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Abstract

Background: Targeted therapy is an important treatment strategy that is widely used for cancer therapy.
Epidermal growth factor receptor (EGFR) is overexpressed in a significant percentage of Triple-negative breast
cancer (TNBC) patients. Although Cetuximab, which targets EGFR, has shown some inhibitory effects on
TNBC cells, Cetuximab resistance cases due to ligand-independent activating mutations in the EGFR gene
limit its application. Due to various benefits of single chain antibodies (scFvs), the use of these antibodies in
cancer targeted therapy is increasing. In this study, a specific anti-EGFR antibody was isolated and evaluated.
Methods: Panning procedure was used against an immunodominant epitope of EGFR in its dimerization arm
using a diverse phage library. Polymerase Chain Reaction (PCR) and fingerprinting were applied to identify the
specific clones. The MTT tetrazolium assay was performed to evaluate the inhibitory effects of selected anti-
EGFR scFv phage antibody on MDA-MB-468, a TNBC cell line.

Results: After four round of panning, one dominant pattern was observed in DNA fingerprinting with
frequency of 85%. The growth of MDA-MB-468 cells was decreased dose-dependently after treatment with
anti-EGFR scFv phage antibody. No significant inhibitory effect of M13KO7 helper phage as negative control
on the cell growth of MDA-MB-468 was observed (p> 0.05).

Conclusions: The selected anti-EGFR scFv with high anti proliferative effect on TNBC cells offers an effective
alternative for TNBC targeted therapy. The antibody, which binds to the dimerization arm of EGFR and
inhibits EGFR dimerization, could also overcome TNBC cases with Cetuximab resistance due to ligand-
independent activating mutations.
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Introduction

Triple-negative  breast cancer (TNBC) s
heterogeneous in  molecular and clinical
characteristics and accounts for about 15%-20%
of breast cancer patients (1-3). TNBCs are often

TNBC prognosis remains poor with early relapses
and metastasis (6-8).

The application of targeted therapy provides
effective management of breast cancer in the past

associated with poor outcomes, high distant
metastases frequency including metastasis to
brain, liver, and lung and, typically show a low
overall survival compare to other breast cancer
subtypes (4, 5). Chemotherapy is the only
approved therapy for TNBC patients after
surgery. Although TNBC patients have a better
response to chemotherapy than non-TNBC cases,

decade (9, 10). There are several approved-drugs
especially monoclonal antibodies that target
different molecular pathways and have promising
results but due to lack of hormone receptors and
epidermal growth factor receptor 2 (HER2),
TNBC patients are not responsive to targeted
therapies such as anti-HER2 and hormonal
therapy and therefore, currently, there is no
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effective approved-targeted therapy to treat
TNBC (11).

Epidermal growth factor receptor (EGFR)
overexpression correlated with worse prognosis
of various tumors including, lung, head and
neck, gastrointestinal tract, colorectal, bladder,
and breast cancers (12). In the lack of bound
ligand, EGFR is a monomer and its
dimerization arm is cryptic, however when the
ligand binds to the ligand-binding site, it leads
to a conformational change, and dimerization
arm is exposed, which activates several
signaling pathways (13, 14). RAF/MAPK and
PIBK/AKT pathways are main signaling
pathways that are activated by EGFR activation
and contribute to wvarious tumor supportive
processes including proliferation,
differentiation, migration, and inhibition of
apoptosis (15). Monoclonal antibodies and
tyrosine kinase inhibitors with a low molecular
weight that target EGFR are present for the
treatment of different cancer types such as
colorectal cancer and non-small cell lung
cancer, respectively (16, 17). Cetuximab and
Panitumumab are two  FDA-approved
monoclonal antibodies for the treatment of
colorectal cancer. These antibodies bind to the
ligand binding site of EGFR, prevent ligand-
binding, inhibit  dimerization and activate
downstream signaling pathways (18).

Therapeutic and diagnostic applications of
recombinant antibodies are increasingly in
medicine.  Single-chain  fragment variable
(scFv) antibody is one of the small types of
recombinant antibodies that contain antigen
binding site of antibody (VH and VL)
connected with a short and flexible linker. The
small scFvs have better penetration ability into
tissue. The other benefits of scFvs include
human nature, low immunogenicity, high
affinity and high specificity and ability to
genetic manipulation, which have made these
antibody fragments suitable candidate for
cancer immunotherapy (19-23).

In this study, specific scFv against
dimerization arm of EGFR was selected and the
antitumor effect of the selected scFv on triple
negative breast cancer cells was evaluated using
MTT assay.

Materials and methods

Phage Rescue

A scFv library was produced as described
previously (24). Escherichia coli (E. coli)
containing phagemid was cultured on 2TYG agar
containing ampicillin at 30 °C overnight. The
bacteria colonies were scraped and incubated in
2TYG broth for one hr at 37 °C. M13KO7 helper
phage was added and the bacteria were incubated
at 37 °C for 30 min. Following centrifugation, the
bacterial pellet was resuspended in 2TY broth
containing ampicillin and kanamycin and
incubated with shaking at 30 °C overnight. The
culture was centrifuged, the supernatant that
contained phage-scFvs harvested, filtered, and
stored at 4 °C.

