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Abstract

Human vasorin (VASN) as a type | transmembrane protein, is a potential biomarker of
hepatocellular carcinoma, which could expedite HepG2 cell proliferation and migration significantly
in vitro. The ectodomain of VASN was proteolytically released to generate soluble VASN (sVASN),
which was validated to be the active form. Among several monoclonal antibodies produced against
sVASN, the clone V21 was found to bind with the recombinant human sVASN (rhsVASN) with the
highest affinity and specificity, and also have inhibitory effects on proliferation and migration of
HepG2 cells. Hence the phage-displayed peptide library was screened against the antibody V21. The
positive phage clones were isolated and sequenced, and one unique consensus motifs was obtained.
The result of sequence alignment showed that the conserved motif had similarity to
VASN(Cys432-Cys441), embedded in the epidermal growth factor (EGF)-like domain. The
synthetic mimotope peptide V21P1 and V21P2 were confirmed to bind with V21 and could compete
with rhsVASN in ELISA assay. And they could also almost completely reverse the inhibitory effect of
V21 on HepG2 migration and proliferation. Furthermore, the antibodies produced against V21PI
were able to bind not only with the peptide V21P1, but also with rhsVASN and the natural VASN
from HepG2 cell. Our results showed that V21 seemed to be a functional antibody. The mimotopes
toward V21 might mimic the functional domain of VASN, which would be helpful to exploit VASN
functions and act as a candidate target for developing therapeutic antibodies against VASN.
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Introduction

Human vasorin (VASN), also known as Slit-like
2 protein (SLITL2), is a type I transmembrane
glycoprotein, sharing similar structures with the
proteins of SLIT family. VASN was initially identified
as a secreted and cell-surface protein expressed in the
cardiovascular system [1]. In adult human tissues,
VASN is expressed predominantly in aorta,
moderately in kidney and placenta, and much less in
other tissues, such as liver and brain. VASN has the
capacity of binding with transforming growth factor
(TGFp), and acts as a ligand trap of TGFp. VASN
modulates cellular responses to vascular lesion,
including vessel repair and neointimal formation, by

the mechanism of impeding TGFp signaling.

In contrast to restricted expression in normal
tissues, VASN was highly expressed in several types
of tumor cells. VASN was detected in the indicated
breast cancer cell lines [2] and seemed to be a novel
breast cancer-related biomarker [3]. Moreover, the
presence of VASN in tumor samples from patients
with triple-negative breast cancer seemed to be
correlated with collective invasion and poor outcome
[4]. In human lung carcinoma cell line A549,
overexpression of VASN interfered with TGF{-
mediated  epithelial-to-mesenchymal  transition
(EMT), including the decrease in E-cadherin level and
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remodeling in actin cytoskeleton [2]. The expression
of VASN was also significantly increased in brain
tumors, which protected the tumor cells from
hypoxia- or TNF-a-induced apoptosis [5]. We
previously validated that VASN was also highly
expressed in the cells and tissues of hepatocellular
carcinoma (HCC), and at a high level in the serum
samples of HCC patients. The cellular VASN seemed
to be involved in proliferation, migration and
apoptosis of HepG2 cells. When overexpressed in
normal liver cell L02, VASN boosted cell proliferation
and migration, and inhibited cell apoptosis [6].
Meanwhile, exosomal VASN from HepG2 cells
promoted migration of Human Umbilical Vein
Endothelial Cells (HUVEC) [7]. These reports suggest
that VASN acts as a player in cancer pathogenesis, at
least in part, through sequestering TGFp. As is
known, TGFp has contextually pleiotropic activities,
that is, it plays a role of a tumor suppressor during
carcinoma progression, and on the contrary, it
promotes the malignant progression and metastasis
during cancer advance [8-10]. Hence, the functions of
VASN seemed to be sophisticated and remained to be
well characterized.

VASN has two forms, the membrane-associated
form and the soluble form [1]. The ectodomain of
VASN encompasses three known potential functional
domains, ten tandem leucine-rich repeats (LRR), an
epidermal growth factor (EGF)-like domain, and a
fibronectin type Ill-like domain, which is
proteolytically shedded by A Disintegrin and a
Metalloprotease domain 17 (ADAM17) and secreted
as soluble VASN (sVASN) [2]. It is possible that
besides TGFB, sVASN might bind with multiple
proteins, and so be endowed with corresponding
versatile roles. Therefore, we hypothesize VASN is
implicated in yet-to-be-identified signal pathways
and exerts unknown TGFf-independent roles.

