Alexa
Fluor 647 conjugated phalloidin and represented with magenta(3™
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Figure 3.8-(cont) line). Scale bar: 20um. B. Green intensity for vimentin
normalized to cell number(n=3; p< 0.0001; ****) C. Relative
mRNA expression of vimentin normalized to TBP(n=3).
Statistical analysis was performed using unpaired t test ( *
p<0,05; ** p<0,01; *** p<0,005 ; **** p< 0,0001). The error
bars represent the standard error.

3.3.2. Fibroblast on ccECM Showed Significant Increased FAP
Expression at the Protein Level But was not Significant at the

mMRNA Level

Our second marker was one type II serin protease called FAP, located at cell
surface!!’. It is also one of the strong markers for characterizing of CAFs. In addition to
vimentin, we checked FAP on both protein and mRNA levels. According to our
immunostaining experiment results, FAP was significantly increased in fibroblast when
they cultured on ccECM(Figure 3.9A, 3.9B, n=2, ****p< 0.00001) and induced with
TGFB(Figure 3.9A, 3.9B, n=2, ****p< (0.00001) compared to fibroblast in glass surface.
While there were no differences between ccECM and TGFB groups in
vimentin(Figure3.8B, n=2), FAP expression was also significantly increased in fibroblast
activated with TGFB(Figure3.9B, n=2, *** p<(0.005 ) than fibroblast on ccECM. mRNA
levels of FAP, on the other hand, showed an inverse correlation (Figure3.9C). It was
decreased 45% (Figure 3.9C, n=3, ns), 72% (Figure 3.9C, n=3, ** p<0.01) compared to
control and TGF group, respectively. As expected, TGFB-induced fibroblast was 2,5
fold greater than the control group (Figure 3.9C, n=3, * p<0.05).

3.3.3. PDGFRp Protein Level Showed an Increased Trend in Fibroblast
Cultured on ccECM

Another marker for the identification of CAF is PDGFR}. It is one of the type III
tyrosine-protein kinase receptors on cell surface'!8. When we stained for PDGFRp by
immunostaining, we observed that fibroblast on ccECM had boosted expression than
fibroblast on the glass surface(Figure 3.10B, n=2, ** p<0.01) and cells treated with TGFf
(Figure3.10B, n=2, ** p<0.01).
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Figure 3.9. FAP expression in fibroblast cultured on ccECM for 48hours. A.

Immunostaining upon FAP in fibroblast induced with 10ng/ml TGFf
(upper), cultured on decellularized ccECM(middle), and cultured on the
glass surface(bottom). Images were taken by confocal microscopy with
40X magnification. Cell nuclei were stained with DAPI and represented
with blue (1% line), FAP intensity was represented with green(2" line),
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Figure 3.9-(cont) and channels were merged(3™ line). Scale bar: 20pum. B. Green
intensity for FAP normalized to cell number. C. Relative mRNA
expression of FAP normalized to TBP(n=3). Statistical analysis
was performed using unpaired t test ( * p<0,05; ** p<0,01; ***
p<0,005 ; **** p<(0,0001). The error bars represent the standard
error.

Besides PDGFRJ expression in fibroblast cultured on ccECM, fibroblast induced
with TGFp showed a significant increase(Figure 3.10B, n=2, * p<0.05) compared to
fibroblast on the glass surface. Unlike immunostaining results, mRNA expression levels
indicated fibroblast on ccECM showed a 25%(Figure 3.10C, n=3, ns) and 40%(Figure
3.10C, n=3, ns) decrease trend than the control group(Figure 3.10C). Dissimilar to the
relative mRNA level of PDGFRbD in fibroblast cultured on ccECM, data showed that the
cells induced by TGFf were 1,3 fold greater than the control group(Figure 3.10C, n=3,

ns).

