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Hepatocellular carcinoma (HCC), one of the most common and malignant tumors worldwide, is unresponsive to any of the
available therapies. Using intact HCC cells as therapeutic targets, we isolated a novel peptide, denoted HCC79 (KSLSRHDHIHHH),
from a phage display peptide library. HCC79 can bind to hepatoma cell membranes with high affinity and specificity. Remark-
ably, competitive binding assays demonstrated that HCC79 competed with HAb25, a specific antibody for HCC, in binding to
hepatoma cells. The correspondiny synthetic peptide did not inhibit fumor proliferation directly, but repressed tumor invasion sig-
nificantly in a cell migration assay. Moreover, we explored the potential of the selected peptide to deliver a superantigen (SAY)
to cancer cells, to attain a significant cell-targeting effect. When the peptide is fused to the TSST-1 SAY, the resulting fusion pro-
tein could bind to hepatoma cells with high affinity in vifro and improved the tumor inhibition effect by activating T lymphocyte
cells in vitro and in vivo, compared with TSST-1 alone. Taken toyether, our results indicate that this peptide and its future deriva-
tives may have the potential to be developed into highly specific therapeutic agents against cancer.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is
one of the most common and fatal malig-
nancies worldwide, with a mortality rate
of = 94%. It exhibits a dangerous latency
and an early translocation potential. In
China, HCC comprises more than 2% of
all disease types (1).

The main goal of cancer therapy cur-
rently is to eradicate cancer cells while
sparing normal tissues. This process re-
quires the selective targeting of cancer
cells at the site of malignancy (2). Cer-
tain membrane proteins are expressed
specifically in cancer cells, and likely
house unique molecular cell surface
markers that are useful as anticancer
targets. Some studies have shown that
generating specific monoclonal and ge-

netically engineered antibodies can im-
prove tumor targeting (3). An anti-
HCC antibody-targeted agent has been
used for clinical diagnoses in China
and has shown favorable cellular carci-
noma-targeting results (1,4-6). Addi-
tionally, a novel genetically engineered
antibody from a single-chain disulfide-
stabilized Fv (scdsFv) of the antihep-
atoma monoclonal antibody HAb25
was developed in our laboratory (7).
Despite the exquisite targeting speci-
ficity of this antibody, however, its high
molecular weight, low tissue penetra-
tion, and poor cellular uptake have im-
peded its clinical application.

Small peptides that recognize tumor
cells selectively should overcome some
of these antibody limitations (8). The ef-
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fective tissue penetration of short syn-
thetic peptides, in combination with
their selective binding capacity for the
targeted cancer cells, make these agents
ideal candidates for delivering thera-
peutic molecules. Moreover, in contrast
to antibody approaches, peptides are
nearly invisible to the immune system
and may cause few or no side effects (9).
Therefore, small peptides represent
more appropriate therapeutic delivery
vehicles than larger molecules, such as
antibodies.

Screening phage display peptide li-
braries is an effective and simple
method for isolating cell-targeting pep-
tides. The phage display technique in-
volves producing libraries of peptides
displayed on phage. These libraries
may contain as many as 10" different
peptides. Peptide selection from these
libraries can provide dozens to hun-
dreds of potential cellular binders to
many different sites on a target protein
(10,11). Most cell-binding peptide
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screening is based on known targets,
such as Her2 and ErbB-2; very few
tumor-specific antigens have been
identified on the HCC membrane. Sev-
eral research groups have reported the
use of intact cells and the selection of
cell surface-binding peptides from
phage display libraries (12-16). The
panning of the phage-display libraries
on intact cells is more likely to enrich
for peptides that bind to cell surface re-
ceptors in their native conformation,
and this method of selection requires
no prior knowledge about the targeted
receptors.

