Development of systems to produce antibodies to target

tumor-stroma crosstalk

by

Omriim Naz Nalkiran

A Dissertation Submitted to the
Graduate School of Health Sciences
in Partial Fulfillment of the Requirements for

the Degree of
Master of Science
n

Cellular and Molecular Medicine

U
. . KOG
UNIVERSITESE

August 29, 2025



Development of systems to produce antibodies to target tumor-
stroma crosstalk

Kog¢ University
Graduate School of Health Sciences

This is to certify that I have examined this copy of a master’s thesis by
Omriim Naz Nalkiran
and have found that it is complete and satisfactory in all respects,
and that any and all revisions required by the final

examining committee have been made.

Committee Members:

Prof. Dr. Devrim Goziiacik (Advisor)

Dr. Yunus Akkog (Co-Advisor)

Assist. Prof. Sibel Cetinel Memis

Assoc. Prof. Safacan Kolemen

Prof. Dr. Elif Damla Arisan

Date: 29.08.2025



To the strongest person I know, C. Ezgi Giines



ABSTRACT

Development of systems to produce antibodies to target tumor-stroma

crosstalk
Omriim Naz Nalkiran
Master of Science in Cellular and Molecular Medicine

August 29, 2025

Cancer cells can program their tumor microenvironment (TME) in a manner that
facilitates their adaptation, thereby influencing cancer survival, progression, and
metastasis. In this context, it is crucial to elucidate the stroma components and their
roles in various cancer types, as well as to investigate their potential applications in
diagnosis, treatment, and follow-up. Previously, we demonstrated that cancer-derived
secreted factors, cytokines, alter tumor fate through regulating stromal autophagy,
cancer-stroma signaling. This thesis aims to develop systems for producing antibody-
based drugs that target cytokines in the tumor microenvironment. To achieve this, we
developed systems to produce recombinant cytokines and established a mouse single-
chain variable fragment (scFv) library. To obtain these, we first cloned cDNA of
cytokines into different IPTG-inducible, lac-promoter-containing vectors, including
pGEXA4T2 and pGEX4T1-3xFLAG. We validated our positive clones and further
optimized the protocols to produce recombinant GST- and GST-FLAG-tagged
cytokines using BL21 E. coli cells. In the second part, we focus on optimizing protocols
and establishing recombinant scFv antibodies through phage display technology.
Hence, we first determined the sequences of the antibody variable light (VL) and
variable heavy (VH) chains. To establish a diverse scFv antibody library, we designed
at least 36 oligos to produce VL and VH fragments. Fragments were further combined
by SOE-PCR (splicing by overlap extension) and cloned into the pPCANTAB-5E phage
display plasmid for further phage display studies against recombinant cytokines.
Overall, we established systems for producing recombinant cytokines and recombinant

scFv antibodies. This study could lead to the discovery of new, specific, and drug-



potential antibodies that target specific cytokines in the tumor stroma context,

potentially serving as a new cancer therapeutic.

Keywords: Cytokines, scFv, antibody drugs, tumor stroma



OZETCE

Tiimor-stroma etkilesimini hedef alan antikorlar iiretmek icin

sistemlerin gelistirilmesi
Omriim Naz Nalkiran
Hiicresel ve Molekiiler Tip, Yiiksek Lisans

29 Agustos, 2015

Kanser hiicreleri, tiimor mikrogevrelerini (TME) adaptasyonlarini kolaylastiracak
sekilde programlayabilir ve boylece kanser sag kalimini, ilerlemesini ve metastazini
etkileyebilir. Bu baglamda, stroma bilesenlerini ve ¢esitli kanser tiirlerindeki rollerini
aciklamak ve tani, tedavi ve takipteki potansiyel uygulamalarini arastirmak ¢ok
onemlidir. Daha 6nce, kanser kaynakli salgilanan faktorlerin, sitokinlerin, stromal
otofajiyi ve kanser-stroma sinyallesmesini diizenleyerek tiimor kaderini degistirdigini
gosterilmistir. Bu tez, tiimor mikrocevresindeki sitokinleri hedef alan antikor bazl
ilaglar tiretmek i¢in sistemler gelistirmeyi amaglamaktadir. Bunu bagsarmak igin,
rekombinant sitokinler liretmek i¢in sistemler gelistirdik ve bir fare tek zincirli degisken
fragman (scFv) kiitiiphanesi olusturduk. Bunlar1 elde etmek i¢in dncelikle sitokinlerin
cDNA'sin1 pGEX4T2 ve pGEX4T1-3xFLAG dahil olmak {izere farkli IPTG ile
indiiklenebilir, lac-promotor igeren vektorlere klonladik. Pozitif klonlarimizi dogruladik
ve BL21 E. coli hiicreleri kullanarak rekombinant GST ve GST-FLAG etiketli sitokinler
tiretmek igin protokolleri daha da optimize ettik. Ikinci boliimde, protokolleri optimize
etmeye ve faj gorlintiileme teknolojisiyle rekombinant scFv antikorlar1 olusturmaya
odaklaniyoruz. Bu nedenle, oncelikle antikor degisken hafif (VL) ve degisken agir (VH)
zincirlerinin dizilerini belirledik. Cesitli bir scFv antikor kiitiiphanesi olusturmak i¢in,
VL ve VH fragmanlari iiretmek {izere en az 36 oligo tasarladik. Fragmanlar, SOE-PCR
(6rtlisme uzatma yoluyla ekleme) ile daha da birlestirildi ve rekombinant sitokinlere
kars1 daha ileri faj goriintiileme ¢aligmalar1 i¢in pCANTAB-5E faj goriintiileme
plazmidine klonlandi. Genel olarak, rekombinant sitokinler ve rekombinant scFv

antikorlar1 tiretmek icin sistemler olusturduk. Bu ¢alisma, tiimér stromasinda spesifik



sitokinleri hedef alan yeni, spesifik ve ilag potansiyeline sahip antikorlarin kesfine yol

acabilir ve potansiyel olarak yeni bir kanser tedavisi olarak kullanilabilir.

Anahtar kelimeler: Sitokinler, scFv, antikor ilaclar, timor stroma
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Chapter I:

INTRODUCTION

1.1 CTF1 protein

Cardiotrophin-1 is an IL-6 family cytokine with 21.5 kilodaltons in size and located at
position 16p11.1-16p11.2 on the human chromosome. The CTF1 protein is called
“Cardiotrophin-1" because it increases hypertrophy in heart muscle cells under in vitro
conditions. Because CTF1 is an IL-6 family cytokine, like most IL-6 family cytokines,
it binds gp130 and LIFR receptor. Even though some studies indicate that CTF1 has a
third receptor component. CTF1 cytokine activates the JAK/STAT signaling pathway
by interacting with GP130 and LIFR receptors.(J. Liu et al., 2008) However, in
addition to these two receptors, there are publications in the literature that mention the
existence of a third receptor, and that this receptor is likely to be a
glycosylphosphatidylinositol (GPI)-anchored protein, in experiments using PI-PLC
(phosphatidylinositol-specific phospholipase C). (Pennica, Arce, et al., 1996)
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Figure 1.1 CTF1 RNA expression data according to tissues. Each color code represents
certain tissue groups. Most CTF1 RNA expression is in ovary, endometrium and heart

muscle. (Human Protein Atlas)

Human and mouse CTF1 bind both human LIFR and mouse LIFR receptor. This cross-

reactivity can occur due to some conserved regions (FXXK motif) also contained in
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CTF1 orthologs and needed for LIFR binding. The FXXK motif is highly conserved in
all CTF1 sequences (across seven vertebrate classes) and crucial in LIFR binding. CTF1
sequences are present in Amphibia, Mammals, Reptiles, and Sarcopterygii (infraclass
Coelacanthimorpha, now categorised as a clade). CTF1 is the only IL6 family protein
with a sequence in the Sarcopterygii (salamanders) class. Since the CTF1 gene is

located on chromosome 16, unlike LIF and OSM on chromosome 11, it may have a

Neighbour' Description’ Correlation' Cluster'

EGF containing fibulin extracellular

EFEMP2 0.9140 62
matrix protein 2
ARMCX1  Armadillo repeat containing X-linked 1 0.8860 64
MAGED2  MAGE family member D2 0.8667 62
ME3 Malic enzyme 3 0.8351 62
f
CBY1 Chibby family member 1, beta catenin 08298 62
antagonist
RAMP1 Receptor activity modifying protein 1 0.8105 64
KLHDC8B Kelch domain containing 88 0.8070 a1
I in cc ing
GLT8D2 ;3 lycosyltrar 8 domain 0.8070 62
GSTM2 Glutathione S-transferase mu 2 0.7965 66
EDA2R Ectodysplasin A2 receptor 0.7947 62
OMD Osteomodulin 0.7877 62
TCEAL4 Transcription elongation factor A like 4 0.7860 64
WTIP WT1 interacting protein 0.7807 62
PDZRN3 PDZ domain containing ring finger 3 0.7807 1
I
SMOC2 SPARC related modular calcium binding 07807 62

2

Figure 1.1.1 CTF1 and associated genes. According to expression clustering and
correlation data from the Human Protein Atlas, CTF1 is part of cluster 62, which is
associated with connective tissue—ECM organization and has a confidence score of

0.74 (389 genes in the cluster). Data is provided from the Human Protein Atlas.

different evolutionary origin. (Costa et al., 2022)

Some transcription factors possibly bind to the binding sites of the CTF1 gene. There
are two CAAT boxes in the positions of -1043 and -1076. Notably, the broadly
transcriptional activator C/EBP beta binds to position -1076. C/EBP beta is a well-
known transcriptional activator and stimulates IL-6 expression in vivo and in vitro
conditions. In position -934, a putative STAT site explains that CTF1 is a STAT3
activator. In position -582, the Sp1 site appears. Sp1 is a DNA-binding protein that
binds promoter regions, especially GC-box elements. Additionally, nine AP-2 binding
sites at positions -716, -438, -266, -251, -248, -207, -181, -73, and -72 are present in the
CTF1 gene. AP-2 is a transcription factor family associated with gene expression
regulation in early embryonic development. (Hilger-Eversheim et al., 2000) There is
also cAMP response element (CRE) in position -639. CREs control diverse

transcriptional processes and some growth control genes, such as FOS have CRE
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regions in the gene. Moreover, the CTF1 gene contains a GATA-binding factor region
in position -484. GATA-binding proteins are essential transcription factors that control
gene expression and differentiation in different cell types. These family member
proteins target and bind the GATA motif, which is usually located in the promoter site
of the gene. Many studies suggested that this factor may regulate genes for myocardial
differentiation, including troponin C, cardiac alpha-myosin heavy chain, and brain type
natriuretic factor (BNP). (Erdmann et al., 1998) Human CTF1, like the mouse protein,
lacks a typical, hydrophobic, N-terminal amino acid sequence that would indicate a
secretion signal. Human CTF1 contains two cysteine residues and no potential N-linked
glycosylation sites, but the mouse protein contains one cysteine and one potential
glycosylation site. The 3 untranslated regions of both the human and mouse clones have

an Alu or Bl-like repeat sequence. (Pennica, Swanson, et al., 1996)
1.2 Signaling pathway of the CTF1 protein

The signaling of the CTF1 protein begins with gp130/LIFR. Gp130 and LIFR
phosphorylate, thus enabling the phosphorylation of Jak1l and Jak2. Then, it migrates to
the nucleus by forming STAT1 or STAT3 homodimers and stimulates the activity of the
related genes. It is known that CTF1 protein also affects Akt/BAD, MAPK signalling
pathways, thus stimulating cardiac fibroblasts and causing hypertrophy. There are also
studies showing that CTF1 increases [L-6 mRNA and protein expression in monocytes,
depending on time and dose (100 ng/ul), thus STAT3 phosphorylation occurs.
(Fritzenwanger et al., 2007)

As mentioned before, CTF1's primary role is contributing to cardiac hypertrophy. CTF1
phosphorylates STAT3 via the JAK/STAT signaling pathway and increases the
expression of genes associated with hypertrophy. These genes include biomarkers to
detect hypertrophy, such as atrial natriuretic peptide (ANP). The expression of
hypertrophy-associated proteins decreased by 88% in the application of parthenolide
(STAT inhibitor), proving that the STAT3 signaling pathway stimulated by CTF1 is one
of the main pathways for hypertrophic effects.(Z. Tian et al., 2004)
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Figure 1.2 The signalling crosstalk between JAK-STAT and other pathways. (Hu et al.
2021) (Copyright © 2021 Xiaoyi Hu et al. This is an open-access article distributed
under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly

cited.
Additionally, it has been discovered that CTF1 may have a role in the ADMA/DDAH

signalling pathway. The ADMA/DDAH signaling pathway is a crucial pathway that
regulates NO synthesis. This pathway is vital for endothelial function, atherosclerosis,
inflammation, oxidative stress and cardiovascular disease. In this pathway, ADMA
inhibits NO synthesis, and DDAH suppresses ADMA function, thus NO can be
synthesized. (Vallance et al., 1992) It has been discovered that CTF1 increases cell
proliferation, but when cells are treated with ADMA in addition to CTF1, cell
proliferation, migration and tube formation decrease. CTF1 also increases eNOS levels,
a type of NOS usually found in endothelial cells, but when ADMA is applied, this effect
is diminished. Moreover, levels of DDAHI1 and DDAH?2 (two isoforms of DDAH
enzyme) are increased only in the CTF1 group, but when ADMA is treated, DDAH'
levels decrease. Finally, NOS activity is reduced in ADMA + CTF1 group at 48 hours.
These results indicate that CTF1 could be associated with ADMA/DDAH signaling
pathway activation. (Zheng et al., 2015) Another study conducted with CTF1 induction
and CIS (cytokine inducible SH2 protein) family proteins JAB/SOCS-1/SSI-1 and
CIS3/SOCS-3/SSI-3. JAB and CIS3 proteins act as inhibitors of CTF1 via the JAK-
STAT signalling pathway. Therefore, with suppressing CTF1, they can have a stabiliser

role in the cardiovascular system. (Hamanaka et al., 2001) Finally, Akkog et al. showed
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that CTF1 phosphorylated and caused the nuclear transportation of p-STAT3. This
activated several essential autophagy proteins, like the LC3-1 to LC3-2 shift, SQSTM1
and NBR1 accumulation, and ULK1 and AMPK activation in fibroblast cells. (Akkoc et
al., 2023)

1.3 CTF1s role in diseases
1.3.1 Cardiovascular disease

1.3.1.1 Cardiac hypertrophy

Cardiac muscle cell hypertrophy is one of the heart's most essential adaptive reactions
and is a common hallmark of many human cardiac disorders. Following long-term
hypertension, myocardial injury, or other demands for increased cardiac output, the
heart adapts by activating a hypertrophic response, defined by myocardial cell
enlargement and the accumulation of sarcomeric proteins in the absence of cell division.
Although this process is initially compensatory, there may be a pathological shift in
which the myocardium becomes irreversibly enlarged and dilated, resulting in the
development of overt cardiac muscle failure. The discovery of the mechanisms that
mediate the start of these multiple stages of ventricular hypertrophy and failure remains
an essential goal in cardiac biology and medicine. (Schirone et al., 2017) 1995
D.Pennica discovered that Cardiotrophin-1 induces cardiac muscle cell hypertrophy,
judged by cell enlargement, atrial natriuretic peptide (ANP) induction, and myosin light
chain (MLC) organisation using hypertrophy assay in vitro studies. (Pennica et al.,

1995)

Cardiotrophin-1, unlike other cardiac cell hypertrophy stimulators (exp., alpha-
adrenergic stimulation), causes hypertrophy by increasing cell length and serial
arrangement of sarcomeres without significant change in cell width. CTF1 also
upregulates the atrial natriuretic factor (ANF) gene but does not alter skeletal alpha-
actin and myosin light chain-2v expression. Alpha-adrenergic stimulation exhibits a
different gene expression pattern. In addition, alpha-adrenergic stimulation works
through regulatory elements within the proximal 5’-flanking region of the ANF gene,
whereas CTF1 acts through regulatory elements outside this region. (Wollert et al.,
1996) The hypertrophic impact of CTF1 was mediated mainly by STAT3, independent
of PI3-K, and was negatively controlled by ERK1/2 via reducing STAT3
phosphorylation. The interplay of STAT3 and ERK1/2 in CTF1-induced signaling
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promotes cardiac hypertrophy. (Z. Tian et al., 2004) Research was conducted on
cardiomyocyte hypertrophy controlled by gp130 using neonatal ventricular myocytes.
CTF1 increased cell viability and ANP expression with MEK1 inhibitor PD098059 and
PKC inhibitor calphostin C. These results showed that CTF1 can regulate ANP
transcription in hypertrophic ventricular myocytes in a time and dose-dependent
manner, and the p42/p44 MAPK signalling pathway may play a role in this regulation.
(Dong et al., 2014) In another study, CTF1 levels and STAT3 activation were measured
in babies with congenital heart defects and their relationship with left ventricular wall
thickening due to hypertrophy was examined. They discovered that patients with
congenital heart disease have greater CTF1 expression, linked to JAK/STAT pathway
activation and increased cardiac troponin I degradation, a biomarker for cardiac defects.
(Heying et al., 2014) Moreover, 124 patients with hypertrophic cardiomyopathy (HCM)
had plasma CTF1 levels examined. The relationship between these results and the
development of left ventricular wall thickness (LVH) due to hypertrophy was
investigated. The results showed that HCM patients had higher CTF1 levels than
controls. A correlation was observed between CTF1 and maximal left ventricular wall
thickness. In addition, higher CTF1 was seen in advanced LVH patients compared to
moderate and mild LVH patients.(Monserrat et al., 2011) All these results reveal the
role of CTF1 protein in hypertrophy and its importance as a biomarker in

cardiomyopathic hypertrophy.
1.3.1.2 Hypertension

Hypertension is a common cardiovascular disorder characterised by consistently high
blood pressure. It is a significant risk factor for a variety of cardiovascular disorders,
including heart failure, stroke, and renal disease. (Harrison et al., 2021) The most
common cardiac disorder In hypertensive heart disease, the key feature is left
ventricular hypertrophy (LVH), which is an important biomarker of preclinical
cardiovascular diseases. One of the most critical proteins to induce LVH is the CTF1
protein. (Gonzélez et al., 2005) In 1996, Iskikawa revealed increased CTF1 mRNA in
12-week spontaneous hypertensive rats (SHR) ventricles compared to the control
(Wistar) rats. (Ishikawa et al., 1996) In cardiomyocytes isolated from normotensive
(Wistar) and spontaneously hypertensive rats (SHR), CTF1 increased c-fos and ANP
levels in both cardiomyocyte types. Also, CTF1 increased cell length in Wistar cells,