3.3.4. a-SMA did not Show a Significant Increase in Fibroblast
Cultured on Decellularized ECM

Our next marker is 0-SMA, the one 6 isoforms of mammalian actin family®. It is
an intermediate filament-associated protein within cells and is expressed in several cell
types, including activated fibroblast*> !°. Since it is also a common marker for CAFs
identification, we included it in our dataset. However, as indicated in Figures 3.11B and
3.11C, a-SMA did not show a significant correlation according to immunostaining
results. (Figure 3.11A). There were only differences between TGFB-induced cells and
fibroblast on ccECM(Figure 3.11B, n=1, * p<0.05). Even RT-PCR results revealed that
a-SMA expression on ccECM cultured fibroblast indicated an 18%(Figure 3.11C, n=3,
ns) and 86%(Figure 3.11C, n=3, ns) decrease compared to control and fibroblasts
activated with TGFp, respectively. Interestingly, there was a dramatic decrease in

fibroblast cultured on ccECM(Figure 3.11C, ns) than TGFf induced cells.
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3.3.5. FSP1 did not Change at The Protein Level in Fibroblasts
Cultured on ccECM

FSP1 is a fibroblast-specific filament-associated protein belonging to the s100

cytoplasmic calcium binding protein family, located at the cell nuclei, cytoplasm, and
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Figure 3.10. PDGFRJ expression in fibroblast cultured on ccECM for 48 hours. A.
Immunostaining for PDGFRp in fibroblast induced with 10ng/ml
TGFB(upper), cultured on decellularized ccECM(middle), and
cultured on the glass surface(bottom). Images were taken by confocal
microscopy with 40X magnification. Cell nuclei were stained with
DAPI and represented with blue (1% line), PDGFRp intensity was
represented with green(2™ line), and channels were merged(3™ line).
Scale bar: 50um. B. Green intensity for PDGFRf normalized to cell
number(n=2). C. Relative mRNA expression of PDGFRf3 normalized
to TBP(n=3). Statistical analysis was performed using unpaired t test
( * p<0,05; ** p<0,01; *** p<0,005 ; **** p<0,0001). The error bars
represent the standard error.

ECM!'?°. Hence, it is one of the markers used if one wants to characterize fibroblast and
CAFs'?!, Based on our immunostaining results, its expression did not differ compared to
TGFP induced cells(Figure 3.12B, n=3, ns) and fibroblast on the glass surface(Figure
3.12B, n=3, ns). However, figure 3.12C indicated that the relative expression of FSP1 in
the ccECM group was 1.07(n=3, ns) and 3.35(n=3, * p<0.05) fold greater than the control
and TGFp condition, respectively.(Figure 3.12C, n=3). Inversely, cells treated with
10ng/ml TGFPB showed 68% decrease expression of FSP1 compared to control(Figure
3.12C,n=3, *** p<0.005).

3.3.6. ccECM Decreased the Relative Expression of CD29 in
Fibroblast

CD29, also known as integrin beta-1 (ITGBI1), is another marker thanks to its
clinical importance in identifying tumors and CAFs as well%. As indicated in Figure 3.13,
relative mRNA expression of CD29 showed a 16%(n=3, ns) and 54%(n=3, * p<0.05)
decrease when compared to control and TGFp treated groups. Although TGFf-induced
cells had 1.82 fold greater expression than the control, it was not statistically

significant.(Figure 3.13, n=3, ns).

3.3.7. Fibroblast Cultured on ccECM Showed a Decrease in

Fibronectin Intensity

One of the main components of ECM, fibronectin, is a type of glycoproteins that

provides the bridge between the inside and outside of cells interacting with integrins'?2.
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Hence, we considered its intensity after the fibroblasts had been cultured on ccECM.
According to our results, fibronectin intensity in fibroblast cultured on ccECM decreased
compared to the fibroblast on the glass surface(Figure 3.14B, n=3, ns), and the fibroblasts
activated by TGFB(Figure 3.14B, n=3, ** p<0.01). While fibronectin was slightly
increased in TGF treated fibroblasts than in the control group (Figure 3.14B, n=3, ns).
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Figure 3.11 a-SMA expression on fibroblast cultured on ccECM for 48 hours. A.
Immunostaining for a-SMA in fibroblast induced with 10ng/ml
TGFPB(upper), and cultured on decellularized ccECM(middle), and
cultured on the glass surface(bottom). Images were taken by confocal
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Figure 3.11—(cont) microscopy with 40X magnification. Cell nuclei were stained with

