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ABSTACT
Wnt/b-catenin signaling pathway through Frizzled receptors has been shown to play a key role in
both normal development and tumorigenesis. Overexpression of Wnt pathway genes, such as Fzd7
in several malignancies is well-documented. Therefore, targeting of Fzd7 and its ligand inhibits
cancer cells proliferation metastasis. In the present study we isolated single chain variable
fragments (scFvs) against Fzd7 receptor using phage display method. Semi-synthetic human naive
antibody libraries (Tomlinson I C J) was employed in panning procedure to isolate specific scFv
against specific peptide from extracellular domain of Fzd7 receptor. The reactivity and growth
inhibition effects of the selected antibodies was evaluated using enzyme-linked immunosorbent
assay (ELISA), MTT and annexin V assays, respectively. Seven scFvs reactive to Fzd7 were selected
following 4 rounds of panning. The results showed that the selected scFvs inhibits cell growth
through apoptosis cell death in a triple negative breast cancer cells, MDA-MB-231. Given that Fzd7
and Wnt pathway plays a critical role in tumor progression, selected blocking scFvs represent
significant potential for immunotherapy of breast cancer cells.
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Introduction

Breast cancer is a heterogeneous disease that comes in
various clinical, histological and molecular forms and
all of these features together determine the risk of dis-
ease progression and therapeutic resistance. Breast
cancer patients usually have the expression of proges-
terone receptor (PR), estrogen receptor (ER), and
increase of HER-2/Neu. These markers allow classifi-
cation of breast cancer tumors and those tumors
which do not express PR, ER, and do not have HER-
2/Neu amplification are known as triple-negative
breast cancer (TNBC).1 TNBC is an aggressive form
of breast cancer which consists about 15 percent of all
breast cancer and associated with poor outcome.
Upregulation of Wnt pathway genes such as low den-
sity lipoprotein receptor-related protein 6, frizzled
homolog 7 (Fzd7), and transcription factor 7 (TCF7)
is well documented in TNBC.2 Over the past decade,
our understanding and treatment of several types of

breast cancers have improved but treatment of TNBC
remained as a clinical unmet need Period3

Frizzled (Fzd) proteins are receptor family of 7-pass
transmembrane molecules comprising 10 members in
humans. Fdzs consist of the N-terminal extracellular
called cysteine-rich domain (CRD)4,5 and intracellular
C-terminal domain, including PDZ domain. Wnt pro-
tein family directly bind to Fzd CRD domain as well
as PDZ domain, interacts with disheveled (Dvl) pro-
tein and begins Wnt/ß catenin signaling pathway.6

Wnt family is a group of signal transduction pathway
proteins that induce signals through cell surface recep-
tors including Fdz receptor.7 Wnt signaling initiates
other transcription factor activities which are
necessary for polarity,8 differentiation and cell prolif-
eration.9,10 Fzd7, consists of 574 amino acids.11 Wnt-
Fzd ligation through LRP (low density lipoprotein
receptor-related protein) co-receptor (LRP5 or
LRP6)12 leads to activate both canonical and non-
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canonical b-catenin pathways.13 In canonical pathway,
Wnt binds to Fzd receptors and triggers Dvl activation
and b-catenin releases. As a result, b-catenin concili-
ates and aggregates in cytoplasmic region. and enters
to nucleus and activates TCF/LEF (T-cell factor/lym-
phoid enhancer factor) transcription factors and
initiates downstream target genes,14 c-myc and
cyclin D.15,16

The SOX family of transcription factors can
serve as the modulators of Wnt signaling pathway.
The vertebrate genome encodes over 20 different
types of SOX proteins and it found recently that
many of them interact physically with b-catenin
and modulate the transcription of Wnt-target
genes.17 Recently, the overexpression of SOX4 has
been reported in several tumors, including prostate
cancer, breast cancer and colon cancer.18-20 It has
well documented that SOX4 stabilizes b-catenin,
and increases Wnt signaling pathway in many
types of cancers.21 Taking together it seems that
SOX4 transcription factor plays an vital role in
Wnt signaling pathways in TNBC14,22