but did not change transverse diameter or cell depth. Conversely, in SHR cells, the cell
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length, width, and depth all increased. Additionally, levels of total and phosphorylated
myosin light chain 2v (MLC-2v) and skeletal a-actin were elevated. CTF1 treatment
triggered activation of PI3K, Akt, p42/44, STAT3, and ERKS signalling pathways in
both SHR and Wistar cells. Basal angiotensinogen mRNA expression was higher in
SHR cells than in Wistar cells, but CTF1 increased this expression in Wistar cells.
Applying the angiotensin II receptor AT inhibitor losartan significantly reduced the
CTF]1 effects observed in SHR cells. In conclusion, based on the effect observed in
cells from hypertensive mice, the hypertensive phenotype of these cells may enhance
the hypertrophic effect of CTF1, most likely by increasing angiotensinogen expression.
(N. Lopez et al., 2006) Another study on Angiotensin II investigated the contribution of
Angiotensin II (Ang II) and aldosterone to hypertension, oxidative stress and
cardiovascular damage. Ang II infusion increased cardiac CTF1 protein expression by
42%, while ARB and combination therapy completely prevented the increase in cardiac
CTF1. This suggests that blocking the AT1 receptor suppresses the effects on CTF1.
Eplerenone treatment reduced cardiac CTF1 levels by 25% compared to Ang II, but did
not completely restore them to normal levels. Ang II infusion increased plasma CTF1
levels by 27%. ARB treatment reduced CTF1 levels to 81%, eplerenone treatment
reduced CTF1 levels to 88%. Notably, the combination treatment of two drugs reduced
CTF1 levels to 84%. These findings suggest that CTF1 levels are regulated by AT1 and
MR pathways. These pathways are crucial in the development of hypertension and
cardiovascular damage. Suppression of CTF1 may be an important target in treatment
strategies to reduce Ang II-induced oxidative stress and cardiovascular damage. (Minas
et al., 2015) Furthermore, recent research has demonstrated that some cytokines, such
as cardiotrophin-1 (CTF1) and interleukin-2, stimulate NO production, decreasing NO-
dependent arterial blood pressure. (Nomura et al., 2003) Researchers examined the
hemodynamic effects of CTF1 and heart function and the role of nitric oxide (NO) in
this mechanism. The researchers targeted mean arterial pressure (MAP), heart rate
(HR), cardiac output, systemic vascular resistance, and ventricular contractility (dP/dt).
At the same time, an NO synthase inhibitor, N“-nitro-L-arginine methyl ester (L-
NAME) was used to assess the role of the nitric oxide (NO) system in these effects in
rats. As a result, the CTF1 application decreased MAP, systemic vascular resistance,
and increased HR and cardiac output. In L-NAME application with CTF1 treatment, the
decrease in blood pressure (depressor response) and the increase in heart rate

(tachycardic response) caused by CTF1 were significantly reduced, indicating that the
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hemodynamic effects of CTF1 are mediated to a significant extent by nitric oxide. (Jin
et al., 1998) In a study investigating the genetic background of left ventricular
hypertrophy and essential hypertension, 900 individuals were genotyped for the
1742(C/G) polymorphism. Serum CTF1 levels were screened in 681 individuals, and
left ventricular parameters were screened in 297 individuals. The GG genotype for the
1742(C/G) polymorphism in essential hypertension, the prevalence of the GG genotype
was shown to be lower (8.4% in normotensive individuals, 4.9% in hypertensive
patients, when compared to CC/CG individuals). The GG genotype was lower in
patients with left ventricular hypertrophy (LVH). GG people showed lower serum CTF1
levels and a lower left ventricular mass index. Multivariate analysis revealed that the
1742(C/G) polymorphism could predict left ventricular mass index and serum CTF1
levels, indicating that this genetic variation is strongly connected with these parameters.
The 1742(C/G) polymorphism is linked to LVH in essential hypertension, and the GG
genotype found in this study may have a protective impact. (Robador et al., 2010)
Lastly, studies revealed that patients who have hypertension with LVH and suspiciously
high LVH levels have higher CTF1 levels, especially with patients with systolic
function disruption. (Ravassa et al., 2013) Another study revealed that CTF1 can be a
biomarker in hypertensive patients. A study was conducted with 31 normotensive, 111
essential hypertension patients (with or without LVH). The hypertensive group’s CTF1
level is much higher than the normotensive group's. Also, it has been found to directly
correlate with LVH index and CTF1 level. All of these results prove that CTF1 can be a
biomarker in hypertension and hypertensive heart diseases. (B. Lopez et al., 2005)

1.3.1.3 Heart Failure

Myocardial infarction (MI) is known as an infarction in the coronary arteries due to the
interruption of blood flow to the heart for certain reasons, and this is a common problem
in all countries of the world. Suppose the rupture in the MI infarction is relatively large.
In that case, these patients develop congestive heart failure rapidly, and at the same
time, this condition evolves into chronic heart failure, and patients have a poor
prognosis. Cardiac recovery after MI depends on the ventricular architecture of the non-
MI portions of the heart, time, and various factors. Cardiac recovery after MI depends
on the ventricular architecture of the non-MI portions of the heart, time, and several
factors. This process is controlled by trophic factors and chemokines, led by

myofibroblast cells. Therefore, it is important to discover new molecules that will
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support heart regeneration in MI-based heart diseases and identify biomarkers to
diagnose the disease early. CTF1 protein was discovered to be related to MI in various
studies. A blood proteome study of 618,717 European participants found that high
levels of CTF1 in the blood were associated with MI. (Wang et al., 2024) A chronic
heart failure (CHF) study showed that CTF1 gene expression increased in CHF. Left
ventricular hypertrophy, which is known to be associated with diseases such as heart
failure and hypertension, increased in the experimental groups in CHF, and this increase
was observed to be correlated with the increase in CTF1 levels. (Jougasaki et al., 2000)
At the same time, S. Sasayama et al. collected infarcted rat tissues after coronary artery
ligation on days 1, 3, 7, 14, 28 and 65 to understand the role of CTF1 and gp130
signalling during ventricular remodelling after myocardial infarction. Because CTF1
stimulates sarcomeric units in cardiomyocytes using the gp130 signalling pathway, it
causes myocardial cell hypertrophy. Infarction intervals of 39.8-50.3% were observed in
infarcted coronary artery ligation tissues. All groups had higher CTF1 and gp130
mRNA and protein levels than the control. (Aoyama et al., 2000) In another study on
CTF1 and the closure of infarcts and heart remodelling after M1, it was investigated
whether mechanical stretch resulting from MI activates the Janus kinase (JAK) / signal
transducers and activators of transcription (STAT) pathway in cardiomyocytes. It has
also been discovered that calcium (Ca*") levels are important in this activation. (Pan et
al., 1999) Moreover, in another study designed to examine how Cardiotrophin-1 (CTF1)
and its receptor complex, the gp130/leukaemia inhibitory factor receptor system,
patients with end-stage heart failure due to ischemic cardiomyopathy and dilated
cardiomyopathy were used as the experimental group. CTF1 mRNA and protein levels
increased by 142% and 68% in the left ventricles of individuals with heart failure, and
immunohistochemistry confirmed that this increase occurred specifically in cardiac
myocytes. gp130 expression increased by 91%, while the protein level decreased by
34%. At the same time, contrary to previous studies, the phosphorylated STAT3/ total
STATS3 ratio was similar in patients with heart failure and the control group. The
researchers think in the article that while CTF1 levels increase, the decrease in gp130
protein levels may prevent excessive gp130 signal activation, and this system has
developed a mechanism to maintain balance in heart failure. This mechanism can
protect the heart from further damage. (Zolk et al., 2002) There are also publications
mentioning that CTF1 can also be used in treating patients who have had an MI before.

Although treating the wound opened after MI with cell transplantation is a method with
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great potential, the rate of transplanted cells settling in the wound tissue is quite low.
The study aimed to determine cytokines that could improve mesenchymal stromal cells
(MSCs) adhesion to the heart. To understand that, cytokine library screening was
performed, and the cytokine library was transferred to MSCs produced from bone
marrow. Later, these MSCs were injected into the hearts of normal and MI-experienced
mice. Three weeks later, DNA sequencing was performed on the cells that adhered to
the heart to determine which cytokines increased the survival of MSCs. The most potent
effective molecule was found to be CTF1, and it was observed that MSCs pre-treated
with CTF1 preserved heart function and reduced the size of the infarct area, and these
cells continued to exist in the heart for at least two months after injection. It has also
been reported that this protective effect of CTF1 occurs by increasing the adhesive
properties of MSCs via focal adhesion kinase (FAK) and focal adhesion complex via
STATS3. (Bortolotti et al., 2017) Finally, publications show that CTF1 can be used as a
biomarker to diagnose MI-based diseases. CTF1 levels were significantly higher in
patients who died or had heart failure compared to survivors. NT-proBNP levels were
significantly higher in this group of patients. As a result of ROC (receiver operating
characteristic) curve analysis found that the combined use provided better predictive
power than using both markers separately. In other words, this study emphasises the
clinical importance of CTF1 and shows that using both markers together may provide

superiority in diagnosis and risk assessment. (Khan et al., 2006)
1.3.1.4 CTF1 and Cardiac Fibrosis

Cardiac fibrosis is a critical problem correlated with various heart diseases, especially
leading to heart failure due to disruption of the contraction cycle of the heart. Cardiac
fibrosis is characterised by accumulating extracellular matrix components (ECM).
When injury occurs, cardiac fibroblasts transform into myofibroblasts and contribute to
cardiac fibrosis. Understanding the mechanisms behind this phenomenon is crucial to
developing new strategies for detecting and treating cardiac fibrosis. (Martinez-
Martinez et al., 2017) The hardening of vascular tissue and fibrosis characterise arterial
fibrosis. This event leads to arteriosclerosis, which can lead to other cardiovascular
diseases as people age. The CTF1 molecule is thought to be a protein that plays a role in
affecting both cardiac fibrosis and arterial fibrosis. (Loépez-Andrés et al., 2013) Previous
studies have shown that the CTF1 protein may have a role in the aldosterone-dependent

mechanism. Thus, mRNA and protein levels of CTF1 increase depending on time and
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dose under the influence of Aldo, and eventually this event increases hypertrophy in
cardiomyocytes. (Lopez-Andrés et al., 2008) In a study examining the effects of
molecules that trigger heart fibrosis (Aldosterone, Galectin-3 and Cardiotrophin-1) on
human heart fibroblasts, Aldo, Gal-3 and CTF1 were applied to human heart fibroblasts,
respectively, and the changes in protein were examined by proteomic analysis. In the
Aldo group, 30 proteins, in the Gal-3 group, 17 proteins, and in the CTF1 group, 89
proteins are changed. The "Reticulocalbin (RCN)" family stands out among the proteins
these three molecules interact with. After applying recombinant RCN-3 protein,
collagen production is decreased due to activation of the AKT protein. Recombinant
RCN-3 prevented not only Aldo, Gal-3 and CTF1-induced fibrosis but also Angiotensin
II-induced fibrosis. Researchers stated that RCN-3 may be a novel negative regulator
that suppresses cardiac fibrosis, and Aldo, Gal-3 and CTF1 may increase cardiac
fibrosis by decreasing RCN-3 levels. (Martinez-Martinez et al., 2017) In another study
conducted to treat cardiac fibrosis, the antifibrotic effects of Astragaloside IV (AsIV) on
isoprenaline (ISO)-induced cardiac fibrosis and elucidate whether this effect is
associated with the ROS and CTF1 relationship. It was observed that CTF1 levels
increased in cardiac fibroblasts stimulated with ISO, and when CTF1 was knocked out,
fibroblast proliferation decreased, and collagen I production also decreased. Regarding
the relationship between ROS and CTF1, it was stated that ROS production was
associated with overexpression of CTF1, but the opposite was not true. This study
shows that the antifibrotic effect of AsIV is related to ROS and CTF1 and may be a new
therapeutic agent that can be used to reduce cardiac fibrosis. (Jia et al., 2017) At the
same time, CTF1 null mice have lower vascular wall thickness, arterial fibrosis,
apoptosis levels, senescence markers, telomere-associated proteins, DNA repair
proteins, and antioxidant enzyme activities. It is also known in the literature that CTF1
null mice have a 5-month longer lifespan. (Lopez-Andrés et al., 2013) Finally, when the
relationship between circulating fibrosis-related biomarkers and cardiac fibrosis
assessed by magnetic resonance (MRI) in patients with dilated cardiomyopathy (DCM)
was investigated, circulating fibrosis markers (Cardiotrophin-1, GDF-15, PDGF, etc.)
were not found to be associated with fibrosis measured by MRI in DCM patients. In
contrast, cardiac-specific biomarkers such as NT-proBNP and hs-TnT were related to
the presence of fibrosis. Circulating fibrosis markers do not appear to help diagnose and
monitor fibrosis in DCM patients. These results suggest that using the CTF1 protein as a

biomarker in cardiac fibrosis is currently unlikely. (Rubi$ et al., 2021)
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1.4 CTF1 and embryonic development

1.4.1 In bone development

Bone remodelling under normal conditions or in response to bone fracture,
inflammation, or trauma depends on the balance and activity between osteoblast and
osteoclast cells, which absorb mineralised bone matrix. The activation, reabsorption,
proper functioning and differentiation of these cells depend on various cytokines,
hormones and growth factors. Multiple factors affect bone absorption, like parathyroid
hormone (PTH), 1,25-dihydroxy vitamin D-3 (1,25-d3) and prostaglandin E2 (PGE2),
or cytokines like Interleukin-a, even tumor necrosis factor a and f (TNF-a, TNF-p).
Studies revealed that mOSM, LIF and CTF1 were strongly increased dose-dependently
by osteoclast formation and lytic action by D. Pennica. These factors caused osteoclasts
to create larger and more resorptive pits in the bone. Dexamethasone (DEX,
corticosteroid) synergistically potentiates the osteoclast-enhancing effects of these
factors. These results indicate that these cytokines may play an important role in
osteoporosis caused by high levels of corticosteroids. (Richards et al., 2000) It is known
that CTF1 is an osteoblastic cytokine that is secreted from osteoclasts. (Watt et al.,
2018) In CTF1 "~ newborn mice, low bone mass, decreased osteoblast numbers,
increased osteoclast numbers, and excess cartilage residue in the bone were found.
These discoveries are an indication that bone destruction is not occurring properly. In
bone marrow cell cultures from CTF1 - mice, it was found that larger osteoclasts were
produced compared to normal mice, but poor mineralisation occurred. In CTF1 7~ mice,
although the osteoblast deficiency disappeared as they aged, bone destruction was still
observed to be uneven. (Walker et al., 2008) Another factor that plays a role in bone
absorption by increasing osteoclast formation is HIF-1a. Osteoclasts migrate from the
high-oxygen bone marrow to the low-oxygen bone lesions. The effect of HIF-1a was
investigated after mandibular osteotomy (jaw bone incision) using an osteoclast-specific
HIF-1a-conditional knockout mouse model, and primary osteoclasts were used to
examine the expression of HIF-1a and CTF1 at mRNA and protein levels. The
osteogenesis capacity of BMMSCs (bone marrow mesenchymal stem cells) was tested
with the conditional culture medium obtained from HIF-1a knockout osteoclasts. As a
result, HIF-1a increased osteoclastogenesis (formation of new osteoclasts) and bone
resorption. In osteoclast-specific HIF-1a-conditional knockout mice, bone repair was

delayed relative to normal mice. HIF-1a-knockout osteoclasts suppressed bone
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resorption and reduced CTF1 expression. It was also observed that HIF-1o and CTF1
expression were correlated, and CTF1 gene expression or protein levels were decreased
in the HIF-1a conditioned knockout group. However, it was stated that recombinant
CTF1 application stimulated osteogenic differentiation in BMSCs. These results prove
that HIF-1a plays a critical role in bone resorption by increasing osteoclast formation,
and this process supports the bone healing process by secreting CTF1. (Y. Tian et al.,
2022)

1.4.2 In neuron development

Motor neurons in the development process need trophic factors from their target tissue,
the muscle tissue, to complete this process healthily. In 2001, D. Pennica et al.
discovered that CTF1 is a crucial neurotrophic factor for motor neuron survival and was
first identified as an essential neurotrophic factor secreted by skeletal muscles. In CTF1-
deficient (CTF1 ") mice, motor neuron death was significantly increased in the spinal
cord and brainstem between embryonic day 14 (E14) and the first postnatal week.
However, no additional motor neuron loss was observed in the postnatal period.
(Oppenheim et al., 2001) It is also found that in IGR-mediated (ionotropic glutamate
receptors) cell death, CTF1 acts as a neurotrophic factor to support survival of motor
neurons at a basal level, but not against ecotoxicity. (Fryer et al., 2000) Various mouse
models have been established to examine CTF1 regulation of motor neuron survival
during embryonic development. Using these models, it has been discovered that fewer
astrocytes were found in the cortex of CTF1 ”~ neonatal mice. That means newly born
neurons produce CTF1, which instructs multipotent cortical precursors to generate
astrocytes, thereby ensuring that gliogenesis does not occur until complete
neurogenesis. In double knock-out LIFR and CTF1 mice models, the development of
PSNs (preganglionic sympathetic neurons) and their effects on the adrenal medulla were
investigated. In LIFR 7-and CTF1 7~ mice, the number of PSNs decreased by
approximately 20%. This loss was more pronounced in PSNs projecting to the adrenal

medulla, reaching 55%. (Oberle et al., 2006)