ccECM TGFp

glass

DAPI and represented with blue(1* line), a-SMA intensity was
represented with green(2™ line), and actin was stained with Alexa
Fluor 5555 conjugated phalloidin and represented with red(3™
line). Scale bar: 50um. B. Green intensity for a-SMA normalized
to cell number(n=1) C. Relative mRNA expression of a-SMA
normalized to TBP(n=3). Statistical analysis was performed using
unpaired t-test ( * p<0,05; ** p<0,01; *** p<0,005 ; **** p<
0,0001). The error bars represent the standard error.
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Figure 3.12. FSP1 expression on fibroblast cultured on ccECM for 48 hours. A.
Immunostaining for FSP1 in fibroblast induced with 10ng/ml
TGFB(upper), cultured on decellularized ccECM(middle), and
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Figure 3.12- (cont) cultured on the glass surface(bottom). Images were taken by
confocal microscopy with 40X magnification. Cell nuclei
were stained with DAPI and represented with blue(1* line),
FSP1 intensity was represented with green(2™ line), and
actin was stained with Alexa Fluor 647 conjugated phalloidin
and represented with magenta(3™ line). Scale bar: 20um. B.
Green intensity for FSP1 normalized to cell number(n=3) C.
Relative mRNA expression of FSP1 normalized to
TBP(n=3). Statistical analysis was performed using unpaired
t-test ( * p<0,05; ** p<0,01; *** p<0,005 ; **** p<0,0001).
The error bars represent the standard error
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Figure 3.13.  Relative mRNA expression of CD29 in fibroblast
cultured on ccECM for 48 hours. CD29
expression was normalized to TBP(n=3, ns).
Statistical analysis was performed using unpaired
t test ( * p<0,05; ** p<0,01; *** p<0,005 ; ****
p< 0,0001). The error bars represent the standard
error.

3.3.8. Fibroblast Cultured on ccECM Showed a Decreased Laminin
Intensity

The last marker we investigated is laminin, a type of glycoprotein in ECM that
provides signaling transduction working with plasma membrane-anchored receptor'?.
Based on our immunostaining results, laminin intensity was significantly decrease in
fibroblasts cultured on ccECM than control(Figure 3.15B, n=3, *** p<0.001) and TGFp

treated fibroblasts(Figure 3.15B, n=3, *** p< 0.001). Unlike ccECM, TGFp-treated
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fibroblast did not show significant changes than the control group (Figure 3.15B, n=3,

ns).

3.3.9. ccECM Affected the Attachment of the Fibroblasts

During our immunostaining and mRNA experiments, we realized that ccECM
affected fibroblast differentiation and increased cell proliferation when the fibroblast was
cultured on decellularized ccECM (Figure 3.16A). As it was represented in bright field
images, fibroblasts cultured on ccECM showed better attachment within 2 and 6 hours
(Figure 3.16, 2nd line). In order to quantify them, we utilized DAPI staining after 48
hours from fibroblast cultured on ccECM (Figure 3.16B).
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Figure 3.14. Fibronectin intensity decreased when the fibroblast was cultured on

