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ABSTRACT

Sarioglu G., The Role of Regnase-1 Protein in Sculpting Tumor Microenvironment,
Hacettepe University Graduate School Health Sciences Department of Basic
Oncology Tumor Biology and Immunology Program Master’s Thesis, Ankara, 2021,
The tumor microenvironment (TME) contains cancer-associated fibroblasts (CAFs)
and their tumor-supportive role helps to build an environment in favor of cancer
cell progression. Recent researches have revealed that targeting the tumor
microenvironment, as well as the cancer cells, inhibits cancer progression far more
effectively, while also overcoming the development of drug resistance. Macrophage
polarization also helps cancer cells transform the microenvironment into a pro-
tumoral environment. In previous studies, Gunaydin et al. have shown that CAFs
play a major role in shaping the TME, thereby inducing the accumulation of
monocytes in the TME and their differentiation into M2-like macrophages, enabling
them to transform into a subtype that can perform immunosuppressive functions.
However, the mechanisms underlying monocyte accumulation in the TME of CAFs
are not yet known. The fact that Regnase-1 (MCP-1 Induced Protein) is induced by
MCP-1, the major regulator of monocyte recruitment, and control in inflammatory
processes prompted us to investigate the effects of this protein on monocyte
recruitment by CAFs to the TME. In this study, a-SMA (a-smooth muscle actin)
positive CAFs were obtained from patients with breast tumors and Regnase-1
protein expression in these cells was investigated. According to our study results, it
was observed that CAFs obtained from breast tumors expressed Regnase-1 and
MCP-1 protein. Our study results showed that there is a statistically significant
correlation between MCP-1 and Regnase-1 protein expressions in CAFs, as well as

between these protein expressions and CAF grade.

Key words: Tumor microenvironment, breast cancer, macrophage polarization,

cancer-associated fibroblast, Regnase-1.
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OZET

Sarioglu G., Tumoér Mikrogevresinin Sekillendirilmesinde Regnase-1 Proteininin
Rolii, Hacettepe Universitesi Saglik Bilimleri Enstitiisi Tiimor Biyolojisi ve
immiinolojisi Programi Yiiksek Lisans Tezi, Ankara, 2021, Kanserle-iligkili
fibroblastlar (KiF'ler), timér mikrogevresinin bilesenlerinden biridir ve pro-tiiméral
etkileri, kanser hiicresi gelisimi lehine bir ortam olusturmaya yardimci olur. Yakin
zamanda yapilan arastirmalar, kanser hiicrelerinin yani sira timoér mikrogevresi
hedeflemenin, kanserin ilerlemesini ¢cok daha etkili bir sekilde baskiladigini ve ayni
zamanda ilag direnci gelisimini engelledigini gostermistir. Ayrica makrofaj
polarizasyonu da kanser hicrelerinin ortami pro-timoéral bir mikrogevreye
donistirmesine yardimci  olur. Glnaydin ve arkadaslarinin daha onceki
calismalarinda, KiF'lerin timér mikrogevresinin sekillendirmesinde biyiik bir rol
oynadigl, boylece monositlerin timor mikrogevresinde birikmesi ile M2 benzeri
makrofajlara farklilasmalarini indikleyerek monositlerin immiinosupresif islevlerini
yerine getirebilen bir alt tipe donidsmelerini sagladiklarini géstermislerdir. Ancak
timor mikrogevresindeki monosit birikimine neden olan KiF aracili mekanizmalar
heniiz bilinmemektedir. Regnase-1'in (MCP-1 ile indiiklenmis Protein), monosit
¢agriminin ana dulzenleyicisi olan MCP-1 tarafindan indiiklenmesi gercegi ve
inflamatuar siireclerdeki rolii, bu proteinin KiF'ler tarafindan TME'ye monosit
cagrimi Uzerindeki etkilerini arastirmamiza neden oldu. Bu ¢calismada, meme kanseri
hastalarindan a-SMA (smooth muscle actin) pozitif kanserle iliskili fibroblastlar elde
edilmis ve bu hicrelerde Regnase-1 protein ekspresyonu arastirilmistir. Calisma
sonuclarimiza gére, meme kanseri hastalarindan elde edilen KiF’lerin Regnase-1
proteinini eksprese ettigi gdzlenmistir. Calisma sonuclarimiz, KiF lerde MCP-1 ve
Regnase-1 protein ifadeleri arasinda ve ayni zamanda bu proteinler ile KiF grade

arasinda istatistiksel olarak anlamli olan korelasyon gosterdigini aciklamaktadir.

Anahtar Kelimeler: Timoér mikrogevresi, meme kanseri, makrofaj polarizasyonu,

kanserle-iliskili fibroblast, Regnase-1.
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1.INTRODUCTION

In 2012, breast cancer was one of the major reasons for cancer losses
worldwide with 324,000 casualties. Moreover, with 197,000 deaths, it was the
second leading reason for the losses behind advanced lung cancer (1). A leading

concern in this disease is recurrence and metastasis to other organs.

According to the literature about breast cancer, satisfactory results could
not be obtained in situations where only the tumor cells were targeted (2).
Considering the pro-tumoral consequences of the tumor milieu on carcinogenesis, it
is predicted that targeting the microenvironment with cancer cells synergistically

will give favorable responses in terms of therapy and prevent metastasis (3).

Therefore, experiments in this study will be conducted to decipher the role

of CAFs in the tumor microenvironment.

Fibroblasts are the cells that form collagen, a type of protein that is the main
ingredient in connective tissue and is involved in wound healing (4). These cells are
activated and transform into CAFs in the TME (4). Factors derived/secreted from
CAFs can contribute to forming a microenvironment that allows tumor formation
and the metastatic properties of cancer cells. It has been observed that CAFs
produce a-SMA unlike normal fibroblasts and these cause rearrangements in the

tumor milieu (5).

It has been shown that CAFs have altered the TME by some pro-tumoral
cytokines to escape from immune responses (6). This may be one of the main

reasons for the recurrence of cancer and resistance to therapeutic agents.

Gok Yavuz et al. demonstrated that CAFs are influential in the
transformation of monocyte/macrophage cells from M1 phenotype to M2
phenotype and in the monocyte/macrophage cells gaining an immunosuppressive
character (7). CAFs' recruitment of monocytes is controlled by MCP-1 and stromal
cell-derived factor-1 (SDF-1) (7). CAFs can differentiate monocytes, which are
recruited in the tumor site, into M2-like macrophages and these cells are able to

perform immunosuppressive roles (7).



However, determining the mechanisms underlying this effect is of great

importance in order to develop therapeutic approaches to target this mechanism.

Regnase-1, which called Zc3h12a has been a well-studied inflammation
response controller and is the founding member of ribonucleases that has proteins

linked to the involvement of the NYN domain (8).

Additionally, Zc3h12a was reported to be the protein that was primarily
induced by MCP-1. Hence, it was called MCP-1 induced protein 1 (MCPIP1); and was
later called Regnase-1. Regnase-1 (Regulatory RNase-1 = MCPIP1) is a ribonuclease

and its mRNA decay activity would affect inflammation (9).

In our study, we hypothesized that the Regnase-1 protein may be involved in
the polarization of macrophages in cancer. The results were gathered by Western
Blot analyses in protein lysates of CAFs that were obtained from breast cancer

patients' cancer tissues. Protein levels of Regnase-1 in CAFs were documented.



2.GENERAL INFORMATION

2.1.Breast Cancer

Cancer is a disease that may result in death worldwide and is predicted to
cause 13 million cancer-related deaths in 2030 (10). Among women, breast cancer
mainly forms a risk of 10% mortality (11). In the early 1900’s Halsted indicated that
breast cancer is an illness that generates locally and lymphatics can spread it to
other tissues (12). Breast cancer might be classified into several types based on
pathology and invasiveness (13). Based on the origin of the cell involved, it might be
divided into carcinomas and sarcomas (13). Carcinomas derive from epithelial cells
of the breast which are a part of lobules and terminal ducts. Sarcomas derive from
myofibroblasts and blood vessels, which is an uncommon form of breast cancer
(13). Breast cancers are usually carcinomas and they have several subtypes based
on the status of invasiveness regarding the tumor’s initiation points (14).
Distinguishing the tumor types by their pathological features and invasiveness is
crucial for treatment because each one has its own specific response (14). We can
divide breast cancer into three groups by this mean; non-invasive (in situ), invasive

and metastatic breast cancer (Figure 2.1.) (14).

In Situ Invasive Metastatic
Carcinoma Carcinoma Carcinoma

i ) I ) S & < o~ Ml == @ <o
Luminal Myoepithelial  Endothelium  Leukocytes  Fibroblast  Myofibroblast  Basement  Cells of organ metastasis
epithelial cell cell membrane

Figure 2.1. Subtypes of breast cancer by pathological features and invasiveness

adapted by Polyak K. et al. (15).



e Ductal carcinoma in situ (DCIS) is one of the typical types of breast tumor
with the potential to develop inside existing ducts. DCIS is not invasive but
has the potential to develop invasive features (15).

e Invasive or infiltrative breast cancers spread to the other parts of the breast
and surrounding stromal tissue. When a woman is diagnosed with an
aggressive form of breast cancer, she is usually 50 or older (15).

e Metastatic breast cancers are the ones with the potential to spread to other

organs like lymph nodes and uterus etc. (15).

Invasive carcinoma is divided into two groups as invasive ductal carcinoma
(IDC) and invasive lobular carcinoma (ILC) according to the sites of the breast that
they derive from (16). Several histological subtypes of invasive ductal carcinoma can
be distinguished based on a variety of factors such as cell type (apocrine), quantity,
architectural features (papillary, tubular), type and location of secretion (mucinous),
and immunohistochemical profile (17). The invasive lobular carcinoma occurs
predominantly later in life than invasive ductal carcinomas (after 50-60 years of age)
(16). These classifications are very critical because of the different prognoses and

treatments of each one of them (16).

The molecular subtypes of breast cancer are being used for determing the
prognosis and treatment modality. Human epidermal growth factor receptor 2
(HER2), estrogen receptor (ER), progesterone receptor (PR) are usually investigated.
(17). Breast cancer could be classified into four subtypes according to differential
gene expression. HER2-enriched (HER2+, ER/PR-), luminal A, luminal B, and TNBC
are the mentioned subtypes (18). Triple-negative breast cancer (TNBC) means the
patient tumor tissue doesn’t express HER2, ER, PR. Such expressions may be related
with poor or good prognosis of the disease as well as the aggressiveness of the
tumor (19). Luminal subtypes are more likely to have a better prognosis than the

HER2-enriched and TNBC types (20).



2.1.1. Breast Cancer Epidemiology

Every year, the American Cancer Society (ACS) publishes a statistical paper of
new cases and deaths estimated to occur in the United States the following year.
ACS estimated that there would be approximately 2,650 new cases of males and
281,550 new cases of females in 2021, and a total of 44,130 deaths of both sexes
(530 males and 43,600 females) (21).

According to statistical analyses, nearly one out of eight women (13%) will
be diagnosed with invasive breast cancer in their lifetime. In the 2012-2016 period,
the incidence rate of breast cancer expanded by 0.3% per year (22). This is thought
to be due to an increase in hormone receptor-positive illness rates. Unlike this,
death rates of breast cancer are declining by the year, from 1989 to 2017

approximately 375,900 deaths have been prevented (23).