Aberrant Fzd7 expression is found in different
types of human cancers.23 Recently, it has been
shown that up-regulating of Fzd7 receptor correlate
with tumor formation and metastasis mainly
through the activation of the canonical signaling
pathway, genetic mutation and aberrant Wnt sig-
naling via Fzd7 in multiple tumor types, such as
triple negative breast cancer,2 gastric cancer,24

hepatocellular carcinoma25 and colorectal cancer.26

Therefore, Wnt/Fzd7 is a promising target for the
development of new anticancer agents. Recently,
several small molecules that interfere with Wnt
pathway have been developed. Suppression of Fzd7
with RNA interference decreases the invasion and
metastasis of tumor cells.11 However, these candi-
dates also interfere with other signaling pathways
beyond the Wnt-Fdz.

Phage display is a novel methods for the monoclo-
nal antibody production, as well as, rapid generation
of antibody against antigen without immunization.27

The advent of antibody phage display technology has
authorized to quickly isolate recombinant antibodies
against small self and non-self-antigens such as cancer
associated antigens.28,29

Single-chain fragment variable (scFv) antibody
includes variable domains of heavy (VH) and light
(VL) chains connected through an artificial flexible

linker.30 These small molecules can be applied to pro-
duce anti-small biomarkers for different purposes
both in vitro and in vivo. In addition, it shows
enhanced availability to tumor cell in vivo, and in
radionuclide, drug and hormone delivery system.31

In the present study we employed the human naive
antibody libraries to isolated scFvs against specific
peptide from extracellular domain of Fzd7 receptor.
The reactivity and growth inhibition properties of the
selected antibodies was evaluated using ELISA, MTT
and annexin V assays, respectively.

Results

Selection of anti-Fzd7 receptor scFv antibodies

Human single fold scFv libraries I C J (Tomlinson
I C J), was amplified and employed to isolate
scFvs against Fzd7 specific peptide. The titer of 4
outputs and inputs were determined by counting
the colony-forming units (CFU) of the infected
E. coli TG1. The titers of input phages were
approximately 104 cfu/ml. The results showed that
the number of eluted phages was increased from
104 to 1013 cfu/ml following 4 rounds of panning
(Fig. 1), indicating enrichment of clones specific
to Fzd7.

Polyclonal and monoclonal ELISA

Outputs from round 2, 3 and 4 were evaluated for
Fzd7 binding properties. As shown in Fig. 2A, the
OD values of wells coated with Fzd7 peptide were

Figure 1. Outputs and inputs phage titer from 4 rounds of pan-
ning. cfu: colony-forming unit. Tomlinson ICJ na€ıve scFv library
was employed in panning procedures to select reactive phages
to Fzd7 peptide.
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higher than uncoated wells and increased round by
round, indicating the effectiveness of panning
strategy.

Sixty-five individual clones from the 3 and
fourth rounds of panning were randomly selected
and screened by monoclonal phage ELISA, of
them 7 clones represented positive reactivity to
Fzd7 peptide (Fig. 2B). Criteria for positive reac-
tion was considered as absorbance of Fzd7 pep-
tide/absorbance of uncoated wells >2.5.

Soluble scFv ELISA

An arbitrary cut-off OD 2.5 folds above negative con-
trol was considered as positive reaction. As shown in
Fig. 2C, Fig. 3 out of 7 preparations of soluble scFv,
C6, C4 and B7 met the criteria for positive reactivity
to Fzd7 peptide (Fig. 2C).

Colony PCR

Seven positive clones from the soluble monoclo-
nal ELISA were selected and amplified by PCR,
to investigate the presence of full length VH and
Vk inserts (950 bp). A single band corresponded
with scFv gene was detected in all clones
(Fig. 3).

