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Abstract: To screen specific polypeptides binding to hepatoma carcinoma cells by using C7C™ Phage Display
Peptide Library and carry out biclogical identification on their binding capacity. HL-7702 were used as the
negative subtractive cells and HepG2 were used to screen as the target cells, 60 positive phage clones were
randomly selected and cell-based ELISA was carried out to identify their binding activities to HepG2 cells. The
positive clones were subjected to sequencing analysis, the polypeptides were synthesized, immunochemaical
and immunofluorescence analysis were also carried out for further identification. After four rounds of screening,
significant enriching of phages appeared on the target cells HepG2; ELISA and immunochemical analysis were
carried out, 18 positive phage clones with high binding capacity to hepatoma carcinoma cells were obtained
from the randomly selected 60 phage clones, after sequencing and immunofluorescence identification, two
polypeptides were confirmed having high affinity and their amino acid sequences had no homology.
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INTRODUCTION

Hepatic Cellular Cancer (HCC) (which is abbreviated
as liver cancer) 1s one of the most common malignant
tumors i the world, showed msidious onset, rapid
progression, early metastasis, high malignancy and poor
prognosis and most of the cases are confirmed as
middle and advanced stages when they were discovered
(El-Serag and Rudolph, 2007). Its morbidity has
continuously increased in recent years and it has shown
an increasing tendency in young people. It 13 mainly
treated by operations, chemotherapy and radiotherapy
but most of the chemotherapeutics effects are non-
selective which are widely distributed in the body, the
toxic and side effects on normal tissues and organs under
the therapeutic dosages are sigmficant, though the
pathogenetic conditions of patients can be transiently
alleviated, the therapeutic efficacy is not satisfactory and
>95% of the liver cancer patients fail in their treatments
(Du et al., 2006, Hu et al., 2006). It 1s required to increase
the selectivity of drugs to tumors and reduce their
accumulation at non-target positions for improving the
therapeutic efficacy of anti-tumor dirugs which can not
only reduce their toxic and side effects on non-target
positions but also reduce the therapeutic dosage and the
frequency of drug administration and improve the

pharmacodynamic action. Therefore, it 13 urgent to find a
kind of innovative and brealthrough method for early
diagnosis and treatments.

Drug targeting therapy on tumor cells has always
been the hotspot for investigations on tumors
(Midorikawa et al., 2010, Thomas, 2009). Some specific
receptors show high expression levels on the surface of
tumor cells (Thomas, 2009) and they can selectively bind
to certain ligand. The targeted therapy on tumor cells can
be realizing by utilizing the specificity for the binding
between receptors and ligands in the mean time the
damages on normal cells can be reduced.

Screening for polypeptide ligands specifically
binding to tumor cells by using phage display random
polypeptide library is a kind of new and highly efficient
screening techmque that 15 developed in recent years.
Since, the discovery of phage display random peptide
library in 1990 (Scott and Smith, 1990), it has been
rapidly and widely used (Witt et al., 2009; Kelly et al.,
2008; Kumar et al., 2007). It can display the expressed
polypeptides or protemns m the form of fusion protemn on
the surface of phage by fusing the gene encoding the
exogenous polypeptide and the gene encoding phage
coat protein and their independent spatial configuration
and biological activity are maintained (Sidhu et al., 2003,
Ferrer et al., 1999). This technique connects phenotypes
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with genotypes, combines recognition of corresponding
target molecules with the capacity for re-amplification and
the high-affinity polypeptides specifically binding to
target molecules can be obtained only by several rounds
of enriching and screening process absorption-elusion-
amplification. Furthermore, the peptides have high
biological activities and are less prone to immunological
rejection or the side effects (Yang et al., 2008) so, the
screened polypeptides from the phage random peptide
library can be effectively modified to further improve their
climcal values for applications. As a kind of simple and
efficient screening tool, phage random peptide library has
been widely used for screening and development of anti-
tumor drugs and markers for tumor diagnosis (Du et al.,
2006; Chen et al., 2009, Wu et al., 2010; Staquici ef al.,
2010; Pameijer et al., 2006) which provided the technical
platform for targeted therapy and molecular imaging for
tumors (Shukla and Krag, 2005).