2.2. Breast Cancer Microenvironment

Tumor and metastasis initiation is a complicated pathological process (24).
Progression of cancer starts with increased motility and migration of cells,
accompanied by stromal invasion. Tumor cells then infiltrate arteries or lymph
vessels, adapting their functions to the circulatory system. They then extravasate,
invade distant organs, and eventually develop into extreme metastases, usually

after several years of dormancy (25).

Most studies focus on investigating cancer cell driven changes in tumor
milieu. (26). Recently, TME has also gained attention for cancer research and
treatment. (26). Several non-cancer cells, cancer-associated specific cell forms, and
matrix molecules have an interaction with the tumors at both the primary and

metastatic sites and affect their biological properties (27).

One of the crucial features of cancer is the contribution of the TME (24).
Cancer cells are encircled by various cell types which help to alter the

microenvironment in favor of tumor progression (Figure 2.2.) (24).
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Figure 2.2. Tumor microenvironment components. Adapted from Hanahan D. and

Weinberg R. (24).

Tumor initiation, development and distant metastasis are now known to be
affected by exosomes, cytokines, and other soluble factors provided by the tumor
as well as stromal cells (28). Tumor cells depend on epithelial-mesenchymal
transition (EMT) during the multistep metastatic process (29). Such a transition is
prominent in epithelial cells that are dedifferentiating and losing cell adhesions;
resulting in higher mobility that may display more stem cell traits. This transition
program is hijacked by cancer cells to detach from the epithelial tissues, enter
vessels, and acquire the properties of self-renewal and cellular plasticity essential in

the metastatic formation phase (30).

Cancer-associated stromal cells have a reaction to molecular and
morphological changes in cancerous cells by transforming their secretomes and
undergoing epigenetic modifications (31). By recruiting other cells, which are non-
indigenous to breast tissue, the released factors may directly and/or indirectly
influence tumor progression. Bone marrow-derived mesenchymal stem cells, and
innate and adaptive immune cells are among the examples, which then become

involved in stimulating a vicious cell-to-cell and factor-to-cell interaction loop (31).



In breast cancer, adipocytes, vasculature, fibroblasts, mesenchymal stem cells, and
numerous immune cells, as well as their secretome, contribute to the formation of

a tumor permissive microenvironment (32).

2.3. Normal Fibroblasts

Initially, Virchow (33) and then Duvall (34) used classical anatomy and
microscopy techniques to describe connective tissue cells, with fibroblasts being the

first to be classified as cells that produced collagen in the connective tissue (27).

Fibroblasts are single cells that are found in the extracellular space or near
arteries in tissues, with no connection to the basement membrane but lodged in the
interstitial fibrillar extracellular matrix (ECM) (35). Fibroblasts are non-epithelial and
non-immune cells, potentially derived from mesenchymal lineage (35). Fibroblasts
in normal tissue are normally regarded as inactive since they have low metabolic
and transcriptomic activity. These cells are considered dormant, serene, or resting
in this state. Mesenchymal stem cell (MSC) precursors and resting fibroblasts can

share several characteristics (36).

The capability to activate and generate fibroblasts was initially found in
wound healing environments, and then in circumstances including acute / chronic
inflammation, and fibrosis. Fibroblasts display an elongated morphology with

projecting features that have a fusiform or spindle-like outline (37).

An obstacle for studying fibroblasts in vivo is the absence of a sensitive and
specific marker (2). There are a number of well-known fibroblast phenotypic
indicators, although none of them is fibroblast-specific or present in all fibroblasts
(Table 2.1.) (2). There is clearly a need to define better cellular markers with

absolute precision for fibroblasts (2).



Table-2.1. Fibroblast Markers. Adapted from Kalluri R. (3).

Marker Fibroblast types marker is found

Vimentin Miscellaneous

a-Smooth-Muscle Actin | Myofibroblasts

Desmin Skin fibroblasts
FSP1 Activated fibroblasts, Miscellaneous
FAP Activated fibroblasts

Fibroblasts may be regarded as dormant mesenchymal cells that can be
triggered into MSCs with adequate stimuli (35). These resting mesenchymal cells
are uncommon interstitial cells that can replicate when stimulated by various
growth factors such as platelet-derived growth factor (PDGF), transforming growth
factor (TGF) as well as interleukin-6 (IL6) (38). Most of the characteristics attributed
to fibroblasts are thought to be those of 'active' fibroblasts, myofibroblasts, and
MSCs. Fibroblasts derived from the site of a healed wound or fibrotic tissue produce
more ECM ingredients and proliferate more quickly than those derived from healthy

organs. This form of enhanced activity is referred to as activation (35).

Their functions, once activated, include generating ECM, producing
cytokines and chemokines, recruiting immune cells, as well as using physical force
to alter the architecture of the tissue. Their morphology starts to change as well

when they are activated (Figure 2.3.)
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Figure 2.3. Fibroblast activation phases.

Quiescent fibroblasts are rarely found in embryonic tissue and are only
found in mature tissues and organs (39). It is still not clear in adults whether MSCs
or mesenchymal cells derived from monocyte precursors (fibrocytes) contribute to
the activated fibroblast population (39). It was reported that the metastatic
capabilities of breast cancer cells may be enhanced by bone marrow-derived MSCs
(BM-MSCs) (39). For instance, in pancreatic cancer, BM-MSCs constitute a
significant proportion of CAFs with pro-tumoral functions (40). One possibility
stands that via secreted TGF-B, BM-MSCs can transform normal fibroblasts to CAF-
like fibroblasts (40).

2.3.1. Cancer-Associated Fibroblasts

CAFs, which constitute the majority of the tumor stroma, are frequently
faced with a variety of inflammatory cells and TME stimuli, allowing them to
develop novel functions (41, 42) that are not observed in normal fibroblasts. These
specific actions can play a part in sculpting the tumor's microenvironment and
eventually exert an effect on the progression of the cancer cells. They may also

demonstrate immunosuppressive properties (43).

Tumors have been known as “wounds that do not heal” (44). Fibroblasts are

"educated" by the tumor during this phase to obtain tumor-supportive features.
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Shred of evidence has shown that the growth of cancer cells is affected by CAFs
(45). CAFs demonstrated an ability to suppress apoptosis of cancer cells, promote
cancer cell proliferation, and stimulate angiogenesis in tumors (41). Cancer cells
metastasize to other organs and tend to recruit normal fibroblasts (NF) to tumor
sites. The active phenotype of fibroblasts in the tumor is caused by many genetic

and epigenetic alterations that are driven by cancer cells (3).

TGFB, epidermal growth factor (EGF), PDGF, fibroblast growth factor-2
(FGF2), and C X C motif chemokine ligand-12 (CXCL-12), all of which are secreted by
cancer cells and other stromal cells, activate fibroblasts (46). Cell-cell contact via
adhesion molecules may activate fibroblasts (e.g. intercellular adhesion molecule

[ICAM1], vascular cell adhesion molecule-1 [VCAM1]) (47).

Myofibroblasts expressing a-SMA are observed in both tumors and tissue
injury sites as activated fibroblasts. Myofibroblasts demonstrate fundamental
effects in tissue repair via producing various cytokines, growth factors, and ECM
proteins. Myofibroblasts also aid tissue regeneration by increasing angiogenesis and
supporting the growth of neighboring epithelial cells. These myofibroblasts release
SDF-1, an angiogenic chemokine, to assist tumor development and induce

neoangiogenesis (41).

A particular marker is needed to detect CAFs in the tumor and the most
frequently used one is a-smooth muscle actin. It has been identified as relevant for
myofibroblasts (4). The tumor stroma includes both myofibroblasts (activated
fibroblasts) as well as non-activated fibroblasts. A critical marker for determining
myofibroblasts is fibroblast activation protein (FAP) (48). Orimo et al. reported that
CAF populations can contain both myofibroblasts and fibroblasts. Moreover, unique

markers for myofibroblasts could be a-SMA and FAP (41).

In previous studies, several other markers have also been identified (Table
2.2.), such as periostin (49), tenascin-C (50), neuron glial antigen-2 (NG2) (51),
desmin, vimentin, fibroblast specific protein-1 (FSP-1) and PDGFR a and B (52).
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Table 2.2. Markers of CAF adapted from An. Y et al. (46).

CAF MARKERS NF MARKERS
Markers used a-SMA
FSP-1
commonly
FAP
Tenascin-C
Periostin Vimentin
NG-2
Markers used rarely Desmin
PDGFR- a
PDGFR- B
Negative markers Cytokeratin
CD31

Myofibroblasts do not have their very own set of markers. However,
because CAFs lack epithelial and endothelial characteristics, cytokeratin and CD31
are considered negative indicators. (53). No specific marker of CAFs has been
identified, yet; however, several markers may help in identifying CAFs via combined

utilization of such markers.

2.3.1.a Origin of Cancer-associated Fibroblasts

The subject of CAFs origin is still being debated and there are conflicting
explanations about it. CAF has been linked to a variety of cells in a growing number

of studies.
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For instance, bone marrow-derived hematopoietic stem cells (HSC) and
mesenchymal stem cells, resident tissue fibroblasts, epithelial-mesenchymal
transition, and endothelial (endothelial-mesenchymal transition; EndMT) cells are
also taken into consideration as the potential progenitors of CAFs (Figure 2.4.) (42).
CAFs can stem from many types of cells, and thus, constitute a heterogeneous

population (51).

Normal fibroblast
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Figure 2.4. Potential origins of CAF. Adapted from Shiga K. et al. (4).

Resident fibroblasts of the tissue are thought to be the source of CAFs,
according to one widespread explanation. A recent study has discovered that cancer
cells change fibroblasts to become CAFs via activating miRNAs (miR-31, miR-214,
and miR-155) (54).

It was reported that during tumor progression, resident human mammary
fibroblasts can transform to CAFs. Kojima et al. showed this transformation by using
a tumor xenograft model (55). The increases of hypoxia-inducible factor (HIF)-1 and
CXCL12 by reactive oxygen species (ROS) also aid the transformation of fibroblasts

into myofibroblasts with high migration ability (56). As a result, it is probable that



13

some cytokines generated by cancer cells aid the conversion of local fibroblasts into

CAFs. However, some differences exist between CAFs and resident fibroblasts.

When the tumor stroma was studied in mice who had a bone marrow
transplant and were xenotransplanted with pancreatic cell line, bone marrow-
derived endothelial cells and a-SMA+ myofibroblasts were present in cancer sites
(57). It has also been shown that at least 20% of CAFs are possibly originated from
mesenchymal stem cells (58). Tumor-derived osteopontin (OPN) induces MSC-to-
CAF transformation in the milieu to enhance tumor development and metastasis by
the OPN-myeloid zinc finger 1 (MZF1)-TGF-1 axis (59). Hematopoietic stem cells
originating from bone marrow, on the other hand, differentiate into hematopoietic
cells such as leukocytes, erythrocytes, and thrombocytes. Some studies illustrated
that not only can HSC distinguish between these hematopoietic cells, but also

differentiate into CAFs (60).