ccECM

glass

DAPI

ccECM for 48 hours. A. Immunostaining for fibronectin in fibroblast
induced with 10ng/ml TGFB(upper), cultured on decellularized
ccECM(middle), and cultured on the glass surface(bottom). Images
were taken by confocal microscopy with 40X magnification. Cell
nuclei were stained with DAPI and represented with blue(1*' line),
fibronectin intensity was represented with green(2" line), actin was
stained with Alexa Fluor 647 F conjugated phalloidin and
represented with magenta(3™ line). Scale bar: 50um B. Green
intensity for Fibronectin normalized to cell number(n=3). Statistical
analysis was performed using unpaired t-test ( * p<0,05; ** p<0,01;
**% p<0,005 ; **** p<0,0001). The error bars represent the standard
error
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Figure 3.15. Laminin intensity decreased when the fibroblast was cultured on
ccECM for 48 hours. A. Immunostaining for laminin in fibroblast
induced with 10ng/ml TGFP(upper), cultured on decellularized
ccECM(middle), and cultured on the glass surface(bottom). Images
were taken by confocal microscopy with 40X magnification. Cell
nuclei were stained with DAPI and represented with blue(1* line),
laminin intensity was represented with green(2" line), and actin was
stained with Alexa Fluor 647 conjugated phalloidin and represented
with magenta(3™ line). Scale bar: 50um B. Green intensity for
laminin normalized to cell number(n=3). Statistical analysis was
performed using unpaired t-test ( * p<0,05; ** p<0,01; *** p<0,005
; Fx#* n<(0,0001). The error bars represent the standard error.

Moreover, we included our immunostaining datasets to extend the number of
biological repeats. DAPI stained coverslips were collected and made stack using ImageJ
software. After applying a gaissum blur filter to eliminate background noise, they were
substracted, and finally, we obtained images that were able to count in that software

(Figure

B). Later on, each DAPI point was counted for all conditions using analyzed
particles. Similar to bright-field images (Figure 3.16A), fibroblasts cultured on ccECM
for 48 hours showed significantly higher cell numbers compared to TGFf treated cells
and control (Figure 3.16C, n=8, *** p<0.005). Unlike ccECM, TGFp did not change

fibroblasts cell numbers compared to control (Figure 3.16C, n=8, ns).

3.3.10. ccECM did not Show a Significant Effect on the Migration of
Fibroblast

In addition to the effect of ccECM on the differentiation of fibroblasts, as another
approach, we tested whether ccECM was able to recruit fibroblasts to their site. To
perform that, we used a LOC device which allowed us to do multiple experiments
simultaneously. This system contains three separated channels connected with two
connectors that allow cells to migrate (Figure 3.17A). To create ccECM, MDA-MB-231
cells were cultured on the right channel until reaching 100% of confluency (4 days), and
then cells were removed using the freeze-thaw. After decellularization, green-stained
fibroblasts cells were seeded on the middle channel and allowed to migrate horizontally.

Their migration capacity was imaged by confocal microscopy for four days. The distance
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of fibroblast from the start line to the ccECM channel (white array) or ccECM free

channel (black array) was measured depending on the days to interpret the results.

Based on our results, after 3 hours from the seeding of the fibroblast (Figure
3.17A), they were an attempt to migrate to the ccECM side(Figure 3.17B, n=3, * p<0.05).
Although the fibroblast migrated to the ccECM side more than the control (Figure 3.17C),
this situation disappeared as time passed (Figure 3.17D, n=3, ns). In figure 3.17E, we
indicated the fibroblast's migration towards both sides represented with different
pseudocolors in a day-dependent manner. (red:day0, green:dayl, blue:day2, and

magenta:day3).
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Figure 3.16.The fibroblasts' attachment on ccECM increased within 6 hours. A.
Bright field images for fibroblast induced with 10ng/ml TGFB(upper),
cultured on decellularized ccECM(middle), and cultured on the glass
surface(bottom) with different time points(T=hour(2hrs-6hrs-24hrs-
48hrs) from left to right). B. DAPI staining for determination of cell
proliferation in fibroblast induced with 10ng/ml TGFp(upper),
cultured on ccECM(middle), and cultured on the glass
surface(bottom) for 48hours. C. Cell number of DAPI counted
slides(n=8). Images were taken by fluorescence microscopy with 5X
magnification. Scale bar: 100pm. Statistical analysis was performed
using unpaired t-test ( * p<0,05; ** p<0,01; *** p<0,005 ; **** p<
0,0001). The error bars represent the standard error
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Figure 3.17. Observation of recruiting the fibroblast by the ccECM. A. Experimental
design for migration using Biorender. B. Migration of the green-stained
fibroblast towards either ccECM(right, white arrow) or control
side(left, white arrow) at dayO from different positions (P represents
different positions from the single LOC device: P1_d0 fl:
Position1:day0:fluorescence). C. Sum of distance from the start line
(straight white line) at day0. D. Day-dependent migration of fibroblast
to either ccECM(right) or control side(left) on the same position
(P2:Position2). E. Day-dependent sum of the distance from the start line
(white straight line) normalized to dO. F. Migration of fibroblast
towards ccECM and ccECM-free side. Each color represented a day
(red:day0, green:dayl, blue:day2, and magenta:day3). Images were
taken by confocal microscopy with 10X magnification and created by
Image] software using a montage section. Statistical analysis was
performed using unpaired t-test ( * p<0,05; ** p<0,01; *** p<0,005 ;
*H%% p< 0,0001). The error bars represent the standard error.
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CHAPTER 4.