The binding sites of protein-protein interaction
are the molecular basis for protein functions, so
profiling of these sites would facilitate the studies on
relationship between structures and functions [11].
Epitopes are valuable to unveil binding sites of
protein interactions, and also to produce functional
antibodies for probing or blocking the intact proteins
[12]. Diseases-related antigens and their epitopes
played a primary role as biomarkers for immune
diagnosis and therapy [13]. Peptide libraries are
molecular evolution in vitro, and a powerful tool for
epitope mapping [14,15]. Also, antibody-based
strategies are useful in researches of protein functions
and development of disease diagnosis and therapy
[16,17]. Screening peptide libraries against specific
antibodies would throw a new light on researches of
epitope profiles.

In this study, we try to address the dominant
functional domains of VASN by biopanning of a
random dodecapeptide library. The targets were two
monoclonal antibodies, V20 and V21, with high
affinity and specificity, and V21 antibody had
inhibitory effects on VASN. After screening, two
panels of mimetic peptides were obtained
corresponding to the two antibodies, respectively. As
expected, all of the peptide mimics had antigenity,
and only the ones toward V21 might be functional.

Materials and methods

Cell culture

Human hepatocellular carcinoma cell line
HepG2 (ATCC# HB-8065) was cultured in Dulbecco’s
Modified Eagle Medium (DMEM; Gibco, USA),
supplemented with 10% fetal bovine serum (Hyclone,
USA), 100 U/mL penicillin, and 100 pg/mL
streptomycin. The cells were maintained in cell
culture flasks (Costar, USA) in a humidified chamber
with 5% CO; at 37°C, and subcultured at a 1:3 ratio
when the cells reached about 90% confluency.

Collection of cells, culture supernatants and
exosomes

HepG2 cells were cultured in 25cm? flasks. When
the confluency reached 60-70%, the cells were washed
by PBS twice and counted, and the medium was
changed to fresh serum-free DMEM with or without
TAPI-2 (Sigma) at the final concentration of 25
pmol/L [18]. After 24h, the culture supernatants were
collected and concentrated by ultrafilters (Millipore)
with molecular weight cut-offs of 10,000. The
exosomes were prepared from the concentrated
supernatants using the ExoQuick-TC™ Exosome
Precipitation Solution (System Biosciences, USA) as
described by the manufacturer [7]. Meanwhile, the
cells were scraped and lysed by cold lysis buffer
(Thermo Fisher) with protease inhibitor cocktail
(Sigma).

Woestern Blot

The protein samples, such as the cell lysates,
concentrated supernatants and exosomes, were
subjected to 10% SDS-PAGE, then blotted onto
polyvinylidene  fluoride = membrane  (PVDEF;
Amersham Biosciences) using Mini Trans-Blot
Modulate (Bio-Rad). After blocking for 1 h in 5% skim
milk at room temperature, the membrane was probed
with the primary antibodies, that is, anti-VASN
antibody V20, anti-VASN (Cloud-Clone corporation),
and serially diluted anti-V21P1 serum. The secondary
antibody  was  horseradish  peroxidase(HRP)-
conjugated goat anti-mouse or anti-rabbit IgG.
Finally, the blots were detected by the enhanced
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chemiluminescence (ECL) Western blot detection
system (Pierce).

Sandwich ELISA

To quantify sVASN in the culture supernatants
of HepG2, sandwich ELISA were performed using
Human Vasorin ELISA Kit (Sino Biological
Company), according to the manufacturer’s
instruction. In brief, 1.5%10° HepG2 cells were seeded
on 6-well plates. After 24h culture in serum-free
DMEM with or without 25 pmol/L TAPI-2, the
supernatants were collected and centrifuged at
1000rpm to delete the cell debris. Sequentially, the
supernatants were assayed and the concentration of
sVASN was calculated according to the standard
curve.