In the early 1980s, the term epithelial-mesenchymal transition was
introduced by Greenburg et al. (61). EMT is the mechanism of transferring to
mesenchymal cells with loose cell-cell contacts from epithelial cells with close
junctions and obtaining mesenchymal properties. Breast cancer cells might
transdifferentiate into myoepithelial cells under suitable conditions and ultimately

become myofibroblasts (62).

The endothelial-mesenchymal transition was first detected in the embryonic
phase during heart development (63). In the heart tissues, TGF signaling is
implicated in the shift from endothelial cells to fibroblast-like cells (64). Several
studies have shown that cancer stroma has a similar phenomenon. Once lung
endothelial cells of mice were treated with TGF-B1, the cells established a spindle-
shaped fibroblast-like appearance. According to Zeisberg et al., CAFs derive from
endothelial vascular cells (65). Expression of an endothelial marker, CD31, is down-
regulated; whereas, mesenchymal markers are induced (e.g. FSP-1, a-SMA, and

fibronectin) (65, 66).
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These results indicated that resident fibroblasts, MSCs, and HSCs derived
from the bone marrow could develop into CAFs via distinct mechanisms such as

EMT and EndMT .
2.3.1.b. The Role of CAFs in Tumor Microenvironment

Tumor initiation; The tumor's growth is dependent on the dysregulated
proliferation of cancer cells, as well as alterations in the microenvironment. There is
mounting evidence that CAFs are targets and inducers of tumor activation signals
(67). CAFs release cytokines (autocrine/paracrine) that help malignancies maintain

their biological characteristics (Figure 2.5.)

Cancer-associated Fibroblasts
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Figure 2.5. Factors secreted by CAF to promote tumor progression. Adapted from

Tao L. et al. (47).

Novel proteins produced by CAF as membrane molecules (integrin a-11 and
syndecan 1) and insulin-like growth factor (IGF) like family members 1 and 2 have
been classified as having supporting roles for cancer cells, in addition to traditional
growth factors like EGF and hepatocyte growth factor (HGF). These factors promote
tumor growth and survival directly or indirectly or improve their migratory and

invasive properties (68). Several experiments with genetically altered fibroblasts in
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a mouse model have illustrated that resident fibroblasts are specifically related to

cancer initiation.

Recently, a study employed human breast epithelial cells' capacity to
establish ducts in the stroma of a mouse breast. It demonstrates that in mouse
fibroblasts, overexpression of HGF and/or TGF promotes breast cancer in the
human epithelium (69). Between fibroblast-derived TGFB and HGF expression and
tumor, initiation connection is shown in FSP1-Cre TGFBRIIRflox/flox mice, which do
not have a TGFB type Il receptor on FSP1+ fibroblasts (these fibroblasts do not
respond to TGFf signaling) (70). These mice have increased prostate intraepithelial
neoplasia and invasive forest carcinoma of squamous cells, combined with

increased expression of HGF in the fibroblasts around them (70).

A series of investigations comparing the effects of normal fibroblasts and
CAFs obtained from the primary tumor site revealed that there was a further link
between growth factors and CAFs at tumor initiation (71, 72). In combination with
either natural fibroblasts or CAFs, simian virus 40 (SV40)-transformed normal
prostate epithelial cells were grafted onto mice, only the CAFs resulted in lesions
resembling prostatic intraepithelial neoplasia (72). When immortalized prostate
epithelial cells were utilized, the presence of CAFs caused enormous tumors to form
in these mice, whereas tumors did not develop in the presence of normal
fibroblasts. These findings suggest fibroblasts are needed to upkeep the
homeostasis of epithelial cells, whereas CAFs are likely to originate and induce

tumorigenic changes in epithelial cells (72).

Tumor progression; CAFs are also likely to facilitate tumor growth by specific
contact with cancer cells. For instance, if co-injected into mice, CAFs help non-
invasive tumor cells become more metastatic (73). In suspension with CAFs or
regular fibroblasts, human MCF-7 breast cancer cells (which estrogen independently
generates tumors and metastasizes) were injected together into nude mice (71).
Xenografts containing CAFs grew more extensive than normal fibroblast-infused
xenografts (71). Such increased growth was linked with increased proliferation of

cancer cells (but not enhanced fibroblasts proliferation) and further angiogenesis,
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suggesting that during tumorigenesis, according to the study, CAFs could have a bi-

modal influence (71).

In addition to secreting growth hormones that directly regulate cell motion,
myofibroblasts are a reservoir of ECM-degrading proteases such as matrix
metalloproteins (MMPs) (74-76). MMPs are thought to allow cancer cells to breach
tissue boundaries and escape from the tumor's initial site. The motility and
invasiveness of cancer cells are also influenced directly by MMPs and other
proteases. For MMP3, which is overexpressed in fibroblasts, such a direct effect has
been explained. MMP3 specifically cleaves E-extracellular cadherin's domain,
causing normal breast epithelia to dissect and initiate EMT, encouraging the
invasiveness of cancer cells (77). MMP1 also demonstrates such a tumor-promoting

effect.

Tumor metastasis; CAFs mediate the metastasis of tumors. Increasing
evidence indicates that CAFs have a metastatic support function in tumors (78),
although there is a data shortage on the involvement and role of CAFs in lymph
nodes and distant metastases (79). In metastatic lymph nodes, stromal reactions
include reactive and fibrotic tissue with improved vitronectin and fibronectin
deposition, nodal fibrosis, desmoplasia, and hyaline stroma (80). One of these
studies revealed immunohistochemical characterization of CAFs in metastatic lymph
nodes from a female patient with uterine cervix cancer who had preoperative
treatment (80). It has been indicated that the mesenchymal-like CAF phenotype is
involved in improving cancer cell metastasis, whereas NFs with the epithelial-like
phenotype inhibits breast cancer cell migration (81). Similarly, when co-injected
with CAFs, normal prostate epithelial cells cause intraepithelial neoplasia in vivo,

but not when injected alongside with NFs (72).

CAFs release pro-inflammatory cytokines which activate the signaling
pathway of nuclear factor-kB (NF-kB) and promote cancer progression. CAFs have
been shown to select for bone-metastatic cells in the stroma of TNBC samples (82).
CAFs establish CXCL12 and IGF1, which are bone marrow relapse prognostic

markers and phosphatidylinositol 3-kinase (PI3K)/AKT signaling pathway activators
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(74). In the CXCL12-rich microenvironment of the bone marrow, cancer cells are

primed for metastasis, thus indicating CAFs' significant role in tumor metastasis.

Research recorded that the miR-26b downregulation in CAFs promotes the
mobility of fibroblasts, which is a dominant trait of the CAFs. In addition, CAFs with
decreased miR-26b expression facilitate the migration of human breast cancer cells
and invasion (83). In addition, the PTEN/miR-320/ETS2 pathway releases proteins
such as Emilin2 that distinguish between normal and cancerous stroma, and are
linked to an increased risk of recurrence in breast cancer patients (84). This
demonstrates that miR-320 regulates a key signaling pathway in fibroblasts

associated with TME modulation.

2.3.2. CAF Targeted Therapy

In pre-clinical models, anti-CAF therapies, including several medications
which target FAP, have been revealed to exert powerful anti-tumoral properties
(85). It has been shown that high curcumin concentrations have cytotoxic effects on
CAFs (86). Curcumin at low concentrations, on the other hand, had little influence
on CAF production but did reduce vimentin and a-SMA expression, indicating that
curcumin at low quantities can undo fibroblast activation (86). CAFs conditioned
media boosted pancreatic cancer cells' migration and invasion potential, while
curcumin-treated CAFs conditioned medium showed a negligible effect. CAF-
conditioned media and flavonoid silibinin-conditioned medium were used to treat

prostate tumor cells and results were gratifying (86).

A chemokine which plays a role in the promotion of cancer cell invasion is
monocyte chemo-attractant protein-1 (87). CAFs stimulated with the flavonoid
silibinin show lower expression of NF-kB, AP-1, and MCP-1 transcription
modulators, thus reducing the invasiveness of cancer cells (87, 88) Studies have
illustrated that strong expression of FAP-a stimulates tumor development and
metastasis. Tumor development was blocked by treatment with anti-FAP-a

antibodies or pulsed dendritic cells (DCs) (89). Xia et al. built a DNA
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(Deoxyribonucleic Acid) vaccine expressing human FAP to kill unique CAFs (90). By
developing a particular Cytotoxic T lymphocyte (CTL) response to FAP-a that
destroyed CAFs. The vaccine effectively suppressed the progression of 4T1 tumors
(90). In order to kill CAFs and destroy immunosuppressive elements in the TME,

FAP- a -based vaccines can be used by inducing FAP-a specific CTLs (91).

The chance of immune escape can also be minimized by these vaccines,
which is a benefit that tumor-associated antigen (TAA) does not have (92). Liao et
al. demonstrated that in the fibroblasts in the tumor stroma, FAP was explicitly
overexpressed (93). CD8+ T cells could affect cytotoxicity on the tumors by targeting
the FAP antigen in CAFs (94). Thus, studies above have shown that targeting CAFs
with the FAP antigen may inhibit tumor growth and progression, which may be
mediated by T cell immunotherapy (95). An anti-tumor immune response was
induced by a DNA vaccine that targeted the tumor antigen FAP-a, primarily
mediated by CD8+ T cells (96).

Some clinical trials, in addition to basic researches, have targeted CAFs
directly. Hedgehog (Hh) signaling activation is essential for the role of CAF. Aurélie
et al. used smoothed-inhibitor (SMOi) docetaxel in phase | clinical trial
(NCT02027376) for the treatment of TNBC patients that reduced hedgehog signaling
in CAFs and led to substantial improvements (97). Some patients had a complete
clinical response, even (i.e. disappearance of the tumor lesions without new lesions)
(97). Targeting with FAP antibody in continuous sibrotuzumab infusions was found
to be effective in the advanced FAP+ cancer patients' treatment in phase | clinical

trial (98).

Drug resistance has emerged as a key barrier to the successful treatment of
breast cancer patients, in spite of the development of novel anti-cancer treatments
and the usage of existing medications in a more personalized manner (99). In
addition to tumor intrinsic resistance mechanisms, it has become apparent that the
microenvironment of the tumor plays a crucial role in response to therapy (99).

Farmer et al. stated that resistance to 5-fluorouracil, epirubicin, and
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cyclophosphamide (FEC) was predicted by a breast cancer patients' stromal gene

expression pattern (100).

Nonetheless, separate studies indicate clear connections between CAF
actions and treatment effectiveness against breast cancer cells. CAFs may facilitate
therapy resistance by fostering tumor cell proliferation or providing supportive ECM
that restricts drug penetration or causes adhesion-mediated drug resistance (101,
102). In addition, CAFs were reported to induce EMT in breast cancer cells, being
the cause of the enhanced proliferation and invasion (103). G protein-coupled
estrogen receptor (GPER)-integrin Bl-dependently this phenotypic change might
cause increased resistance to tamoxifen (104). It has been shown that conditioned
medium derived from CAF improved resistance of doxorubicin to breast tumors by
upregulation of HMGB1 (105) and the autophagy induction has consistently been

identified to therapeutic resistance in osteosarcoma (106).