DISCUSSION AND CONCLUSION

In this study, we investigated the fibroblast differentiation to CAFs at the cellular
level utilizing ccECM decellularized from MDA-MB-231 by the freeze-thaw methods.
Here, we found that decellularization using the extraction buffer was not as effective as
the freeze-thaw. As far as our concern, this is due to ingredients present in the extraction
buffer, such as ammonium hydroxide and triton X-100. Since they remove cell chemical
and enzymatic processes, they may alter ECM components and microstructure. For
instance, Verstegen M. and colleagues revealed that triton X-100 could reduce fibronectin
and laminin on the decellularized ECM, disrupting dECM structure!>*. In our
experiments, we also did not achieve a compact and well-organized ccECM structure
when the extraction buffer was used for decellularization(Figure 3.4). Although the
freeze-thaw cycle has disadvantages for purifying cell-free nuclei, additional processes

like treating with DNAse compensate for this stiuation!®!, as shown (Figure 3.6B, left).

We, first, quantitatively determined ECM depositions on ccECM using coomassie
blue staining(Figure 3.3). After approving our decellularization method, we checked
ECM components using immunostaining, including fibronectin and laminin. We found a
statistically significant intensity compared to the glass surface(Figure 3.7). This
significance also supported the power of the freeze-thaw method for the decellularization

of ccECM.

Until here, we understood that the freeze-thaw method could deposit ECM
components from MDA-MB-231 cells after five days of culturing. In order to determine
for culture day to obtain ccECM from MDA-MB-231 cells, we tried 3-5-7 days. Our SEM
results(Figure 3.4 and 3.5) showed that the best structure for ccECM was comprised at
day 5, indicating that there might be a turnover of ECM production within a specific time.
In that study, we claimed that MDA-MB-231 cells begin to produce ECM depositions
and leave it to the surface on day 3. Then it reached a compact, well-organized structure

on day 5. Furthermore, it started disintegrating after day 5 and completely disrupted on
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day 7(data not shown). Hence, we used ccECM from 5 days of cultured MDA-MB-231

for our subsequent experiments.

The next step was the central part of the experiments. We investigated the
differentiation of the fibroblast cultured on ccECM to CAFs by measuring CAF markers
at the cellular and molecular levels. We used standard CAF markers in the literature,
including vimentin, FAP, PDGFRp, 0-SMA, and FSP1/s100A4, CD29%. We also
included fibronectin and laminin to see whether activated fibroblasts increase the
expression of these ECM components’®. At protein expression levels, all markers except
for FSPI increased significantly. The first marker that we checked was vimentin.
Although there was fluctuating about being CAFs marker for vimentin, several papers
indicated that vimentin expression increased when they co-cultured cancer cells with the