Specificity

As shown in Table 1 the cross reactivity of soluble
monoclonal scFvs to irrelevant peptide ROR1, IGF-1
receptor and BSA was investigated using ELISA assay.
ELISA plates were coated with 50 mg/ml of each 3

Figure 2. Polyclonal phage (A), monoclonal Phage (B) and soluble preparation (C) ELISA of the selected scFvs against Fzd7 peptides. No
reactivity was detected for scFvs with unrelated peptide. Data are presented as mean § SD of OD from duplicate experiments. Positive
control: anti BSA scFv, negative control: BSA coated wells.

Figure 3. Electrophoresis of PCR products of scFv genes. Lane M:
DNA marker. Lanes 1–7: PCR products of the selected clones.
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different antigens. Our results showed the specific
binding of soluble monoclonal scFvs to Fzd7 peptide.

Cell proliferation assay

From all reactive clones, clone C4 represented the
most binding property (OD D 1.38 and 1.91 in
monoclonal phage and soluble ELISA) and was
selected for further evaluation. To investigate
growth inhibitory effect of anti-Fzd7 scFv on
MDA-MB-231 cells MTT assay was done. The cells
were treated with anti-Fzd7 scFv at different con-
centrations for 24 and 48 h.

No significant growth inhibition was observed in
the cells treated with anti BSA scFv. However,
treatment with 5 £ 103 and 104 anti Fzd7 scFvs/
cell showed significant growth inhibition of the
cells after 24 h, (P value < 0.05). The growth inhi-
bition of cells treated with
5 £ 103 and 104 scFvs/cell were 8% and 20%,
respectively (Fig 4A). As shown in Fig. 4B, treat-
ment with 2.5 £ 103, 5£103 and 104 anti Fzd7
scFvs/cell resulted in significant growth inhibition
of the cells after 48 h (P value < 0.05). The growth
inhibitions of cells treated with 2.5 £ 103, 5 £ 103

and 104 scFvs/cell were 16%, 17% and 24%, respec-
tively. No significant inhibitory effects were
observed from Anti-BSA scFv (as negative control)
(P value > 0.05).

Apoptosis cell death assay

Apoptosis was assessed by Annexin V-FITC/PI
staining. Fig. 5A shows that following 24 h, the
majority of untreated MDA-MB-231 cells (51 %) of
were alive (Annexin V¡/PI¡), 7 % and 36 % of the
cells identified as early apoptotic (Annexin
VC/PI¡) and late apoptotic (Annexin VC/PIC) cell
populations, respectively (Fig 5A). However, follow-
ing 24 h treatment, 42 % of the cells treated with
anti-Fzd7 scFv (104 scFvs/cell) identified as apopto-
tic cells. In the cells treated with anti-BSA scFv (as
negative control), 13 % of the cells identified by
apoptosis cell death. Data analysis indicated signifi-
cant differences in percentage of apoptotic cell pop-
ulation between cells treated with anti-Fzd7 scFv
and untreated (cell control) and also cells treated
with equivalent number of anti BSA scFv (scFv
control) (�P value < 0.05).

Discussion

Targeting of tumor associated receptors using mono-
clonal antibodies is one of the effective strategies in
cancer therapy, due to specificity and low toxicity.
Anti-breast tumor activity of several scFvs specific for
HER2,32 EGFR,33 Muc-134 have been proven so far.
Recently, we also reported success in selection and
characterization of a cocktail of anti-IL-25R scFvs.35 It

Table 1. Specificity of soluble monoclonal scFvs to a variety of
antigens by ELISA.

Clones C1 C2 C3 C4 C5 C6 C7

Antigens Fzd7 0.85 1.25 1.92 1.40 1.91 1.79 1.36
ROR1 0.21 0.19 0.17 0.19 0.13 0.19 0.23
IGF-1 R 0.19 0.14 0.12 0.13 0.21 0.17 0.17
BSA 0.11 0.27 0.25 0.16 0.17 0.12 0.18

ROR1, receptor tyrosine kinase-like orphan receptor 1; IGF-1 receptor, insulin-
like growth factor-1 receptor; BSA, bovine serum albumin.