The present study aimed at searching for the
polypeptides with high affinity to hepatoma carcinoma
cells by using C7C™ Phage Display Peptide Library for
whole-cell subtractive screemng m HepG2 cells which
provided research basis for further detection on early
diagnosis of liver cancer and drug-targeting therapy.

MATERIALS AND METHODS

C7C™ Phage Display Peptide Library (Ph.D-C7C™
Phage Display Peptide Library) was purchased from
New England Biolabs Company, the titer of the library
was 1.5x10" pfu mL™" and the complexity was 2.7x10°;
HRP/anti-M]13 antibody (#27-9421-01, 1:5000 dilution as
the working concentration) was purchased from New
England Biolabs Company; anti-FITC antibody was
purchased from Molecular Probes, Invitrogen, Califorma;
DAB kit, Mayor’s hematoxylin was purchased from
Sigma-Aldrich, America; Fetal Bovine Serum (FBS) and
RPMI1640 were purchased from GiBCO, USA; OFD, IPTG,
Xgal and other reagents were all purchased from Sigma-
Aldrich, America.

Subtractive screening by using phage peptide library:
Human hepatoma carcinoma cell HepG2 and human
normal hepatic cell HL.-7702 were incubated with RPMI-
1640 containing 10% FBS at 37°C and 5% CO, and the
cells were moculated 1nto the culture dishes of
(60x15) mm” in a density of 10° cells/dish when the cells
grew to 80~-90%. The HepG2 cells were firstly subjected to
serum-free culture for 1 h before the screening then the
blocking solution (RPMI-1640+ 0.5% BSA) was added for
blocking at 37°C for 1 h, the phage peptide library was

added (the titer was about 1.5x10" pfu) to the cells
incubated at 37°C for 1 h, the culture solution was
discarded after the cells were kept on ice for 5 min;
subsequently the cells were rinsed with pre-cooled PBS
containing 0.1% BSA at 4°C for three times after the
precipitation was nnsed with TBST (0.05%) for six tunes,
1 mL glycine buffer (pH 2.2) was used for elution and Tris-
HCI (pH 9.1) was used for neutralization after 10 min. The
phages binding to the cells were collected and the cells
were fully digested with 0.25% trypsin, the precipitation
was collected and 2 mL 1% Triton X-100 was added for
lysis. The supernatant was collected by centrifugation
and the internalized phages were collected by using the
same elution method and the collected phages were added
to the HL-7702 cells subjected to the same blocking
treatment the cells were incubated at 37°C for 1 h, the
supernatant was collected and the phages for the first
round of screening were obtained, they were used to
infect ER2738, the titer was determined and they were
amplified for the screening for the next round. In the
screenings for the second, third and fowth rounds, the
concentrations of the nnsing solution Tween-20 were
successively increased to 0.2, 0.4 and 0.8%, the
incubation durations with HepG2 were successively
reduced to 45, 30 and 15 min and the frequency of rinsing
were increased to 8, 10 and 12 times, respectively while
the conditions and the procedures were all the same to
those in the first round.

Phage monocloning: The phage elution from the fourth
round was used to directly infect . coli ER2738 m the
plates. The overnight cultures of ER2738 were diluted in
1:100 and moculated in LB medium and they were divided
into small vials of 1 mL. A blue negative colony was
randomly selected and inoculated mto the culture tube of
1 mL as mentioned above and it was incubated at 37°C on
a shaker for 4.5 h and totally 60 positive phage clones
were selected. The cultures were transferred into micro
centrifuge tubes and centrifuged for 30 sec, the
supermatant was transferred into fresh tubes and
centrifuged again. About 80% of the supernatant was
transferred mnto fresh tubes and the amplified phages can
be used for purification of sequencing template and
ELISA detection.