1.5 Protective role of Cardiotrophin-1

1.5.1 In cardiomyocytes

The survival of cardiac muscle cells is essential for preserving the heart's normal

condition and cardiac development. The survival of cardiac muscle cells is vital to
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preserving the heart's normal condition and cardiac development. Since adult cardiac
muscle cells are terminally differentiated, they can no longer proliferate. Unlike skeletal
muscle, the myocardium lacks satellite heart muscle cells, and irreparable heart damage
causes scarring and ultimately declines overall cardiac function. The adult myocardium
initiates an adaptive hypertrophic response to mechanical stimuli and hemodynamic
stress. This response is typified by an increase in myocardial cell size without a
corresponding rise in myocyte number. CTF1 is a well-known hypertrophic inducer
protein highly expressed in both human and mouse heart tissue. In the literature, it has
been stated that CTF1 has an anti-apoptotic effect both in adult and neonatal rat
cardiomyocytes. Anti-apoptotic effect of CTF1 occurs via p44/p42 MAPK signalling
pathway. (Latchman, 1999) When MEK inhibitor is used, the protective effect of CTF1
in myocardial cells is diminished. Additionally, CTF1 activates STAT3 via JAK/STAT
pathway, but the protective role of CTF1 is mediated through the p44/p42 MAPK
pathway, not the JAK/STAT pathway. (Sheng et al., 1997) Moreover, CTF1 also
increases phosphorylation of AKT, which eventually activates the PI3K signalling
pathway, increasing the activation of the pro-apoptotic factor BAD. The application of
PI3K inhibitor LY2940042 and Wortmannin reduced these effects. (Kuwahara et al.,
2000) these results suggest that CTF1 promotes cell survival via PI3K and p44/p42
MAPK pathway. Furthermore, CTF1 increases heat-shock protein 70 (hsp70) and heat
shock 90 (hsp90) expression in neonatal cardiomyocytes for protecting cells from stress
(Stephanou et al., 1998). Still, this increase is not at the mRNA or RNA synthesis level,
perhaps due to post-transcriptional modifications. (Railson et al., 2001) In disease
models, CTF1 has a cardiomyocyte protective role in both in vivo and in vitro ischemia
models. The cardiomyocyte protective role of CTF1 was inhibited by MAPK inhibitor
in both conditions: ischemia/reoxygenation application, then CTF1 treatment or
ischemia/reoxygenation application after CTF1 treatment. (B. Brar, 2001; Liao, 2002)
CTF1 also activates PI3K, p44/p42 MAPK pathway under ischemia conditions,
decreasing apoptosis or total cell death. (B. K. Brar et al., 2001; N. Lopez et al., 2005)
In another disease model, which is the myocardial infarction model, it has been
observed that CTF1 increases left ventricular pressure and arterial pressure and
decreases left ventricular end-diastolic pressure. Also, CTF1 treatment inhibited pro-
apoptotic proteins p53, Fas, Bax and increased the expression of Bcl2. (Yin et al., 2004)
In Valsatran and Spironolactone treatment, commonly used drugs to treat heart failure,

CTF1 protein and mRNA levels are decreased in hypertrophy conditions. (Al-Mazroua
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et al., 2013) Additionally, in hypertrophy conditions, CTF1 increases the expression of
the GATA4 mRNA and binds to the cardiomyocytes. ERK1/2 negatively regulates this
expression. (He-nan et al., 2009) In hypoxia conditions, CTF1 levels are elevated both
in vivo and in vitro, and this increase occurs when HIF-1a transcription factor binds to
the CTF1 promoter site. (Robador et al., 2011)

1.5.2 Hepatocytes
The survival of hepatocytes is essential for continuing the liver’s normal function and
resistance against liver damage. One of the pro-survival molecules for hepatocyte
survival is CFT1. CTF1 is highly expressed in the liver and increases liver regeneration
via suppressing apoptosis by inhibiting caspase 3, activating phosphorylation of
STAT3, ERK1/2 and AKT during serum starvation and TGF-f treatment. The survival
rate of rats after subtotal hepatectomy increased 54% when CTF1 was applied as a
treatment. (Bustos et al., 2003) Another group of hepatocyte protective molecules are
prostaglandins. Prostaglandins protect hepatocytes by increasing the expression of
COX2. The rats that received partial hepatectomy and were given COX2 inhibitor NS-
398 treatment had downregulation of CTF1 and COX1 levels. After treating
hepatocytes with CTF1 and COX2 inhibitor, the expression of COX1, VEGF and
prostaglandin was restored to the basal level. Notably, giving CTF1 treatment to the
primary hepatocytes isolated from rats receiving partial hepatectomy increased the
expression of COX1, COX2 and VEGF. (Beraza et al., 2005) When a double dose of
CTF1 was applied to the rats that underwent hepatectomy again with different
techniques, liver functions were increased, enlarged the volume of liver remnant,
upregulated the expression of von Willebrand factor and increased the number of BrdU"
or Ki-67" hepatocytes. Application of CTF1 increased expression of CTF1 nuclear
factor-kB (p65), CyclinD1, VEGF, p42/p44 in remnant liver and diseased hepatocytes;
however, these effects of CTF1 were blocked by VEGF inhibitor PTK787. (Yang et al.,
2008) Hypoxia/reoxygenation (H/R) is one of the stress conditions that induces
apoptosis and an increase in reactive oxygen species (ROS) also in the liver. After
creating an H/R in vitro model of the primary hepatocytes, CTF1 was applied. CTF1
increased activation of STAT3, which induced Manganese Superoxide Dismutase (Mn-
SOD) levels at the mRNA and protein levels. (Terui et al., 2004) After extended
ischemia, blood flow is restored, which results in ischemia-reperfusion (I/R) liver
injury. Through unclear processes, ischemic preconditioning [IP], a temporary

disruption of blood flow, develops tolerance to later persistent ischemia. It has been
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discovered that CTF1-null mice are more sensitive to the I/R liver injury. IP decreased
transaminase levels significantly and stopped the activation of caspase-3 and c-Jun—
NH2-terminal kinase during I/R in normal mice, but not in CTF1-null mice. After
CTF1 neutralizing antibody application, the protective effect of IP reduced. Oxidative
stress is an important mechanism for IP-induced hepatocyte protection. This mechanism
induces CTF1 release from hepatocytes. CTF1 null animals failed to activate STAT3
and provoked marked hypertransaminasemia. (Ifiiguez et al., 2006) Another liver injury
model was constructed using D-galactosamine in rats to create a fulminant hepatic
failure model. In these studies, it has been found that CTF1 treatment increased survival
of hepatic rats at 12 and 18th hours. CTF1 treatment decreased shortening of activated
clotting time, reduced bilirubin and alanine aminotransferase (ALT) levels in serum.
Additionally, CTF1 treatment decreased apoptotic cells through reduced caspase 3,
DNA fragmentation and calpain activity but increased p-STAT3, AKT, Ki-67" and
calpastatin activity, a calpain inhibitor. Besides, CTF1 treatment increased gp130,
CyclinD1 and hsp90 levels. (Herencia et al., 2015; Ho, 2006) Moreover, the genetically
engineered endothelial progenitor cells that overexpress CTF1 enhance hepatocyte
protection against lethal fulminant hepatitis liver injury. (Fernandez-Ruiz et al., 2011)
Furthermore, the study indicates that CTF1-/- mice died faster when Fas agonist Jo-2
was applied at a lethal dose. At sub-lethal doses, CTF1-/- mice had extensive hepatocyte
apoptosis and 50% death occurred within the first 24 hours. CTF1-/- and wild-type mice
liver transcriptome analysis revealed that 9 genes are associated with cell survival and
death. Four of them are downregulated at CTF1-/- mice, which are IGFBP1,
Peroxiredoxin3, TNFR1 and calpastatin. Treatment of CTF1”~ mice with the calpain
inhibitor MDL28170 protected against Fas-induced liver injury. (Marques et al., 2007)
Lastly, CTF1 levels are increased at the mRNA and protein levels in biopsies from
patients with pediatric cholestatic liver disease (PCLD). CTF1 is expressed
predominantly in biliary epithelial cells. According to in vitro research, LX-2 cells
preconditioned with CTF1 showed significant increases in extracellular matrix
component formation and proliferation and positive regulation of the STAT3 and
p38MAPK pathways. (Hua et al., 2015) In conclusion, CTF1 has a hepatoprotective
effect and can be used as a potential therapeutic agent against several liver diseases.

In neurons:

LIF and CNTF, the two members of the IL6 family cytokines, are well-known trophic

factors that have a role in the survival of motor neurons. CTF1 is closely related to
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CNTF and has a role in not just cardiomyocyte or hepatocyte, but also motor neuron
survival. CTF1 is highly expressed in embryonic limb buds and differentially in
myotubes. In vitro studies revealed that CTF1 treatment prolonged the 43% survival
time of primer E14 neonatal rat motor neurons for 2 weeks. In vivo studies established
that CTF1 protect neonatal sciatic motor neurons against the axotomy effect. (Pennica,
Arce, et al., 1996) For central motor neuron survival, synergistic expression of multiple
neurotrophic factors is required, but the secretion of numerous neurotrophins must
occur with different cell types. GNDF (Glial cell line-derived neurotrophic factor) and
CTF1 are needed for synergistic secretion. gndf mRNA transcripts mainly in Schwann
cell lines; conversely, myoblasts express CTF1 mRNA principally. GDNF neutralising
antibody reduced the trophic activity of Schwann cells by 75%, while CTF1 antibody
reduced myotube-directed activity by 46%. CTF1 and GNDF together increase
motorneuron survival in in vitro studies. (Arce et al., 1998) For the motor neuron
survival process, LIFR is also needed. (Arce et al., 1999) Adenoviral delivery of CTF1
to newborn progressive motor neuropathy (pmn) model mice, sustained expression
observed in muscle and bloodstream of the animal. Moreover, more prolonged survival
and improved motor functions were observed. CTF1-treated pmn mice exhibited less
degradation of facial motorneuron cytoskeletons and phrenic nerve myelinated axons.
The terminal innervation of skeletal muscle, which was severely disrupted in untreated
pmn mice, was almost entirely intact in CTF1-treated pmn animals. (Bordet et al., 1999)
In the chick embryo oculomotor system, it was demonstrated in vivo that CTF1 and
IGF-I caused neurite outgrowth and retrograde transport from muscle to nerve. It was
also observed that injection of CTF1 or IGF-I into the eye muscles increased motor
neuron survival by 20-30%. (Rind & Von Bartheld, 2002) However, CTF1 mRNA
levels didn’t change significantly before or after crush and transfection injury in adult
peripheral neurons. (Ito et al., 2000) Additionally, CTF1 couldn’t protect adult motor
neurons after facial nerve avulsion. (Sakamoto et al., 2003) In the literature, it has been
stated that the effect of CTF1 may be related to axonal transport from other sources
(e.g., muscle) rather than local production of its mRNA in the distal nerve, and CTF1
can be transported to the nerve retrogradely. (Rind & Von Bartheld, 2002) Also, in the
literature, many studies indicate that CTF1 supports motor neuron survival, but in CTF1
KO mice,, there is no significant result in neuron degeneration. (Oppenheim et al.,
2001) Furthermore, CTF1 receptor component gp130, a critical element for CTF1 signal

transduction, is downregulated in adult mice. This means that CTF1 doesn’t support
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adult motor neuron survival. (Sakamoto et al., 2003) Although few studies indicate that
in spinal cord injury to adult rats and huCTF1 treated adenovirally from C3-4 lateral
funiculus hemisection cavity, CTF1 expression was sustained and increased the survival
of neurons by 20%. It provided regeneration of 1.2% of rubrospinal neurons.
Behavioural tests showed recovery in limb usage. (Zhang et al., 2003) In addition,
preconditioning with moderate oxidative stress can help photoreceptors deal with more
lethal doses of oxidative stress and induce retina tissue changes like ischemic
preconditioning in heart tissue. It has been discovered that CTF1 and p-STAT3
expression increase with other IL-6 family cytokines when using bright light for a
moderate oxidative stress model. When LIFR inhibitor (LIF05) is applied, these effects
are diminished. These results indicate that this mechanism depends on LIFR. (Chollangi
et al., 2009)

1.5.3 In the renal system
Many studies explain CTF1’s role in myofibroblasts, hepatocytes, and motor neurons
and it has a protective factor on these cell types related diseases. There are also a few
studies about CTF1’s role in renal system-related diseases. CTF1 treatment on Wistar
rats didn’t change serum creatinine level. Still, it increased urinary, neutrophil
gelatinase-associated lipocalin (NGAL) or microalbuminuria/creatinineuria ratio,
common biomarkers for detecting chronic kidney disease (CKD). (Lopez-Andrés et al.
2012) CKD is a severe condition that eventually leads to irreversible kidney damage.
CKD is usually associated with cardiac apoptosis or cardiac hypertrophy. In the
doxorubicin-induced CKD model, rats were challenged with 60 60-minute running or
60 60-minute swimming session. In the end, in healthy groups CTF1, IL6, LIFR and
gp130 was upregulated but JAK and STAT were downregulated. In contrast, CTF1, IL6
and gp130 in exercised challenged groups were downregulated, but JAK and STAT
were downregulated interestingly. These results indicate that exercise saved CKD by
decreasing cardiac hypertrophy through the CTF1 activation of the STAT3 pathway.
(Chen et al., 2014) It is also known that CKD is characterised by tubulointerstitial
fibrosis, which involves inflammation, fibroblast proliferation, extracellular matrix
accumulation, and tubular apoptosis. Unilateral ureteral obstruction induced a
tubulointerstitial fibrosis model applied in CTF17" rats. In the early stage, it has been
observed that high inflammation markers (IL-1p, Cd68, ICAM-1, COX-2 and iNOs),
high NF-«kB activation, high myofibroblasts, increased apoptosis and high tubular

damage. In the late stage, it has been seen that high fibrosis is present in the kidneys.
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CTF1 treatment at CTF17" fibrosis model rats and CTF1*"* fibrosis model rats decreases
fibrosis levels. In vitro studies revealed that primary renal myofibroblasts have higher
Collagen 1, fibronectin and NF-kB activation. (Perretta-Tejedor et al., 2019) CKD
patients with LVH have higher CTF1 levels when compared to the non-LVH CKD
patients additionally. (Cottone et al., 2007) Moreover, CTF1 has a protective role in
chronic kidney disease and acute kidney injury (AKI). In the the gentamycin-induced
AKI model, CTF1 treatment reduced kidney damage markers (NAG, NGAL, KIM-1, t-
gelsolin, CD68, iNOS, TNF-a, IL6, plasma creatinine level) and increased creatinine
clearance. Furthermore, for renal transplantation, ischaemia/ reperfusion is a significant
problem. In IRI-induced rats with CTF1 treatment, rats have a prolonged survival rate,
prevented IRI-induced glomerular filtration rate, reduced oxygen-radical production,
neutrophil and macrophage infiltration, expression of adhesion molecules and plasma
levels of proinflammatory cytokines (TNF-a, IL-1a, IFN-y). Inducible nitric oxide
synthase expression, NF-kB activation, and apoptosis were reduced. (Garcia-Cenador et
al., 2013) Also, one of the significant problems among ischemia injuries is cold
ischemia reperfusion injury (CIRI). CTF1 administration in CIRI modelled rats reduced
the oxidative stress markers (superoxide anion and inducible nitric oxide synthase),
inflammation markers (NF-xB and tumor necrosis factor-a), and vascular damage
(vascular cell adhesion molecule-1), renal damage markers, activated LIFR and STAT3,
increased renal functions and improved overall animal survival. (Garcia-Cenador et al.,
2018) Lastly, CTF1 has a protective role in contrast-induced nephropathy (CIN). CIN
usually occurs when there is a contrast media toxicity, which generally leads to longer
hospitalisation time, higher cardiovascular disease, dialysis necessitates and high
mortality rate. CTF1 treatment in CIN rats resulted in almost complete prevention of
renal tissue damage with decreased expression of tissue damage markers (NAG, NGAL,
KIM-1), reduced caspase 3 and oxidative stress levels and increased expression of cell
proliferation. (Quiros et al., 2013)

1.6 CTF1s role in adipocyte development
In vitro studies indicate that CTF1 treatment at 3T3-L1 adipocytes activates STATI,
STAT3, STATSA, STATSB and ERK /2 signaling pathways, resulting in translocation
to the nucleus. CTF1 expression in adipocytes increases progressively along
differentiation from pre-adipocytes to adipocytes (Natal et al. 2008), but CTF1 is not
involved in adipocyte differentiation. In acute CTF1 application, an increase in SOCS-3

mRNA in adipocytes and a decrease in PPAR mRNA, which temporarily binds to
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STATI, were observed. The effect of CTF1 on SOCS-3 and PPAR mRNA is
independent of the MAPK signalling pathway. Moreover, CTF1 expression in white
adipose tissue directly involves PPARa and PPARY. (Carneros et al., 2020) Although
chronic CTF1 application showed that fatty acid synthesis and insulin substrate receptor
1 (ISR1) protein levels decreased in adipocytes, other proteins were unaffected. In
addition, when insulin-dependent glucose uptake was examined, it was found that
adipocytes developed insulin resistance. (Zvonic et al., 2004) Another study points out
that LIF and CTF1 treatment of the 3T3-L1 adipocytes increased SOCS3 expression but
didn’t affect the IRS-1 degradation. (He & Stephens, 2006) Furthermore, CTF1 pre-
treatment affects blocking other IL-6 family member cytokines, even itself, in 3T3-L1
adipocytes. This inhibition effect was measured with STAT3, ERK1/2 activation and
SOCS3 mRNA induction. Moreover, this inhibiting cross-talk dependent on degradation
of LIFR. CTF1 pre-treatment on 3T3-L1 cells resulted in LIFR degradation; this
degradation is proteosome- and lysosome-dependent. When lysosome inhibitors
(leupeptin and chloroquine) were used, both basal and CTF-1-induced LIFR
degradation was found to be blocked. LIF-induced SOCS3 mRNA levels are also
decreased. (Zvonic et al., 2005) Moreover, some studies reveal CTF1’s role in diabetes,
obesity and other metabolic diseases. CTF1 KO mice developed obesity, insulin
resistance, and higher cholesterol levels despite reducing calorie intake. Acute CTF1
administration reduced glucose uptake in muscles in an insulin-independent manner and
resulted in AKT phosphorylation. These changes are associated with fatty acid
synthesis, which were not observed in AMPKa2 mice, proving that these changes are
also AMPK dependent. In chronic CTF1 treatment, it has been perceived that increased
energy expense, increased expression of lipolysis genes, fatty acid oxidation, increased
mitochondrial biogenesis, reduced body weight and corrected insulin resistance.
(Moreno-Aliaga et al., 2011) CTF1 treatment on 3T3-L1 adipocytes also increased
glycerol secretion, increased cAMP levels, protein kinase (PK)A-mediated
phosphorylation of perilipin and hormone-sensitive lipase (HSL) at Ser660. Knockdown
of PK and HSL also resulted in a decrease in the CTF1-mediated lipolysis activity.
Acute CTF1 administration to the obese mice also increased PK A-associated peripilin
phosphorylation and adipose triglyceride lipase. These results demonstrate that CTF1
can affect the main lipase activity in vivo and in vitro, having an anti-obesity effect.
(Lopez-Yoldi et al., 2014) Additionally, CTF1 protected MIN6B1 pancreatic beta cells