2.3.3. Immune Modulations by CAF

Due to their secretion of cytokines, CAFs may have a lot of effects on the
immunity of tumors, thereby having a direct influence on immune cell functions and
generating ECM molecules which may hinder the penetration of immune cells into
tumors (107, 108). Tumor cells are able to prevent immune surveillance of anti-
tumor T cells, macrophages, NK cells, and dendritic cells through direct immune-
suppressing TGF-B1 functions. Via their development of (altered) ECM molecules,
CAFs may also indirectly modulate immune cell activity. CAFs produce an immune-
suppressive TME and this phenomenon also drives TGF-B1 (108). Multiple cytokines
found in the CAF secretome alter the immune system to create an immune-
suppressive TME to enable tumor development. IL-8, TGF-B1, IL-6, SDF-1, CCL2,
CXCL1, VEGFs (Vascular endothelial growth factor), IL-10, PGE2, CSF-1, and

indoleamine-2,3-dioxygenase (IDO) are among those mediators (109).

These mediators were shown to be the origin of the monocytes recruitment

and M2 macrophage differentiation, change the Th1 (T-helper-1) to Th2 (T-helper-2)



20

balance, induce T-regulatory cell differentiation, decrease dendritic cell anti-tumor
functions. And also, they increase myeloid-derived suppressor cell (MDSC)
recruitment and differentiation, block NK cell activation, and decrease the function

and viability of cytotoxic T cells (110, 111).

Numerous studies have shown in order to assist cancer progression, CAFs
and macrophages interact (112). Some studies have documented that macrophage
aggregation in TME is associated with poor patient prognosis (113). A study stated
that post-prolyl peptidase, type | collagen cleaved from activated fibroblasts by FAP,
might act as the macrophage substrate recognized by macrophage class A
scavenger receptors (SR-A); hence it increased cancer adhesion of macrophages

(114).

Two classes with distinct phenotypes consist of tumor-associated
macrophages (TAMs). Via stimulating the immune system and releasing ROS, nitric
oxide, and TNF (Tumor Necrosis Factor), M1 macrophages play an anti-tumor role.
Immunosuppressive functions are carried out by M2 macrophages, fostering tumor
growth, and angiogenesis, and ECM degradation (115). Accumulating evidence
suggests that CAFs are the origin of EMT, interact with M2 macrophages to facilitate
malignant tumor occurrence and development, and sustain cancer cell growth

(Figure 2.6.) (116).
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Figure 2.6. CAF affecting macrophage polarization and promoting tumor cell

progression. Adapted from Monteran L. et al. (6).
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Gok et al. showed that CAFs were not only capable of monocytes
recruitment through SDF-1 and MCP-1 compared to NFs, but also polarized
recruited monocytes into M2 macrophages with increased IL-10 expression, which

had immunosuppressive effects in breast cancer (7).

2.4. Regnase-1

Regnase-1 has been described as a ribonuclease that through degrading
transcripts, suppresses gene expression. By destabilizing cytokines related to
inflammation, this protein serves as a negative regulator of inflammatory responses
(8). Not only through its RNase role, MCPIP1 negatively regulates cellular
inflammatory responses, but also by deubiquitinating TRAF (TNF receptor-
associated factor) proteins (TRAF2, TRAF3, TRAF6) and interfering with the signaling
of NF-kB (117). Via a close regulatory feedback-loop system, MCPIP1 and NF-kB

control each other's activity (118).

Regnase-1 (Regulatory RNase 1), also known as ZC3H12A or MCPIP-1
(monocyte chemotactic protein-induced protein-1) (119) is a novel anti-
inflammatory protein found in MCP-1-stimulated human blood monocytes and in IL-
1B-stimulated in vivo human monocyte-derived macrophages (120). Together with
Regnase-2, 3, and 4, MCPIP-1, also known as Zc3hl2a, and the LPS
(lipopolysaccharides)-inducible protein Regnase-1, comprises a protein family (121).
These proteins have a single zinc finger domain of the Cys-Cys-Cys-His (CCCH) type
and a Pilt-N-terminus (PIN)-like domain, both might be associated with the
recognition and binding of RNA (122).

Four domains of Regnase-1 are an N-terminal (NTD) domain, a PilT N-
terminus-like domain, a zinc finger (ZF) domain, and a C-terminal (CTD) domain
(123, 124) (Figure 2.7). Also, the PIN-like domain includes the catalytic center of the
RNase, but for complete enzymatic activity, it requires an intramolecular connection
with NTD. mRNA recognition and direct binding are the responsibility of the ZF
domain (125).
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Regnase-1

Figure 2.7. Domain schematic of Regnase-1. Adapted from Tanaka H. et al. (119).

Regnase-1 is found in a wide range of cells, and the target mRNAs of
Regnase-1 have been discovered in a wide range of cell forms (126). There are
cytokines, T-cell surface markers, inflammation-related genes, transcription factors,
miRNAs, antiapoptotic genes, DNA demethylation genes and some viral RNAs

among its targets (127).

Post-transcriptional gene regulation specifically regulates the efficiency of
mRNA translation. In the mRNA stability adjustment, cis-acting elements located in
the 3'-untranslated region (3’UTR) of mRNA play an important part (128, 129).
These elements allow RNA-binding proteins to recognize target mRNA transcripts,
and boost nuclease-dependent degradation (127, 130). Regnase-1 binds to target
mRNA on the 3'UTR of these genes through reorganization of the conserved stem-

loop structure, according to a recent investigation (131).

In addition, Regnase-1 is related to numerous biological processes, as brain
growth and adipogenesis by regulating differentiation of cells and apoptosis, in
addition to its immune response functions (132). Targeting the myocardial MCPIP1
overexpression resulted in NF-kB activity inhibition and a decrease in
proinflammatory cytokine development induced by LPS inducible nitric oxide
synthase (iNOS) expression and activation of caspase-3 (133). Thus, MCPIP1 appears

to be a potent negative inflammation regulator (134).
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2.4.1. The Role of Regnase-1 in Cancer

Accumulating evidence suggests that MCPIP1 could be controlling
inflammation, the development of angiogenic factors, the activity of transcription
factors, and miRNA biosynthesis during the angiogenesis process. However, tumor
cell studies indicate that under normal and pathological conditions, MCPIP1 can

exhibit various effects (135) (Figure 2.8).
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Figure 2.8. Varies functions of MCPIP1. Adapted from Miekus K. et al. (136).

MCPIP1 can both, directly and indirectly, control the apoptotic mechanism
(136). MCPIP1's indirect impact on apoptosis is attributed to its effects on the stress
granules (SGs) generation (137). Under stress circumstances, involving heat shock,
arsenite-induced oxidative stress, and energy deprivation, the MCPIP1 expression
blocks SG generation and promotes apoptosis of macrophages (138). MCPIP1 over-
expression decreased cell viability, induced late apoptosis characteristic nuclear

morphology, and enhanced activity of caspase 3/7 (139).

Apoptosis is also regulated by MCPIP1 directly via a mechanism that is linked

to its enzymatic activity (140). A cell line of breast cancer MDA-MB-231 studies has
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shown that MCPIP1 acts as a potent tumor inhibitor that enhances apoptosis by
inducing the decay of mRNA transcripts of the antiapoptotic gene. 31 transcripts
affected by MCPIP1 expression were identified by Lu et al., out of which 6 anti-
apoptotic genes were downregulated and 25 pro-apoptotic genes were upregulated
(140). MCPIP1 in particular binds and cleaves RelB, Bcl2A1, Bcl2L1, Birc3, and Bcl3
encoding mRNAs shown in immunoprecipitation experiments with RNA. Finally,
human sample analysis showed that in breast tumor cells, MCPIP1 expression is

inhibited, which in turn, can help those cells to escape apoptosis (140).

During tumor growth, inflammation is a significant inducer of angiogenesis,
and inflammatory cytokines have been documented to promote a wide spectrum of
tumor development processes (141). The proinflammatory cytokines MCP-1, IL-1,
and IL-6 are required for angiogenesis and tumor formation, and they increase
cancer cell invasion and metastasis in animal models. Treatment of human umbilical
vein endothelial cells (HUVECs) with inflammatory agents IL-8, TNF-a, IL-1R, and
MCP-1 elevated MCPIP1 gene coding, resulting in angiogenesis-related
characteristics and angiogenesis-related gene expression, resulting in the vascular

tube-like morphology (142).

2.5. Aim

It is evident that CAFs have a puissant role in shaping the TME. We know
that CAFs may be responsible from macrophage polarization to M2-type
macrophages in TME, which means having a pro-tumoral niche and an poor
prognosis. We aimed to discover a connection between CAFs and Regnase-1 protein

in developing such a polarization by conducting western blot analyses.
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3.MATERIALS AND METHODS

All experiments of this study were conducted between August 2019 — June

2021 at the Research Laboratories of the Department of Basic Oncology, Cancer

Institute, Hacettepe University in Ankara, Turkey.

3.1.Materials

Table 3.1. List of materials used in the study

Phosphate buffered saline (PBS)

(Sigma-Aldrich,USA)

DMEM High Glucose Cell Medium (Dulbecco's
Modified Eagle Medium)

(Biological Industries, Israel,)

Trypsin-EDTA  (Solution B (0.25%), EDTA | (Biological Industries, Israel)
(0.05%)
Trypan Blue (Merck, Germany)

Serological Pipettes (5ml, 10ml and 25ml)

(Corning, USA)

Tissue Culture Flasks (75cm? and 25¢cm?)

(Sarstedt, Germany)

Centrifuge Tubes (2ml, 15ml and 50ml)

(Sarstedt, Germany)

Culture Dish (100mm x 20mm)

(Corning, USA)

Tissue Culture Plates (6, 12, 96 well)

(Sarstedt, Germany)

L-glutamine

(Biological Industries, Israel)

Fetal Bovine Serum (FBS)

(Biological Industries, Israel)
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Penicillin / Streptomycin

(Biological Industries, Israel)

Dimethyl sulfoxide (DMSO)

(Ambresca, USA)

Cryo-vial tubes, sterile

(Corning, USA)

Mycoplasma Detection Kit

(Biological Industries, Israel)

0.2 ml PCR tubes, sterile

(Corning, USA)

Sodium Borate

(Sigma- Aldrich, USA)

8 Well Chamber Slides

(Sarstedt, Germany)

Paraformaldehyde

(Serva, Germany)

Conventional staining kit (Bond Max)

(Leica, Germany)

RIPA Lysis and Extraction Buffer

(ThermoFisher Scientific, USA)

Halt Protease & Phosphatase Single-Use

inhibitor cocktail

(ThermoFisher Scientific, USA)

EDTA (500 gr.)