Toxic shock syndrome toxin 1 (TSST-1),
a bacterial SAg produced by Staphylococ-
cus aureus, has the smallest molecular
weight in the SAg family. It stimulates a
robust activation of T cells bearing cer-
tain TCR Vf elements when it is bound
as an unprocessed protein outside the
antigenic groove of MHC II molecules to
generate tumor-suppressive cytokines
(for example, TNF-o and IFN-y), even at
picomolar concentrations (17,18). There-
fore, TSST-1-based antitumor strategies
may offer promising therapeutic options
to HCC patients (19-21). SAgs preferen-
tially direct cytotoxicity against MHC
[I-positive cells, however, so the in vivo
administration of intact SAgs at the ther-
apeutic dosage may induce cytotoxicity
against normal cells. Therefore, success-
ful employment of TSST-1 in tumor im-
munotherapy likely requires a targeting
moiety. Selective delivery of TSST-1 to
cancer cells would improve their efficacy
and minimize any potential adverse side
effects (22).

In this study, we developed a strategy
for targeting TSST-1 to HCC tumor cells
using a short peptide. Initially, we
searched for peptides that bound specif-
ically to intact hepatoma cells. A ran-
dom 12-mer peptide library displayed
on the surfaces of filamentous phages
(M13) was screened by biopanning
against the intact hepatoma cell line
SMMC-7721. From these experiments,
we isolated the peptide HCC79
(KSLSRHDHIHHH), which not only
binds the hepatoma cell specifically, but

also inhibits tumor invasion signifi-
cantly. Subsequently, we explored the
potential of HCC79 to deliver TSST-1 to
cancer cells to estimate the peptide’s
cell-targeting effect. When the peptide
was fused to TSST-1, the resulting fu-
sion protein bound to hepatoma cells
with high affinity in vitro and achieved
a better tumor inhibition effect by acti-
vating T lymphocytes than TSST-1 alone
in vitro and in vivo.

MATERIAL AND METHODS

Biological Material and Reagents
Primers for preparing 12T encoding
the HCC79/TSST-1 fusion gene were
synthesized by Bioasia (Shanghai,
China). The sequences are as follows:
forward P1 5-GCAGAATTCATG-
AAGTCTCTTAGTCGGCATGATCAT-
ATTCATCATCATGGCGGCTCTACA-
AACGATAATATAAAGGAT-3" and
reverse P2 5'-CACAAGCTTTTAATT-
AATTTCTGCTTCTATAG-3'. The S. au-
reus FRI1169 genome DNA used as a
template for amplifying the TSST-1 gene
was extracted according to the methods
described in the manufacturer’s protocol
(Takara, Dalian, China). The 12-mer
phage-displayed library was purchased
from New England BioLabs (Beverly,
MA, USA). The peptide HCC79
(KSLSRHDHIHHH) was synthesized
by GL Biochem (Shanghai, China). The
hepatoma cell lines SMMC-7721 and
BEL-7402, the stomach carcinoma cell
line BGC-823, the oral squamous carci-
noma cell line KB, the normal liver cell
line HL-02, and H22 tumor tissue were
obtained from the Cell Library of China
Union Medical University (Beijing,
China). Balb/c mice were provided by
the Animal Center of the Academy of
Military Medical Sciences (Beijing,
China). TSST-1, anti-TSST-1 rabbit
serum, and scFv25-TSST-1 (DT) were
produced in our laboratory (20). The
HAD25 antibody used for the competi-
tion ELISA assay was donated by Dr.
Sun Zhiwei (1,4-6). The horseradish per-
oxidase (HRP)-conjugated anti-M13
phage antibody was purchased from
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Amersham Biosciences (Uppsala,
Sweden).