and murine islets against apoptosis stimulated by serum deprivation. CTF1 also
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increases insulin secretion stimulated by glucose in MIN6B1, and a phospholipase C
inhibitor inhibits insulin secretion. CTF1 KO mice are more likely to develop diabetes,
and their glucose tolerance test results in impaired glucose clearance. (Jiménez-
Gonzalez et al., 2013) Moreover, CTF1 administration decreased the expression of
leptin, resistin and visfatin in 3T3-L1 adipocytes. Still, it increased the mRNA and
protein expression of apelin, but apelin expression decreased when a PI3K inhibitor was
applied. These results show that apelin production can mediate this pathway. CTF1
administration to the obese mice significantly downregulated leptin and resistin but
didn’t modify the apelin or visfatin production in adipose tissue at mRNA or protein
level. (Lopez-Yoldi et al., 2017) In addition, in vivo and in vitro studies imply that
CTF1 treatment at everted intestinal rings in both long- and short-term treatments, o-
Methyl-D-glucoside levels are significantly decreased, paralleled with a significant
decrease of SGLT-1 protein expression. CTF1 enhanced the expression of
phosphorylated STAT3 and STATS but decreased the expression of AMPK. JAK/STAT
inhibitor and AMPK activator reversed these effects. They corrected a-Methyl-D-
glucoside uptake and SGLT-1 levels (Lopez-Yoldi et al., 2016). In obese insulin-
resistant mice treated with pterostilbene for glycaemic control and different doses,
GLUT4 expression, AKT expression and CTF1 expression also increased in the higher
dose group (Gomez-Zorita et al., 2015). Moreover, CTF1 has intriguing involvement in
the relationship between Type 2 diabetes and neuromuscular disorders (Rende et al.,
2013), and human SNP rs8046707 has been discovered to be associated with insulin
sensitivity. (Lutz et al., 2014) It has been found that the patients who have impaired
glucose tolerance (IGT) and newly diagnosed diabetes (NDD) have higher CTF1 levels,
along with higher CTF1 levels in non-obese NDD patients compared with obese NDD
patients. IGT and NDD are positively associated with obesity, which is negatively
associated with CTF1. (Hung et al., 2013) It was also discovered that in the Chinese
population, subjects who are obese or overweight have significantly lower CTF1 levels.
(Hung et al., 2015) CTF1 mRNA expression have higher levels in subcutaneous
abdominal (scABD) than femoral (scFEM) depot in obese individuals. scFEM CTF1
expression negatively correlated with visceral adiposity and intrahepatic lipid but
positively correlated with insulin sensitivity in obese women.(Stephens et al., 2019) On
the other hand, a study suggests that CTF1 is not associated with obesity (body mass
index or waist circumference level). (Jung et al., 2008) Some studies also imply the

importance of CTF1 in metabolic diseases. Metabolic syndrome (MS) presents at least
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three of the following five medical conditions: abdominal obesity, high blood pressure,
high blood sugar, elevated serum triglycerides, and low serum high-density lipoprotein.
(Rh et al., 2024) Therefore, serum CTF]1 levels of the MS patients are much higher than
those of the control group, as well as those of patients who have hyperglycemia and
obesity.(Natal et al., 2008) Additionally, obese children who underwent a 10-week
weight loss program had higher CTF1 levels compared to the children who had lost less
weight at the end of the weight loss program. CTF1 levels are associated with reduced
cholesterol levels and the development of metabolic syndrome. (Rendo-Urteaga et al.,
2013) Lastly, not only were serum FFA levels of fasting CTF1 KO mice significantly
lower than those of controls, but also HSL phosphorylation in the adipose tissue of
CTF1 KO mice was significantly reduced in fasting model animals. (Carneros et al.,
2020) Moreover, in the cohort of women with PCOS, the groups were separated
according to whether they had metabolic syndrome (MetS+) or did not have metabolic
syndrome (MetS-). The women who are MetS+ are waist-hip ratio (WHR), systolic and
diastolic blood pressure, triglyceride, total cholesterol, insulin resistance (HOMA-IR),
free androgen index (FAI), Ferriman-Gallwey scores (FGS, hirsutism measurement) and
CT-1 levels were found to be higher. In contrast, HDL cholesterol levels were found to
be lower. CTF1 levels were positively correlated with diastolic blood pressure,
triglyceride level and FGS (hirsutism degree). In women with PCOS, CTF1 levels are
elevated in the presence of metabolic syndrome. CTF1 is linked to metabolic disorders

and clinical symptoms (hypertension, dyslipidemia, hirsutism).

Therefore, CTF1 may be a novel metabolic biomarker and could be used to predict
long-term health risks (e.g., cardiovascular disease, metabolic syndrome) in women
with PCOS. (Anik Ilhan et al., 2018) These results explain that CTF1 has a role in

cellular energy status and is associated with metabolic disorders.

CTF1 and cancer

Even though cytokines' involvement in cancer development and tumorigenesis is well
established, CTF1's role in cancer is not illuminated. Several gene expression and
bioinformatic analyses discovered that CTF1 is a differentially expressed gene in many
types of cancer. TCGA and GTEx database analyses revealed that CTF1 expression
increased in GBM and decreased in colon adenocarcinoma. (Cai et al., 2025) They

analysed GBM data further and discovered that high levels of CTF1 are associated with
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worse prognosis. Additionally, they silenced CTF1 using RNAi1 and saw loss of CTF1
expression resulted with suppressed proliferation and induced apoptosis in GBM cell
lines. (Cai et al., 2025) CTF1 levels are also significantly associated with high-grade
glioma, drug response and immune filtration in TCGA and GTEXx data sets. (He et
al.,2024 kaynakea!) Also, in Hepatocellular carcinoma CTF1 is a differentially
expressed gene by methylation regulation. When CTF1 is hypermetilated, it is
negatively associated with overall survival of HCC patients. In addition 353 HCC
patients divided as low and high according to methylation status, gender, T stage of the
tumor is significantly correlated. (Liang et al., 2021) In patients with gastroentero-
pancratic and bronchial neuroendocrine tumors, serum CTF1 levels were significantly
decreased compared to healthy individuals. These results support CTF1's capacity as a
biomarker in cancer.

Non-coding RNAs, miRNA, and IncRNA have been excessively studied in cancer
before, but the role in these mechanisms remains uncovered. In the literature, ccRNA
network analysis in lung adenocarcinoma, it is discovered that CTF1 is one of the
prognostic markers for lung adenocarcinoma. (Gao & Zhang, 2021) A similar study was
conducted in gastric cancer, still CTF1 was in the top five mRNAs, which has good
prediction and diagnostic capacity. (Ding et al., 2022) When fluorouracil-resistant or
sensitive cell lines and patients who have received fluorouracil-based chemotherapeutic
treatment, or not combined with BTN3A3, were investigated, CTF1 was reported as a
differentially expressed gene. It explained that CTF1 has a prognostic value to predict
the survival of gastric cancer patients with chemotherapy based on fluorouracil. (Pan et
al., 2019) In addition, CTF1 is not only associated with prognostic and diagnostic
biomarker capacity, but also has a role in different stages of cancer; cancer stemness,
cancer cell signalling, migration, invasion, cell proliferation, metastasis and drug
resistance. Human mammary epithelial cells (HMEC) were treated with OSM. They
activated the STAT3/SMAD3 pathway while undergoing EMT and generated Cancer
Stem Cells (CSCs). Parallel to OSM, CTF1 increased the cancer stem cell population in
the same experiment setup. (Junk et al., 2017) Furthermore, CTF1 induced ovarian
cancer cell proliferation in a dose-dependent manner and induced cell proliferation in
many of the Ewing sarcoma cell lines that they used. (Scoles et al., 2010) In 2023,
Akkog et al. published that for the first time, CTF1 is derived from breast cancer cells
and it is potent regulator of autophagy in fibroblasts leads to CAF differentiation. They

provide evidence that CTF1 regulates autophagy dependent cancer cell migration and
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invasion. This evidence is supported by patient-derived breast tumour samples. In these
samples, it has been discovered that CTF1 expression significantly correlated with
lymph node metastasis. (Akkoc et al., 2023) In another study, breast cancer patient
cohort who had neo-adjuvant chemotherapy divided groups as sensitive and resistant.
Among other genes, CTF1 is a downregulated gene in the resistant and lower overall
survival group. (Barron-Gallardo et al., 2022) In ovarian cancer, it has been found that
CTF1 is increased with oxidised LDL treatment, and this effect is reversed by nuclear
liver X receptor (LXR) agonist in ovarian cancer cell lines (SKOV3 and CAOV3).
(Scoles et al., 2010)

Lastly, CTF1's role in immunity and inflammation has been studied from various
perspectives. CTF1 is associated with secreting acute-phase proteins. For example,
CTF1-treated hepatocytes secrete acute-phase proteins in a dose-dependent manner.
(Richards et al., 1996) Treating mice with ulcerative colitis using CTF1 prevented colon
deterioration and decreased both systemic and colonic levels of tumor necrosis factor o
(TNF-a). At the same time, CTF1 null mice exhibited more severe colon damage and
ulcerative colitis compared to wild-type mice. (Prieto-Vicente et al., 2018) These
studies indicated that CTF1 could have both pro-inflammatory and anti-inflammatory
roles depending on the context. It was linked to T and NK cell-mediated tumor
immunity in the colorectal cancer tumor engraftment model. The authors demonstrated
that colorectal carcinoma cells formed tumors when injected subcutaneously into wild-
type mice. However, the same cells did not develop tumors when engrafted into the
liver of Ctf1 null mice. Reducing CTF1 levels through systemic neutralizing antibody
administration mimics the phenotype seen in Ctfl null mice within wild-type animals.
Additionally, similar resistance was not observed when other cancer cells, such as
pancreatic carcinoma and melanoma, were engrafted, indicating a colorectal cancer-
specific response in liver engraftment. Notably, the cytotoxic effect of liver
lymphocytes from a CTF1 null animal was comparable to that from a wild-type animal,
supporting the idea that both local and systemic CTF1 effects contribute to cancer
immunity. (Bustos et al., 2012)
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data, CTF1 correlates with different cancer survival types and can be used as a

1.7 CTF1 and tumor microenvironment

Macroautophagy, also known as autophagy, is a cellular stress response
mechanism that has been conserved throughout evolution. Autophagy is a double-edged
sword in cancer. Moreover, autophagy induction in tumor stroma supports tumor
microenvironment. In TME, cancer cells and fibroblasts both have high levels of
autophagy. Akkog et al. discovered that CTF1 activates autophagy in fibroblasts and
CAFs. It has been stated that STAT3 is phosphorylated and translocated into the nuclei
by CTF1; in this way, transcriptional activation of essential autophagy proteins starts.
AMPK and ULK1 were activated after CTF1 treatment. When CTF1 is applied to the
fibroblast cells, they activate, produce more stress fibers, and accumulate ACTA2/o-
SMA. Moreover, a relationship is discovered in breast cancer tumors between CTFI
expression. In breast cancer patients with lymph node metastasis, CTF1 expression is
elevated. Although the cancer cells themselves do not express gp130 and LIFR — which
are key for CTF1 signalling — fibroblasts and CAFs do have CTF1 receptors on their
surfaces. This leads to a one-way interaction driven by CTF1. Additionally, when CTF1
activates fibroblasts, it further promotes tumor growth by triggering the secretion of
signalling molecules and inducing autophagy. This mechanism establishes a positive

feedback loop, akin to other cytokines within the same family.(Akkoc et al., 2023)
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2 Antibodies

Antibodies are also known as immunoglobulins (Ig). The immune system uses large, Y-
shaped antibodies to identify and neutralise antigens from viruses, bacteria, or disease-
causing organisms. Each antibody recognizes one or more specific antigens. The term
antigen means “antibody generator,” so the presence of an antigen causes the formation
of an antigen-specific antibody. Each Y-shaped antibody chain contains paratopes that
bind specifically to the antigen paratope. They can identify non-self-molecules or
pathogens, leading to their destruction or removal. For example, antibody binding
inactivates viruses and microbial toxins (neutralization) by preventing them from
binding to host cell receptors.(Chiu et al., 2019) They also tag invading pathogens for
destruction (opsonization), primarily by making it easier for phagocytic cells of the
innate immune system to ingest them. Antibodies can be attached to the surface of an
immune cell, like in a B cell receptor, or they can be secreted freely into the
extracellular space. (Daéron, 1997) Usually, the term 'antibody' refers to the secreted
form, while 'immunoglobulin’ can describe both the surface-bound and free forms. (Yu
& Lieber, 2019) Moreover, artificial antibodies can be designed and produced in vitro
conditions and used for therapeutic or diagnostic approaches—for example, specific
monoclonal antibodies produced using the hybridoma technique developed by Koéhler
and Milstein in 1975. Since then, antibody-based drugs have played a massive role in

cancer and other disease diagnostics and treatments. (Leavy, 2016)
2.1 Antibody structure

Antibodies are heavy, approximately 150 kDa proteins about 10 nm in size. They have
three globular regions that form a Y shape. In humans and most other mammals, an
antibody contains four polypeptide chains: two identical light chains and two identical
heavy chains. Disulfide bonds link these chains. Each chain also contains domains; the
light chain has one variable domain (VL) and one constant domain (CL), while the heavy
chain contains one variable domain (Vu) and three to four constant domains (Cul,
Ch2).(Chiu et al., 2019) There are two antibody light chains in mammals: lambda (1)
and kappa (k). Kappa and lambda light chain ratios differ among species. In humans,
the kappa/lambda ratio is 60:40, but in mice, it's 95:5. (Popov et al., 1999) It is a known
fact that there 1s no functional difference between these two chains, but many articles

suggest that in multiple myeloma, cancer cells produce more free light chains than
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control group and associated with lower overall survival. Free light chain amount can be
biomarker in some diseases. (Singh & Xu, 2021) Different types of light chains, such as
iota (1), are found in other vertebrates like sharks (Chondrichthyes) or bony fishes.
(Teleostei). (Lefranc & Lefranc, 2022)

As a structure, an antibody also includes two antigen-binding fragments, the Fab region.
Fab region contains one VL, VH, CL and CH1 domain. The subregion of the Fab
region, which includes variable domains, is essential specifically for antigen binding.
Each variable domain includes three hypervariable regions containing amino acids that
cause antibody variability. When the antibody protein folds, these regions lead to three
B-strand loops. These loops are often referred to as complementary determining regions
(CDRs). Four relatively conserved sequences called framework regions (FR1-FR4)
exist between each CDR. These regions help maintain the three-dimensional structure
of the V-domains. The three CDRs of each VH and VL chain form loop structures
resembling fingers extending from the variable domain. These three heavy and light
chains loops come together to create an antigen-binding site. Variations in the
sequences of the CDRs among different antibodies lead to unique interaction surfaces,

which determine the specificities of each antibody.

The antibody's Fc region (crystallizable fragment) contains constant domains of the
heavy chains. It regulates immune cell activity. Effector molecules bind to this region
and trigger many effects after the antigen binds to the Fab region of the antibody. The
Fc region also selects and distributes different antibody classes. (Chiu et al., 2019)

2.2 Antibody diversity

In 1970, Kabat and Wu gave the first real view of antibody diversity. They assembled
existing amino acid sequences of Ig chains and analysed the variability of 77 light
chains. Discovered that the number of evolutionarily conserved light chain residues in
mice differs from that in humans. Additionally, they created a metric for variability at
each amino acid residue position (Variability = number of different amino acids at the
position/frequency of the most common amino acid at the position). Later, they applied
this variability across 207 light chain variable region residues. They discovered that
residues 24-34, 89-97, and 50-56 are essential for the light chain diversity. Moreover,
Kabat and Wu also suggested that CDRs are encoded by small DNA sequences called
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episomes. An extensive repertoire of episomes exists for each CDR. (T. T. Wu & Kabat,

1970)

Many mechanisms cause antibody diversity in mammals. Before and after antigen
stimulation, two steps result in immense antigen diversity. Multiple germ-line gene
segments and combinatorial V-(D)-J joining are the first causes of diversity. In germ-
line, numerous copies of variable (V), diversity (D), and joining (J) gene segments are
encoded for immunoglobulin proteins, known as V, D, and J segments, respectively. In
humans, there are 134 VH, 13 DH, 4 JH, 85 Vk, 4 Jk, 2 VA, and 3 JA gene segments.
The random rearrangement of V, D, and J segments for heavy chains and V and J for
light chains initially generates the antibody variable region diversity. VDJ
recombination is the genetic rearrangement mechanism that acts in B or T cells to create
more diverse antibodies, with the random joining of two gene fragments and adding or
deleting new nucleotides. Random V, D and J genes are joined to create an antibody
gene during this mechanism. The same principles are applied in T cells while creating
unique T cell receptors. The light chain contains only V and J. Therefore, the possible
number of combinations between heavy and light chains is about 2.41 x 10%. P
nucleotide and non-templated (N) nucleotide addition also contains antibody diversity
via asymmetric cleavage of DNA hairpin forming at the coding joint, which is
subsequently repaired by recombination activation gene 1 and 2 (RAG1/2). Later,
recombinase fills a palindromic sequence or P nucleotides. In non-templated (N)-
nucleotide addition, N-nucleotides are added by terminal deoxynucleotidyl transferase
(TdT) activity to the coding joint again. Furthermore, Exonuclease trimming commonly
occurs at a heavy chain's V-D and D-J junctions, leading to the unintended loss of
coding joint nucleotides. Lastly, somatic hypermutation is the most essential mechanism
that leads to antibody diversity. This process occurs in the germinal centre after a
mature B cell is exposed to an antigen. During proliferation in response to the antigen,
the genes encoding the variable regions of the heavy and light chains undergo rapid
point mutations. Somatic hypermutation enhances the diversity of the antibody's
variable domains and can alter their affinity for the antigen. Only B cells with high-
affinity receptors are selected for survival. This process of producing antibodies with
improved binding strengths is known as affinity maturation. (Briney & Jr., 2013) The
actual combinatorial diversity is usually lower than what calculations suggest. These

calculations indicate that the human antibody repertoire can reach a diversity of 10'° -
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10'¥, which leads to the concept of an "infinite repertoire". This is biologically
impossible because not all V gene segments are used equally; some are common in
antibodies, while others are rare. Additionally, not every heavy chain can pair with
every light chain, as certain VH and VL combinations will not produce a stable
molecule. Suppose heavy and light chains fail to pair properly within cells. Further
light-chain gene rearrangement may occur until a compatible chain is formed, or the
molecules will be eliminated. Despite these limitations, it is generally believed that
most heavy and light chains can pair successfully, and this combinatorial diversity plays
a crucial role in creating an immunoglobulin repertoire with broad specificities.
Moreover, having a physical naive repertoire of 10> independent B cell clones in the
human body is unfeasible. This figure would surpass the total number of cells in the

body by 100 times and the circulating B cells by 1 million times. (Rees, 2020)
2.3 Recombinant Antibodies

Due to their production method, antibodies can be polyclonal, monoclonal or
recombinant. All of the antibody types have their advantages and disadvantages. In
1975, Kohler and Milstein established hybridoma technology and introduced the
concept of producing specific antibodies at a large scale in the laboratory. Since their
first production, monoclonal antibodies have played a massive role in treating cancer
and other diseases and in diagnosis. (Leavy, 2016) Monoclonal antibodies are specific
antibodies that can only be produced from a single B cell clone and are specific to only
one antigen epitope. An animal (usually a mouse) is immunised with a particular
antigen to produce monoclonal antibodies. After some time, the mouse spleen was
harvested and collected B cells. Later, B and myeloma cells fused with a fusion reaction
using PEG or electrofusion. Moreover, they selected a selection medium called HAT
(Hypoxanthine-Aminopterin-Thymidine). Only hybridomas can survive; B cells and
non-fused myeloma cells will die. Eventually, each clone will produce the same

antibody.
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Figure 2.3 Obtaining monoclonal antibody methods. (Istomina et al., 2024) Copyright ©
2024 Polina V. Istomina et al. This is an open access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution,

and reproduction in any medium, provided the original work is properly cited.