(ThermoFisher Scientific, USA)

Cell Scraper

(CELLTREAT, USA)

Pierce™ BCA Protein Assay Kit (500 ml)

(ThermoFisher Scientific, USA)

B-mercaptoethanol

(MERCK-Germany)
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10x Tris/Glycine/ SDS, 1 It.,

(Bio-Rad, USA)

Mini-PROTEAN TGX Gels, 10 gels/box, 10-well,

50 microliters, 4-20% resolving gels

(Bio-Rad, USA)

Prot/Elec Pipet Tips, bulk

(Bio-Rad, USA)

Spectra™ Multicolor Broad Range Protein | (ThermoFisher Scientific, USA)
Ladder
Tris-HCI (Sigma-Aldrich, USA)

Bromophenol blue

(Applichem, Germany)

Glyserol

(GerBu, Germany)

Horizontal Electrophoresis System

(Bio-Rad, USA)

Trans-Blot Turbo RTA Transfer Kit, PVDF, 40

Blot

(Bio-Rad, USA)

Trans-Blot Turbo Transfer System

(Bio-Rad, USA)

10% Tween 20, 1 It

(Bio-Rad, USA)

10x Tris Buffered Saline (TBS), 1 It

(Bio-Rad, USA)

BlueBlock PF (10x), 1t

(Serva, Germany)

Pierce™ ECL Western Blotting Substrate (500

ml)

(ThermoFisher Scientific, USA)

GAPDH (D16H11) Rabbit mAb

(Cell Signaling Technology, USA)
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B-Actin (13E5) Rabbit mAb

(Cell Signaling Technology, USA)

Human/Mouse MCPIP1 Antibody (MAB7875)

(R&D Systems, USA)

LEAF™ Purified anti-mouse/rat/human MCP-1
Antibody

(BioLegend, USA)

Anti-rabbit IgG, HRP-linked Antibody

(Cell Signaling Technology, USA)

Goat Anti_Mouse IgG H&L (HRP)

(Abcam, USA).

3.1.1. Devices

Table 3.2. List of devices used in the study

Kodak Gel Logic 1500 Screening System

Carestream Health, USA

Phase-Contrast Microscope Olympus BX50

Olympus, England

Incubator

Heraeus, Germany

Shaker

Heidolphy, Germany

Microcentrifuge

Eppendorf, Germany

-80°C Freezer

Bosch,Germany

Centrifuge

Heraeus,Germany

Horizontal Electrophoresis System

Bio-Rad Laboratories,USA
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PowerPac Basic Power Supply

Bio-Rad Laboratories,USA

Trans-Blot Turbo Transfer System

Bio-Rad Laboratories,USA

Vortex

Vortex-Genie

Water Purification System

Milipore, USA

Heat Block

Techne Dri Bloc, England

Fume Hood

Unitest, Turkey

Laminar Flow Hood

Thermo-Electron, USA

Water Bath

GFL, Germany

+4°C Cold Room

Alarko Carrier, Turkey

Bond Max, Immunocytochemistry staining

Leica Biosystems, Germany

-20°C Freezer

Bosch, Germany

Haemocytometry Neubauer,USA
Mr.Frosty Nalgene-Thermo Scientific, USA
Spectrophotometer SpectraMax,USA

Plate Shaker

Terra Universal, USA
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3.1.2 Media, Solutions and Buffers

Full DMEM Medium (Fibroblast medium): DMEM High Glucose medium
(with 2mM Sodium Pyruvate); supplemented with 10% fetal bovine serum, 2mM L-
glutamine, 100 units/ml penicillin, and 100 pg/ml streptomycin; stored at 4°C. FBS

bottles were heat-inactivated before use at 56°C for 30 minutes.

1X PBS Solution: One PBS tablet was put to 100 mL of distilled water, which was

carefully mixed and sterilized.

Trypan Blue: 0.4-gram Trypan blue was dissolved in 80 ml PBS then boiled slowly.

When cooled to room temperature, aliquoted and stored at room temperature.

10X Sodium Borate Solution: 19.07-gram Na;Bs07 was added to 1-liter distilled
water and stirred until dissolved. It was filtered to a clean bottle and diluted to 1X

with water before using in gel preparation.

4% paraformaldehyde: 800 ml 1X PBS was added to a glass beaker and heated to
60°C while stirring. 40-gram paraformaldehyde powder was added to the heated
PBS solution. NaOH was added to clear the solution. When the powder was
dissolved the solution was left to cool and filter. The volume was increased to 1 L to
1X PBS and the pH was adjusted to 6.9 with HCIl. The solution was aliquoted and

stored at 4oC.

4X Laemmli Buffer: For 50 ml solution, 1.97-gram Tris-HCI (0.250 M) powder was
added to 20 ml distilled water. 20 ml glycerol was added to the solution and 4-gram
SDS was dissolved in a stirrer. 4-milligram bromphenol-blue was added to the

solution and the volume was adjusted to 50 ml.
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3.2 Methods

3.2.1. Investigations with Human Tissue Samples

In this study, patients undergoing surgery with a pre-diagnosis of breast
cancer as a result of the clinical evaluation by Hacettepe University School of
Medicine Department of General Surgery were included. During the pathological
evaluations of the surgical materials; tissue samples were taken from 5 patients (4
females and 1 male) whose breast cancer diagnosis is confirmed. Within the scope
of this study, there was no change in the routine treatment practices of the

patients.

The sample size was aimed to provide 3 independent experiments.
Considering the possible problems that may be encountered in the ex vivo isolation
of primary CAFs from human breast cancer tissue samples, the number of patients
participated in the study was 5 (4 female and 1 male patient). Research ethics
approval for experimenting with human tissues was received from "Hacettepe
University Non-interventional Clinical Researches Ethics Board, Ankara" before the

initiation of the experiments (Approval Number: 2019/23-22).

3.2.2. Preparation of Tissues

The tissues were obtained from Hacettepe University Department of
Medical Pathology in DMEM supplemented with 1% penicillin/streptomycin under
sterile conditions. Later, the tissues were washed and cut to 1 mm?3 pieces (Figure
3.1.) by washing with the help of sterile PBS solution in a laminar flow hood. These
pieces were then planted in 12-well culture plates (Figure 3.2.) and cultured in
DMEM under optimum conditions (37°C, 5% CO: in an incubator). Each well was

supplemented with 500 ul medium.
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Figure 3.2. Planting the breast cancer tissue pieces to 12-well culture plate.

According to the literature, tissues, including human skin, mouse ear and tail
ends might be used and put in culture medium on a flask or plate to obtain
fibroblasts. The main reason behind this procedure is that other cell types can't be
cultivated as easily as fibroblasts, giving them the well-deserved reputation of being

easy to grow on plastic (35).
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Every three days, the medium was aspirated and placed with 500 ul fresh
medium in order to prevent any contamination and alteration from pH balance

changes.

3.2.3.Fibroblast Isolation and Culture of Isolated Fibroblasts:

Approximately after two weeks of incubation of the tissues (Figure 3.3),
fibroblasts in the culture medium were obtained by the passaging method.
Fibroblasts were grown (Figure 3.4.) in DMEM prepared by adding 10% FBS (5%

CO;) and incubated at 37°C in the incubator.

Figure 3.3. Fibroblast explantation on 12-well culture plate
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Figure 3.4. Low density of fibroblast explanted from breast cancer tissue

When the cells reach a 70-80% confluency (Figure 3.5.), the tissue pieces
were removed with a Pasteur pipette and the medium was aspirated. Fresh medium
was added to wells and placed back in the incubator. After 24 hours of incubation
without the tissue pieces, trypsinization was performed on cells at the well surface
to culture them on T25 culture plates. Cells were counted with Trypan Blue and

cultured with DMEM.

Figure 3.5. High density of fibroblast explanted from breast cancer tissue
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Each plate and well were appointed a number in order to differentiate
fibroblasts when characterizing them. The first three passages of fibroblasts were

included in this study.

3.2.4.Immunocytochemistry and Characterization:

In the first passage of cells, characterizations were performed to determine
whether the obtained fibroblast cells were CAF. Cells were planted in 8-well
chamber slides (143) (Figure 3.6) and when they reached the desired density, the

cells were fixed using 4% paraformaldehyde.

8-well slides with removable caps

Figure 3.6. Glass slides used for characterization adapted from SPL Life Sciences

(143).

For the fixation process, at room temperature, the medium was removed
and the wells were washed with 500 pl non-sterile PBS for 5 minutes. 200 ul 4%
paraformaldehyde was added to the wells for 15 minutes. After this, wells were

washed with non-sterile PBS twice. Later, these cells were stained with
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immunocytochemistry antibodies: vimentin, pan-cytokeratin, and a-SMA. Then,
immunocytochemical/morphological analyses were performed. After the primary
antibody incubation, the incubation phase started with the secondary antibody
produced against the organism in which the HRP (Horseradish Peroxidase) the
conjugated primary antibody is produced in order to visualize the primary antibody.
Finally, the substrate of diaminobenzidine (DAB), which is the substrate of the
peroxidase enzyme in HRP conjugated to the secondary antibody, was used in order
to stain the proteins to which the secondary antibody is attached. Primary and
secondary antibody staining was performed on the Leica Bond Max device with the

conventional kit content. Images were viewed with an Olympus BX50 microscope.

Cells with less than 50-60% a-SMA positive staining were discarded after this

stage.

3.2.5. Cell Culture:

Normal fibroblast cells were utilized as the control group in the experiments.
Adherent MRC-5 (144)(Kind gift from Prof. Dr. Bedia CAKMAKOGLU) lung fibroblast
cell line for use as normal fibroblasts were included in the study. Human normal
lung cells MRC-5 (145)(Medical Research Council cell strain-5) are frequently used in
cancer research Cells were grown in T25 and T75 flasks in sterile conditions in
DMEM containing 1% penicillin/streptomycin and incubated under appropriate

conditions (37°C, 5% CO,).

3.2.5.a. Cell Counting

The cell numbers were determined by counting the cells in a hemocytometer
(146) (Figure 3.7.). In order to resuspend the cells thoroughly, the suspension of
cells was mixed with the help of a pipet movement. 20 ul of 'Trypan Blue' (0.1
percent w/v Trypan Blue in PBS solution) was well combined with 20 pl of cell
suspension, which stained blue on the non-viable cells. 20 pl of this mixture was

filled with a capillary effect in the Neubauer hemocytometer chamber. A light
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microscope was used to count viable cells (100x magnification) in the four corner

squares.

Figure 3.7. Zoomed hemocytometer displaying the Neubauer chamber with line

counting adapted from Vembadi (146).

The arithmetic means count per four corner squares (Figure 3.7.) was

determined for the total viable cells.

The total amount of cells was determined by precisely calculating the
quantity volume of the cell suspension by the cell concentration per ml.

Approximately more than 90% of viable cells were used in this study.

3.2.5.b Trypsinization

The cells were treated with trypsin in order to remove cells from the plate
surface. Then the flask was placed in a 37°C incubator so the trypsin could be
activated. After 3 to 4 minutes, the flask was taken out of the incubator back to the
laminar-flow hood and supplemented with DMEM to inactivate trypsinization. The

medium and trypsin-containing cells were aspirated with serological pipets and
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placed in a 50 ml centrifuge tube. Cells were centrifuged at 1800 rpm for 5 minutes
and after that, the supernatant was removed and the pellet was resuspended with
fresh DMEM. In this stage, cells were stained with Trypan Blue in order to count
cells on a Thoma lam. Approximately 450.000-500.000 cells were cultured in T75
cm? flasks and placed in a 37°C incubator for the cells to grow again. The first four

passages of these cells will be used in the experimental steps.
3.2.5.c. Freezing Cells

Cells between passages were frozen for later usage. When trypsinization
occurred, after counting the cells some of the cells remain without passaging. These
cells were supplemented with 200 ul FBS and 100 pl DMSO and placed in a cryovial
tube. Each cryovial contains 1 million cells in 700 pul DMEM. Then the tubes were
placed in Mr.Frosty (Nalgene Freezing bottle) (Figure 3.8.) (147). To achieve the
critical and continuous -1°C/minute cooling rate required for effective
cryopreservation and cell recovery, vials were frozen slowly. The cells were initially
frozen at -80°C for 24 hours. After the vials waited 24 hours at -80°C, they were
removed from Mr. Frosty and placed in a separate container that kept them in the

liquid nitrogen tank's gaseous phase (-150°C to -180°C).

