Proceedings of the 36" European Peptide Symposium
Michal Lebl (Editor)
European Peptide Society, 2022 https://doi.orgl10.17952/36EPS.2022.079

Study on the Possibility of Cross-Interactions of Selected Growth
Factors with Specific and Non-Specific Antibodies

Katarzyna Czerczak-Kwiatkowska, Justyna Fraczyk, and Beata Kolesinska
Institute of Organic Chemistry, Department of Chemistry, £odz University of Technology,
Zeromskiego 116, 90- 924 £6d7, Poland

Introduction

Proteins are the basic building blocks of living organisms. They also play a key role in a variety of
biological processes, such as catalyzing chemical reactions, transporting various compounds,
immunological reactions, and signaling between cells [1]. All biological processes are regulated by
protein complexes, the activity of which is controlled by protein-protein interactions (PPI) [2,3]. A
specific type of PPI is the interaction between antibodies and protein antigens. Essentially, each
individual antibody is able to bind specifically to one unique epitope due to a unique antigen-binding
site located at the end of the variable region on the antibody. However, an epitope (linear or
conformational) may be present in more than one protein antigen. Thus, one antibody can potentially
recognize two or more proteins if the proteins are highly homologous and contain the same epitope.
This results in the possibility of cross-interaction with other proteins [4-6]. It is commonly believed
that the molecular mimicry of epitopes is the cause of the development of many autoimmune and
neoplastic diseases [7-11].

Growth factors are specialized proteins (polypeptides) involved in intercellular communication.
They activate the body's repair mechanisms. Among the growth factors, over 30 compounds can be
distinguished. The most commonly used ones in widely understood medicine are Epidermal Growth
Factor (EGF), Vascular Endothelial Growth Factor (VEGF), Platelet-Derived Growth Factor (PDGF),
Fibroblast Growth Factor (FGF), and Transforming Growth Factor (TGF). EGF is a common
mitogenic factor that stimulates the proliferation and differentiation of various cell types, especially
fibroblasts and epithelial cells, and accelerates wound healing. EGF activates the EGF receptor
(EGFR/ErbB), which in turn initiates intracellular signaling. EGF supports the differentiation,
maturation, and survival of different neurons as well and has a neuromodulatory effect on different
types of neurons in the CNS [12,13]. Transforming growth factor alpha (TGF-a) belongs to the
epidermal growth factor family. TGF stimulates fibroblasts to produce collagen and stimulates DNA
synthesis, proliferation, and differentiation of various types of cells. The expression of TGF-a is highly
regulated in response to exogenous cellular signals, including cytokines and other growth factors. This
growth factor has been found to be essential for the proper development of many tissues and organs.
TGF-o also plays a role in many neoplastic diseases [14]. VEGF stimulates the processes of
angiogenesis, i.e. the formation of blood vessels, and activates microcirculation. VEGF is considered
a major regulator of angiogenesis in disease states such as cancer, diabetes, and macular degeneration
[15,16]. By acting on the appropriate receptors or their isoforms, growth factors trigger cascades of
various processes in the body [17-19] which are either harmful or constitute targets in the design of
new drugs [20-23]. On the other hand, crosstalk between growth factors and other proteins is widely
known, resulting in the formation of new networks of protein-protein interactions and ultimately
obtaining different biological responses [24-28].

As a result of our research on the selection of protein fragments involved in the regeneration
process of damaged tissues, we have shown [29] that for selection it is possible to use polyclonal
antibodies specific to a protein, because finally the set of fragments forming the outer sphere of the
protein is obtained. This is due to the fact that the amino acid sequence is important in the recognition
of an antigen by antibodies, but a very important factor determining the interaction is the appropriate
display of protein fragments, which allows the formation of an antigen-antibody complex.
Additionally, polyclonal antibodies are known to recognize many antigens of the one antigen.

The aim of this study was to test the ability to interact with overlapping decapeptide libraries
covering entire growth factors such as epidermal growth factor, transforming growth factor alpha, and
vascular endothelial growth factor A with specific polyclonal antibodies and non-specific antibodies.
Conducting these studies should provide answers to questions about possible cross-interactions
between anti-growth factor antibodies and native growth factors. Finding growth factor fragments
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incorrectly recognized by anti-growth factor antibodies should, on the one hand, broaden the
knowledge of their possible application, as well as provide an answer to the possibility of non-specific
interaction of growth factor fragments with various receptors. Experimental studies based on dot-blot
tests of libraries of overlapping decapeptides constituting maps of proteins from the growth factor
family with antibodies were extended to modeling the interactions of growth factor fragments with
selected receptors. It was assumed that both "correct pairs" (ligand-receptor) and “incorrect pairs"
(non-specific ligand-receptor) would be used in further research.