Monoclonal antibodies faced several disadvantages along the disease treatment
journey.(J. K. H. Liu, 2014) One of the disadvantages of monoclonal antibodies is the
human anti-mouse antibody (HAMA) across the monoclonal application in patients.
The creation of HAMA seriously limits the clinical applications of disease treatment. To
get over this limitation, monoclonal antibodies should be humanised. Additionally,
monoclonal antibody production is expensive, long and needs expertise. Additionally,
disadvantages include the instability of aneuploid cell lines, the inability to produce
human antibodies, the low efficiency of B lymphocyte fusion with myeloma cells, low
tissue penetration into the solid tumors, and the use of immunised experimental animals.
(Rodriguez-Nava et al., 2023) Because of these problems, researchers started to
investigate new recombinant antibody structures. These antibody structures include Fab
fragments, Fv fragments, scFv (single chain fragment variable), nanobodies or
diabodies. Compared to full-sized antibodies, these antibodies have better tumor tissue
penetration, more rapid blood clearance, reduced immunogenicity, and lower retention
times in non-target tissue. They are much cheaper and easier to produce than full-sized

antibodies. (Ahmad et al., 2012)



Table 1 Advantages and disadvantages of different antibody obtaining methods.

46

Techniqu Advantag Disadvant Immunoge Co
Source Time
e es ages nity st
Hybrdo Mouse Starts with High- Time- High. Hig Mont
ma B cells animal purity, consuming Needs a h hs
technol from immunisat specific and low humanisati
ogy spleen  ion, antibodies efficiency  on process.
and continues in cell
myelo  with B Theoretica fusion.
ma cell and lly, it can
cells myeloma  produce
cell fusion an
and ends  unlimited
with number of
hybdroma antibodies
cloning . Many
clinically
approved
drugs are
available.
Phage Antibo The Animal In the Low,itcan Lo Muc
display dy antibody  immunisat beginning, produce w h
fragme libraryis  ionis library fully faster
nts expressed optional.  preparation human
from on the Human and system antibodies.
human bacterioph antibodies is
or age can be expensive
animal. surface. produced. and long.
Using a CDR
biopannin  regions
g strategy  can be
to select redesigne

dto




47

target increase
antigen. affinity.
Fast
selection
steps.
B cell Human Single B Direct Equipment Very low Ver Fast
sorting blood cells are human is very becauseit y
or B isolated source, expensive  comes hig
cells using matched and from h
from FACSor VH-VL requires natural
lymph magnetic  antibodies expertise. = human B
oid beads. .Noneed Insome cells.
tissue  Gene for animal species, B-
amplifies  immunisat cell
with RT-  ion. It can markers
PCR— produce are not
clones very fast  available.
into the and highly
mammalia specific
n antibodies
expression
vector.

2.3 Single chain fragment variable (scFV)
2.3.1 Structure of scFv:

A scFV antibody contains one heavy (VH) and one light chain (VL), which are joined

with a flexible linker peptide. This antibody form can be expressed in functional form in

E. coli, which can be easily modified to improve the abilities of scFV, like increasing

solubility, affinity, or even specificity. The average molecular weight of the scFvs is 27

kDa.

The DNA linker's length is critical for the correct folding of the scFV. The peptide

linker should be approximately 3.5 nm (35 A) between the carboxy and amino termini
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of the antibody's light and heavy chain domains. Besides the length of the linker, amino
acid composition also plays a considerable role in successful scFVs. They must have a
hydrophilic sequence to avoid the intercalation of the linker sequence between light and
heavy chain domains through protein folding. (Argos, 1990) Currently, the most
common linker design contains Gly for flexibility and Ser for solubility (G4S)n. On the
other hand, there are other linker sequences that contain Gly and Lys to add more
solubility.(Huston et al., 1991) Some studies showed that if the linker is longer than 12
amino acid residues, it causes a sufficient distance between the heavy and light chain
domains. (Atwell et al., 1999) It should be considered that repeated sequences carry
problems in PCR experiments and are more likely to be immunogenic, also showing
less stability than non-repetitive linkers. (Arslan et al., 2022) Additionally, longer
linkers promote proteolysis of the domains. Ifit's shorter, it prevents physical annealing
of two antibody domains. This strategy is commonly used when creating multimers like

diabodies, tribodies, and bispecific antibodies. (Atwell et al., 1999)

’ /
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Antibody (IgG) structure Single Chain Variable Fragment (scFv)

Figure 2.4.1 Structure of classical antibody (IgG) and Single Chain Variable Fragment
(scFv). Created with BioRender.

Currently, there are three main scFv-based drug formats in the literature or clinical
trials: bispesific T cell engager (BiTE), dual-affinity re-targeting proteins (DARTSs), and
Tandem diabodies (TandAbs). (Mallender & Voss, 1994) BiTE molecules have been
commonly used in cancer immunotherapy to target T cells or re-target tumor-associated
cells in the tumor microenvironment. Structure is based on two scFV joined with a

linker, but these antibodies target two antigens. The short, flexible linker connecting the
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two scFvs allows the arms to rotate freely, essential for flexible engagement with target
receptors on two opposing cell membranes—such as a cytotoxic T-cell and a tumor
cell—and for triggering T-cell activation. One of the successful BiTE drugs is
blinatumomab (Blincyto, DrugBank entry DB09052). Blinatumomab contains anti-
CD19 scFV in the VL-VH orientation linked with a GGGGS linker. It is commonly
used in the clinic for treating B-cell precursor acute lymphoblastic leukaemia (ALL).
According to small size, blinatumomab reaches close site of the T-cell and targets cell
membrane but also cleans and eliminates rapidly in the patient body. Notably,
blinatumomab has some problems with aggregation and decreased protein stability.
(Klinger et al., 2012) Additionally, there are dual-affinity re-targeting proteins, which
are short for DARTs. DARTSs contain two Fv fragments again, with two unique antigen
binding sites formed when these Fv fragments heterodimerize. Specifically, Fv1 is
composed of a VH from antibody A and a VL from antibody B, whereas Fv2 includes a
VH from antibody B and a VL from antibody A. Unlike BiTE antibodies, which are
linked by a polypeptide chain, this combination enables DART to replicate the natural
interaction in an IgG molecule. (Holliger et al., 1993) Furthermore, there are also
Tandem antibodies (TandAbs). In Tandem antibody structure two binding sites for each
antigen is present to increase binding affinity. Furthermore, TandAbs molecular weight
is bigger (around 105 kDa) than other types: 55 kDa for BiTE, 50 kDa for DART. In
clinical trials, there are two TandAb format drug for testing: AFM13 (CD30 X CD16
for NK cell recruitment and AFM11 (CD19 X CD3) for T cell recruitment. (Reusch et
al., 2014) Finally, there are other scFV based drugs which is approved by FDA which is
stated in the table below.

Table 2 scFv-based drugs that are approved by the FDA.

Target Appro
Target Brand Referen
Drug name Format molecu ved
disease name ce
le year

Blincyto® Bispesif CD19  Philadelph Amgen Inc. Decem (Klinger

(Blinatumom ic and 1a ber et al.,
ab) CD3 chromoso 2014 2012)
me-
negative

relapsed
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or
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acute
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Beovu Humani VEGF-  Diabetic Novartis ~ October (FDA,20
(Brolucizum zed A macular 8,2019 22)

ab) scFv edema

Abecma CAR-T  Bcell Multiple Bristol March  (Researc

(Idecabtagen cell maturat myeloma Myers 26, h,
e vicleucel) ion Squibb 2021 2024b)
antigen
Tecartus CAR-T CDI19  Relapsed Kite October (Researc
(Brexucabtag cell and B or Pharmaceuti 1, 2021 h,
ene cell refractory cals, Inc. 2024g)
autoleucel) maturat B cell
ion precursor
antigen acute
lymphobla
stic
leukemia

Kimmtrak  Bispesif gpl00 Metastatic Immunocore January (Researc

(Tebentafusp ic and uveal 25, h,
) CD3  melanoma 2022 2024d)
Vabysmo Bispesift VEGF-  Diametic  Genentech  January (Medsca
(Faricimab) ic A and macular 28, pe,
Ang-2  edema and 2022 2022)
neuvascul
ar age-

related
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macular
degenerati
on

Carvykti CAR-T  Becell  Multiple Johnson &  March (Researc

(ciltacabtage cell maturat myeloma Johnson 30, h, 2024f)
ne ion 2022
autoleucel/cil antigen
ta-cel)

Yescarta CAR-T CDI19 Large B Kite, a April 1, (Researc
(Axicabtagen cell expressi cell Gilead 2022 h,
e ciloleucel) ng Imyphoma  Company 2024a)

cancer
cells

Kymriah CAR-T CDI19  Relapsed Novartis May  (Researc

(Tisagenlecle cell expressi or Pharmaceuti 27, h,
ucel) ng B refractory cals 2022 2024e)
cells follicular ~ Corporation
lymphoma
Breyanzi CAR-T CDI9 Large B Bristol June  (Researc
(Lisocabtage cell expressi cell Myers 24, h,
ne ng lymphoma Squibb 2022 2024c)
maraleucel) cancer
cells

2.3.2 Generation of ScFv

scFV antibodies are generally produced from spleen cells of the immunized mice or B
lymphocytes from humans. As explained before, scFV contains the light and heavy
chains of the antibody. To generate this structure, the mRNA from the host should be
isolated. Then, continue with the cDNA conversion step to use as a template for PCR
amplification. To create a cDNA library for the scFV selection process, many PCR
reactions with different primer sequences should be made. After this, the PCR reactions
are isolated from the agarose gel and continue with another PCR reaction called SOE-

PCR (splicing by overlap extension). In this PCR reaction, the light and heavy chain
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PCR products will amplify due to overlapping regions of the PCR product. This
structure will be cloned into the phage display vector called phagemids. After cloning,
the library is transformed into E. coli cells such as XL1-Blue, TG1, and ER2537, either
through electroporation or chemical competency. To release the desired segment's
cloning vector, these competent bacteria are infected with helper phages like VCSM13
or M13KO?7. From these, antibody variable domain libraries are created and screened to
identify antibodies with high affinity for specific targets such as enzymes, other
antibodies, or cell surface receptors. This in vitro process for selecting peptides of
interest is known as biopanning. The step-by-step process involves incubating the
display library with ligands attached to a solid support, such as beads or membranes.
Unbound phages are then washed away, and the bound phages are eluted. These are
subsequently used to infect E. coli cells. This method results in a library where each
phage displays a single antibody fragment on its surface. Multiple cycles of binding
(usually four to six) and amplification are performed to isolate antigen-specific phages
that tightly bind to the target molecule. Lastly, each clone is identified through DNA

sequencing, which uncovers its unique CDR regions.(Clackson et al., 1991; X. Liu et
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Figure 2.4.2 Workflow for generating a naive mouse phage display library. Created with
BioRender.

al., 2022; Xia et al., 2006)
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2.3.3 ScFv library types

2.3.3.1 Immune library

Immune libraries are constructed from B cells derived from different animals:
mouse (Okamoto et al., 2004), camel (Rahbarizadeh et al., 2004), sheep (Charlton
et al., 2001), chicken (Okada et al., 2006) and humans (Xia et al., 2006)In these
libraries, animals are immunised against the antigen of interest. According to in
vitro affinity maturation of the antibodies, immune libraries always result in a
significant number of positive clones and higher binding affinity. But a new library
should be constructed for each antigen against which you want to produce an
antibody. For example, a rabbit phage display library screens against microcytin-
LR, the most common biotoxin that pollutes water and agricultural products. (Xu et
al., 2019) Furthermore, another mouse phage display immune library was
constructed against porcine aminopeptidase N, cellular receptor for swine
transmissible gastroenteritis virus (TGEV) and porcine epidemic diarrhea virus
(PEDV). (Sun et al., 2012) Finally, the ovarian tumor library was amplified using
lymphocytes of ovarian tumor patients. (Xia et al., 2006)

2.3.3.2 Naive library

Naive libraries are derived from animal B cells, but in this case, these animals are
not immunised against any antigen. Eventually, generating a new library for each
interested antigen is unnecessary. However, the number of positive clones is much
lower than that of the immune libraries. Moreover, the affinity of antibodies
excessively depends on the library size, so large naive libraries should be generated
while doing biopanning against the target antigen. (Sheets et al., 1998) The affinity
of the small library, containing approximately 3x107 antibody clones, ranges from
10%to 107 M"!, while the large library, with 10'° clones, ranges from 10® to 10'° M"!,
(Hu et al., 2013)

2.3.3.3 Synthetic library

Synthetic libraries also originate from non-immune sources, enabling the synthetic
combination of germ-line sequences and complementary determining regions

(CDRs). Most human synthetic antibody libraries focus on randomising the CDR3
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regions, as they tend to be the most diverse and critical for antigen recognition.
Consequently, these libraries are widely selected to develop high-affinity

monoclonal antibodies. (Knappik, n.d.)
2.3.4 Advantages of ScFv

scFvs have several advantages over full-sized mAbs. Small size, low immunogenic
effects, high expression, ease of production, rapid blood clearance and great tissue
penetration give scFvs many more advantages than full-sized antibodies.
Furthermore, low production costs provide more opportunities for researching new
drug candidates. scFv molecules are less immunogenic because they lack the Fc
domain responsible for activating antibody effector functions. They can be stored at
4 °C for several years. Finally, because they are easy to modify, it can be easily
modified to improve activity, stability, or affinity to bind target molecules. (Ahmad

etal., 2012)
2.3.5 Limitations of ScFv antibodies

The lack of an Fc domain in the scFv antibody makes it less thermostable than the
parental mAb, and without FcRn-mediated recycling, these molecules tend to have a
short circulation half-life. Additionally, the small size of the biologic increases the
tendency for aggregation, which can raise immunogenicity risks. Its rapid clearance
from the bloodstream necessitates higher and repeated doses. Although fusion
methods, such as attaching scFv to bovine serum albumin (BSA) or polyethylene
glycol (PEG), aim to improve half-life, they can diminish the advantages of scFv
over mAbs due to increased size and higher costs. (De Aguiar et al., 2021)
Developing full recombinant antibodies involves challenges similar to those faced
by small antibody fragments, including bioengineering, expression, purification,
safety, and stability issues. Phage display technology, used to create fully human or
humanized scFv antibodies, remains complex, time-consuming, and expensive.
Using transgenic animals with integrated human immunoglobulin loci also involves
tedious procedures for gene integration. Expression systems further limit proper
folding and functional yield of scFv antibodies: prokaryotic systems lack
glycosylation and can produce endotoxins that are hard to remove, while eukaryotic
single-cell systems often encounter protein misfolding within the endoplasmic

reticulum (ER). Additionally, purifying scFv antibodies is more complicated due to
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the absence of the Fc domain. Affinity tags are fused with scFv antibody for the
selective capture and efficient purification. Still, proteolytic cleavage at the end may
not completely remove the full tags and leave some residual amino acids that lead to
aggregation and/or misfolding of scFv antibodies and even enhance their

immunogenicity.
2.4 Phage display

In 1985, George Smith established early studies of phage display, which was later
awarded a Nobel prize in 2018. Filamentous phages are recombinantly engineered
during phage display to display a peptide or an antibody on the surface. Due to
insertion of random oligonucleotides sequences into the N-terminal of pIII or pVIII
gene into the phagemids, it results with expression of billions of random peptide or
antibody sequences. For achieving this, randomly synthesised oligonucleotides are
amplified using PCR, later purified and restrictionally cloned into the M 13 vector
system. After the ligation reaction, vector is transferred to E.coli through
electroporation or other transformation methods, this step is especially necessary to
obtain large and diverse libraries. In the end of the library creation process,
biopanning process starts, which is a key step for phage display.(Barderas & Benito-
Pefia, 2019) Biopanning basically is an affinity selection process. In first step,
recombinant phage library is constructed. Secondly, this library is incubated with
target molecule to allow the peptides or antibodies to bind. In third step, low
affinity, unbound phages are removed using a detergent-containing buffer. In the
fourth step, binding high-affinity phages are eluted with low pH buffer or sometimes
competitive elution performed. Lastly, in fifth step, eluted positive phages are used
to infect E.coli again for the amplification of phages. New amplified library is used
again for next round to achieve more high affinity binding phages. In this system,
both phagemid and helper phage are used together; the phagemid vector contains
genes of VH and VL to create a scFv or Fab structure, meanwhile the helper vector

contains encoding genes of coat proteins to display the library on the phage surface.



56

MPRTDGVIOGT NN N O, ‘ | | : | |
MPDOVTDOUN / S P, l | l ’
‘ —_— B _— § (e, : A
MO O & g
DNA library Plasmid library Bactena library Helper phage
. || .
e
Phage amplification @ {4 g
‘b i
|1 Phage display

Purified library generation

plasmids for
analysis

|
Phage Display ] I
Panning Cycle A 4

A @Target binding
\\ \ / I/ Di sp\a ved
yryy¥evyey /l /m prote

ik \ arg
Phage elution @ pr

I

oy 0

Hits analysis @

Eluted phage

Wash

' |] Unbound phage
3k
(4]

Figure 2.5 Biopanning cycle of phage display. Created with BioRender.