Random phage displayed peptide library and
bacterial strains

Ph.D.-12™ Peptide Library Kit was purchased
from New England Biolabs (Ipswich, MA, USA). The
titer of the library is 1x10%% pfu/ml, and the
complexity is on the order of 10°. The host strain is E.
coil ER2537.

Biopanning of binding peptides against
anti-VASN antibodies

The dodecapeptide library was screened against
the antibody V20 and V21, and three rounds of
biopanning were carried out following the
manufacturer’s instruction. The stringency of
selection was increased by lowering the target
concentrations and raising the concentration of
Tween-20 in the washing buffer stepwise. The
enrichment was evaluated by output/input ratio [19]
and P/N value [20]. The P/N value was calculated by
the numbers of phage colonies on the test well
(P)/those on the control ones (N). The positive phage
clones were screened by ELISA. The single-stranded
DNA of phages was sequenced, the amino acid
sequences were deduced, and sequence alignment
was performed using DNAMAN and BLAST.

ELISA

To assess the binding of phage clones to the
anti-VASN antibody V20 and V21, ELISA was carried
out as described before [21,22]. In brief, the ELISA
strips (Costar) were coated with V20 or V21 at 0.5pg
per well. The selected monoclonal phages (1x108 pfu)
were added to each well in triplicate, and the plates
were incubated at 37 °C for 1 h. After washed by
TBS-0.05% Tween-20 for 5 times, the HRP-conjugated
anti-M13 antibody (Amersham Biosciences) was
added, and the plates were incubated at 37 °C for 1 h.
The bound antibodies were detected using
3,3',5,5 -tetra-methyl-benzidine dihydrochloride

(Sigma) as the substrate, and the color intensity was
determined spectrophotometrically at 450 nm.

Competitive ELISA Assay

To assess specificity of phage clones binding
with V20 and V21, competitive ELISA was carried out
as described before [21,22]. In brief, the ELISA strips
(Costar) were coated with V20 or V21 at 0.2 pg per
well. The selected monoclonal phages (1x108 pfu)
were added to each well in triplicate with the
recombinant human soluble VASN (rhsVASN;
Novoprotein) at serial dilution, and the plates were
incubated at 37 °C for 1 h. Then the binding phages
were detected as mentioned afore. To analysis
whether the peptide-BSA conjugates could interfere
with the binding of VASN with V21, rhsVASN was
coated at 0.5 pg per well, 80 ng/ml V21 was
pre-incubated with the peptide-BSA proteins at
various concentrations, and then added to the wells.

Transwell migration Assay

HepG2 motility were assayed using 12-well
transwell plates (Corning) as described before [23]. In
brief, 1x10° cells were seeded on the upper chamber
with a cell-permeable 8.0 pm membrane, and the
lower chamber was filled with serum-free DMEM
containing the antibodies with or without the
peptide-BSA proteins. After 12h, cells on the upper
surface of the membrane were removed using cotton
swabs, and the cells that migrated to the bottom of the
membrane were fixed with 4% paraformaldehyde in
PBS and stained with 0.1% crystal violet solution. Cell
micrographs were taken on bright field microscope
equipped with a digital camera and the migratory
cells were also counted.

Cell proliferation Assay

HepG2 were plated on 96-well plates at 3000
cells per well overnight. The medium was changed to
fresh serum-free DMEM, and the mixtures of the
antibodies and peptide-BSA proteins were added.
After culture for 72h, CCK-8 assay was performed to
detect cell proliferation.

Production of anti-mimic peptides sera

The mimic peptides were synthesized chemically
and conjugated to Keyhole limpet hemocyanin (KLH).
Female New Zealand White rabbits were first
immunized by subcutaneously injecting them with 1
ml of the immunogen (0.25 mg of the peptide-KLH
proteins in phosphate-buffered saline (PBS) mixed
with  complete Freund’s adjuvant (Sigma)).
Subsequent booster injections, i.e., 0.5 mg proteins in
PBS emulsified in the rapid immune adjuvant
(AbMax Biotechnology Co., Ltd), and were
administered at 7-day intervals for 5 times.
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Statistical analysis

Prism 6 (GraphPad Software) was used for
statistical analysis. Data were tested for significance
using unpaired Student t-test for two sets of data, and
one-way ANOVA or two-way ANOVA for multiple
comparison. Results with P value <0.05 were
considered statistically significant. Data are presented
as means * standard deviation.