Figure 4. MDA-MB-231 Proliferation assay using MTT assay following (A) 24 and (B) 48 h treatment with anti Fzd7 scFvs. Anti-Fzd7 scFv
significantly inhibited cell growth in MDA-MB-231, breast cancer cells. Treatment with anti BSA scFvs had no significant effect on cell
growth. Data are shown as mean § SD based on 4 independent experiments. (�) represents P-value < 0.05.
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has been shown that Fzd7 is upregulated in cancers24

and inhibition of Fzd7 in cancer cells leads to decrease
of cell growth36 and tumor transformation.2 Recogni-
tion of the importance Wnt signaling pathway muta-
tions in some cancers has provided strong evidence

that the pathway plays a major role in the genesis of
some types of human cancers.37 The findings suggested
that targeting Fzd7 receptor and related signaling
pathway molecules can be considered as a novel
pharmacologic tool for caners therapy.2

Figure 5. (A) Annexin V/PI apoptosis assay in MDA-MB-231 cells. Apoptosis cell death was analyzed in cells treated with unrelated scFv
(negative control) and anti Fzd7 scFv for 24 h. A) untreated, B) Anti-BSA treated and C) anti-Fzd7 scFv treated cells. (B) Present of apo-
ptotic MDA-MB-231 cell line vs. control. (�) represents P-value < 0.05.
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The aim of the present study was to isolate and charac-
terize human single scFv against Fzd7 receptor using
phage display. Tomlinson library I C J was employed to
isolate human single scFv against the Fzd7 epitope. Fol-
lowing 4 rounds of panning, 7 positive reactive clones
were obtained, A2, A5, B7, B9, C4, C6 and D3, using
monoclonal Phage ELISA. For testing positive clones was
selected to be produced as soluble scFv using E. coli
HB2151. The results of the soluble scFv ELISA were con-
sistent with monoclonal phage ELISA. Three scFvs C6,
C4 and B7 represented higher binding reactivity to Fzd7
in both soluble and phage ELISA. The PCR result per-
formed to confirm positive clone in ELISA that indicated
both VH and VL gens insert binding to Fzd7 antigen.
The growth inhibition and apoptotic properties of anti-
Fzd7 scFv were assessed with MTT assay. Latter indicate
that targeting Fzd7 by specific scFv could antagonize
blockade of Wnt and inhibit growth in human breast
cancer cells. Annexin V/PI assay indicates apoptosis cell
death as mechanisms underlying growth inhibition of
MDA-MB-231 treated by anti-Fzd7 scFv.

Interaction between Wnt and Fzd7 receptor results
in releasing of b-catenin from the complex and its
transportation to the nucleus and finally expression the
genes related to cell proliferation such as cyclin D and
c-myc. Our finding revealed that the selected scFvs
may blockWnt and Fzd7 interaction and lead to tumor
growth inhibition through apoptotic cell death. The
structure of Wnt has not yet been reported, but both
Wnt and the scFv are substantially larger proteins than
the relatively small cysteine-rich domain of Fzd7, thus
it is possible that steric hindrance prevents simulta-
neous binding of Wnt and scFv to Fzd7. Due to high
affinity property of selected scFv using phage display
technology, It is also predicted that anti Fzd7 scFv
binds to Fzd7 with a higher affinity than Wnt proteins.
A complementary binding study to determine whether
the selected scFvs directly block the ability of Wnt to
interact with Fzd, is being conducted in our lab.

Most recent studies have revealed that targeting
Wnt signaling pathway could result in decreasing
cyclin D proteins which involve in cell prolifera-
tion.38,39 Birdal Bilir et al showed that blocking the
Wnt signaling pathway could result in apoptosis
induction and reducing the cell proliferation through
SOX4 and cyclin D levels in TNBC cells.40 The studies
have shown that the decrease of SOX4 leads to apo-
ptosis induction in several cancer cells.41 SOX4 upre-
gulates an inhibitor of apoptosis protein (IAP) called

survivin. Survivin is undetectable in normal human
tissue, but is overexpressed in most human cancers.42