The most common helper phage is M13K07, which includes an antibiotic resistance
gene and the P15A ORF. One of the advantages of the M 13 helper phage system is
that it has a low efficiency in antibody display capacity. Moreover, hyper-phage,
which is another phage system, is utilized to display an enhanced number of scFv on
the filamentous phage. In this system, helper phage lacks the plII gene for pllI-
antibody polyvalent display, so the phage only expresses the pIlI- antibody gene of
the phagemid. (S et al., 2001) M13 and fd filamentous phages are the most
commonly used vectors in phage display. Filamentous phages infect only Gram-
negative bacteria by attaching to bacterial F-pili through the pIII protein. N1 and N2
domains of plIlI protein play a role in this interaction. After attaching the F-pilus, the
N1 domain interacts with the bacterial TolA receptor. These receptor forms are
complex with TolQ and ToIR. The Tol protein complex (Q,R and A) mediates
incorporation of phage coat proteins (pIII and pVIII) into the cytoplasmic
membrane. Later translocates of the single-stranded DNA (ssDNA). (Armstrong et
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al., 1983) Bacteria replicate and express phage coat proteins, which later form phage
proteins, which are pl, pXI and pIV. The first phage display study is conducted with
M13 bacteriophage by George Smith. M13 bacteriophage has 6.4 kb ssDNA
genome with the size 800 nm in length, 6.6 nm in width. M13 genome is well
defined with five capsid proteins (pIlL, pVI, pVII, pVIII, pIX). M13 virus has a high
replication capacity and able to embrace foreign large DNAs, additionally infects
bacteria non-lytically.(R et al., 2017) Due to it is non-infective to the humans, it is
very useful to work in research. Other bacteriophages are also used including
bacteriophage T7, T4 or A with different advantages or disadvantages. For example,
M13 undergoes a lysogenic life cycle that does not kill the host bacteria during
infection. In contrast, T7 and T4 viruses follow a lytic life cycle. Additionally, T7
can express large peptides and proteins at a high level, whereas M 13 shows a lower
capacity for expressing large peptides or proteins. Phage display technology enables
the presentation of vast libraries that are randomly generated and re-engineered
recombinantly. Various biomolecules are used as delivery agents to specifically

target tumor components for therapeutic and diagnostic applications. (T et al., 2012)
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Chapter 2:

AIM OF THE THESIS

Cytokines have a key role in tumor-stroma crosstalk. This thesis aims to develop
systems for generating antibody-based drugs that target cytokines in the tumor
microenvironment using PCR-based technologies. We previously explained that
cancer-secreted factors, such as cytokines, influence tumor progression by
modulating stromal autophagy and cancer-stroma signaling. One of the crucial
cytokines in the tumor microenvironment is CTF1. Due to these results, this thesis’s

objectives can be listed as:

- Cloning of the CTF1 gene into the bacterial protein expression vector

- Producing recombinant CTF1 protein for use in animal immunization, affinity
selection process

- Designing primer sets to cover the mouse IgG repertoire

- Optimization of antibody high and heavy chain fragment primers to generate
phage display library

- Optimization of creating scFv structure

- Generation of naive mouse phage display library

Eventually, this thesis could lead to the generation of new therapeutic antibody-

based drugs that can be used clinically.
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Chapter 3:

MATERIALS AND METHODS

3.1 Preparation of Competent DHSa and BL21 (DE3) Cells

The Escherichia coli (E.coli) strains BL21(DE3) were prepared with Calcium
Chloride treatment. These steps were performed with ice-cold pipette tips,
serological tips and Falcon tubes. Due to this technique, bacterial cells can take
foreign DNA from outside the cell. To prepare competent E. coli cells, grow the
bacteria in LB medium (nzytech, MB14501) until the optical density (OD) at 600
nm reaches 0.3. Then, the bacterial pellet was incubated on ice for 20 minutes,
suspended in a cold 100 mM MgCl: solution, and incubated again for 30 minutes on
ice. MgCl-treated bacterial cells were centrifuged and pelleted, and this pellet was
resuspended with 100 mM CacCl, and 20% (v/v) glycerol-containing solution and
quickly frozen to -80 °C. Aliquots were stored at -80 °C.

3.2 Cloning of CTF1 protein into the bacterial expression vector

Firstly, the CTF1 gene is amplified using PCR according to the protocol, which is

stated below:

Table 3 CTF1 conventional PCR cycle

95 °C 95 °C 58 °C 72 °C 72 °C 4°C
5 min. 30 sec. 30 sec. 30 sec. 10 min. 0
30X

Table 4 CTF1 conventional PCR protocol

Stock
Amount
concentration
pCMVSPORT6 (Thermo Fisher Scientific,
25 ng 1wl

MANO0000443) plasmid (Template DNA)
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dNTP 10 nM 0.5ul
MgCI: (Finnzymes, PS10M) 10 nM 0.66 ul
Forward primer 10 nM 0.66 ul
Reverse primer 10 nM 0.66 ul
QS5 Reaction Buffer 5x (New England Biolabs, 5 4l
M0491S)
QS GC enhancer 5x (New England Biolabs,
MO0491S) X ul
QS5 High Fidelity DNA Polymerase (New
gEngland )l;iolabs, M)(’)49IS) 1oy 03 u
Nuclease Free Water Completed till 20 ul
Table 5 Primers used for CTF1 amplification
Name Sequence
EcorATGCTF1 FWD AGCAGAATTCATGAGCCGGAGGGAGGG
EcorCTF FWD AGCAGAATTCAGCCGGAGGGAGGGAAG
SallATGCTF1 REV ATTAGTCGACTCAGGCCGAGCCCCCG

After PCR reaction, pGEX-4T-1-3xFLAG bacterial expression vector, pGEX4T2 and
CTF1 PCR product were digested with EcoRI (Thermo Fisher Scientific, #ER0271,
00022097) and Sall (Thermo Fisher Scientific, #ER0641,00599758) enzymes. 1 ug
plasmid DNA was incubated at 37°C for 2 hours in O buffer (Thermo Fisher Scientific,
#BOS, 00040007) with Ecorl and Sall. Then, the digested sample was run on 1%
agarose (ISOLAB, MB3217002ARW) gel at 100V for 45 mins. According to the
manufacturer's protocol, the digested plasmid DNA and PCR product were extracted
with an agarose gel extraction kit (Macherey-Nagel, NucleoSpin, Gel and PCR Clean-
up, REF 740609.50, LOT 2101/004).

After digesting the gel products, a ligation reaction was performed. The vector plasmid

and PCR products were ligated with T4 DNA Ligase (Thermo Fisher Scientific,



ELO0011) in 1:3 ligation ratio overnight at 16°C. The new plasmid sequence was

verified with Sanger sequencing.
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Figure 3 Cloning strategy of CTF1 into the pGEX-4T-2
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3.3 Production of Recombinant CTF1 protein

After verifying the new sequence, the plasmid vector encoding CTF1 was transformed
into BL21 cells for recombinant GST-CTF1 protein production. The BL21 strain was
also transformed with the original pGEX 4T-1-3xFLAG vector as a control. Competent
bacteria was incubated with ligation reaction for 25 minutes on ice. Heat-shock was
applied to the bacteria in 42 °C for 90 seconds and 2-3 minutes on ice again.
Transformed bacteria was recovered in 2 ml plain LB for 1.5 hour, 37 °C bacteria
shaker. After the recovery process, bacteria were centrifuged in 2000 rpm for 2 minutes.
Pellet was dissolved in 1 ml ampicillin positive LB and spread to the ampicillin plate.
Following overnight incubation at 37°C on ampicillin-containing agar plates, single
colonies were picked and grown in LB broth. Once the culture reached an optical
density corresponding to a bacteria suspension of approximately 0.3, it was divided into
two Erlenmeyer flasks. 0.2 mM isopropyl B-d-1 thiogalactopyranoside (IPTG)
(Invitrogen, #15529-019) was added to induce GST-fusion protein expression, and
bacteria were incubated at 20°C for 16 hours. After protein production, bacteria were
centrifuged, and the pellets were resuspended in an appropriate volume of lysis buffer
(containing 500 mM NaCl, 50 mM Tris-HCI ph 8.0, 2 mM EDTA, protease and
phosphatase inhibitors) with 1% Sarcosyl. The lysates were sonicated for 4 minutes at
37% amplitude (2 seconds on, 5 seconds off), then centrifuged at 3000G for 1 hour at
4°C. The supernatant, containing recombinant proteins, was mixed with 3X loading dye,
while the pellets were resuspended in 1X loading dye. Equal volumes of supernatant
and pellet were denatured at 95°C for 10 minutes and loaded onto a 12%
polyacrylamide gel. The gel was fixed in a solution of 50% methanol (ISOLAB,
LR0902111ARQ) and 10% glacial acetic acid (Merck, K39159956 835), then stained
with Coomassie Brilliant Blue (C.T 42655,43016763) to visualise the protein bands.

3.4 Preparation of Coomassie gel solutions

Fixation solution: %40 MetOH, %10 glacial asetic acid and %40 dH20 water were
mixed together. Final volume is 50 ml. 12% SDS-PAGE gel was fixed for 10 minutes at

room temperature.

Coomassie brilliant blue staining: 0.25 g of Coomassie Brilliant blue R-250 was
weighed and dissolved with 10% glacial acetic acid and 45% methanol. After the

fixation process, the gel was dyed with Coomassie Brilliant blue R-250 for 5 minutes.
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Destaining solution: For preparing the destaining solution, 10% glacial acetic acid, 40%
methanol, and 50% water were mixed together. After the dying process, the gel was
washed with the destaining solution for 20 minutes. At the end of 20 minutes, the gel

was put into the water and left in RT on the shaker overnight.
3.5 Purification of CTF1 protein

After identifying proteins in the Coomassie gel for CTF1 protein purification,
glutathione Sepharose 4B (GE Healthcare, 17-0756-01) beads were used. A 20 pul bead
solution was washed with bacteria lysis buffer containing protease inhibitor and PMSF
to remove the storage solution and equilibrate the beads. Next, bacterial lysate was
loaded onto the beads and incubated overnight at 4 °c on a rotator. Beads coupled with
GST and GST-tagged protein were then incubated with an appropriate amount of pull-
down buffer (20 mM L-Reduced Glutathione [Fluka Analytical, 49750], 50 mM Tris-
HCI, pH 8.0, 5% glycerol, final ph 8.0) at RT for 15 minutes on a rotator. The samples
were subsequently run on a 12% polyacrylamide gel and stained with Coomassie Blue

to confirm successful purification and elution.
3.6 RNA isolation and cDNA conversion

Total RNA was extracted from naive mouse spleen using TRIzol reagent (Invitrogen,
15596018) according to the manufacturer’s instructions. Cells were lysed with TRIzol,
and nucleic acids were separated by adding 200 pL of chloroform (Sigma-Aldrich, LOT
K53823345). After vortexing until the lysate turns pink, incubate at room temperature
for 3-5 minutes. Lysates centrifuged at 12.000 g for 15 minutes at 4 °C. The RNA-
containing phase was transferred to new tubes and precipitated with a 1:1 ratio of
isopropanol (Sigma-Aldrich, STBH3504). The supernatant was discarded, and 0.75 ml
of 70% ice-cold ethanol was added to wash the RNA pellet. After vortexing the
solution, the samples were centrifuged at 12.000 g for 5 minutes at 4°C. The resulting
RNA pellet was resuspended in an appropriate volume of DEPC water. The
concentration and purity of the RNA samples were measured using a Nanodrop. The

RNA samples were kept in -80 °C until the following experiment.

Table 6 cDNA conversion protocol 1

Stock concentration Amount

RNA stock lug -
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DNase I buffer with
MgCI2 (Thermo Fisher 10X 2 ul
Scientific, B43)
DNase I (1 U/ul RNase
Free (Thermo Fisher 1000 U Il
Scientific, EN0521)
DEPC water Completed till ou

The reaction mixture was incubated at 37 °c for 30 minutes. Subsequently, 1 pl of 25
mM EDTA was added, and the mixture was incubated at 75 °c for 10 minutes. To
synthesize cDNA from RNA via reverse transcription, the master mix was prepared
according to the protocol below, and 10 pl of this master mix was added to each PCR

tube containing DNase I-treated RNA samples.

Table 7 cDNA conversion protocol 2

Concentration Amount
Random hexamer 300 ug 2ul
(Invitrogen, P/N58875,
LOT1153658)
dNTP mix 10 nM 0.5 ul
RT buffer (Thermo Fisher 5X 4 ul
Scientific,3037603 )
Ribolock enzyme (Thermo 40U 0.2 pl
Fisher Scientific, EO0381)
RT (reverse transcriptase) 200U 0.1l
enzyme (Thermo Fisher
Scientific, EP0441)
Water 4.2 ul

3.7 PCR amplification of light and heavy chain fragments

18 light chain fragments forward and reverse primers and 18 heavy chain fragments
forward and reverse primers were used with naive mouse spleen cDNA as a template

while performing PCR. PCR reactions were optimized to find the most efficient way to
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amplify these fragments. Because of that, each primer set has different annealing

temperatures.

Table 8 Light Chain and Heavy Chain PCR protocol

Concentration Amount
QS5 Reaction Buffer (New
5X 4 ul
England Biolabs, M0491S)
QS High Fidelity
Polymerase (New England 100 U 0.3l
Biolabs, M0491S)
QS5 GC enhancer (New
5X 4 ul
England Biolabs, M0491S)
Template naive mouse
1 ug 2 ul
spleen cDNA
MgClI: 10 nM 0.5l
Forward primers 10 nM 0.66 pl
Reverse primers 10 nM 0.66 ul
dNTP 10 nM 0.5l
NF water Up to 20 pl 7.38 ul
Table 9 PCR cycle for amplifying 18 light chain fragments
95 °C 95 °C 54 °C 72 °C 72 °C 4 °C
3 min. 30 sec. 30 sec. 30 sec. 10 min. 00
35X
Table 10 PCR cycle for amplifying 9 heavy chain (REV1) fragments
95°C | 95°C | 55°C | 72°C | 95°C [ 63°C | 72°C | 72°C | 4°C
30 30 45
3 min. | 30 sec. | 30 sec. | 45 sec. 2 min. 00
sec. sec. sec.
5X 30X
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Table 11 PCR cycle for amplifying 9 heavy chain (REV2) fragments

95°C | 95°C | 58°C | 72°C | 95°C | 63°C | 72°C | 72°C | 4°C
30 30 45

3min. | 30 sec. | 30 sec. | 45 sec. 2 min. o0
sec. sec. sec.

5X 30X

After PCR reactions, PCR products were loaded into a 1% agarose gel and run for 45
minutes at 100V. They were then isolated from the gel using a gel extraction kit (MN)
and stored at 20°C.

3.8 Splicing by Overlap Extension (SOE) PCR

After the gel extraction step, the DNA concentration of VH and VL PCR products was
measured. It was calculated as 100 ng for each VH and VL fragment to amplify. The
final amplified DNA concentration to produce the scFv structure is 200 ng. SOE PCR is

repeated to get the maximum DNA concentration for the cloning steps.

Table 12 Splicing by Overlap Extension (SOE) PCR protocol

Concentration Amount
QS5 Reaction Buffer (New
5x 4ul
England Biolabs, M0491S)
Q5 GC enhancer (New
5x 4 ul
England Biolabs, M0491S)
QS High Fidelity
Polymerase (New England 100U 0.3ul
Biolabs, M0491S)
mscFV FWD primer (added
10 nM 0.66 ul
at the second step)
mscFV REV primer (added
10 nM 0.66 ul
at the second step)
MgCI: (Finnzymes, P510M) 10 nM 0.66 ul
dNTP 10 nM 0.5ul

Template DNA (volumes

will be determined
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according to gel isolation

concentration)

In the first SOE PCR step, primers were not added to enhance the joining reaction.

Table 13 First step of SOE-PCR without primers

94 °C 63 °C 68 °C 4°C
60 sec. 60 sec. 2 min. 0
10x

Table 14 Second step of SOE PCR with primers

95 °C 95 °C 55 °C 72 °C 72 °C
5 min. 1 min. 1 min. 1 min. 10 min.
35X

After the second PCR cycle, the PCR products were loaded onto a 1% agarose gel. A

heavy and light chain fragment mix was also loaded as a control condition.
3.9 Cloning of scFv structure into the phage display pCANTABSe vector

SOE PCR products were isolated from gel using agarose gel extraction kit (Macherey-
Nagel, NucleoSpin, Gel and PCR Clean-up, REF 740609.50, LOT 2101/004) protocol.
After that, the phage display vector pPCANTABSe and the SOE PCR product were
digested with the Sfil and Notl restriction enzymes. First, the PCR product and vector
were digested for 1 hour at 50 °C with the Sfil enzyme in the G buffer. Later, they were
digested with Notl at 37 °C and then again with G buffer. After that, the digested
products were visualised and digested from gel using the same agarose gel extraction kit
(Macherey-Nagel, NucleoSpin, Gel and PCR Clean-up, REF 740609.50, LOT
2101/004) with the same protocol. Finally, the ligation reaction was set to ligate the
scFv structure and pPCANTABSe using T4 DNA Ligase (Thermo Fisher Scientific,



68

ELO0011) in a 1:8 ligation ratio overnight at 16°C. The new plasmid sequence was

verified with Sanger sequencing.