Results

Soluble VASN present in the conditioned
medium of HepG2 cells

As we reported before, VASN was expressed
highly in the hepatocellular carcinoma HepG2 cells
and tissues, and might be a potential biomarker [6].
Moreover, VASN was found to exist in HepG2-
derived exosomes [7]. To detect whether sVASN was
released from HepG2 cells into the culture medium,
Western blot was performed. After cultured in the
serum-free medium with or without ADAM17
inhibitor TAPI-2 for 24h, the supernatant of HepG2
cells was collected and concentrated by ultrafiltration.
Then exosomes were precipitated and purified, and
meanwhile, the exosome-depleted supernatants were
obtained. The result of Western blot showed that
HepG2 cells could secrete VASN protein into the
culture supernatant, corresponding to high express-
ion in the cells (Fig. 1A). However, Western blot assay
of exosomes showed that the exosomal VASN from
the same volume supernatant was too little to be
detected, in which TSG101 was taken as the gel
loading control of exosomes [24]. To further validate
whether the soluble VASN was cleaved by ADAM17,
TAPI-2 was added to the culture medium to inhibit
ADAM17 activity. The result of Western blot showed
that TAPI-2 had little effects on VASN expression in
the cells, while the soluble VASN was much less in the
supernatant of TAPI-2-treated HepG2 than that of the
untreated ones (Fig. 1B). It meant that TAPI-2
impeded release of VASN ectodomain quite
significantly, and so ADAM17 was vital for cleavage.
Soluble VASN in the culture supernatants was also
assayed by sandwich ELISA. The result showed that
sVASN in HepG2 supernatant decreased more than
threefold after TAPI-2 addition (Fig. 1C). These results
suggested that VASN existed mainly in the soluble
form in the supernatant of HepG2 cells.

VASN Antibody V21 attenuating proliferation
and migration of HepG2 cells

We previously validated that cellular VASN was
involved in proliferation and migration of HepG2 [6].
Here, we tried to explore whether sVASN in the
supernatant had the similar role. We prepared several

clones of monoclonal antibodies against rhsVASN.
Among them, the clone V20 and V21 showed the
highest affinity with rhsVASN (data not shown). Both
V20 and V21 were also able to bind with native VASN
protein of HepG2 cells in Western blot assay (Figs. 1A,
B). Sequentially, VASN antibodies were added to the
medium of HepG2 at the indicated concentrations,
and Transwell and CCK-8 assays were carried out.
The results showed that migration of HepG2 was
inhibited notably by V21 antibody in a
dose-dependent manner, but not by V20 antibody or
the control antibody (Figs. 2A, B). Meantime, V21
antibody also hindered HepG2 proliferation (Fig. 2C).
It was suggested V21 was an inhibitory antibody, and
sVASN had effects on proliferation and migration of
HepG2. The antibody V20 might exert little functions
as indicated in the above-mentioned assays (Fig. 2).