ELISA identification of phage monoclones: HepG2 and
HL-7702 were moculated in the 96 well plate in a density
of 1x10°/well and incubated at 37°C in an incubator with
5% CO, for 24 hand the cells were subjected to serum-free
treatment for 1 h; the cells were fixed with 4%
paraformaldehyde for 20 mmn and ninsed with PBS for three
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times; after the cells were blocked with 2% PBS-BSA for
1 h, phages in a titer of about 10" were added and the
cells were mcubated at 37°C for 2 h, the cells were rinsed
with 0.05% PBST for three times; HRP-antiM1 3 antibody
(diluted with 2% PBS-BSA in 1:5000) and the cells were
mcubated at 37°C for 1 hthen they were rinsed with 0.05%
PBST for three times; TMB was used for coloration for
10 min and 2 M H,S0, was used to stop the reaction. The
plates were subjected to measurements on a micro-plate
reader at 450 nm. The blue colonies in the orignal phage
library were randomly selected as the random control, the
wild-type M13 phage was used as the negative control
and PBS was used as the blank control. The experiments
were repeated for three times, the mean OD value and the
binding specificity were calculated OD490 nm phage
clone/OD490 nm control >2 was considered as positive
result.

Sequencing and peptide synthesis: The single-strand
DNA was extracted from the positive clones with
reference to the method for small-scale preparation of
single-strand DNA from M13 phage in molecular clomng
the fifth edition and it was sequenced by Beying Huada
Biotechnological Co., Ltd. the primer for sequencing was
-96 gIll, 3-CCC TCA TAG TTA GCG TAA CG-3'. The
ammo acid sequence of the exogenous septa-peptides
fused to pIll protein were deduced according to the open
reading frame of plIl gene in the coding chain; sequence
homology analysis was carried out in SWISS-PROT,
PepBank protein and polypeptide databases; Clustal X
1.83 program was used for multiple comparison and
analysis on sequences; ANTHEPROT 5.0 program and
ExPASy (http:/fwww.expasy.org/tools) Software were
used to analyze the biochemical characteristics of the
polypeptides. The septa-peptide AS1-2 and the non-
specific random control peptides were synthesized by
Shanghai Ji’er Company and FITC was labeled.

Peptide-phage competitive inhibition test: HepG2 were
inoculated in the 96 well plate in a density of 1x10%/well
and cultured overnight and the cells were subjected to
serum-free treatment for 1 h and blocked with 2% BSA for
1 h. The polypeptides AS1-2 were diluted m series with
PBS (0, 0.1, 1, 10, 100 and 1000 nM) and then were
incubated with the cells at 4°C for 1 h, P13 and P15 (the
titer was about 10" pfu) were incubated with the cells at
4°C for 1 h. The phages were eluted by using the same
method as mentioned above and the titer was
determined.

The non-specific septa-peptides not related to

phages i the peptide library were used as the negative

control. The inhibition rate/Percentage = (The titer in the
blank control well-The titers in the wells of different
concentrations )/ The titer in the blank control well x100%.
Immunocytochemical and immunohistological
identification for the polypeptide: Cell climbing-slices
were prepared according to conventional methods and
HL-7702 cells were used as the control cells and the
difference in the binding activities of the polypeptide
FITC-AS1-2 on HepG2 cells and control cells was
identified by using immuno-cytochemical staiming (SP
Method) after the blocking according to conventional
immunoe-cytochemical staining method. The slices were
firstly incubated with FITC-AS1-2 (4 ug mL™") at 4°C
overmight. Then, the slices were successively incubated
with rat anti-FITC monoclonal antibody, anti-rat TgG
secondary antibody and SP compound and DAB
coloration was performed. After Mayor’s hematoxylin
counterstain, the staimng of the cells was observed under
a microscope and evaluations were carried out by
combining the positive intensity of brown-color response
and the percentage of positive cells with reference to the
scoring method by Shimizu ef af. (1990). In the mean time,
blank control and negative control of non-specific phage
clones were also set up.