Inhibition of Wnt/Fzd signaling pathway induces apo-
ptosis through the releasing of cytochrome c, downre-
gulation of survivin, and subsequent activation of
caspase-3.43 Austin Gurney et al. showed that Fzd7
targeting with a monoclonal antibody, OMP-18R5
(vantictumab), inhibits Wnt signaling pathway and
tumor cell proliferation.44 Interestingly, OMP-18R5
(vantictumab) interact to an epitope that is similar to
the peptide in the present study. Moreover, residues
lining the base of this site are highly conserved across
the Fzd family, supporting that this region is function-
ally important and appropriate for targeting.

In the aspects of cell surface expression and correla-
tion with aggressiveness and poor prognosis of breast
cancer, Fzd7 could be compared to HER2/neu. Target-
ing HER2/neu by means of a humanized monoclonal
antibody, trastuzumab has become the first-line strat-
egy for breast cancer therapy. However, HER2 is over-
expressed on barely 30% of patients and resistance to
trastuzumab often occurs.45 Little or none of the other
alternative promising target was discovered. Fzd
receptors overexpression has a strong correlation with
tumor progression and are also expressed in HER2
negative breast cancer cell lines.46 As Wnt targeting is
a new candidate for breast cancer immunotherapy,
anti-Fzd7 antibodies could be new alternatives in this
regard.

In summary, the present study illustrated that iso-
lated scFv-antibodies against Fzd7 represented bind-
ing to specific peptide from extracellular domain of
Fzd7. Selected scFv can be employed as the best prop-
erty for progress in treatment associated with this
antigen in the triple negative breast cancer cells. Possi-
ble synergistic response to the selected scFv and breast
cancer chemotherapy e.g gemcitabine and taxol and
capability of the scFv to reduce tumor-initiating cell
frequency are worth investigating.

Materials and methods

Libraries and bacterial strains

Tomlinson ICJ single chain fragment variable (scFv)
libraries, (containing synthetic V-gene of human
immunoglobulin inserted in the pIT2 phasmid vec-
tor), positive control anti-BSA (Bovine Serum
Albumin) scFv in E. coli strain TG1 (labeled TG1-
anti-BSA), E. coli strains HB2151 and TG1 were
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obtained from the medical research council (MRC,
Cambridge, England). Tomlinson library has diversity
approximately ICJ of 1.47 £108 pfu ml1. KM13 helper
phage and Isopropyl-b-D-thiogalactopyranoside
(IPTG and DAB (3, 30-diaminobenzidine)) were pur-
chased from Sigma (St. Louis, MO). Maxi Sorptm
immune tubes and MaxiSorp ELISA plates were pur-
chased from Nunc (Denmark). Tryptone, yeast
extract, NaCl and European bacteriological agar were
purchased from Laboratories Conda (Madrid, Spain).
Peptide (QEDAGLEVHQFYPLV) was obtained from
JPT (Germany).

Phage library preparation

Briefly, 500 ml of the library stock (Tomlinson IC J) was
incubated in 200 ml pre-warmed 2xYT (16gTryptone,5 g
NaCl and 10 g Yeast Extract in 1 L) containing 1 % glu-
cose and 120 mg/ml of ampicillin at 37�C with shaking
(250 rpm) until OD600 reached 0.4-0.5 (1–2 h). Then,
about 5 £ 1011 plaque-forming units (PFU) of M13K07
helper phage (New England Biolabs Inc., USA) were
added to each ml of cell suspension, incubated without
shaking for 30 min at 37�C and for another 30 min in a
shaker. Subsequently, infected bacteria were collected
(centrifuged at 4000 rpm at 4�C for 10min), resuspended
in100 ml 2xYT containing 50 mg/ml kanamycin (Sigma,
USA), 120 mg/ml ampicillin and 1 % glucose and incu-
bated overnight at 30�Cwith shaking (200 rpm) and cen-
trifuged at 4000 rpm at 4�C for 20 min. Phages were
precipitated from supernatant with PEG/NaCl (20 %
Polyethylene glycol 6000, 2.5 M NaCl) and collected by
centrifugation at 14000 rpm at 4�C for 20 min. Phages
were stored at¡70�C in 15 % glycerol or at 4�C for lon-
ger term and short-term storage, respectively.