fibroblast, which resulted from differentiation of fibroblast to CAF'?3 126,

Moreover, patients with vimentin-positive CAFs had shorter overall survival and
poor prognosis'?’. In several papers, it was indicated that vimentin expression was
confluency dependent. David Sarrio in 2008 and K Vuoriluoto in 2011 found that
vimentin expression was increased as the confluency decrease!?® 2. Therefore we
suspected whether we obtained false-positive results from vimentin expression in our
experiments(Figure 3.8B). To investigate this situation, we performed one experiment
seeding different cell numbers of fibroblast for ccECM and control groups. We also found
that significant increase for vimentin when they seeded at 5208 cells/cm? and 52080
cells/> for low(Figure 4A) and high(Figure 4B) confluency. Then, we performed
immunostaining upon vimentin, and our results showed that regardless of confluency,
vimentin expression was higher in the fibroblasts seeding on ccECM compared to control
groups(Figure 4C, n=1, * p<0.05). In addition to our test condition, TGFpB-induced
fibroblasts were activated and positive for vimentin as exppected'*’, suggesting contents

of ccECM can create a similar effect as in TGF.

In the light of our results, we also showed that the FAP expression in fibroblasts
on the ccECM and TGFp induced cells was highly overexpressed compared to control
groups. As indicated in the literature, FAP is one of the prominent markers for
characterizing CAFs!'*. Overexpression of FAP was almost found in all tumor types,
especially in their interstitium!®!, a barrier between membranes and organs, suggesting

the ECM components impact FAP markers. That is why the increased expression of FAP
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in our fibroblasts on ccECM could result from factors including chemokine and cytokine

present in ccECM.

DAPI Vimentin Actin Merge

Normalized Intensity to
Cell Number
o [=] - -
=} 3 =} 3 c
L 1 1 1

Figure 4. 1. Effect of the confluency on the vimentin expression on ccECM and glass
surface. A. At low density, vimentin expression in the fibroblasts seeded

47



Figure 4.1-(cont) on ccECM and glass. B. At high density, vimentin expression in the
fibroblasts.seeded on ccECM and glass. Images were taken by
confocal microscopy with 40X magnification. Cell nuclei were
stained with DAPI and represented with blue(1* line), vimentin
intensity was represented with green(2" line), and actin was stained
with Alexa Fluor 647 conjugated phalloidin and represented with
magenta(3™ line). Scale bar: 50pum. C. Green intensity for laminin
normalized to cell number(n=1). Statistical analysis was performed
using unpaired t-test ( * p<0,05; ** p<0,01; *** p<0,005 ; **** p<
0,0001). The error bars represent the standard error

Another marker was PDGF, which has two main receptors, PDGFRa and
PDGFRB. This receptor family impacts various cellular events, including proliferation
and chemotaxis of fibroblasts, affecting cytoskeleton arranging and cell migration. Since
they have tyrosine kinase activity, they highly regulate these cellular events via activating
the phosphoinositide 3-kinase (PI3K) and the mitogen-activated protein kinase
(MAPK)'*2. Hence, it has been considered a CAFs marker in several studies''®. Here, we
also presented that PDGFRP was more pronounced in our test conditions when the
fibroblast was seeded on the ccECM(Figure 3.10B), indicating that PDGF may be found
bound to the ccECM surface.

a-SMA, also known as ACTAZ2, is the most common marker to verify CAFs when
the fibroblasts are induced with TGFB’"72. Here, we also found more a-SMA expression
in TGFB-induced groups but not in fibroblasts cultured on ccECM. Yet, several works
informed a-SMA negative, FAP positive CAFs®, as shown in our study(Figure 3.11B,
3.9B). These CAFs mostly attributed as immunosuppressive and mediate cancer cells

hijacking from cellular immune system'??.

Another protein used for CAFs characterization belongs to the calcium-binding
s100 protein family called FSP1/s100A4. In spite of the fact that FSP1 is one of the CAF
markers, recent studies have indicated expression of FSP1 varies in different CAFs

134,135 Based on our studies, we did not find significant changes in FSP1

population
expression at protein level not only between ccECM and control but also no changes in

TGFp induced cells compared to ccECM and control groups(Figure 3.12B).