The samples from human hepatoma tissues and the
samples from corresponding paracancerous tissues were
collected from the samples of surgical resection in the
Second Affiliated Hospital of Jilin University from 2009 to
2010 and they were subjected to conventional frozen
sectioning after definite diagnosis by pathological
physicians. The immunohistochemical tests were all the
same to those in the immuno-cytochemical tests.

Immmunofluorescence identification for FITC-tagged
polypeptide: HepG2 and HI.-7702 cells were inoculated in
the 24 well plate in a density of 1x10°/well and treated
according to conventional methods, after blocking with
3% goat serum for 1 h, 200 pL FITC-AS2 (4 ug mL™,
dissolved in PBS) was added and the cells were incubated
at 4°C overnight and the cells were observed under an
inverted fluorescence microscope after rinsing with PBS
for six tunes.

RESULTS AND DISCUSSION

Enriching of phages specifically binding to hepatoma
carcinoma cells: HepG2 cells were used as the target cells
and HI.-7702 cells were used as negative subtractive cells
and the phage clones specifically binding to HepG2 cells
were obtamed after four rounds of subtractive screening
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on the Ph.D-C7C™ Phage Display Peptide Library. After
four rounds of screening, the phage clones binding to
HepG2 were enriched for about 10 times and the results
were shown in Table 1.

ELISA identification for phage clones specifically
binding to hepatoma carcinoma cells: After four rounds
of subtractive screening on the PhD-C7C™ Phage
Display Peptide Library, 60 phage clones were randomly
selected and the affinity of the phage clones to
HepG2 was preluninarily identified by usmng ELISA and
they were successively named as P1-60. The results
showed that 18 clones from the 60 selected phage
clones from the fowth round of screening showed
relatively high affinity to HepG2 cells, in other words,
OD450 My, goned ODA50 MM 1 >2 while their affinity to
HI.-7702 cells was relatively low and the results had
positive significance indicating that the screening had
satisfactory efficacy in enriching. The results were shown
mFig 1.

DNA sequencing and sequence analysis for phages
specifically binding to hepatoma carcinoma cells: The
positive clones were amplified and the single-strand DNA
was extracted and sequencing was carried out by Beijing
Huada Company using -96 g primer and the amino acid
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sequence was deduced (Table 2). The 18 positive phage
clones were deduced to 14 polypeptide sequences among
them sequence loss was detected in two clones and the
sequences were both positively charged; the homology
analysis on amino acid sequence by using NCBI Blast

Table 1: Enrichment of phages for each round of selection from phage
displayed peptide library

Selected phage Eluted phage Ration
Round (input, cpu) {output, cpu) {output/input}
1 4x1010 4.3x10° 1.075x1077
2 1x10% 2.0x10* 2.00x1077
3 6x101 9.0x10* 1.5%107¢
4 7x1010 8.1x10° 1.157x107°

Table 2: Screening results of the chosen phage clones for HepG2

Phage clones Peptide No. Peptide sequence (N-C) Frequency
P13/P46 AS1 KNHRISL 2
P15/P29 AS2 FIHRIQL 2
Pl AS3 RILKISR 1
P7 AS4 KSTKSIR 1
P10 ASS RLMMLRT 1
P11 AS6 RIQRMNI 1
P21 AS7 KLTRTIP 1
P2M ASS8 NQPRMNI 1
P28 AS9 KPSRTIR 1
P34 AS10 KINRISL 1
P41 AS11 LTQRIIN 1
P47 AS12 RIMKMLI 1
P48 AS813 PIRPSLN 1
Ps3 AS14 PTIKSTK 1
PAPST Sequence loss 2
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Fig. 1: ELISA identification for the affinity of 60 phage clones to HepG?2 cells
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showed that the similarity of the polypeptides to

previously known sequences of proteins and
polypeptides was not ligh and they were new
polypeptides. Multiple comparison on the sequences was
carried out by using clustalx1.83 and the result was shown
in Fig. 2. The results showed that positive 1 and
position 4 in the sequences were mostly Arg/Lys which
were polar and positively charged amino acids, position
2 and 5 were mostly Tle/L.eu which were nonpolar amino

acids indicating that the sequences may be amplupathic.