Cryovial Tubes
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Figure 3.8. Mr. Frosty™ Freezing Container adapted from Thermo Scientific (156).
(147)
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3.2.5.d. Thawing Cells

The vials were withdrawn from the nitrogen tank and placed in a beaker
with sterile water in a water bath at 37°C. When the suspensions had fully thawed,
the cells were then placed in a 50 ml centrifuge tube with 5 ml of growth media.
Then, the suspension of cells was centrifuged at 1800 rpm for 5 minutes. The
DMSO-containing supernatant was discarded, and the cell pellet was resuspended

and incubated at 37°C in a suitable growth medium.

3.2.5.e. Detection of Mycoplasma Contamination

In our laboratory, in order to avoid contamination, we regularly test cell lines
for mycoplasma, therefore the MRC-5 cell line was tested for contamination

regularly while using and before freezing.

Mycoplasmas were identified through the EZ-PCR (Polymerase chain
reaction) Mycoplasma Test Kit (148). For the identification of mycoplasma in cell
cultures, this is a ready-to-use PCR mix. With PCR checking, the results are obtained
shortly. The presence of contaminated mycoplasma can be easily determined, by
determining the bands of amplified DNA fragments in electrophoresis. The primer
collection allows the identification of different types of mycoplasma as well as
extremely sensitive and specific Acholeplasma and Spiroplasma species.

For the test protocol, the manufacturer's instructions were followed. Simply,
test samples were prepared along with the positive and negative controls. The PCR
amplification in the thermal cycler was then performed. Agarose gel and running
buffer was prepared with diluting 10X Sodium Borate and by gel electrophoresis,
amplified products have been analyzed. Finally, the results were observed with UV

(ultra-violet) transillumination in Kodak Gel Logic 1500 Screening System.
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3.2.6. Obtaining Protein Lysates

Medium of CAF cells and MRC-5 normal fibroblast cells were drawn to
prepare lysates for Western Blot experiments. Later, Lysis Buffer containing RIPA,
protease, and phosphatase inhibitor cocktail and EDTA (Ethylenediamine tetraacetic
acid) was prepared for the usage of lysis buffer. This stage was carried out on the
ice and under cold room (+ 4°C) conditions due to the Lysis buffer usage conditions.
Flasks were washed with cold 1X PBS and then cells on the T25 culture plate surface
were treated with lysis buffer and scratched with a cell scraper in order to obtain
proteins from cell culture. Cells and lysis buffer then aspirated with pipets to a 2 ml
centrifuge tube and placed in a shaker for 10 minutes. The centrifuge tubes then
vortexed for 30 seconds and this process was repeated 3 times. Then the tubes had
been centrifuged at 13400 rpm for 10 minutes. The supernatant was taken carefully
without disturbing the pellet on the bottom and placed in a new 2 ml centrifuge

tube. These lysates either used directly or placed in -80°C for later use.

3.2.7. Protein Quantitation

Protein quantitation was made for the determination of protein

concentration of protein lysates to be used in the Western Blot experiment.

10 pl protein standards (which are 2 mg/ml, 1.5 mg/ml, 1 mg/ml, 0.75
mg/ml, 0.5 mg/ml, 0.25 mg/ml, 0.125 mg/ml respectively) and 10 pl lysates from
the samples prepared before were added to wells of 96-well plate separately. 50x
solution of solvents A and B from the BCA kit (Bicinchoninic acid) was prepared and
200 pl from it was added to the samples in the wells. The plate was shortly shaken
in a 96-well plate shaker and placed in a 37°C incubator for 30 minutes. After this, in
562 nm wavelength, the Optical Density (OD) of each well was assessed with the
help of a Spectrophotometer. Results were used for calculating the number of

protein lysates that will be added to gels.
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3.2.8. SDS Gel Electrophoresis

After protein quantitation, the lysates were diluted with lysis buffer and
each sample was added B-mercaptoethanol and 4X Laemmli buffer (loading dye).
Each sample was kept in a dry heating block at 95°C for 5 minutes for denaturation
of the proteins. After the protein denaturation step, the separation of proteins with
different weights (kilodaltons-kDa) in the lysate was carried out by SDS (Sodium
Dodecyl Sulfate) polyacrylamide gel electrophoresis. Samples were added to wells
of TGX (Tris-Glycine Extended) gels and they were placed in an electrophoresis
system. The tank was loaded with TGS buffer diluted to a 1x solution. The samples
started to run for 5 minutes at 50 volts in order to align the samples to a starting

point and then they run 90 minutes at 100 volts.

3.2.9. Western Blot

After the running stage is completed, the proteins that separate according to
their weight in the gel were transferred from the gel to the PVDF (Polyvinylidene
difluoride) membrane. This step was conducted with the help of the Trans-Blot
Turbo Transfer System. Gels were placed between two filters and membrane
(Figure 3.9.) (149). Filters were soaked in a cup contains 20 ml Transfer Buffer 20 ml
ethanol 60 ml distilled water. The membrane was also soaked with 70% ethanol and
then placed in the same cup containing transfer buffer briefly. The first filter was
placed on the bottom layer of the cassette and the membrane was put on top of
the filter. TGX gel was carefully removed from the plastic cover by breaking the
layers and placed on top of the membrane. Lastly, the second filter was put on the
upper side of these layers and with the help of the top cassette pressed to each

other.

In the Turbo mix program, blotting was conducted in 3 minutes. When the

blotting was over, the gel was transferred to the membrane.
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Top cassette (-)
cathode electrode b =

Filter (ion reservoir stack) ——y,
Polyacrilamid Gel ———» |

Membrane —
Filter (ion reservoir stack)

Bottom casette (+) 3
anode electrode _—"

Figure 3.9. Western Blot schematic adapted from Bio-Rad Trans Blot Turbo Transfer

System Quick Start Guide (149).
3.2.9.a. Primary Antibody Incubation

After the transfer step, the membrane was blocked in 1X BlueBlock solution
for 1-1.5 hours on the shaker set at room temperature and speed of 100 rpm. Then,
the blocking process is completed, at 4°C the membrane was placed in a box with
primary antibody and incubated overnight. Regnase-1 and MCP-1 antibodies were
prepared in a 1x Blueblock solution with a 1:1500 ratio while GAPDH and R-actin

were prepared with a 1:3000 ratio.
3.2.9.b. Secondary Antibody Incubation

After the primary antibody incubation, the incubation stage will be started
with the secondary antibody produced against the organism in which HRP
(Horseradish Peroxidase) the conjugated primary antibody is produced in order to

visualize the primary antibody.
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The membrane was washed with 1X TBS-T (prepared with 50 ml TBS (tris-
buffered saline) buffer 5 ml Tween buffer and 445 ml distilled water) 3 times for 10
minutes at 100 rpm in a shaker when the primary antibody incubation was over. In
this way, unwanted residues will be cleaned from the membrane surface. After this
step, the membrane was incubated with the secondary antibody at room

temperature which was prepared in a 1X BlueBlock solution with the 1:3000 ratio.

After the process above, the membrane was washed with 1X TBS-T 3 times

for 10 minutes again to prepare the membrane for the next step.

3.2.10. Chemiluminescence Imaging

Using the Western Blot method, expressions of Regnase-1 and MCP-1 were
investigated in protein lysates extracted from CAF cells. Monoclonal antibodies that
recognize a single determinant of denatured proteins with high affinity and
specificity will be used for the determination of the proteins we target. As the

control protein, GAPDH and 3-actin were used.

After the secondary antibody incubation, the ECL (Enhanced
chemiluminescence) solution containing luminol, which is the substrate of the
peroxidase enzyme contained in HRP conjugated to the secondary antibody, was
used so that the proteins to which the secondary antibody is bound can emit
chemiluminescence. Finally, the densitometric densities of the bands obtained by
chemiluminescence, imaging were determined with the help of the Kodak Gel Logic

1500 Screening System.

3.2.11. Densitometric Analysis:

LI-COR® Image Studio Lite 5.2 application was used for semi-quantitative
analyses of Western Blot bands. GAPDH and R-actin bands were used for

normalization in the analyses.
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In the program, every band was assigned with the same square and their
expression was calculated by the program. Each sample’s expression band can be

compared when normalized with GAPDH and R-actin expressions.

Later on, the expression bands can be quantitatively analyzed and graphics

can be drawn.

3.2.12. Optimization of House-Keeping Proteins

During the western blot experiments, GAPDH was being used as the control
protein, the results and the research showed that using R-actin for the control of
Regnase-1 would be more suitable. Experiments conducted with two different

housekeeping proteins.

3.3. Collection of Data:

Samples obtained as a result of cancerous breast tissue excision performed
by Hacettepe University Faculty of Medicine Hospital Department of General
Surgery. Research ethics approval for experimenting on human tissue was received
from “Hacettepe University Ethics Board and Commissions Ankara” before starting
the experiments with a permission number: 2019/23-22. Before the surgeries, all of
the patients were enlightened with an Informed Consent Form. In the conduct of all
experimental steps outlined in this thesis, the Declaration of Helsinki regulations

were properly followed.

The tissues have taken in DMEM containing 10% FBS and 2% penicillin-
streptomycin and CAF isolation was performed directly through the explantation
protocol. While obtaining the tissue sample, no special intervention was made for
the patient, except for the breast tissue biopsy/tumor excision protocol planned for
diagnosis. The patients’ clinical follow-up data, evaluation of the course of the
disease together with the factors to be examined within the scope of the study; can

provide data that can shed light on the disease prognosis.
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3.4.Analysis of Data:

When comparing the two groups in the analysis of the data, the student's t-
test was utilized (expression levels in reference control MRC-5 cells) and in order to
evaluate correlation, Spearman’s Correlation was utilized. The significance level was
set at p-value <0.05. The statistical analysis of the study was done with IBM SPSS 23

software.

LI-COR® Image Studio Lite 5.2 was also used to analyze Western Blot bands

quantitation.
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4-RESULTS
4.1. Investigations with Human Tissue Samples

In this study, 5 patients with breast cancer diagnosis were included and the
tissues were obtained from Hacettepe University School of Medicine Department of

General Surgery.

The patients were chosen to have invasive carcinomas (Table 4.1) for

experimental purposes.

Table 4.1. Patients’ diagnoses

PATIENT CODE DIAGNOSIS

Patient 1 Infiltrative ductal carcinoma
Patient 2 Infiltrative ductal carcinoma
Patient 3 Infiltrative ductal carcinoma
Patient 4 Infiltrative ductal carcinoma
Patient 5 Invasive lobular carcinoma
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4.1.1. Determination of CAFs From Explanted Fibroblasts

The explantation process was performed as explained in sections 3.2.2 and
3.2.3. After the incubation of tissues in 12-well culture plate, fibroblasts started to
explant to the culture plate. These cells were collected from the culture to use in

further experiments.

Every patient and the wells in culture were appointed a specific number in

order to distinguish them in the characterization stage (Table 4.2.).