In addition to CAFs markers, we also checked less pronounced markers in CAFS,

73

which were laminin and fibronectin’>. In our experimental setup, fibronectin did not

change in ccECM fibroblasts compared to control groups but not TGFp induced cells. It
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was significantly decreased in the fibroblast on ccECM than TGFp induced cells.
Similarly, laminin expression in ccECM fibroblast was significantly lower compared to
control and TGFp induced groups. Hence, we came up with the idea that there could be
negative feedback considering ccECM conditions since it already had these ECM

components in its structure(Figure 3.7).

Another aspect of our study relied on relative mRNA expression of these CAFs
markers, including CD29. According to our results, none of our markers showed
significant change in the fibroblasts cultured on ccECM compared to control groups.
When we compared ccECM and TGFf induced cells, we found that while a-SMA(ns),
FAP, and CD29 were decreased, FSP1 was increased at relative mRNA expression in
ccECM groups(Table 4.1). Additionally, TGFb-induced cells had higher mRNA
expression for a-SMA, FAP, and CD29, while FSP1 decreased (Table 4.1).

dECM not only comprises ECM components such as collagens, laminin, and
fibronectin but also has several factors, including growth factors, chemokines, and
cytkonies!'® 193 136 Moreover, these components may change when the cells become
cancerous, and the ECM accumulates different factors compared to its healthy
counterpart'3”- 18, Therefore, expecting the same results in the fibroblasts cultured on
ccECM and TGFp-induced cells could be a misapprehension concerning CAF markers.
Since the factors present in ccECM may affect the translation of these proteins, the half-
life of mMRNA could be different from other groups, yielding increased protein expression

but not mRNA"*"(Table4.1).

Until here, we showed the freeze-thaw method provided proper decellularization
for creating ccECM from MDA-MB-231 after culturing for 5 days. In addition to
decellularization, we also indicated the way for the recellularization of the fibroblasts on
the ccECM to investigate fibroblast differentiation into CAFs. Surprisingly, we came
across a situation showing that the fibroblast seeded on ccECM had more proliferative
than others(Figure3.16). It was shown in a study published in 2020 by Karina M. and
colleagues when they cultured fibroblast and CAFs on the fibronectin-rich matrix'%°.
Since our ccECM had significant fibronectin, it might affect the fibroblasts' proliferation

when cultured on fibronectin-rich ccECM(Figure 3.3.2A, left).

49



Finally, we desired to investigate whether the ccECM had an impact on recruiting
the fibroblasts using the LOC device, enabling the migration of cells from a start line

(Figure3.17).

Table 4. 1 Summary of the expression of CAFs markers based on our results.

Protein Level mRNA Level

Vimentin ' > t = < =)
FAP t ¢ t|e= [ 1
PDGFR Tt 0 1 - > -
a-SMA/ACTA2 - 1 = [ = f
FSP1/s100A4 - — = e ] [
Fibronectin -—) ﬂ ) Unchecked
Laminin l ﬂ. ) Unchecked
CD29/ITGB1 Unchecked - | 1t

I ccECM to control
[ ] ccECM to TGFB
I TGFp to control

Interestingly, the fibroblasts migrated towards the ccECM side within 3
hours(day0) after seeding on that system(Figure 3.17B). However, their migration
capacity to the ccECM side did not show significance as time passed. Instead, they also

preferred to migrate to the control side, filled with their medium(Figure3.17C).

We found that the freeze-thaw method was more appropriate than the extraction
buffer when one wants to create decellularized cell-free ECM. The ccECM decellularized
by the freeze-thaw was more compact and well organized. It had high laminin and

fibronectin, providing more proliferative for the fibroblasts.

Overall, the ccECM decellularized by the freeze-thaw was more compact and well
organized than the one prepared by the extraction buffer. DNAse treatment remarkably
eliminated cell-free nuclei, and ccECM contained fibronectin and laminin. ccECM was
capable of differentiating fibroblasts to CAFs as determined by the expression of markers
of CAFs. ccECM enhanced the proliferation and presence of actin fibers of CAFs, and it

appears to orient the migration of fibroblasts. ccECM could be one of the intermediate
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steps in fibroblast differentiation, but in the future, the factors present in ccECM should

scrutinize to understand the mechanisms behind this transdifferentiation.
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