Polypeptide-phage  competitive inhibition test:
Competitive inhibition test was carried out to confirm
whether the synthesized polypeptide and corresponding
phage monoclone compete for the same binding site. The
result showed that the binding capacity of corresponding
phage clones P13 and P15 to HepG2 cells showeda
dose-dependent decrease to the polypeptides after
pre-treatment with the synthetic polypeptide AS1-2
(Fig. 3) among them the mhibition rates of AS1 and AS2
on the binding of phages to HepG2 cells were 7.14 and
9% when the concentration of the polypeptide was
0.1 nmol 7" and the inhibition rates on the binding of
phages to HepG?2 cells were 73.67 and 82.33% in average
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Fig. 2. Results from the multiple comparisons on the
sequence by using clustalx]1.83. The results
indicated that positive 1 and position 4 in the
sequences were mostly Arg/Lys which were polar
and positively charged amino acids, position 2
and 5 were mostly Tle/Leu which were nonpolar
amino acids

when the concentration of the polypeptide was
1000 mmel 1.7! and the inhibitory effects were obvious.
The results were shown in Fig. 3.

Detection of the affinity of target peptide to HepG2
cells by using immuno-cytochemical and
immunohistochemical methods: The affinity of the phage
peptide to HepG2 was prelimmanly identified inresult 2.2,
result 2.4 showed that the inhibition of the polypeptide
AS1-2 on the binding of phages to HepG2 was obvious
hence, the polypeptide AS1-2 was used for further
immuno-cytochemical  and  immuno-histochemical
identification in HepG2 and HL-7702 cells. After DAB
staining and hematoxylin counterstain, the staining for the
cells can be observed under the microscope (200x), the
affinity of AS1-2 to HepG2 was relatively high, darl-
brown staimng can be detected n the cells and they
showed positive result; the brown staining was
seldom seen in the HL-7702 group indicating that the
affimity of the polypeptide to HL-7702 cells was
relatively weak and the result was negative almost no
detected
in other words,

obviously dark-brown DAB staiming was
in the
the binding of the random control polypeptide to
HepG2 and HL-7702 was very weak and the result was
negative indicating that AS1-2 had high affinity to
hepatoma carcinoma cells while the affimity to normal
HL-7702 4. The
immunohistochemical consistent with

random peptide control,

cells was very weak (Fig.
results

those mentioned (Fig. 5).

WEIe

Immunofluorescence identification for FITC tagged
polypeptide AS1-2: The results from further identification
on affinity and specificity of AS1-2 to HepG2 and human
hepatoma tissues by using immunofluorescence analysis
indicated that the green fluorescence of HepG2 was
relatively strong but the fluorescence in normal HIL.-7702
cells was very weak indicating that AS1-2 had high
affinity to hepatoma carcinoma cells while the affimity to

—— ASI
& AS2
—e— Control

Inhibition (nM)
[=]
wn

2
0.1
0 T T

1
1000 10000

0 0.01 0.1 1 10 100

Concentration (%)

Fig. 3: Results from the competitive inhibition of the
polypeptide AS-1-2
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Fig. 4 Tmmuno-cytochemical detection for the affinity of the polypeptide to HepG2 and HI.-7702 cells (400x). a-¢) The
coloration results after the reactions between the polypeptides AS-1, AS-2, the random control peptide and
HepG2 cells; d-f) The coloration results after the reactions between the polypeptides AS-1, AS-2, the random

control peptide and HL-7702 cells

Y T

O S R A e

S A2 ()

(f).