Selection of anti-Fzd7 scFv clones

In order to isolate specific phage-scFv antibodies
against synthetic oligopeptide from the extracellular
domain of Fzd7, panning technique was performed.
Ten mg/ml of peptide in PBS (for positive screening)
and 10 mg/ml of bovine serum albumin (BSA) in PBS
(for negative screening) were coated on maxisorp
immuno-tubes (Nunc, Denmark) for 14 h at 4�C. The
coated immuno-tubes were washed 3 times with PBS
and blocked with 5 % MPBS (5 % Skim milk powderin
PBS) at 37�C for 90min. Subsequently, immuno-tubes
were washed 3 times with PBS and 1012 phage from
the library in 4 ml of 5 % MPBS (input 1) were added

to the immuno-tube coated with BSA and incubated
at 37�C for 60 min on a rotator (negative panning).
Afterward, supernatants containing phages not bound
to BSA were added to the immuno-tube coated with
specific peptide and incubated at 37�C for 30 min
with shaking (50 rpm) and a further 30 min without
shaking (positive panning). The immune-tubes were
washed 10 times with PBST 0.5% (PBS containing
0.5 % Tween 20), 5 times with PBS and 2 times with
distilled water to remove the unbound phages, and the
binders were eluted from the immune-tube by adding
2 ml of triethylamine (TEA, 100 mM, pH 10.0). Fol-
lowing 10 min at RT, 2 ml of Tris–HCl (0.5 M, PH
7.4) was added to neutralize the eluted phages solution
(output 1). In order to propagate eluted phages, E. coli
TG1 cells (OD 600 D 0.5) were infected with eluted
phages and M13K07 helper phage. Subsequently,
propagated phages were collected from supernatant as
described above and named input 2. The titer of out-
puts and inputs were also determined.35,47 Five rounds
of panning were performed for isolation of specific
scFv-phage clones (Fig. 2).

Expression of Soluble Fzd7 scFvs

In order to production soluble scFvs, E. coli HB2151 was
infected with the selected phages. Briefly, 15 mL of com-
petent HB2151 were incubated in 7 mL of LB broth until
OD600 D 0.6. Subsequently, 50 mL of the purified scFv-
phages were added and incubated for 30 min at 37�C
without agitation and another 30 min at 37�C in a shaker
(rpm: 150). 7 mL LB broth containing (120 mg/mL)
ampicillin were added until OD600 reached to 0.9. Subse-
quently, 200 mL of IPTG (isopropyl b-D-thiogalactoside,
1 mmol/L) were added and incubated for 18 h at 37�C in
a shaker (200 rpm). Afterwards, the culture was centri-
fuged at 3700 rpm for 20min and the pellet was dissolved
in 10 mL PMSF (phenylmethanesulfonyl fluoride)
(1 mmol/L) to produce periplasmic extract. TES buffer
(Tris-Hcl 30 mM, EDTA 1 mM, Sucrose 20%,
pHD 8.0) was added and incubated for 60 min at 4�C in
a shaker (150 rpm) then TES 20% buffer was added for
120 min at 4�C in a shaker (150 rpm). Bacterial extract
was centrifuged at 10000 rpm for 20min and supernatant
was collected and used for ELISA.