Screening of a 12-mer Phage Display
Library

The procedure for screening the
phage-displayed library was modified
from the manufacturer’s protocol (New
England BioLabs). The human hepatoma
cell line SMMC-7721 was grown in
RPMI 1640 medium supplemented with
15% FBS. The normal liver cell line HL-
02 was grown in Dulbecco’s modified
Eagle’s medium (Gibco, Middlesex, En-
gland) supplemented with 15% FBS and
insulin (1 unit/mL). The HL-02 or
SMMC-7721 cells were seeded in 96-well
plates at a density of 5 x 10° cells/well.
After an overnight incubation at 37 °C,
the cells were fixed with ice-cold
methanol and acetone solution (1:1) for
10 min at room temperature. Blocking
buffer (100 uL) (PBS supplemented with
0.3% H,0,) was added to each well, and
the plates were incubated at 4 °C for 30
min. After the plates were washed 3
times with PBS, the phage library con-
taining 10'* clones was added to the HL-
02 cell wells for pre-absorption, and the
plate was agitated gently at room tem-
perature for 1 h. The pre-absorbed li-
brary was then applied to the SMMC-
7721-coated wells for specific screening.
After thorough washing, the plate-
bound phage clones were eluted with
elution buffer (0.22 M Glycine-HCI, pH
2.2) and neutralized immediately. Three
rounds of random plaque selections
were performed. After selection, the in-
dividual plaques were subjected to anal-
ysis by phage ELISA and DNA sequenc-
ing, following amplification in E. coli
ER2738.

Phage ELISA

For the phage ELISA assays, the
human cell lines SMMC-7721, BEL-7402,
and HL-02 were seeded on 96-well
plates and blocked as described above.
After blocking, the amplified phages (5 x
10" pfu/mL) were added to the wells
via 3 rounds of screening. The plates
were incubated for 2 h at room tempera-



ture and washed 4 times with Tris-
buffered saline (50 mM Tris, pH 7.5, 0.1%
Tween 20). The peptide-bound phages
were detected by ELISA using a HRP-
conjugated anti-M13 monoclonal antibody.

Competition Binding Assay

The phage clones with the relatively
higher affinities, as determined by the
phage ELISA, were selected for subse-
quent competition assays. The phage
clones alone (at a concentration of 10"
pfu/mL) or together with the HAb25 an-
tibody were incubated with the SMMC-
7721 cell-coated plates for 1 h at room
temperature. BSA (100 ug/mL) was used
as a negative control. After washing 3
times with PBST, HRP-conjugated anti-
M13 phage antibody was added to incu-
bate for 45 min at 37 °C. After washing 3
times with PBST, the reactions were sup-
plemented with tetramethyl benzidine
(TMB) and incubated for 5 min, and the
absorbance at 450 nm of each well was
measured by SpectraMaxPlus spec-
trophotometer (Molecular Device Corp.,
Sunnyvale, CA, USA).

Cell Migration Assay

The cell migration assay was con-
ducted according to the previously de-
scribed protocol, with some modifica-
tions (23). The SMMC-7721 cells were
resuspended in RPMI 1640 containing
10% FBS and counted with a hemacyto-
mometer[Annol]. The lower compart-
ment of the modified Boyden chambers
(Millipore, Billerica, MA, USA) was
filled with 200 uL RPMI 1640 containing
10% FBS and the supernatants of the
NIH3T3 cell culture. An polycarbonate
membrane (8.0-uM pore) coated with
0.2% matrix gel was inserted into the
chamber. Cell suspension (200 uL) con-
taining 5 x 10* cells, in the presence or
absence of synthetic peptides, was
added to the upper compartment of each
chamber and incubated at 37 °C for 18 h.
At the end of the incubation period, the
cells on the upper surface of the filters
were removed by scraping twice with a
cotton tip. The membranes were then
fixed and stained with Diff-Quick,

placed on a microscope slide and cov-
ered with a coverslip. The cells that mi-
grated across the membranes were
counted under a light microscope. The
data are presented as means + standard
errors of 5 separate counts under the
microscope.