Table 4.2. Fibroblasts used in the experiments

PATIENT CODE PLATE NUMBER WELL NUMBER GIVEN CODE

1 1 3 CAF1
2 1 8 CAF2
3 1 11 CAF3
4 2 12 CAF4

5 1 9 CAF5
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4.1.2. Determination of a-SMA, Vimentin, Cytokeratin Expressions in

Explanted Fibroblasts

The cells obtained from the surgery were stained with a -SMA, vimentin and
pancytoceratin in order to distinguish them as CAFs. Vimentin was used for positive
control for fibroblast staining, Pan-cytoceratin was used for negative control and, a-
SMA was used for differentiation. After the staining process, characterization of
these cells was performed as positive staining with vimentin and negative staining

with pan-cytokeratin (at least 50-60% a-SMA staining was aimed) (Table 4.3).

Table 4.3. a-SMA Positivity Percentage

GIVEN CODE o. -SMA POSITIVITY PERCENTAGE
CAF1 65%
CAF2 50%
CAF3 50%
CAF4 80%
CAF5 60%

With the help of a light microscope, the stained cells were examined. (Figure

4.1.,42.,43.,4.4))
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Figure 4.1. Vimentin Staining

Figure 4.2. Cytoceratin Staining
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4.1.3 Correlation Between CAF Grade and Clinical / Pathological Features

After the characterizations of fibroblasts, patients’ clinical and pathological

features were used for evaluating the correlations between them and CAF grade of

the isolated fibroblasts. We accepted the 60% a-SMA positivity as the limit for using

high grade term. Statistically significant and positive correlation was found between

Ki-67 grade and CAF grade. (Table 4.4.).

Table 4.4. Correlation between the isolated CAFs with clinical and pathological

features.
CAF Grade Correlation

Number of cases | Low % High % p value
Sex 0.495
Female 4 1 3
Male 1
Age 0.789
>50 2 1
<50 3 1 2
Grade 0.219
2 1
3 3 1 2
Ki-67 Grade R=0.899 0.044
5-10% 2 1 1
20-25% 1 0 1
40-45% 1 1 0
70-% 1 0 1
Tumor Size 0.789
<2 3 2 1
>2 2 0 2
Molecular Subtype 0.219
ER/PR(+) 5
HER2(+)
Triple Negative 0
Lymph node involment 0.495
Positive 4 1
Negative 1 0
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4.2. Determination of Mycoplasma in the Medium Obtained From CAF Cell

Culture

The presence of mycoplasma was determined using the Biological Industries
EZ-PCR Mycoplasma Test Kit. As part of the study's contamination control, all cell
cultures were tested for mycoplasma. All of these tests came out negative, and
there was no evidence of mycoplasma infection. One of these tests is illustrated in
Figure 4.6. The study was conducted with the cells without infection. If any
contamination was detected, infected cells were diminished and new cultures for

those cells were used during the study.

(-) Control (+) Control

Figure 4.5. Representitive for mycoplasma detection imaging.
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4.3. Optimization of Protein Quantitation

In the first western blot experiments, there were differences between
GAPDH bands which were loaded to the gel in order to have a control protein. To
overcome this problem, some alterations applied to the protein quantitation

process.

After the modifications, the coefficient of determination (R?) value was
evaluated as 1 (Figure 4.7.) and the stabilization for the efficiency of the experiment

was ensured.

Standard Curve

(]
(=]
=
n
=
10
Concentration
y=((A-Dy(1+(xC)y'B8))+D: A B c D R%2
o Std (Standards: Concentration vs Mean OD) 0,002 1 18,961 10171

Figure 4.6. Standart curve of the protein quantitation.
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4.4. MCP-1 Protein Expression Levels in NF and CAFs

Comparison of MCP-1 protein expression levels in MRC-5 fibroblasts and CAF
cells were shown by using Western Blot analysis. All of the samples were
normalized with GAPDH protein bands which were used as control. Three
independent experiments were performed for each condition. The differences in
protein expression levels of MCP-1 in cells were analyzed with student’s t-test.

(Figure 4.7.)

Western blot analysis demonstrated that protein expression of MCP-1 in the
MRC-5 fibroblast cell line is nearly the same as the CAF4 which has the highest a-
“uxn

SMA expression from all of the CAFs and has no statistical significance. (p-value,

is <0.05 and “**” is <0.005).

NF CAF1 CAF2 CAF3 CAF4 CAF5

g e soc R ” s )5 kDa
MCP-1 [ S e 18KD2

SRRitc _— 10 kDa

GAPDH o e i A S S 37 | ]

Figure 4.7. Images of MCP-1 and GAPDH protein western blots in MRC-5 cells and
CAFs.
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Table 4.5. Relative band density of MCP-1 protein expression in NF and CAF cells.

Relative Band Density £ SEM
NF 1.356 + 0.147
CAF1 0.433 £ 0.071
CAF2 0.295 £ 0.025
CAF3 0.634 £ 0.094
CAF4 1.498 £+ 0.113
CAF5 0.636 £0.116
MCP-1

**x

**

Relative Band Density
MCP-1/GAPDH

Cumulative MCP-1 Protein Expression

Figure 4.8. Analysis of MCP-1 protein expression.
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4.5. Regnase-1 Protein Expression Levels in NF and CAFs

Comparison of Regnase-1 protein expression levels in MRC-5 fibroblasts and
CAF cells were performed by using Western Blot analyses. All of the samples were
normalized with GAPDH protein bands which were used as control. Three
independent experiments were performed for each condition. The differences in
protein expression levels of Regnase-1 in cells were analyzed with student’s t-test.

(Figure 4.9.)

We analyzed the western blots of 65 kDa bands and 50 kDa bands
separately. Total band expression levels show no significant differences from each
other except CAF3 and CAF4 but 50 kDa bands showed that protein expression of
Regnase-1 in MRC-5 fibroblast cell line is nearly the same with the CAF4 which has
the most a-SMA expression among all of the CAFs and has no statistical significance.
Moreover, CAFs with low a-SMA expression show significantly different and low
expression of Regnase-1 in 50 kDa (Figure 4.10, 4.11.) (p-value “*” is <0.05 and “**”
is <0.005).

NF CAF1 CAF2 CAF3 CAF4 CAF5

Regnase-1 e SN S B B B 65 kDa
(MCPIP-1) - S B 50kDa

BN e ———— 5 0:

Figure 4.9. Images of Regnase-1 and 3-actin protein western blots in MRC-5 cells

and CAFs.
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Table 4.6. Relative band density of Regnase-1 (50 kDa) protein expression in NF and

CAF cells.
Relative Band Density + SEM
NF 0.207 £ 0.020
CAF1 0.067 £0.011
CAF2 0.069 £ 0.034
CAF3 0.092 + 0.028
CAF4 0.207 £ 0.036
CAF5 0.046 £ 0.023
Cleaved Regnase-1
0-3_ ** *%x

‘a . 2

‘@ .S

C =

s 9

T =2

S <

m &

25

s

o

Cleaved Regnase-1 Protein Expression

Figure 4.10. Analysis of Regnase-1 (50 kDa) protein expression.
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Table 4.7. Relative band density of Regnase-1 (65 kDa) protein expression in NF and

CAF cells.
Relative Band Density + SEM

NF 0.386 + 0.02554
CAF1 0.343 £0.01779
CAF2 0.319 +0.01819
CAF3 0.276 £ 0.02791
CAF4 0.223 £+ 0.03018
CAF5 0.331 +0.02869

Regnase-1

=
0
|

*

=
N
|

=
X
|

=
N
|

Relative Band Density
Regnase-1/R-actin
°
f

=
o
|

SN O KV KO

§_o F FF ¥
S

S

Total Regnase-1 Protein Expression

Figure 4.11. Analysis of Regnase-1 (65 kDa) protein expression.
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4.6. Correlation Between MCP-1 and Regnase-1 Expression

The correlation between MCP-1 and Regnase-1 protein expression was
evaluated with Spearman’s correlation. There was a significant and strong
correlation with p-value <0.05 in between MCP-1 expression and cleaved Regnase-1
expression, but no significant correlation was detected in between MCP-1 and total

Regnase-1 protein expression (p-value =0.655).

4.7. Correlation Between CAF Grade and Protein Expressions of MCP-1 and

Regnase-1

The correlation between MCP-1 and Regnase-1 protein expression was
evaluated with Spearman’s correlation. There was a significant and strong
correlation with p-value <0.05 in between CAF grade and both MCP-1 expression

and cleaved Regnase-1 expression.
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5.DISCUSSION

In the 1990s, Teicher et al. discovered that therapy-resistant breast cancer
cells in vivo no longer showed significant resistance to medicine when subjected to
therapies in vitro (150). According to Jain et al., extracellular divisions (e.g. such as
vascular and interstitial) are challenges to therapeutic medication delivery. (151).
The causes of drug resistance in cancer cells are linked to both cell-autonomous
processes, such as genetic and epigenetic alterations, and the TME, which includes

CAFs, according to these researches. (152).

Here we investigated proteins expressed by breast cancer-CAFs which are
related to a pro-tumoral environment and eventually cancer progression in order to

develop a further understanding of a therapy target.

CAFs also have immune-modulatory mechanisms in TME and the
suppression of macrophage functions in breast cancer is often described. The
production of CCL2 and CXCL16 by CAFs can alter the recruitment of monocytes to
breast tumors (153, 154) In vitro, inhibiting IL-6 reduced CCL2 production and
subsequent monocyte recruitment. In vivo, CCL2 produced by tumor cells and
stromal cells attracts monocytes to breast tumors and increases metastasis and
breast cancer stemness in a CCR2 and NOTCH1-dependent way, according to Qian
et al. and Tsuyada et al. (155). Liao et al. found that FAP+ CAF depletion resulted in
increased IL-2 and IL-7 expression and decreased expression of CSF-1, IL6, VEGF,
and IL-4. This resulted in the reduction of pro-tumoral macrophage recruitment and
T-regulatory cells. Moreover, enhanced recruitment of anti-tumoral dendritic cells

and cytotoxic T cells in a metastatic breast cancer model 4T1. (93).

In this study, we showed that CAFs could express both MCP-1 and Regnase-1
proteins. These proteins have roles in inflammation and their properties are linked

to the immune-modulatory mechanism of CAFs.

MCP-1 (CCL2) is a chemotactic factor for monocytes that belongs to the C-C
chemokine family (156). MCP-1 is thought to be the same as JE, a gene whose

expression in mouse fibroblasts is activated by a PDGF. (157). However, because of



61

its monocyte chemoattractant features, the human analog known as CCL2 was first

isolated from human cells (156).

Monocytic, endothelial, epithelial, smooth muscle, fibroblasts, astrocytic,
microglial and, mesangial cells all produce CCL2 (158). These cells are essential for
antiviral immune responses in the bloodstream and tissues. However, CCL2 is
discovered to be primarily produced by monocytes and macrophages (159). Natural
killer (NK) cells, monocytes and, memory T lymphocytes migrate and infiltrate the
body in response to CCL2. CCL2 is one of the most researched members of the
chemokine family, with evidence that it could be used to treat a variety of disorders

(156).