Fig. 5: Immunohistochemical detection for the affnity of the polypeptide to HepG2 cells (200x). a-c) The coloration
results after the reactions between the polypeptides AS-1, AS-2, the random control peptide and human hepatoma
tissues; d-f) The coloration results after the reactions between the polypeptides AS-1, AS-2, the random control

peptide and normal hepatic tissues

normal HL-7702 cells was very wealk (Fig. 6). Among them
A was the negative control, B and C showed the
fluorescence signals after the reactions of AS1 and AS2
with HepG2. The results from the fluorescence n different
tissues were consistent with those mentioned above and
the results were shown 1n Fig. 7. The sequences for the
two polypeptides were KNHRISL. and FTHRIQT..

Tt is the major development tendency to search for
new specific markers for liver cancer and targeted therapy.
The structures of small-molecule polypeptides are simple
and the penetration to tumors 1s high, immunological
responses are not liable to be induced in human
body and thus they can be used as ideal targeting vector
(Yang et ol, 2008). Tt has been reported in previous
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Fig. & Immunofluorescence cytochemistry identification for FITC tagged polypeptide AS1-2 (400x); a-c) showed the
coloration results after the reactions between the FITC tagged polypeptide AS-2, the random control peptide and
HepG2 cells; d-f) showed the coloration results after the reactions between the FITC tagged polypeptide AS-2,

the random control peptide and HI.-7702 cells; the nuclei were counterstained with Hochest33342 and the
fluorescence was blue

Fig. 7: Immunofluorescence histochemistry identification for FITC tagged polypeptide AS1-2 (200x); a-c) showed the
coloration results after the reactions between the FITC tagged polypeptide AS-2, the random control peptide and
human hepatoma tissues; d-f) showed the coloration results after the reactions between the FITC tagged
polypeptide AS-2, the random control peptide and normal hepatic tissues; the nuclel were counterstained with
Hochest33342 and the fluorescence was blue
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studies that the proteins and polypeptides specifically
recognizing or binding to cells can be separated by using
phage peptide library technique (Shukla and Krag, 2005).
Therefore, phage display peptide library has played
important roles in the investigations on targeted therapy
on various kinds of tumors. Subtractive screening on
phage random peptide library by using Lving cells as
targets has been widely used i the mvestigations on
tumors (Zhang et al., 2009; Lou et al., 2001). When the
structural information for a certain receptor molecule or
epitope 1s not well understood, the receptors on the cell
surface are unknown and integral membrane protems are
difficult to be iseolated, living cells expressing the receptor
or antigen are used as the targets for screening the phage
peptide library which can completely simulate the
mteraction between protein molecules under natural
conditions, obtain the target peptide and search for
functional simulated peptides specifically binding to cells.
Therefore, the screeming is a unbiased process without
selection pressure, the binding 1s dependent on the
distribution density and the exposure degree of surface
molecules as well as the affinity to polypeptides
(Lou et al., 2001; De Kruif et al., 1995). It is very helpful
for tumor cells with high swface complexity and
variability (Ttoh, 2007) and it provides an effective tool
for the investigations on tumor-specific polypeptide
vectors.

Phage peptide libraries can be divided into two
categories according to whether the configuration of
the exogenous fusion polypeptide is limited: some
polypeptides are displayed on the surface of phage and
their configurations are not limited in other words,
disulfide bonds constrain the configuration of exogenous
fusion polypeptide do not exist and the polypeptide
is linear the other groups are composed of the peptide
librarnies with limited configuration which are characterized
by Cys residues at both sides of the exogenous random
polypeptide, a disulfide bond can be formed on the
surface of phage all of the structure of the displayed
polypeptide 1s confined m a dithio-loop and the binding
configuration has higher stability and binding capacity in
comparison to the polypeptides expressed in linear forms
(Lulu and Chuan, 2002). During the screening of
corresponding ligands for receptors if ideal ligand
sequences are scarce or do not exist (not representative)
or the polypeptide molecules can not be screened out
since they have no sufficiently high affimty to bind to the
target molecule, it 1s easier to make progress to use
configuration-limiting peptide library in comparison to
complete random peptide library. Therefore, the present
study selected the Ph.D. C7C phage display library for the
screening.