Screening mimotopes of VASN against the
antibodies by peptide library

As is known, the extracellular region of VASN
comprises three putative functional domains, which
implies potential functions [1]. However, up to now,
little is known about the dominant motifs of VASN
and their functions. For epitope profiles of proteins
were always the interaction sites of protein-proteins,
we tried to map epitopes of VASN. Phage-displayed
random dodecapeptide library was screened against
the antibody V21. The enrichment extent was
monitored by output/input ratio and P/N value.
After 3 rounds of biopanning, the specific phage
clones were enriched (Table 1). The binding of
isolated phage monoclones with the antibodies was
assayed by ELISA. The results showed that 18 of 19
clones were able to bind specifically with V21
antibody (Fig. 3A). Then the insert peptides of
positive phages were sequenced. The sequencing
result showed that 5 sequences toward V21 were
obtained, and the result of sequence alignment by
DNAMAN and BLAST indicated that these sequences
had one unique conserved motif, which had moderate
similarity with the amino acid residues 432-441 of
VASN (Tables 2). VASN(C432-C441) located in the
epidermal growth factor (EGF)-like domain, and
Cys#? and Cys*#! formed a disulfide bond.
Interestingly, the peptide SLTLPPFTGLAG, named
V21P1, also has some similarity with SLTLGIEPVS
PTS, the residues 463-475 of VASN, which was
identified as a B-cell epitope by mass spectrometry
combined with a multiengine search approach [25].
Furthermore, competitive ELISA was carried out to
assess the specificity of binding between the positive
phage clones and the antibodies. V21 was coated, and
two selected positive phages (clone 6 and 1, named as
V21P1 and V21P2) were simultaneously added with
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serially diluted rhsVASN, taking BSA as the negative
control (Figs. 3B and 3C). The rhsVASN could
attenuate the binding of phages with antibodies
dose-dependently, and the inhibition percentages
were more than 90% at the final concentration of 50
pg/ml. The results suggested that the phage clones
V21P1 and V21P2 bound V21 with high affinity and
specificity, and the insert peptides of phages might be
mimotopes of VASN.

Table 1. The enrichment procedure of peptide library screening
against V21.

Round coated-Ab  input output of sample output of control P/N
(pg/well)  (pfu) well (pfu) well (pfu) value

1 15 4.7x1010  4.36x105 4.6x104 9

2 1.0 1.67x1010  1.1x108 2.5x105 440

3 0.5 1.16x1010  1.81x10° 1.19x106 1521

Table 2. Sequence alignment of peptide inserts binding with V21

phage clone No. sequence? frequency
1 TQFSITPPFTGS 2

3 SHWFTGSDAGP 1

4 EYYGFTGLHSPH 1

5 HPFPPSFTGKAS 1

6 SLTLPPFTGLAG 9
consensus motif PPFTGL(S)

VASN(432-441) CPEGFTGLYC

a The consensus motifs were shown in italic letters.

At the same time, we also biopanned the peptide
library against V20 antibody. After 3 rounds of
biopanning, the specific phage clones were enriched
(Supplementary Table S1). All of 10 isolated clones
were able to bind specifically with V20 in ELISA
(Supplementary Fig. S1), and 7 sequences was

A
total exo-  exosome
SVASN i
R e TR
L}
TSG101 | — L e—
C
i o
g 04
b —
TAPL2 - +

obtained (Supplementary Table S2). The results of
sequence alignment showed that the sequences
toward V20 could be grouped into three clusters,
which were completely different from those of V21.
The result of competitive ELISA showed that binding
of the clone 4 and 9 (named as V20P1 and V20P2) with
V20 could be inhibited by rhsVASN in a
dose-dependent manner, and the inhibition
percentages were more than 90% (Supplementary Fig.
52). The results suggested that the insert peptides of
phages might mimic some epitope of VASN, other
than that against V21.

Affinity and specificity of mimotope peptides

To assess whether they were binding sites for
V21, the mimotope peptides were synthesized and
conjugated to BSA, named as V21P1-BSA (SLTLPP
FTGLAG) and V21P2-BSA (TQFSITPPFTGS). The
residues VASN(Ser463-Serd75), was prepared as
VASNue3.475-BSA and taken as the control. ELISA were
performed to detect the affinity and specificity of the
peptide-BSA proteins binding to V21. The result of
ELISA showed that the serial-diluted V21P1-BSA and
V21P2-BSA were able to bind with V21, similarly to
rhsVASN (Fig. 4A). In contrast, VASNue.475-BSA
couldn’t bind with V21. It suggested that the
mimotope peptides might have high affinity with the
antibodies, mimicking the antigenicity of sVASN
protein. Meanwhile, we also assayed binding of the
mimic peptides towards V20. The proteins, named as
V20P1-BSA (SFYIEAQGDRLH) and V20P2-BSA
(LPGYYSEAGNWR), could bind with V20 with high
affinity (Supplementary Fig. S3).