Panning procedure

A polystyrene immunotube (Nunc, Denmark)
was coated with the peptide (LYNPTTYQMD,
amino acids 245-254 of EGFR at 4 °C overnight.
After washing with PBS, 2% skimmed milk was
added to the tube and incubated at 37 °C for two
hrs. The tube was washed four times with 1%
(v/v) solution of Tween-20 in phosphate buffered
saline (PBST) PBS and four times with phosphate
buffered saline (PBS). The phage supernatant was
diluted with an equal volume of 2% skimmed
milk and incubated for one hr at room
temperature with occasional inversions. After
washing, bound phage scFvs were eluted by
adding log-phase TGl E. coli bacteria and
incubation at 37 °C for one hr. The tube was
centrifuged and the bacterial pellet was re-
suspended in 2TY broth media, plated on 2TY
agar/ampicillin plates, and incubated at 30 °C
overnight. Four rounds of panning were
performed to select specific scFv antibodies
against EGFR peptide.

PCR and DNA Fingerprinting of the Selected
Clones

PCR was performed on 20 randomly selected
clones obtained from the 4th round of panning to
check VH-linker-VL insert. Each PCR product
was digested by Mva-l restriction enzyme
(Roche, Mannheim, Germany) at 37 °C for 2 hrs
in a dry block heater to determine common
patterns as specific scFv antibodies.
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MTT assay

Triple negative breast cancer cell line (MDA-
MB-468) at a density of 10* cells/well was
seeded in 96-well flat-bottomed plate (Nunc,
Denmark) and incubated overnight at 37 °C.
Different concentrations of phage displayed anti-
EGFR scFv were added to the cells and
incubated for 24 hours at 37 °C. M13KO7 helper
phage was also used as a negative control. MTT
[3-(4, 5-dimethylthiazol-2, 5-
diphenyltetrazolium bromide, 0.5 mg/ml; Sigma,
Germany] was added to each well followed by
4 h incubation at 37 °C. The supernatant was
aspirated and the formazan crystals were
dissolved by adding 100 pl DMSO (Merck,
Germany) and 15 min shacking. The absorbance
was measured by Enzyme-Linked
Immunosorbent Assay (ELISA) reader at a
wavelength of 570 nm. All experiments were
performed in triplicates and the percentage of
cell growth in each treated well was calculated
using following formula:

Percentage of cell growth = (ODso treated/
ODs7o untreated) x 100.

Statistical Analyses

Data were analyzed by ANOVA test using
GraphPad Prism software version 6 to compare
the means of percentages of cell growth among
different treatments. All data are presented as the
mean + standard deviation. p value< 0.05 was
considered statistically significant.

Results

PCR and DNA Fingerprinting of Anti-EGFR
scFv Antibodies

After four rounds of panning against a specific
peptide of EGFR, selected single colonies were
evaluated by colony PCR to check the presence
of 950 bp scFv gene inserts in the selected
colonies. The interested band (950 bp) was
observed (Fig. 1). DNA fingerprinting of the
selected clones was performed to check the
common pattern. As shown in Figure 2, one
pattern was obtained with a frequency of 85%
(lanes 1-8, 10-17 and 20). Lanes 9, 18 and 19
showed another pattern with frequency 15%.
The dominant pattern was selected for further
investigations.

Fig. 1. PCR result of the isolated clones against EGFR after panning. M, marker-@X174. A 950 bp band is seen in 1- 20 lanes.

-'OQDCQC““--~-~'0N~~->'-

Fig. 2. DNA fingerprint patterns of randomly selected clones after four rounds of panning against EGFR. The frequency of
dominant patterns is 85%. M, marker-@X174. Two different pattern were detected.
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Anti-proliferative effects of phage displayed anti-
EGFR scFvs on a triple negative breast cancer
cell line (MDA-MB-468)

The anti-proliferative effects of different
concentrations (1000, 2000, 4000, and 8000
phages/cell) of anti-EGFR scFv on MDA-MB-
468 as an overexpressing EGFR were assessed by
MTT assay. The growth of MDA-MB-468 cells
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was decreased dose-dependently after 24 hrs
treatment with anti-EGFR scFv (Fig. 3).

The percentages of growth inhibition of MDA-
MB-468 cells after 24 hrs of treatment with anti-
EGFR scFv (8000 phage/cell) was 50.01% while
no significant inhibitory effect of M13KO7 on the
growth of MDA-MB-468 cells was observed (p>
0.05) (Fig. 4).