Results and Discussion

In the first stage of the research, the syntheses of libraries of fragments of the selected growth factors
immobilized on the cellulose surface were carried out. The libraries of fragments of TGF-a, EGF, and
VEGF A were obtained. The first stage of the synthetic work involved the incorporation of the
isocyanurate derivative on the surface of the cellulose matrix [30,31] (Figure 1). As our research has
shown, the isocyanurate derivatives can be used in the SPOT peptide synthesis (modified cellulose as
a solid phase) according to the Fmoc/tBu strategy. By using piperidine, it was possible to remove the
Fmoc group, which makes it suitable to continue peptide synthesis according to the classical solid
phase synthesis procedure. Synthetic protocols [32] were adapted to the synthesis of libraries of
decapeptide fragments derived from TGF-0, EGF, and VEGF A. Libraries of decapeptides being
overlapping fragments of selected growth factors (reading frame shifted by 1 amino acid residue) was
synthesized. Synthesized libraries consisted of 41 fragments for TGF-a, 44 fragments for EGF, and
233 fragments for VEGF A. These libraries were used in subsequent stages to study the ability of
interaction with polyclonal antibodies (both specific and non-specific). To visualize peptide-antibody
complexes secondary antibodies labeled with horseradish peroxidase (HRP) were used. In order to test
the ability of synthesized libraries to interact with specific or non-specific antibodies against growth
factors, polyclonal anti-EGF, anti- TGF-o, and anti-VEGF A

on were used. All performed reactions either with specific or non-
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(Figure 3). These fragments partially overlap. In contrast, the
fragment 29-38 EGF recognized by anti-TGF-o antibodies is not identified by anti-EGF antibodies,
although it partially overlaps with the adjacent active fragments. It can be found that overlapping
fragments contain residues conserved for EGF-family proteins. Apart from these residues, there are
also others that are similar or the same for both sequences.
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Fig. 2. Exemplary scans of cellulose matrices with peptide libraries of EGF (left) and TGF-a (right)
after reactions with polyclonal antibodies: specific (top) and non-specific (bottom).
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Analyzing this fact, it can be concluded that the spatial structure of EGF and TGF-a molecules allows
for the exposition of similar fragments, which is visible in the above list of fragments selected in
reactions with specific antibodies. Binding to the receptor as well as immunization in the process of
obtaining antibodies is conditioned by the spatial structure and the appropriate amino acid sequence.
It has been found that, despite the presence of a few constant amino acid residues in both sequences,
the differences that exist may be of crucial importance in antibody formation. Hence the fact that
despite binding to the same receptor, the results of the reaction with EGF and TGF-a antibodies are
not identical. For VEGF A interaction with specific polyclonal antibodies resulted in six recognizable
fragments. VEGF A belongs to another family of growth factors, but reaction with non-specific
antibodies showed, that its fragments may be misrecognized by anti-EGF and anti-TGF-a antibodies.
The conducted studies with non-specific anti-EGF and anti-TGF-a antibodies clearly showed that as
a result of an incorrect recognition, a significantly greater number of VEGF fragments were selected,
than with specific anti-VEGF antibodies. It is worth emphasizing that all selected fragments using
specific anti-VEGF antibodies were also found in the dot-blot test with non-specific antibodies. It is
also interesting that the VEGF fragments recognized by anti-EGF and anti-TGF-a antibodies were
highly compatible. Even for structurally different fragments of the VEGF165 isoform (no reaction with
specific anti-VEGF antibodies, one fragment was selected in the test with anti-EGF and anti-TGF-a
antibodies. What is surprising, is the almost complete structural homology of the fragments found (you
only move one amino acid). Some similarities can be found by analyzing the sequences of the
identified fragments. The EGF fragment 33-47 and the TGF-a fragment 29-47 recognized by the anti-
EGF antibodies are largely identical. This sequence also includes the aminoacids constant for proteins
from the EGF family. Similar sequence is also found in VEGF A 166-175 fragment.
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EGF ab 3 2 33 a7 TGF-0 ab 10 n EE} a7
17 31 41 53 18 34 40 50
TGE-u ab - - a - EGF ab 9 a7
VEGFA ab = 1w % VEGFA ab 13 2 EH 4
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VEGF206 MNFLLSWVHW SLALLLYLHH AKWSQAAPMA EGGGONHHEV VKFMDVYQRS YCHPIETLVD IFQEYPDEIE YIFKPSCVPL MRCGGCCNDE GLECVPTEES
VEGFA ab 16 26 a5 56 7 50
- 4 14 27 3838 60 67 76 76 85
EGF ab 12 % 32 42 70 80
TGFa 1 1n 21 a1 80
TGFa ab 14 5 7 5
110 120 130 140 150 160 170 140 190 200

VEGF206 NITMQIMRIK PHQGQHIGEM SFLOHNKCEC RPKKDRARQE KKSVRGKGKG QKRKRKKSRY KSWSVYVGAR CCLMPWSLPG PHPCGPCSER REKHLEVQDEQ

VEGFA ab 107 116 159 169
o 166 175
EGF ab 104 121 131 145 151 170 173 183 188
165 175
TGFa ab 102 122 123 132 172 187 190 200
129 175 194
210 220 230 140 150
VEGF206 TCKCSCKNTD SRCKARQLEL NERTCRCDKE RR VEGF165 PKKDRARQE NPCGPCSERR
VEGFA ab VEGFA ab
EGF ab 201 EGF ab 133 142
TGFa ab 203 221 231 TGFu ab 132 141

Fig. 3. Graphic scheme of interactions between protein fragments and specific/non-specific
polyclonal antibodies.

The results of studies on the cross-interaction of anti-EGF and anti-TGF-a antibodies with VEGF
indicate a very high probability of incorrect recognition of growth factors by non-specific antibodies,
produced against structurally and functionally different growth factors. Dividing proteins into short
peptides show that even between those from different families structural similarities/homology may
be found. This fact may indicate that these structures can possibly activate improper proteins during
PPI’s. Also, studies on mistaken interactions open a new way to design new, unexpected peptides able
to interact with selected proteins/receptors.
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