TAPI-2 - +
—__ 70kD

cell lysates VASN

GAPDH

TAPI-2 - +

supernatants

Figure 1. Soluble VASN existed mainly in soluble form in the culture supernatant of HepG2 cells. (A) Western blot assay of VASN in the culture supernatant. The
supernatants were collected and concentrated, exosomes from the same volume of the supernatant were purified, and the same volume of the exosome-depleted
supernatant were collected by the same way. TSG101 was taken as the gel loading control of exosomes. exo-: exosome-depleted supernatant. (B) Western blot of
VASN in the cell lysates and culture supernatants with or without addition of TAPI-2. (C) Sandwich ELISA assay. Soluble VASN in 100 pl of the culture supernatants
with or without addition of TAPI-2. ¥ P value < 0.0001 compared to the supernatant untreated by TAPI-2 by an unpaired Student t-test.
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Figure 2. The antibody V21 could inhibit migration and proliferation of HepG2 cells. The representative photographs of cell migration in transwell assay were taken
(A\), and the migratory cells were analyzed quantitively (B). ctrl Ab: the isotype control antibody. (C) The cell proliferation was detected by CCK-8 assay. Data are
means % SD. ¥ P value < 0.001 compared to the V21 treated groups by two-way ANOVA.

A
2.5 I blank
D phage without V21
2.04 E phage with V21
g 159
N
[a]
O 1.0+
0.5
0.0+
12 3 456 7 8 91011 1213 14 15616 17 18 19ctrl
phage clones
B
196] -»- BSA
= -8 rhsVASN
=
9
=
2
=
£
=
c
o
2
g

60

protein concentration (pg/iml)

-»- BSA
-0 rhsVASN

percent inhibition {%)

protein concentration (pg/mil)

Figure 3. Affinity and specificity of isolated phage clones against the VASN antibodies. ELISA assays of isolated phage clones binding with V21 (A). ctrl: peptide library,
blank: without phages. Competitive ELISA assays of isolated phage clones V21P1 (B) and V21P2 (C) binding with V21, competed by rhsVASN.

Moreover, we tried to identify the key amino
acids of the mimic peptides by the means like alanine
scanning [22]. Six mutant peptides, with single
alanine mutation of the consensus motif in V21P1,
were synthesized (Fig. 4B). ELISA were carried out to

assay the interaction between the mutants and V21.
The result showed that the mutant L10A almost
completely retained the binding ability to V21, while
F7A and T8A couldn’t bind with V21, and P5A, P6A
and G9A kept little binding ability (Fig. 4C). It
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suggested that the consensus residues were critical
amino acids in the mimotope, except Leu10.

Mimotope peptides attenuating inhibitory
activity of V21 antibody

We had validated that the antibody V21 could
inhibit proliferation and, migration of HepG2 cells
(Fig. 2), and V21P1 and V21P2 seemed to be the
peptide mimics of V21 binding site. Hence, we
hypothesized the two peptides might affect the effects
of V21. At first, competitive ELISA was carried out to
assay whether the two peptides could interfere with
binding between rhsVASN and V21. The result
showed that V21P1-BSA and V21P2-BSA could inhibit
rhsVASN binding to V21 to a certain extent, and the
percentage inhibition was 47.2% and 55.3%,
respectively, while the control VASNus3.475-BSA had
no inhibition effects (Fig. 5A). It suggested that the
peptide V21P1 and V21P2 might mimic the binding
site of VASN toward V21.

Furthermore, the peptide-BSA proteins and V21
were pre-mixed and co-incubated, then added into
the medium of HepG2 cells for further culture for the
indicated time. Transwell assay and CCKS8 assay were
preform to analyze cell migration and proliferation.
The result of transwell assay showed that both
V21P1-BSA and V21P2-BSA could almost completely

A
=-a= blank control
=& rhsVASN
-~ V21P1-BSA
-*- V21P2-BSA
- VASNg, ,.-BSA
To 200 400 600 800
concentration of protein (ng/ml)
B
P5A SLTLAPFTGLAGC
P6A SLTLPAFTGLAGC
F7A SLTLPPATGLAGC
T8A SLTLPPFAGLAGC
G9A SLTLPPFTALAGC
L10A SLTLPPFTGAAGC
consensus motif PPFTGL

reverse the inhibitory effects of V21 on HepG2
migration, while VASN4e3475-BSA couldn’t (Figs. 5B,
C). Meanwhile, they could also rescue proliferation of
HepG2, antagonizing the inhibition of V21, as
suspected (Figs. 5D, E). It seemed that V21P1 and
V21P2 could mimic the cognate binding sites in the
inhibitory antibody, which might represent the
dominant functional domain of sVASN.