Cancer cells could be affected on a wide range including tumor progression,
angiogenesis and, invasion by the CAF secreted cytokines like HGF, SDF-1 and, IL-6
and this can be employed instead of ECM. (4). TAMs, which are also one of the most
encountered cell kinds in the tumor environment, are considered to make up to half
of all cancer tissue mass. Classically activated (M1) macrophages stimulate immune
responses, and alternatively activated (M2) macrophages supports tumor growth,
which are the two types of polarized macrophages. TAMs have features like M2-
polarized macrophages (160). CAFs increased macrophage M2 polarization, which
worked in tandem with CAF suppression rather than NK cell recruitment. TAMs and
CAFs work together to adjust NK cells in colorectal cancer, and a unique mechanism

for this function was discovered (161).

In this research, we found that CAFs express MCP-1 protein which could
lead to recruiting monocytes in breast cancer TME. The control fibroblast cell line
(MRC-5) was found to express higher MCP-1 than primary CAF cells. We speculate
that the higher expression of MCP-1 in MRC-5 cells might be due to the fact that
MRC-5 cells are indeed a cancer cell line in contrast to CAFs, which are primary cells.
Even though cancer cells lines can mostly be utilized for cancer research, their
inherent characteristics that are different from primary cells are undeniable, as they

keep dividing and growing over time.
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In a previous study, our group discovered that CAFs shape the TME by
attracting monocytes and promoting immunosuppressive PD-1-positive TAMs, as
well as transforming recruited monocytes into M2-like macrophages having the

capability of inhibiting the immune responses through the PD-1 axis (7).

Unlike NF-educated monocytes, CAF-educated monocytes showed severe
immune suppression and increased the breast cancer cells’ motility, as well as
raising the expression of EMT-related genes and vimentin protein in cancer cells.
When compared to control M1 macrophages, CAF-educated M1 macrophages
showed elevated levels of M2 markers and production of anti-inflammatory
cytokine IL-10, but decreased formation of pro-inflammatory cytokine IL-12,
implying that CAFs can also elicit M1 macrophages to transdifferentiate into M2
macrophages. (7). In this study, we searched for the proteins underlying the effects
of CAFs on macrophage polarization and explore the possible pathway for this

activity.

They also used tissue samples from breast cancer patients and looked into
the link between CAF invasion and TAMs. TAM levels in human breast cancer
samples taken were found to be highly correlated with CAF grade. It was also linked
to a greater Ki-67 proliferation index as well as a larger tumor size (7).
Unfortunately, due to having an inadequate number of patients for a correlation
test, in this study, there were no correlations between CAF grade and the given

parameters.

Natural cytokines and chemokines undergo posttranslational changes that
impact their biochemical and biological properties. As a posttranslational
modification, glycosylation of the MCP-1 protein could be detected using the

western blot.

In a study, MCP-1 (12 and 13.5 kDa), which was glycosylated, was shown to
be two to three times reduced capability of chemotacticity for monocytes and THP-
1 cells (10 kDa). MCP-1(5-76) and MCP-1(6—76) demonstrated essentially no

bioactivity when NH2-terminally truncated, however, COOH-terminally modified
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MCP-1(1-69) retained all of its chemotactic and Ca2+-inducing properties. The
agonistic potency of natural MCP-1 variants was linked to their ability to immunize

the Ca2+ response induced by intact MCP-1 in THP-1 cells. (162).

The effectiveness of neutrophil chemoattractant is unaffected by removing a
small number of residues from the NH2 terminus of human granulocyte
chemotactic protein-2. The situation is completely different for C-C chemokines
such as MCPs. These chemokines can be totally inactivated by changing or removing

amino acids in the NH2-terminal region (162).

In our study, all of the MCP-1 protein bands having triple bands (in 18 kDa
and 25 kDa) was interesting. From the researches described above, we interpret
this as MCP-1 showing glycosylation bands between 25 kDa and 15 kDa which is

consentient with the MCP-1 western blot result of Ji et.al. (163).

The biological activity of some cytokines is known to be modulated by
glycosylation. Depending on the producer cell type, heterogeneity leading to
posttranslational modification has been identified for human MCP-1. However, the
impact of glycosylation on human MCP-1 biologic activity has yet to be identified
(162).

A transcriptome investigation of human monocyte-derived cells treated with
IL-18 or MCP-1 in 2011 discovered ZC3H12A, a new inflammatory gene that
encodes a 599-amino-acid chain that corresponds to a 66-kDa protein. MCPIP1 is a
protein that is expressed in a variety of human and mouse organs, including bone
marrow, placenta, spleen and, heart (164). It is later called Regnase-1 (Regulatory-
RNase). Regnase-1 is an RNase that degrades immune-related mRNAs to modulate

immunological homeostasis post-transcriptionally.

In this study, Regnase-1 protein was detected with western blot in all of the

CAFs and NF control at 66 kDa.

Regnase-1 cleaves the 3' UTRs of a group of mRNAs, including IL6 and IL12b,
to destabilize them (165). Although inactivating Regnase-1 results in an

autoimmune disease in mice that includes T cell activation and



64

hyperimmunoglobulinemia, Regnase-1-mediated immune control mechanism
remains unknown. Uehata et al. demonstrated that Regnase-1 is required for the
autonomous production of abnormal effector CD4+ T cells (165). Regnase-1 also
controls the RNAs of a number of genes in T cells, such as Ox40, c-Rel and, 112, by
cleaving their 3' UTRs. They also found TCR stimulation causes Maltl/paracaspase
to cleave Regnase-1 at R111, releasing T cells from inhibition mediated by Regnase-
1. Moreover, they showed that the activity of the Maltl protease is required for
maintaining T cell effector genes mRNA stability. These findings suggest that
dynamic modulation of Regnase-1 expression in T cells is crucial for T cell activation

control (165).

Following that, Rosenbaum et al. demonstrated in their work that MALT1
activity among mature Tregs is essential for their immune-suppressive properties. In
the activated Tregs, the RNA-degrading enzymes Regnase-1 and Roquins are
inactivated by the MALT1 paracaspase cleavage. Large sets of immune regulatory
mRNAs can be controlled post-transcriptionally by these mechanisms. They
discovered that Tregs with BCL10 deficiency or MALT1 protease inhibition are
unable of Regnase-1 and Roquin degradation, as well as to upregulate CTLA4 they
employed it as an indicator for the Treg immune-suppressive characteristic, as well
as a variety of other factors that interact together to mediate Treg-suppression,

which is currently poorly understood. (166).

In our study, all of the MCPIP-1 protein bands having double bands (in 50
kDa and 65 kDa) was interesting. We believe this shows cleavage of Regnase-1 in all
of the samples except NF. This could be explained by both cell line and primary cell
differences or the fact that normal fibroblast Regnase-1 protein isn’t cleaved in

contrast to CAFs and this could be utilized as a target for treatment of tumors.

Recently, Wei et al. targeted Regnase-1 for cancer treatment by
programming long-lived effector T cells. They found that, through a critical gene
target BATF, Regnase-1 inhibited mitochondrial metabolism and effector responses.
BATF operated as a limiting factor for anti-tumor responses and mitochondrial

metabolic programming. They also found that the genome-wide CRISPR screening,



65

in combination with Regnase-1 deletion, finds SOCS1 and PTPN2 as potential targets

for boosting anti-tumor immunity. (167).

From our previous experiences, we know that CAFs can turn macrophages to
the M2 phenotype which has pro-tumoral properties. Because Regnase-1 is the
protein that is induced by MCP-1, we searched for a link between CAFs and
Regnase-1 to learn more about a potential target. Regnase-1 is being explored as a
cancer treatment target, primarily in T cell immunity, and CAFs have recently
become one of the most studied subjects due to tumor cell resistance to therapy
when targeted alone. Their impacts on the TME and inflammation have sparked
interest in a number of studies, but we are the first to study Regnase-1 in CAFs. We
believe the MCP-1/MCPIP-1 activity is related to the macrophage polarization
induced by CAFs in TME.

In contrast, a study group found that, through the induction of PERK and
CNX expression, MCP-1/MCPIP-1 signaling, which is indirectly produced by IL-1
stimulation, may enhance ER stress-induced apoptotic sensitivity in renal cell
carcinoma cells. As a result, MCP-1 and MCPIP may help to reduce the carcinogenic

effect of IL-1 in renal cell carcinomas (168).

According to our findings, we found all of the CAFs express both MCP-1 and
Regnase-1. Their expression levels are varied by their a-SMA expression levels. In
the MCP-1 protein levels, we found there is a significant difference between MRC-5
normal fibroblast levels and the CAFs except CAF4. In the Regnase-1 protein levels,
no significant changes between CAFs and normal fibroblast control cells detected
except CAF3 and CAF4. We propose that having a high percentage of a-SMA
expression could be the reason that CAF4 has significantly different expression

levels of these proteins.

We suggest, in breast cancer, that CAFs and M2 macrophages are vital in
sculpting the TME. Therefore, therapeutic approaches to alter the
immunosuppressive microenvironment that is mediated by CAFs should be further

examined.
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6-RESULTS AND RECOMMENDATIONS

1- Breast tumor tissues were obtained from 4 female and 1 male breast

cancer patients.

2- Fibroblasts were isolated from breast tumor tissues by the explantation

method.

3- Immunocytochemistry results showed that the cells isolated from tumors

Ill

were not stained for the chosen negative control “pan-cytokeratin” and stained for
the chosen positive control “vimentin”. Most cells were stained for the “a-SMA”
and these cells were accepted as CAFs during this study. A combination of negative
staining for cytokeratin and positive staining for both vimentin and a-SMA was

used.

4- Normal lung fibroblast cell line MRC-5 was used as the normal fibroblast

control.
5- Protein lysates were prepared from both CAFs and MRC-5 cell line.

6- Optimization of protein quantitation was performed with different
amounts of proteins in lysates. Some of the samples were diluted in order to

achieve a standard curve RZ evaluation as 1.

7- Western blot analyses showed that MRC-5 cell line had a higher
expression of both MCP-1 and Regnase-1 proteins. We suggest using primary
normal fibroblast isolation from healthy people who had breast reduction surgery

for a better comparison.

8- While experimenting with Regnase-1 antibody, there were non-specific
binding at 37 kDa which could not be washed with TBS-T or blocked by the blocking
solution. Hence, GAPDH couldn’t be used as the control protein. We used R-actin as

house-keeping protein in Regnase-1 protein expression analyses.

9- From our results, we showed CAFs express both MCP-1 and Regnase-1

proteins which could be related to their ability of monocyte recruitment and
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polarization of macrophages. We suggest using RT-PCR for further investigations at
an mRNA level in order to see the differences between mRNA expression levels and
protein expression levels and to investigate posttranscriptional and

posttranslational modifications occurred in these processes in CAFs.

10- We suggest conducting similar investigations in monocytes which were
educated by CAFs in order to decipher the role of these proteins in monocytes in

the TME.

11- We suggest analyzing related proteins such as MALT-1 and NFk-B for
further investigations of Regnase-1 associated pathways in CAFs in order to see if
the NFk-B is related to Regnase-1 activation and the MALT-1 is responsible for the

cleavage of Regnase-1.

12- Western blot analyses of this study showed, there is a positive
correlation between Regnase-1 and MCP-1 protein expressions and also between

CAF grade and both Regnase-1 and MCP-1 protein expressions.

13- We showed a positive and statistically significant correlation between

CAF grade and Ki-67 index.
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