Polyclonal phage ELISA

Polyclonal phages isolated at the final round of
panning were screened for specific binding using
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ELISA. Briefly, MaxiSorp ELISA plates were coated
with 100 ml per well of Fzd7 peptide (10 mg/mL) in
the PBS buffer and incubated overnight at 4�C. BSA
protein was also coated as negative control in the
ELISA plates. The wells were washed for 2 times with
PBS. 250 ml per well of 3% bovine serum albumin
(blocking buffer) was added and incubated for 90 min
at 37�C. The wells were washed 2 times with PBS and
100 ml of rescued phages (1012 per well) diluted in 3%
BSA-PBS were incubated for 60 min with shaking at
37�C. The wells were washed 4 times with PBS-0.1 %
Tween 20. 1:5000 dilutions of HRP-anti-M13 in 0.1%
BSA-PBS was added and incubated for 60 min at 37�C
with shaking. Following washing 3 times with
PBS-0.05% Tween 20 and 1 times with PBS,
100 ml/well of TMB substrate were added and incu-
bated at room temperature (RT) in a dark place for 2–
20 min. The reactions were stopped by 50 ml/well of
sulfuric acid (1M). ODs were read at 450 nm by ELISA
plate reader (Bio-Rad, Hercules, California, USA). All
experiments were carried out in duplicate.

Monoclonal -phage and soluble scFv ELISA

The output Phages from last round of panning were
used to infect exponentially growing TG1 by incubat-
ing for 30 min with shake (150 rpm) and 30 min
without shake at 37�C. Infected cells were spread on a
LB plate containing ampicillin (120 mg/mL), subse-
quently, the plate was incubated overnight at 37�C.
Selected phage clones were picked, phage rescued and
evaluated for binding to Fzd7 peptide by phage ELISA
as described in polyclonal phage ELISA. An anti BSA
specific scFv clone was employed as positive control of
ELISA procedure. Wells coated with BSA but not spe-
cific Fzd7 peptide were included as negative control.
Soluble scFv ELISA protocol was performed similar to
phage ELISA except using bacterial periplasmic
extracts and 1:2000 dilution of anti C-myc-HRP were
used as conjugate.

Colony PCR

Colony PCR was performed to investigate the
presence of the desired band corresponding to the
full length VH and VL genes using phagmid spe-
cific primer pHEN [50CAG GAA ACA GCT ATG
AC30] and LMB3 [50 CTA TGC GGC CCC ATT
CA 30]. The annealing temperature for PCR

reaction was 55�C for 2 min extension for VH
and VL together.

Specificity

The specificity of soluble scFvs to Fzd7 was
assayed by ELISA. Briefly, ELISA plates were
coated with 50 mg/ml of various antigens includ-
ing receptor tyrosine kinase-like orphan receptor 1
(ROR1), IGF-1 (insulin-like growth factor-1)
receptor and BSA. Cross reactivity of soluble
monoclonal scFvs to were evaluated by ELISA as
described above.

MTT cell proliferation assay

Triple negative human breast carcinoma cell line
MDA-MB-231 was employed in the present study.
Seven £ 103 cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum
(FBS), penicillin (100IU) and streptomycin (100ug/
mL). The cells were treated with of antibody frag-
ments scFv phage (104 cfu/cell) from positive clones
and incubated for 24 and 48 h at 37�C, 5% CO2. Cells
were washed with PBS and 200 ml of 5 mg/ml MTT
solution was added to each well and incubated for 4
hrs at 37�C. Subsequently, MTT solution was aspi-
rated off and 150 ml DMSO was replaced to dissolve
formazin crystals. Finally, the plates were incubated in
a shaker at RT for 20 min. The colorimetric evaluation
was performed using ELISA reader (Bio-Rad, Hercu-
les, California, USA) at 570 nm. Each assay was
repeated 3 times.

Annexin V-PI apoptosis assay

Apoptosis was assessed using Annexin V-FITC apo-
ptosis detection kit (BD PharMingen, CA, USA)
according to the manufacturer’s protocol. Briefly, the
MDA-MB-231 cells at a density of 300 £ 103 cells
were seeded per culture plate overnight at 37�C.
Medium was replaced with fresh medium containing
scFv (104 scFvs/cell) or anti-BSA scFv for 24 h at
37�C. Cells were harvested and washed twice with
cold PBS and stained with Annexin V-FITC and PI in
1 £ binding buffer for 15 min at RT in the dark.
Finally, the cells were analyzed by FACSCalibur
(Becton Dickinson, Mountain View, CA, USA).
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