Immunogenicity of the mimotope peptides

The mimic peptide V21P1 was synthesized and
conjugated to KLH, and polyclonal antibodies against
the peptides were prepared by immunizing rabbits.
The titer of anti-sera was detected by ELISA. The
result showed that the titer of the anti-serum against
V21P1 was 1:64,000 (Fig. 6A). Moreover, to detect
whether the anti-sera had cross-activity with
rhsVASN, ELISA and Western Blot assay were
performed. The result of ELISA showed that titer of
the anti-serum against rhsVASN was 1:3,200 (Fig. 6B).
Meanwhile, it was also showed that the anti-sera were
able to bind with VASN from HepG2 cell lysates and
rhsVASN specifically (Fig. 6C) and the titer was
1:1,000. It seemed the mimotope peptides could act as
an immunogen to induce not only immune response
against itself, but also cross-reaction against VASN.

-8~ VASN

- V21P1-BSA
- PSA-BSA
—&- PGA-BSA
- F7A-BSA
-8 T8A-BSA
-+ GGA-BSA
-6 L10A-BSA

OD450nm

0 20 40 €0 80 100
concentration of V21 (ng/mL)

Figure 4. The synthetic mimotope peptides could interfere with the inhibitory effects of V21 on HepG2 cells. (A) Affinity of synthetic mimotope peptides binding to
V21. rhsVASN was taken as the positive control, VASNa4¢3.475-BSA as the negative control, and no-protein as the blank control. (B) The sequences of mutant peptides.
The alanine mutant sites were shown in bold and italic. (C) Affinity of synthetic peptide mutants binding to V21. rhsVASN and V21P1 were taken as the positive

control.
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Figure 5. The mimic peptides were able to attenuate inhibitory activity of V21 antibody. (A) Competitive ELISA. The rhsVASN was coated, and V21 was
pre-incubated with the peptide-BSA conjugates at various concentrations, and then added to the wells. (B, C) Transwell assay of cell migration. 20 yg/ml V21 was
added with or without 10 pg/ml peptide-BSA proteins. The representative photographs of cell migration were taken (B), and the migratory cells were quantitatively
analyzed (C). The cell proliferation assay was performed to analyze the effects of V21P1-BSA (D) and V21P2-BSA (E) mixed with V21 on HepG2 proliferation. Data
are means * SD. * P value < 0.05, ** P value < 0.01 and *** P value <0.001 compared to the V21 treated groups by one-way ANOVA.
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Figure 6. Inmunogenicity of the mimotope peptide V21P1. (A) ELISA assay of anti-sera binding with V21P1. The peptide V21PI| were coated at 5ug per well. The
antiserum was obtained from the immunized rabbits and serially two-fold diluted. Results are expressed as OD at 450 nm. Normal rabbit serum was taken as the
negative control. blank: no serum. (B) ELISA assay of the anti-serum cross-reactivity with rhsVASN protein. The protein rhsVASN were coated at 0.5 g per well.
blank: non-coated. (C) Western Blot assay of the anti-serum cross-reactivity with natural VASN in HepG2 cell lysates or rhsVASN protein, taking anti-VASN antibody
(Cloud-Clone corporation) as the positive control. ctrl serum: normal rabbit serum.
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Discussion

Up to now, it was showed that human VASN
protein might play a role in cancer pathogenesis, such
as tumor growth, survival, metastasis and
angiogenesis [2,4,6,7]. In our previous study, it was
revealed that VASN was correlated with HCC
progression, as well as a candidate biomarker [6]. As
is known, VASN has two forms, and the soluble form
might be biologically active [2]. We found that the
level of soluble VASN was much more highly in HCC
patient sera than that in the healthy control, except
that VASN was expressed more highly on HCC tissue
slides than hepatitis liver tissue slides. Furthermore,
the secretome compartments of some cancer cells
consisted of VASN, which was sensitive to RPI-1 and
dasatinib treatments, and could be a biomarker for
measuring the effectiveness of cancer therapies [26].
These results suggested that soluble VASN might be a
potential target for cancer therapy. As VASN was
found expressed highly in some solid tumors, it could
be targeted, at least, as a topical therapy. However,
the precise functions of sVASN and the underlined
molecular mechanisms remained to be addressed.
Hence, we tried to profile the functional motifs of
sVASN, and to explored whether they were involved
in HCC pathogenesis.