PCANTABSe
4653 bp

scFvs cloned
i here

Figure 6 Cloning strategy of scFvs into the pPCANTABS5e. Created with NebCutter™
v3.0

3.10 Immunoblotting and Antibodies

Protein was loaded, separated in 12% SDS-polyacrylamide gel, and then transferred to
NC membranes. Following blocking with 5% (w/v) non-fat milk powder (Biorad,
1706404) in 1X PBS-T (PBS and 0.05% Tween 20, pH 7.4) or 3% BSA (w/v) (Sigma-
Aldrich, A3059) in 1X TBS-T (TBS and 0.05% Tween 20, pH 7.4) for phosphorylated
proteins, membranes were incubated overnight at a cold room with 3% BSA PBST
containing primary antibodies. After three washing, the membranes were treated for one
hour at room temperature with suitable secondary antibodies in blocking solution.
Protein bands were observed with ChemiDoc MP Imaging equipment (Bio-Rad). Band
intensity was quantified using ImageLab software and standardized to intensities of B3-
actin bands (phosphorylated proteins were normalized to total levels of the interesting
protein).Following primary antibodies were used :Anti-CTF1 (Boster Bio, # A08056,
1:1000) , Anti-GST (CST, #26228, 1:1000)
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Table 15 All primer sequences that are used in creating a naive mouse phage display

library
Nam Sequence
e
VL1 CGTCGGCCCAGCCGGCCCGATGTTTTGATGACCCAAACT
FWD
VL2 CGTCGGCCCAGCCGGCCCGATATTGTGATGACGCAGGCT
FWD
VL3 CGTCGGCCCAGCCGGCCCGATATTGTGATAACCCAG
FWD
VL4 CGTCGGCCCAGCCGGCCCGACATTGTGCTGACCCAATCT
FWD
VLS CGTCGGCCCAGCCGGCCCGACATTGTGATGACCCAGTCT
FWD
VL6 CGTCGGCCCAGCCGGCCCGATATTGTGCTAACTCAGTCT
FWD
VL7 CGTCGGCCCAGCCGGCCCGATATCCAGATGACACAGACT
FWD
VLS8 CGTCGGCCCAGCCGGCCCGACATCCAGCTGACTCAGTCT
FWD
VL9 CGTCGGCCCAGCCGGCCCCAAATTGTTCTCACCCAGTCT
FWD
VL  GGATCCGCCGCCGCCAGAACCACCACCACCCCGTTTCAGCTCCAG
REV CTTG
1
VL CCTAGGGCCGCCGCCAGAACCACCACCACCCCGTTTTATTTCCAGC
REV TTGGT
2
VH1 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCCAGGTGCAGCTGAAG
FWD GAGTC
VH2 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCCAGGTGCAGCTGAAG
FWD GAGTC
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VH3

GGTGGTGGTGGTTCTGGCGGCGGCGGATCCCAGGTGCAGCTGAAG

FWD CAGTC
VH4 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCCAGGTTACTCTGAAA
FWD GAGTC
VHS GGTGGTGGTGGTTCTGGCGGCGGCGGATCCGAGGTCCAGCTGCAA
FWD CAATCT
VH6 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCGAGGAGGTCCAGCTG
FWD CAGCAGTC
VH7 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCCAGGAGGTCCAACTG
FWD CAGCAGCCT
VH8 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCGAGGTGAAGCTGGTG
FWD GAGTC
VH9 GGTGGTGGTGGTTCTGGCGGCGGCGGATCCGAGGTGAAGCTGCTG
FWD GAATC
VH TTCTATGCGCGCGGCCGCTTATGCAGAGAGAGTGACCAGAGT

REV

1

VH TTCTATGCGCGCGGCCGCTTATGAGGAGACTGTGAGAGTGGT

REV

2
MscF CGTCGGCCCAGCCGGCCC

v
FWD
MscF TTCTATGCGCGCGGCCGCTTA

REV
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Chapter 4:

RESULTS
4.1 Recombinant CTF1 protein production
4.1.1 Cloning of CTF1 ATG (+) gene into the pGEX4T-2 vector

4.1.1.1 CTF1 ATG (+) gene amplification with PCR

CTF1 gene encodes 606 base pairs. CTF1 gene amplification performed by PCR with
normal PCR conditions at the annealing temperature of 58 °C. In this PCR, Ecorl ATG
CTF1 FWD and Sall REV primers are used. Results are showed in figure 4.1.1

CTF1 PCR

Figure 4.1.1 Agarose gel electrophoresis result of CTF1 PCR amplification. Results are
visualized with 1% agarose gel.

After performing CTF1 PCR, the amplicon was isolated from the gel using the MN kit
manuals. pGEX4T2 and CTF1 PCR product was digested with Ecorl and Sall using O
buffer at 37 °C. Results are shown in figure 4.1.1.2

pGEX4T2 CTF1PCR
pGEX4T2  pGEX4T2 PGEX4T2 Double Double
uncut Ecorl Sall digest digest

Figure 4.1.1.2 pGEX4T2 vector and CTF1 PCR product enzyme digestion using Ecorl
and Sall with O buffer at 37 °C. Results are visualized with 1% agarose gel.
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Digested vector and PCR product were isolated from agarose gel again using MN kit
manufacturer protocols. After the isolation, DNA concentration were measured using
nanodrop and ligated using T4 ligase enzyme and ligase buffer in a 1:3 ligation ratio, 16
°C overnight. Next day, ligation reaction is transformed to the DA5a E.coli bacteria
using heat-shock method. After the transformation process, bacteria are recovered in
plain LB for 1.5 hours, and bacteria are spread to the ampicillin-containing agar plate.
Next morning, 10 colonies were picked for cloning verification. Colonies left overnight
in ampicillin containing LB for growing. After that, colonies are isolated using home-
made mini prep kit and digested with Ecorl and Sall using O buffer at 37°C again for
cloning verification. The colonies that have 606 bp CTF1 PCR product when enzyme

digestion performed are positive. Result are showed in figure 4.1.1.3

Figure 4.1.1.3 Agarose gel electrophoresis of pGEX4T2-CTF1 ATG (+) cloning.
Empty vector, single Ecorl digested, single Sall digested, and double digested
pGEX4T?2 vector loaded to the gel as a digestion control. Colonies were digested
with both Ecorl and Sall enzymes in O buffer, 37 °C for 2 hours. Colony 10, Colony

2 and Colony 3 are positive. Results are visualized with 1% agarose gel.

4.1.1.4 Purification of pGEX4T-2 CTF1 ATG (+) protein

After verifying the pGEX4T2-CTF1 ATG (+) vector construct, colonies 2,3 and 10 are
transformed to the BL21 E. coli to start recombinant protein production using the same
transformation protocol. After the transformation and bacteria recovery process,

bacteria are spread to ampicillin-containing agar plates and incubated overnight. The
Figure 4.1.1.5 GST-CTF1 protein expression in BL21(DE3) bacteria with 0.2 mM IPTG

at 20 °C was controlled by Coomassie staining. Using loading dye, bacteria was directly
lysed at 95°C. There isn’t any difference between ATG (+) colonies either. Results are

visualised with a western blot.
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next morning, bacterial colonies are picked in 1 mL of ampicillin-positive LB and
incubated for several hours at 37 °C a bacterial shaker. When bacteria grow, they are
incubated in 50 mL of ampicillin-positive LB at 37 °C a bacterial shaker. Optical
density (OD) is frequently checked via a plate reader at 600 nm until the bacteria's OD
reach 0.3. When OD reached 0.3, 50 mL of the bacteria was aliquoted to the 25 mL
flasks and 1mM IPTG was added or not. Bacteria were incubated at 20 °C a bacterial
shaker. After 16 hours, OD was rechecked, and 0.7 OD was noted. 1 ml of bacteria was
aliquoted from each group, the rest of the bacteria was centrifuged at max rpm for 10
minutes, and the pellet was stored at -80 °C until the following experiment. 1 ml of
bacteria pellet was lysed with 1x loading dye with SDS at 95 °C. Loading dye volume
was determined based on the OD value. After the bacteria lyse, supernatants are loaded

to 12% SDS-PAGE gel. Results are shown in Figure 4.1.1.4

PGEX4T2pGEX4T2 Col.2 Col2 Col3 Col3 Col.10 Col.10
(-)IPTG (+)IPTG () IPTG (+) IPTG () IPTG (+) IPTG (-) IPTG (+) IPTG

50 kDa .
37kDa we '
25kDa <— GST

Figure 4.1.1.4 CTF1 and GST protein expression in Colony 2, 3 and 10. (A) CTF1 protein

il

expression is observed in Colonies 2, 3, and 4 when BL21 E. coli bacteria are induced
with IPTG. (B) GST protein expression is observed in Colonies 2, 3, and 10 when BL21
E. coli bacteria are induced with IPTG.

When we saw there is no difference between IPTG (+) and IPTG (-) groups bacteria

colonies were verified though western blot.
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After colonies were verified for producing CTF1, bacteria were lysed through the lysis
buffer with sonication, as stated in the materials and methods section. Pellet and

supernatant loaded to the 12% SDS-PAGE gel again to check protein expression.

PGEX4T2 pGEX4T2 Col.10 (-)Col.10 (+)pGEX4T2 PGEX4T2 Col.10 (-)Col.10 (+)
()IPTG (#)IPTG IPTG  IPTG () IPTG (+)IPTG IPTG  IPTG
p p P P S S S S

Figure 4.1.1.6 Purification of GST-CTF1 protein. After observed CTF1 and GST
expression in Western Blot, ATG (+) pGEX-4T-2 colonies further purified with %2
sarcosyl contained lysis buffer. Bacterial pellet and supernatant were controlled by
Coomassie Staining of SDS-PAGE gel. GST-CTF1 protein didn’t observed at pellet or

supernatant. Result are visualized with 12% SDS-PAGE gel coomassie staining

4.1.2 Cloning of CTF1 ATG (-) gene into the pGEX4T-2 vector
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After the Coomassie gel results, another round of pGEX4T-2-CTF1 cloning was
performed. This time, ATG (+) Ecorl FWD and Sall REV primers were used for CTF1
PCR. Results are shown in figure 4.1.2.1

CTF1 PCR

Figure 4.1.2.1 Agarose gel electrophoresis result of CTF1 PCR amplification. Results

are visualized with 1% agarose gel.

After performing CTF1 PCR, the amplicon was extracted from the gel following the
MN kit protocols. The pGEX4T?2 plasmid and CTF1 PCR product were digested with
Ecorl and Sall enzymes in O buffer at 37°C. The digested vector and PCR product
were isolated from an agarose gel using MN kit protocols. After isolation, DNA
concentrations were measured with a nanodrop, then ligated with T4 ligase and ligase
buffer at a 1:3 ratio overnight at 16°c. The following day, the ligation mixture was
transformed into Dh5a E. coli cells via heat-shock. Post-transformation, bacteria were
recovered in plain LB medium for 1.5 hours and then spread onto ampicillin-containing
agar plates. The next morning, 10 colonies were selected for cloning verification. These
colonies were incubated overnight in ampicillin LB for growth, then prepared using a

homemade mini prep kit. The plasmids were digested with Ecorl and Sall enzymes in O
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buffer at 37 °c for verification. Colonies producing a 606 bp PCR product after enzyme

digestion were identified as positive.
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Figure 4.1.2.2 Agarose gel electrophoresis of pGEX4T2-CTF1 ATG (-) cloning.
Empty vector, single Ecorl digested, single Sall digested and double digested
pGEX4T?2 vector loaded to the gel as a digestion control. Colonies were digested
with both Ecorl and Sall enzymes in O buffer, 37 °C for 2 hours. Except Colony 1,
Colony 4, Colony 6 and Colony 10 rest of the colonies are positive. Results are

visualized with 1% agarose gel

4.1.2.3 Purification of pGEX4T-2 CTF1 ATG (+) protein

After verifying the pGEX4T2-CTF1 ATG (-) vector construct, colonies 2, 3 and 10
were transformed into BL21 E. coli to initiate recombinant protein production using the
same transformation protocol. After transformation and bacterial recovery, the bacteria
were spread onto ampicillin-containing agar plates and incubated overnight. The
following morning, bacterial colonies were picked into 1 mL of ampicillin-positive LB
and incubated for several hours at 37 °c on a bacterial shaker. Once the bacteria grew,
they were transferred into 50 mL of ampicillin-positive LB for incubation at 37 °c on a
shaker. Optical density (OD) was regularly measured with a plate reader at 600 nm until
the OD reached 0.3. When OD reached 0.3, 50 mL of bacteria was aliquoted into 25 mL
flasks, with some flasks receiving 0.2 mm IPTG. The bacteria were then incubated at 20
°c on a shaker. After 16 hours, OD was remeasured and reached approximately 0.7.
From each group, 1 ml of bacteria was aliquoted, while the remaining bacteria were
centrifuged at maximum rpm for 10 minutes, with the pellet stored at- 80 °c for later

use. The 1 ml of bacterial pellet was lysed with 1x SDS loading dye at 95°c. The
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volume of loading dye was based on the OD. After lysis, the supernatants were loaded

onto a 12% SDS-PAGE gel. The results are shown in the figure 4.1.2.3

pGEX4T2 pGEX412  Col.2 Col.2 Col.3 Col.3 Col.4 Col.4
()IPTG  (+)IPTG  (JIPTG (+)IPTG (-)IPTG (+)IPTG (-)IPTG (+)IPTG

50 kDa

37 kDa

25 kDa

20 kDa

Figure 4.1.2.3 GST-CTF1 protein expression in BL21(DE3) bacteria with 1 mM IPTG
at 20 °C was controlled by Coomassie staining. Using loading dye, bacteria was directly
lysed at 95°C. There isn’t any difference between ATG (-) colonies. Results are
visualised with a 12% SDS-PAGE gel, Coomassie staining.

Moreover, because there is no difference between Colony 2, 3, and 10 in IPTG (+)
groups in Coomassie staining, we decided to do a western blot to see protein expression.
Bacteria lyse supernatants were loaded to a 12% SDS-PAGE gel again, and the gel was
transferred to the NC membrane. The membrane was blocked with 5% milk and
incubated with CTF1 and GST antibody overnight in a 4°C shaker. Next day results are

visualized. Results are shown in figure 4.1.2.4

Col.2 (-} IPTG
Col.2 (+) IPTG
Col.3 (-) IPTG
Col.3 (+) IPTG
Col.4 (-) IPTG
Col.4 (+) IPTG

PGEX4T2(+) IPTG
pGEXAT2(-) IPTG
Col.2 (+) IPTG
Col.2 (-) IPTG
Col.3 (+) IPTG
Col.3 (-} IPTG
Col.4 (+) IPTG
Col.4 () IPTG

» [T - W
25

CTF1 GST

Figure 4.1.2.4 GST-CTF1 protein expression in BL21(DE3) bacteria with 0.2 mM IPTG
at 20 °C was controlled by Coomassie staining. Using loading dye, bacteria was directly
lysed at 95°C. There isn’t any difference between ATG (+) colonies either. Results are

visualised with a western blot.
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After seeing the results of Western blot Colony 2, 3, and 10, we decided that CTF1
protein expression is valid but not enough to see on a Coomassie staining gel. Later, we
picked colony 10 to continue with bacterial lysis with the lysis buffer using the same

sonication protocol. Supernatant and pellet were loaded the 12% SDS-PAGE gel.

Results are shown in figure

pGEX4T2 pGEX4T2 Col.3 (-) Col.3 (+) pGEX4T2 pGEX4T2 Col.3 (-)Col.3 (+)
(-)IPTG (+)IPTG IPTG  IPTG (-)IPTG (+)IPTG IPTG IPTG
P p p p s S S S

=
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37 kDa|

25 kDa
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Figure 4.1.2.5 Purification of GST-CTF1 protein. After observed CTF1 and GST
expression in Western Blot, ATG (+) pGEX-4T-2 colonies further purified with %2
sarcosyl contained lysis buffer. Bacterial pellet and supernatant were controlled by
Coomassie Staining of SDS-PAGE gel. GST-CTF1 protein didn’t observed at pellet or

supernatant. Result are visualized with 12% SDS-PAGE gel coomassie staining.

4.1.3 Cloning of CTF1 ATG (+) gene into the pGEX4T-1- 3x-FLAG
vector

In this moment, we decided to clone the CTF1 gene into the pGEX4T-1-3x-FLAG
vector. The CTF1 gene was amplified using ATG (+) primers, Ecorl ATG FWD and
Sall REV. The PCR product and vector were digested with Ecorl and Sall enzymes in O
buffer at 37°c. After digestion, both were purified from an agarose gel using MN kit
protocols. The DNA concentrations were measured with a Nanodrop, then ligated with
T4 ligase and ligase buffer at a 1:3 ratio overnight at 16°c. The next day, the ligation
mixture was transformed into Dh5a E. coli cells through heat-shock. Post-
transformation, the bacteria were recovered in plain LB medium for 1.5 hours and then
spread onto ampicillin-containing agar plates. The following morning, 10 colonies were
selected for cloning verification. These colonies were incubated overnight in ampicillin

LB, then prepared with a homemade mini prep kit. The plasmids were digested with
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Ecorl and Sall enzymes in O buffer at 37 °c for verification. Colonies that produced a

606 bp PCR product after digestion were identified as positive.
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Figure 4.1.3.1 Agarose gel electrophoresis of pGEX4T-1-3x-FLAG-CTF1 ATG (+)
cloning. Empty vector, single Ecorl digested, single Sall digested and double digested
pGEXA4T-1-3x-FLAG vector loaded to the gel as a digestion control. Colonies were
digested with Ecorl and Sall enzymes in O buffer at 37 oC for 2 hours. Colony 3,
colony 5, colony 8, colony 9 and colony 10 are positive. Results are visualised with 1%

agarose gel.

After confirming the pGEX4T-1-3x-FLAG-CTF1 ATG (+) vector construct, colonies 5,
8, and 9 were transformed into BL21 E. coli to produce recombinant protein, following
the same transformation protocol. Post-transformation and bacterial recovery, the
bacteria were spread onto agar plates with ampicillin and incubated overnight. The next
day, colonies were picked into 1 ml of ampicillin-containing LB and incubated at 37 °C
on a shaker for several hours. Once grown, they were transferred into 50 mL of
ampicillin-positive LB for further incubation at 37 °C on a shaker. Optical density (OD)
was regularly measured at 600 nm until it reached 0.3. At this point, 50 mL of bacteria
was aliquoted into 25 mL flasks, with some receiving 0.2 mm IPTG. The bacteria were
then incubated at 20 °C on a shaker. After 16 hours, OD was remeasured; it reached
approximately 0.7. From each group, 1 ml of bacteria was aliquoted, and the remaining
bacteria were centrifuged at maximum rpm for 10 minutes, with the pellet stored at- 80
°C for later use. The 1 ml bacterial pellet was lysed with 1x SDS loading dye at 95°C.
The volume of dye was based on OD. After lysis, supernatants were loaded onto a 12%

SDS-PAGE gel. The results are shown in the figure 4.1.3.2
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pGEX4T2 pGEX4T2 Col.5 Col5 Col.8 Col8 Col9  Col9
(-)IPTG  (+) IPTG (-) IPTG (+) IPTG () IPTG (+) IPTG (-} IPTG (+) IPTG

50 kDa <+— GST-CTF1
37 kDa
y «—— GST
25 kDa ‘ .
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Figure 4.1.3.2 GST-CTF1 protein expression in BL21(DE3) bacteria with 0.2 mM IPTG at
20 °C was controlled by Coomassie staining. Using loading dye, bacterial dye was directly
lysed at 95°C. Recombinant CTF1 protein is induced all of the ATG (+) pCMV-4T-1-

3xFLAG colonies. Results are visualised with a 12% agarose gel Coomassie staining.
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Figure 4.1.3.3 CTF1 and GST protein expression in Colonies 5, 8, and 9. (A) CTF1
protein expression is observed in Colonies 5, 8, and 9 when BL21 E. coli bacteria are
induced with IPTG. (B) GST protein expression is observed in Colonies 5, 8, and 9
when BL21 E. coli bacteria are induced with IPTG.
After protein production results were verified via Coomassie staining and western blot,
Col.8 was picked to continue protein purification. Bacteria were lysed through lysis
buffer via sonication, as explained in the Materials and Methods section. After the
sonication process, the pellet and supernatant were loaded onto the 12% SDS-PAGE gel
again to see if the bacteria had been successfully lysed and if the protein of interest was

in the supernatant.
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PGEX4T2 pGEX4T2 Col.8 (-) Col.8 (+) pGEX4T2 pGEX4T2 Col.8(-) Col.8 (+)
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GST-CTF1
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Figure 4.1.3.4 Purification of GST-CTF1 protein. After observing CTF1 and GST
expression in Western Blot, ATG (+) pGEX-4T-1-3xFLAG colony 8 was further
purified with 2% sarcosyl-containing lysis buffer. Coomassie Staining of SDS-PAGE
gel controlled bacterial pellet and supernatant. GST-CTF1 protein was observed both in
the bacterial pellet and the supernatant. Results are visualised with a 12% SDS-PAGE

gel coomassie staining.