Construction, Expression, and
Purification of Superantigen TSST-1
12mn

The gene encoding 12T was amplified
by PCR using the S. aureus FRI1169 ge-
nome DNA as the template and the P1
and P2 primers. The PCR product was
cloned into the PBV220 vector and se-
quenced. E. coli DH5a competent cells
were transformed with PBV220-12T and
cultured in Luria-Bertani (LB) medium
supplemented with 100 ug/mL ampi-
cillin at 37 °C. The expression of the fu-
sion protein was induced by raising the
temperature to 42 °C for 4 h. The bacter-
ial pellets containing the expressed pro-
tein were ultrasonicated on ice in TE
buffer (20 mM Tris-HCl, pH 8.0, 1 mM
EDTA) and centrifuged at 17000 rpm
for 10 min at 4 °C. The resulting precipi-
tates and supernatants were analyzed
with SDS-PAGE electrophoresis and
identified with Western blotting tech-
niques. The supernatant containing 12T
was purified with CM-Sepharose FF
(Amersham Biosciences, Uppsala, Swe-
den), as described previously (20).

Binding Assays of 12T

Binding of 12T to the SMMC-7721,
BGC-823, KB, and HL-02 cells (cell-
ELISA assay) was performed as de-
scribed previously (7). Briefly, the cells
were immobilized on 96-well plates and
blocked as described above. Purified
12T protein was then added to the wells
(PBS, TSST-1, and scFV25-TSST-1 were
used as controls) and incubated for 1 h
at 37 °C. After washing 3 times with
PBST, rabbit anti—-TSST-1 serum were
added and incubated for 45 min at
37 °C, followed by incubation for 30
min at 37 °C with the HRP-labeled
sheep antirabbit antibodies. TMB was
then added for 5 min, and the ab-
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sorbance at 450 nm was measured by
SpectraMaxPlus spectrophotometers
(Molecular Device Corp.).

Cytotoxicity Assays In Vitro

Redirected T-cell cytotoxicity (super-
antigen-dependent cellular cytotoxicity)
was analyzed following the protocol of
the cell titer 96AQ, ... Non-Radioactive
cell proliferation assay (Promega, Madi-
son, WI, USA), with some minor modifi-
cations (7,24). Briefly, 5 x 10° SMMC-
7721 cells and 4 x 10* human T cells
were added to each well, followed by
the addition of diluted 12T in a total vol-
ume of 200 mL. The cells were cultured
for 4 to 5 days at 37 °C in a humidified
5% CO, atmosphere. Each well was
washed 3 times with RPMI 1640 to re-
move the effector cells and the dead tar-
get cells. This was followed by the addi-
tion of 100 mL/well of culture medium
and 20 mL/well of a fresh mixture of
MTS/phenazine methosulfate solution
(Promega). The absorbance at 490 nm
was recorded using a SpectraMaxPlus
spectrophotometer (Molecular Device
Corp.) after incubating for 1 to 4 h at
37 °C. Redirected T-cell cytotoxicity of
12T to SMMC-7721 cells by a different
effector:target ratio was also analyzed as
described above.

Mouse HCC Tumor Growth Inhibition
In Vivo

BABL/c mice (male, 18-22 g) were in-
jected beneath the armpit with 2 x 10°
H22 tumor cells suspended in PBS. The
mice were then randomized into sepa-
rate groups (8 mice per group). On the
following day, 3 doses of 12T (2, 0.4, and
0.08 nM per mouse) or control agents
(TSST-1 or PBS) were injected in the tail
vein 3 times every other day. The experi-
mental groups were designated as 12T
high-dose, middle-dose, group and low-
dose groups; the controls included the
TSST-1 and the PBS groups. On the 9th
day after cell injection, mice were killed
by cervical dislocation. Nodules formed
by implanted tumors at the injection sites
were isolated and weighed. Statistical
significance between the test and control
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Figure 1. Screening of HCC-specific peptides from 12-mer peptide libraries. (A) Output
assay for each plaque selection round. The output ratio was calculated as output
number/input number. (B) Binding assay of positive clones to the hepatoma cell lines
(SMMC-7721 and BEL-7402) and to the normal liver cell line (HL-02). The binding capacity
was quantified by phage ELISA assay. The data are presented as means of 5 positive
phaye clones, and the error bars indicate standard deviation. (C) Competitive binding
of phage clones to SMMC-7721 with HAb25, which was diluted at the starting concentra-
tion (100 ug mL™). The inhibition rate was calculated as the signal of phayge binding with

versus without HAb25.

groups was determined using the Stu-
dent t test.