Fig. 3. Percentage of the cell growth in MDA-MB-468 after 24 hrs treatment with different concentrations of phage displayed anti-
EGFR scFv. The maximum effect of anti-EGFR scFv (50.01%) was obtained in cells treated with 8000 phages/cell of the scFv, p<

0.05.
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Fig. 4. Percentage of cell growth in MDA-MB-468 after 24h treatment with phage displayed anti-EGFR scFv and
M132KQO7. No growth inhibition was obtained in cells treated with M13KO7 while cells treated with anti-EGFR scFv

showed 50.01% growth inhibition, p< 0.05.
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Discussion

Targeted therapy is a new anti-tumor approach,
which is considered to have an important role in
the inhibition of tumor growth (25). Due to
several advantages of human single chain
antibodies, these effective agents have been
applied for cancer targeted therapy and promising
results have been achieved (26, 27).

In this study, a library of human scFv was used
to select specific anti-EGFR scFv. The epitope
that was used for the selection of specific scFv
was obtained from the dimerization arm of EGFR
(LYNPTTYQMD, amino acids 245-254 of
EGFR) (28). Polyclonal antisera of rabbit that was
injected with this polypeptide could bind to the
polypeptide and decreased the tyrosine
phosphorylation of EGFR (29). Mizuguchi et al
used a synthetic peptide that could mimic the loop
of the dimerization arm and revealed that the
peptide inhibited the dimerization and auto-
phosphorylation of EGFR in epidermoid
carcinoma A431 cells (30). Also in another study,
a proteolytically stable and biologically active
form of the peptide was designed and has been
shown that the peptide can downregulates
receptor phosphorylation and dimerization of
EGFR and reduces cell growth (31).

In the current study, following four rounds of
panning against the EGFR epitope, DNA
fingerprinting results showed a common pattern
with 85% frequency. The panning process has
been widely applied to select specific scFvs
against different targets. Mohammadi et al.
selected specific scFv against MUC18 using
panning procedure (32). Specific antibodies
against CD90, a cancer stem cell marker, were
selected by panning using the phage display
technology (33). Selection of specific scFv
antibodies against Frizzled receptor 7 (FZD7) by
panning procedure have shown high inhibitory
effects of the scFvs on breast cancer cell growth
(34).

Results of the anti-proliferation effect of anti-
EGFR scFv antibody on TNBC cell demonstrated
that cell growth of MDA-MB-468 cells was
inhibited dose-dependently after 24h treatment.
The maximum effect of anti-EGFR scFv
(50.01%) was obtained in cells treated with 8000
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phages/cell of the scFv, while no significant
inhibitory effect for M13KO7 as a negative
control on the cell growth of MDA-MB-468 cells
was observed, which indicates that the inhibitory
effects are due to the specific single-chain
antibodies. Compared to other breast cancer
subtypes, EGFR is more  commonly
overexpressed in TNBC tumors, and EGFR
overexpression has been identified as a poor
prognosis factor for TNBC (8). Blocking of
EGFR dimerization arm by the selected anti-
EGFR scFv which leads to a high anti-
proliferative effect offers the use of the selected
scFv in TNBC tumors with high EGFR
expression. Blocking of EGFR by two approved
anti-EGFR monoclonal antibodies, Cetuximab
and Panitumumab, resulted in a 20 to 30% growth
inhibition of MDA-MB-468 cells compared to
untreated cells. Also, Gefitinib as tyrosine kinase
inhibitor of EGFR, reduced viability of TNBC
cell line about 38%, and when Gefitinib combined
with Cetuximab, the TNBC cell viability
reduction increased up to 60% (35).

Various advantages of fully-human scFv
antibody fragments over monoclonal antibodies
have attracted attention for tumor-targeted therapy
by scFv. Specific scFvs against alpha-fetoprotein
(AFP) and Integrin avp3 have been shown as
effective anti-tumor agents in vitro and in vivo
(36, 37). Also, scFvs were conjugated with
different substances including toxin, cytokine,
nanoparticle, and fluorochrome and were applied
in therapeutic and diagnostic applications (38-41).
Several EGFR-targeted antibody-drugs
conjugates have shown great potential for TNBC
treatment and are currently undergoing clinical
trials for TNBC patients (42). Selected scFv in the
current study has the potential to be used for
EGFR inhibition and TNBC treatment. Results of
anti-proliferative effects demonstrated growth
inhibition of MDA-MB-468 cells, as the antibody
binds to the dimerization arm of EGFR and
inhibits the signaling pathway, inhibition of cell
proliferation occurs. EGFR overexpression is
observed in at least 50 percent of TNBC patients
(43) and high EGFR expression correlated with
enhanced tumorigenesis and metastasis in TNBC
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(44) therefore, targeting EGFR by specific scFv
antibody with high anti-proliferative effect can be
an ideal treatment strategy.

Cetuximab binds to the ligand-binding site of
EGFR and blocks this site, resulting in the
inhibition of subsequent cell growth signaling
(45)  while ligand-independent  activating
mutations occur in the gene of EGFR in some
tumors including TNBC that leads to Cetuximab
resistance (8, 46-48). Specific anti-EGFR scFv,
which inhibits EGFR dimerization and leads to a
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