Pre-elution Pre-elution
GST GST-CTF1 Eluted GST Eluted CTF1

50 kDa

37 kDa

25 kDa

Figure 4.1.3.5 Elution of GST-CTF1 protein. After protein elution steps, the eluted
proteins are loaded onto the 12% SDS-PAGE gel. CTF1 protein is not eluted correctly;

it is still on the bead. Further optimisation is needed.

Colony 8 is eluted using glutathione Sepharose 4B beads. Results are shown in figure

4.1.3.5



82

4.2 Development of Naive phage display library

4.2.1 Mouse spleen RNA isolation and ¢cDNA conversion

Spleen was harvested from mouse and RNA isolated using Trizol protocol that is stated
in the materials and methods section. The isolated product was 1 ug / ul. Isolated RNA

was loaded to the agarose gel to visualize isolated product.
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Figure 4.2.1 Agarose gel electrophoresis of 1 ug and 0.5 ug isolated RNA. Samples are
loaded 1.5% agarose gel.

After the RNA isolation verification, RNA samples are converted to the cDNA.
Because of the there is limited volume of spleen RNA, we decided to contininue our
optimization process with B cell line, A20. RNA also isolated from A20 cell line, and
converted to the cDNA. Later, cDNA is used as a template to amplify Vu and VL primer
sets. There are 9 VL forward primers, 2 Vi reverse primers and 9 Vy forward primers, 2
Vh reverse primers with the Sfil / Notl restriction sites. These primers also consist
overlap regions to amplify to each other to create scFv structure. To achieve this, firstly
we started to optimize the primer working conditions for each set of PCR. In the

beginning, all primers are anneal at 58-63 °C. Results are shown in the figure 4.2.2
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Figure 4.2.2 Agarose gel electrophoresis of all light chain and heavy chain primer sets.
All primers are annealed at 55-63 °C, using A20 B cell line cDNA as a template DNA
for optimization. There isn’t any successfully amplified PCR product. Results are

visualized at 1% agarose gel.

After not getting any amplified PCR product, we start to study each primer set
induvially. For this, we picked VL1-REV1 and VH1-REV1 for continue optimization.

These primers are annealed 58-63 °C again. Results are shown in the figure 4.2.3

VL1 Vi1 VH1 VH1
REV1 REV2 REV1 REV2

Figure 4.2.3 Agarose gel electrophoresis result of VL1-REV1, VL1-REV2, VH1-
REVI1, VH1-REV2 optimization. To begin optimization process of phage display
antibody library, different primer pairs were picked from each primer set. 55-63 °C
annealing temperature were performed for PCR. There is a slight band at VL1-

REV2. Results are visualized at 1% agarose gel.
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We decided to try 55 oC annealing temperature in all primer sets. Results are shown in

figure 4.2.4

(A) VL1 VL2 VL3 VL4 VL5 Vi6 VL7 VI8 VIS vyi1 VL2 VI3 VI4 VL5 VL6 VL7 VL8 VIS
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Figure 4.2.4 Agarose gel electrophoresis result of full set primers. (A) In 55 °C annealing
temperature PCR, VL1, VLS5, VL7, VL3, VL5, and VL8 amplified. (B) In a 55 °C

annealing temperature of the full set of heavy chain primers, only VH2 amplified. Results

are visualized at 1% agarose gel.

Moreover, we decided that for heavy chain primers, 55 °C annealing temperature is not
working because almost all of the results are smeared. Meaning that PCR reaction is not
working at all. But when we look at the light chain primer set groups, there is
amplification in VL1, VL5-REV1, VL7-REV1, VL3-REV2, VL5-REV2 and VLS-
REV2. This could be mean that light chain PCRs annealing temperature is 55 °C but it
needs further optimization. So, we decided to continue more different methods like

increasing template concentration or adding DMSO for primer-dimer inhibition.
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Figure 4.2.5 Agarose gel electrophoresis result of light chain primer optimization. PCR

was performed with different conditions. (A) DMSO for decreaseing effect of primer

dimerization was added with 20 ng template DNA, high concentration of template DNA

and high concentration of template DNA and DMSO at 55-63 °C annealing temperature.

(B) DMSO for decreaseing effect of primer dimerization was added with 20 ng template

DNA, high concentration of template DNA and high concentration of template DNA

and DMSO at 55 °C. It has been discovered that light chain primers are working at 55
oC annealing temperature with high concentrations of template DNA. Adding DMSO
was decreased primer dimer formation but blocked PCR. Results are visualized at 1%

agarose gel.

Same optimization process, increasing concentration of template DNA, adding DMSO

for inhibiting primer-dimer formation, was conducted for heavy chain reverse 1 and 2

primer sets also. Results are shown in figure 4.2.6
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Figure 4.2.6 Agarose gel electrophoresis result of heavy chain primer optimization. PCR
was performed with different conditions. (A) DMSO for decreaseing effect of primer
dimerization was added with 20 ng template DNA, high concentration of template DNA
and high concentration of template DNA and DMSO at 55-63 °C annealing temperature.
(B) DMSO was added to decreaseing the effect of primer dimerization with 20 ng
template DNA, high concentration of template DNA and high concentration of template
DNA and DMSO at 55 °C. It has been discovered that heavy chain primers are
amplifiying at 55-63 °C annealing temperature with high concentrations of template
DNA. Adding DMSO was decreased primer dimer formation but blocked PCR. Heavy
chain reverse 2 primers still needed optimization. Results are visualized at 1% agarose

gel.

Furthermore, we discovered that light chain primers are annealing at 55 oC, heavy chain
reverse 1 primers are annealing at 55-63 oC, we performed a PCR again for all of the

heavy chain primer sets again. Results are shown in the figure 4.2.7
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Figure 4.2.7 Agarose gel electrophoresis result of heavy chain primer sets. (A) Heavy

1
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chain reverse 1 primers annealed at 55-63 °C using A20 B cell line. All of them worked

at different efficiency levels. (B) Heavy chain reverse 2 primers annealed at 55-93 °C

using A20 B cell line. VH1 REV1, VH5 REV2, VH8 REV2 amplified with low

efficiency. Results are visualized at 1% agarose gel.

Moreover, to find a correct annealing temperature of heavy chain reverse 2 primer set,

we did Gradient PCR with a range of 62 °C to 52 °C. Results are shown in figure 4.2.8

H1 REV1

(C)

62 °C

61.2°C

60 °C

38.12C

55.8°C

53.9°C

92.7°C

Q= = 9 Al = e

529C




88

Figure 4.2.8 Agarose gel result of Heavy chain REV1 and REV2 primer optimization
using Gradient PCR with A20 B cell line cDNA as a template DNA. (A) Heavy chain
REV1 PCR annealed at different temperature ranges between 62 °C and 52 °C using the
Gradient PCR technique. HI REV1 amplified all the temperatures with varying levels
of efficiency. (B) Heavy chain REV2 PCR annealed at different temperature ranges
between 62 °C and 52 °C using the gradient PCR technique. HI REV2 amplified at 61.2
°C. (C) Gradient PCR range table. Results are visualized at 1% agarose gel.

Furthermore, due to Gradient PCR result, heavy chain reverse 2 primers are annealed at

61 °C. Results are shown in figure 4.2.9

VH1 VH2 VH3 VH4 VH5 VH6 VH7 VH8 VH9
REV2 REV2 REV2 REV2 REV2 REV2 REV2 REV2 REV2

Figure 4.2.9 The agarose gel electrophoresis result of heavy chain reverse 2 was set at
61 °C annealing temperature. The PCR was annealed at 61 °C because of the previous
gradient PCR result using A20 B cell line cDNA as a template. No PCR product was

amplification. Results are visualized on 1% agarose gel.

Later, we decided to try heavy chain reverse 2 primer set in 58-63 °C annealing

temperature. Results are shown in figure 4.2.10



89

—
-_—
—i
—_—
ormmn

Figure 4.2.10 The agarose gel electrophoresis result of heavy chain reverse 2 was set at
58-63 °C annealing temperature using A20 B cell line cDNA as a template. HIR1,
H2R2, H3R2, H4R2 and H8R2 successfully amplified with different efficiencies.

Results are visualized 1% agarose gel.
For the last part of the optimization of the VH and VL PCRs, we performed all PCR

sets with naive mouse spleen cDNA with most efficient PCR amplification conditions

that we discovered earlier. Result are shown in figure 4.2.11

(A) VL1 VL2 VL3 VL4 VL5 VL6 VL7 VI8 VL9 VL1 VL2 VL3 VL4 VL5 VL6 VL7 VL8 VL9
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Figure 4.2.12 Agarose gel electrophoresis result of Light and Heavy chain fragments
PCR set. (A) Light chain fragment set PCRs are performed at 55 °C annealing
temperature. All PCR products are amplified. Naive Mouse spleen is used as a cDNA
template. (B) Heavy chain 1-9 REV1 PCRs performed at 55-63 °C annealing
temperature, Heavy chain 1-9 REV2 PCRs are performed at 58-63 oC temperature.
Naive Mouse Spleen is used as a cDNA template. All PCR products were amplified.

PCR products are visualized at 1% agarose gel.
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4.2.12 SOE (splicing by overlap extension) PCR

After successfully annealed all PCR primer sets, its time to amplify each VL-VH pair
together to create scFv structure via SOE PCR. Each primer set was isolated from gel
using MN kit manufacturer protocol. 25 ng DNA was used from each set to combine
PCR products, final concentration is 100 ng. Heavy chain and light chain PCR mix are

loaded as control. Results shown in figure 4.2.12

Light Heavy SOE
chain chain PCR
mix mix

Figure 4.2.11 Agarose gel electrophoresis result of Splicing Overlap Extension PCR.
Light and Heavy chain PCR products were amplified as 50 ng for each fragment. In first
PCR cycle, primers didn’t add for 20 cycles to enchance product amplification, later
primers are added and continued for another 35 cycles. Light chain fragment mixture
and heavy chain fragment mixture loaded as control. Results are visuailized at 1%
agarose gel.

SOE PCR product was isolated from gel using MN NucleoSpin Gel Extraction kit,

manufacturer protocols. We continue with cloning of the scFv product into the phage

display vector, pPCANTABSe.
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4.2.13 Cloning of scFv into the pCANTABSe
SOE PCR product and pCANTABSe vector were digested with Sfil restriction ezyme at
50 °C in G buffer, 1 hour. After that, Notl restriction enzyme added and continued

incubation at 37 °C, 1 hour. Results are shown in figure 4.2.13
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Figure 4.2.13 Agarose gel result of the pPCANTABS5e and SOE PCR product enzyme
digestion. Uncut pPCANTABSe, Notl single digest, Sfil single digest loaded as a
digestion control. Vector successfully digested. Results are visualized in 1% agarose

gel.

Finally, we isolated digested pPCANTABSe and scFv from gel and ligated these products
performing normal ligation protocol in 1:8 ligation ratio, 16 oC overnight. The next day,
the ligation reaction is transformed to the Dh5a E.coli, and spread to the Ampicillin

agar plate. Colonies are picked overnight and mini-prep DNA extraction was performed

to check cloning verification. Results are shown in the figure 4.2.14
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Figure 4.2.14 Agarose gel electrophoresis result of pPCANTABSe-scFv. Clones are

verified trough enzyme digestion with Sfil and Notl. Colony 2 contains scFv structure.
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Chapter 4

DISCUSSION

In the literature, many times it has been stated that Cardiotrophin 1 is associated with
heart diseases; myocardial infarction, arterial stiffness, hypertension, etc. In addition, it
is also associated with cell survival and acts as an anti-apoptotic factor that activates the
STAT3 and PI3K-AMPK signalling pathways. Akkog and colleagues discovered that
CTF1 has a role in tumour-stroma interaction; it is secreted from breast cancer cells to
the tumour stroma and alters the fibroblasts to carcinoma-associated fibroblasts.
Moreover, this mechanism is autophagy-dependent. The effect of CTF1 is associated
with the tumor stage, larger and lymph node metastatic tumors contain more CTF1
expression. But it is not associated with the hormone receptor levels. (Akkoc et al.,
2023) Few factors promote CAF formation, like TGF-B, ROS, and LMP1, but CTF1
triggers a different mechanism than other cancer-derived factors that alter autophagy in
CAFs. (Sari et al., 2024) It is important to discover new factors that might cause cancer
invasion or migration to better treat or diagnose cancer. Many stroma-targeting drugs
are still in clinical trials. These drugs target CAFs, which secrete TGF-B, called
Fresolimumab, or target CAF-related proteins, which is an antibody-based drug called
ABBV-085. (C. Wu et al., 2024) These discoveries make CTF1 is a potential drug

target against breast cancer.

Since 2022, at least 111 antibody-based drugs are approved against many diseases, most
of them are cancer. Because of the high specificity, powerful mechanisms of action,
long half-life, and wide therapeutic application, they are very advantageous against
several diseases. On the other hand, they faced many problems since Miller and Kiihler
introduced us with hybridoma technology. They are high cost, increased
immunogenicity risk and need expertise to produce. In this case, phage display
technologies appear. Phage display stands out due to low production cost, less
immunogenicity, and better tissue penetration of antibodies than other antibody

obtaining methods.
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In this thesis, we aimed to develop a system to produce recombinant antibodies against
CTF1 to target tumour-stroma crosstalk to inhibit breast cancer metastasis. For this
matter, we produced recombinant CTF1 protein. This recombinant protein production
was needed because even tough many companies are produces recombinant CTF1
protein but they are very expensive when is compared to the volume size and also have
miscalculated concentrations of the protein. It is safer and more credible to generate our
own recombinant proteins in the laboratory. To this matter we cloned CTF1 gene into
the bacterial protein expression vector and induced with lactose analoge IPTG to
echance recombinant target protein expression. After we saw appropriate amount of
recombinant CTF1 on Coomassie gel, we continued with the bacteria's lyse. Bacteria
were successfully lysed with detergent containing lysis solutions and eluted with
agarose Sepharose GST beads. In the final parts of this chapter, we discovered that
recombinant CTF1 protein is not eluted sufficiently, most of them are on glutathione
Sepharose 4B (GE Healthcare, 17-0756-01) beads. Further optimization process is
needed to elute CTF1 protein more efficiently. Many stragedies can be try; changing
elution conditions like temperature or buffer conditions or try to elute by digesting GST
tag using protease enzyme like Thrombin. In this way, we will use recombinant protein
in other experiment currently conducted in our laboratory but also continue with animal
immunization against CTF1 protein or to use in the biopanning process against CTF1

again.

In the second chapter of this thesis, we developed a system to create a naive phage
display library. In the first place, we designed 36 oligos from the KABAT-WU
database, which represents the mouse IgG repertoire. Using this primer oligos, we
conducted conventional PCR. To establish a system, they needed a further optimization
process. We tried different annealing temperatures, increasing concentrations of
template DNA or adding chemicals (DMSO etc.) to decrease the effect of primer-dimer
formation. After discovering the most efficient PCR reaction condition, we continue
amplifying these PCR products together. While creating a scFv, these recombinant
antibodies have one light chain and one heavy chain, these chains are joined together
with a Gly-Ser containing linker. After successfully amplifying these chains, we
performed SOE PCR to join them together. SOE PCR needed optimization process also.
We investigated correct annealing temperature; we try to enhance PCR product fusion.

After that scFv structure is cloned to the phage display vector, a phagemid,
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pCANTABSe. In this way we created a naive mouse library to use screening against
target molecules. Naive libraries are beneficial for screening against target molecules
and producing recombinant antibodies against your target. But they have low positive
clone numbers because they are not from an animal that was immunised against your
antigen. Now, we will use our recombinant CTF1 protein to immunise the mouse
against CTF1, harvest the spleen, conduct a phage display library using 36 oligos that
we optimise in this thesis, and then perform a biopanning process using recombinant
CTF1 protein and CTF1 phage display library. In this way, we will produce a
recombinant antibody against CTF1 that can be used as a therapeutic agent that targets

tumour stroma crosstalk against breast cancer invasion and migration.
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Chapter 5

CONCLUSION AND FUTURE PROSPECTS

In this thesis, we attempted to create a technique for producing recombinant antibodies
against CTF1 in order to target tumor-stroma crosstalk and limit breast cancer
metastases. For this purpose, we created recombinant CTF1 protein. To this end, we
cloned the CTF1 gene into a bacterial protein expression vector and stimulated it using
the lactose analog IPTG to enhance recombinant target protein expression. In Chapter 2
of this thesis, we created a method to generate a naive phage display library. First, we
created 36 oligos using the KABAT-WU database, which contains the mouse IgG
repertoire. We used these primer oligos to do conventional PCR. To develop a system,
they needed to go through another optimization procedure. We experimented with
different annealing temperatures, increasing template DNA concentrations, and adding
chemicals (DMSO, etc.) to reduce the effect of primer-dimer formation. After
determining the most efficient PCR reaction conditions, we continue to amplify these
PCR products together. When producing a scFv, these recombinant antibodies have one
light chain and one heavy chain that are connected together by a Gly-Ser linker. After
successfully generating these chains, we used SOE PCR to connect them. In the final
part of this thesis, we successfully cloned a scFv structure into the phage display vector.
Our results indicates that we created a system to obtain recombinant antibodies against
any target molecule. As discussed previously antibody-based drugs are effectively used
in many diseases, but producing them are not so efficient; oftenly expensive. Having a
system that can produce antibodies faster and cheaper can open a new way in cancer
detection and therapy. In the future with using our system that develop in this thesis, we
will now use our recombinant CTF1 protein to immunize the mouse against CTF1,
extract the spleen, create a phage display library utilizing 36 oligos optimized in this
thesis, and then perform a biopanning process with the recombinant CTF1 protein and
CTF1 phage display library. In this method, we will create a recombinant antibody
against CTF1 that can be employed as a therapeutic agent to combat tumor stroma

interaction in breast cancer invasion and migration.
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