Efficacy of screening methods is a very important
factor for obtaining targeting peptides and phage display
peptide lLibrary has been successfully applied to the
screening of peptides specifically binding to tumors
(Chen et al., 2009, Wu et al., 2010, Staquicini et al., 2010;
Pameijer et al., 2006). Since, several kinds of proteins,
carbohydrates and lipids are expressed on the surface of
tumor cells, they can bind to phages to certain extents and
the tumor antigens for screening are all non-specific
antigens therefore, subtractive screening or methods with
previously known ligands are required to screen for
targeting peptides (Pakkala et al., 2007). When the ligand
1s unknown, the present study carried out subtractive
screening in which the phages in the peptide library were
firstly kept to react with hepatoma carcinoma cells and
normal hepatic cells were used for subtraction. During the
screening, glycine buffer was firstly used to elute and
collect the phages binding to the cell surface then the
cells were digested with 0.1% TritonX-100 and lyzed, the
permeability of cell membrane was mcreased and the
possibly internalized phages were collected since, the
characteristics for its internalization, it may be used as the
penetrating peptide on the mvestigations for transmaitting
drugs or targeting vectors, both targeting binding
peptides and internalized peptides have intensive usages
in screening for anti-tumor peptides and drug-coupled
targeted therapy on tumors.

The present study carried out four rounds of
screening by using phage peptide library technique and
60 phage clones were randomly selected for preliminary
identification and sequencing. It was found that the
polypeptide sequences were positively charged which
confirmed the assertion that the membrane surface of
tumor cells was negatively charged in another viewpoint
(Zachowski, 1993) the similarity analysis on the
polypeptides showed that positive 1 and position 4 in the
sequences were mostly Arg/Tys which were polar and
positively charged amino acids, position 2 and 5 were
mostly Ile/Leu which were nonpolar ammo acids
indicating that the sequences may be amphipathic. It still
needs further studies to examine whether it is related to
the motif in the receptor-binding peptide on the surface of
hepatoma carcinoma cells. Due to the random error during
exogenous nucleotide insertion n M13 filamentous
phage, gene mutation and predominant amplification may
oceur during amplification and the antigens or receptors
on the surface of tumor cells are complex and diverse
(Midorikawa et al., 2010) 1t 13 very difficult to screen out
homologous phage polypeptides but some or certain
kinds of amino acids with relatively high frequency may
exist in these polypeptides, they may be related to the
motif in the receptor-binding peptides on the surface of
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hepatoma carcinoma cells and it may play important roles
in the mteractions between receptors and ligands as well
as those between proteins. Koivunen et al (1993)
screened out the ¢5P1 binding peptide with high affimty
by using phage display peptide library in 1993 and
obtained the binding motif RGD and it was confirmed in
further experiments that it can be used as the penetrating
peptide to reinforce the anti-tumor activity of anti-tumor
drugs (Sugahara et al., 2010). Zahed et al. (2011) found
during the screening for GRP94 carboxyl-terminal binding
peptide by using PhD-C7C™ Phage Display Peptide
Library that Proline (Pro) and Leucine (Leu) were
frequently found in the polypeptide and it was supposed
to be related to the binding of the polypeptide to GRP94
(Zahed et al., 2011). Therefore, it will be valuable for
further mvestigations and applications when the obtained
DNA sequence of the phage polypeptide was reliable and
1t can specifically bind to hepatoma carcinoma cells. The
novel polypeptide obtained by us can specifically bind to
hepatoma carcinoma cells and 1t has potential values in
clinical applications as efficient targeting vectors for liver
cancer.

CONCLUSION

Two polypeptides specifically binding to hepatoma
carcinoma cells were obtained which established the
experimental basis for further investigations on highly
targeted drugs for liver cancer, early diagnosis of liver
cancer and targeted therapy.
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