In our previous work, VASN ectodomain was
expressed in E. coli and purified, and then several
monoclonal antibodies against rhsVASN were
generated (data not shown). Among them, V20 and
V21 had relatively high affinity and specificity, and
could bind with native VASN protein. In the present
study, for the first time, we found V21 had inhibitory
capacity on proliferation and migration of HepG2, by
attenuating functions of VASN (Fig. 2). A panel of
peptides toward V21 were identified by peptide
library screening and share a consensus motif, sharing
4 amino- acid residues in common with VASN
(Cys432-Cys441) (Table 2). We hypothesized that
VASN(Cys432-Cys441) might consist of one protein
interface hot spot of sVASN, and the 4 residues
seemed to be the primary ones. We try to explore the
key residues of the mimotope in depth. By the means
of alanine mutation, we found that five out of six
consensus residues were almost crucial to the affinity
of the mimotope to V21, which seemed that the
mimotope was exactly the corresponding epitope
against V21. A mimotope is defined as a molecular,
always a peptide, which mimics the structure of a
natural epitope, which might cause an antibody
response similar to the one elicited by the epitope [27].
Hence, the anti-serum was prepared against V21P1,
and proved to be able to bind with rhsVASN and the
natural protein in HepG2. It was validated that V21P1
was the mimotope of VASN not only with

antigenicity but also with immunogenicity. Moreover,
for mimotopes bear the critical cognate binding sites
of intact proteins, they are useful for mapping the
functional motifs [28,29]. As the results showed here,
the mimotope peptides could act as a candidate target
for generation of VASN antagonists, such as blocking
antibodies and small molecule inhibitors.

In addition, we found that the mimotope V21P1
had the same 4 amino-acid residues at the N-terminus
as those of VASN(Ser463-Ser475), the reported motif
[25]. Nevertheless, the 4 amino-acid residues were not
the conserved ones embedded in V21P1, which were
always thought as the key residues of the epitope. The
synthetic peptide VASN(Ser463-Ser475) couldn’t bind
with V21 in ELISA assay or hinder binding of
rhsVASN to V21 in competitive ELISA assay (Figs.
4A,5A). Moreover, VASN(Ser463-Ser475) was not able
to interfere with V21 inhibitory effects on HepG2 (Fig.
5B-5E). In view of the results, we speculated that
V21P1 and VASN(Ser463-Serd475) were two different
B-cell epitopes of VASN, and possibly adjacent in
three-dimensional conformation. V21P1 might mimic
one conformational epitope, while VASN(Ser463-
Serd75) was a linear one. It seemed that the two
epitopes were involved in different functions.

Otherwise, we also obtained the mimotopes
toward V20, which had more than one conserved
motif and differed from that toward V21. And V20
was proved to have no obvious effects on
proliferation and migration of HepG2 (Fig. 2). These
results suggested that V20 and V21 recognized
distinct epitopes. As is known, proteins always don’t
exist as a straight chain, but fold into the tertiary
structure. Therefore, the natural epitopes are always
discontinuous in the primary structure, that is, they
are conformational epitopes [30]. It meant that the
identified peptides toward V20 were mimotopes of
one conformational epitopes of VASN, which could
mimic the structure of the natural epitope. Maybe the
motifs toward V20 were correlated with other
unknown functions of VASN. Further investigations
needed to be done.

In summary, the present work mapped the
epitope profiles of human VASN protein for the first
time. The mimotopes might be representatives of
VASN functional motifs, which would benefit the
detailed research of VASN functions and relationship
between structure and functions. The corresponding
motif in VASN, as well as the mimotopes, might act as
candidate targets of VASN antagonists for developing
novel anti-HCC therapies. In addition, the antibody
V21 was able to be one lead molecule of VASN
inhibitors.
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