RESULTS

Selection of HCC-Specific Binding
Peptides

Displaying peptides on the surfaces of
bacteriophages provides an opportunity
to screen peptides with desired binding
specificities. We used the HCC cell line
as a target to screen peptides from a 12-
mer random peptide phage library. To
eliminate phages with a binding capacity
for common cellular receptors, the li-
brary was pre-absorbed with the human
normal liver cell line HL-02. Three
rounds of screening were then per-
formed. The output of each round of
biopanning was calculated to prove the
validity of bacteriophage peptide library
screening. The library was enriched to
152-fold after 3 rounds of biopanning

(Figure 1A), from which we selected 5
positive clones. These clones were tested
for their binding aptitudes for the hepa-
toma cell lines SMMC-7721 and BEL-
7402. The normal liver cell line HL-02
was used as a binding control. The pres-
ent experiment showed that all 5 clones
exhibited high binding affinities for the
hepatoma cell lines and low binding
affinities for the normal liver cells (Fig-
ure 1B). These 5 positive phage clones

were then selected for sequence analyses.

Interestingly, all clones showed perfect
sequence identity (KSLSRHDHIHHH).
The screened peptide was designated as
HCC79. Possessing high hydrophobicity
and histidine richness, HCC79 is similar
to the VEGF receptor binding peptide,
K237 (HYMYYHHYQHHL) (23).

The hepatoma cell line SMMC-7721 is
recognized by HADb25, an antibody that
binds specifically to hepatoma cell mem-
brane receptors (1). An HAb25 antibody
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labeled with "*'T has been used clinically
for HCC diagnosis and is reported to be
very specific for hepatoma cell labeling (4).
To further identify the binding specificity
of the selected positive phage clones, we
performed competition ELISA assays to
analyze its competitive binding ability to-
ward hepatoma cells against a gradient di-
luted HAb25. These results showed that
the increased HCC?79 binding activity was
accompanied by a decrease in HAb25 con-
centration (Figure 1C), whereas BSA did
not compete against HAb25 to bind the
hepatoma cells. Therefore, this peptide is
specific for HCC cells and may share bind-
ing sites with the HAb25 antibody.

Synthetic Peptide HCC79 Inhibits
Tumor Invasion of HCC

We synthesized the HCC79 peptide
(KSLSRHDHIHHH) to examine its thera-
peutical potential as an anti-HCC agent.
Because HCC79 is a cell-specific binding
peptide, we tested whether HCC79 could
inhibit tumor cell growth directly by
blocking the targeted membrane recep-
tor. Our results revealed that HCC79 did
not suppress HCC cell proliferation,
however, even at high concentrations
(200 ug/mL) (data not shown).

The peptide K237-HYMYYH-
HYQHHL, screened previously for bind-
ing to the VEGF receptor, has an antitu-
mor invasion activity. Similar to
K237-(HYMYYHHYQHHL), HCC79-
(KSLSRHDHIHHH) contains multiple
histidines. Thus, we performed a cell mi-
gration assay to identify whether HCC79

3 40
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Figure 2. Inhibitory effect of peptide
HCC79 on SMMC772 cell migration. The
data presented are the means of 5 sepa-
rate counts under a microscope, and the
error bars indicate standard deviation.



inhibits cell migration. The results
showed that migration of the SMMC-
7721 cells was reduced in the presence of
HCC-79 in a dose-dependent manner
(Figure 2). The inhibitory rates of 200, 40,
and 8 ug/mL HCC79 on SMMC-7721 cell
migration were 70.3%, 60.1%, and 57.6%,
respectively. These findings suggest that
the synthetic peptide was capable of sig-
nificantly inhibiting tumor invasion.

12T Binds to Hepatoma Cells
Efficiently and Specifically,
Independent of Phage

All binding assays described above
were performed using phages that
formed the G-III protein and the 12-mer
peptide fusion protein. To obtain the ac-
tual binding situation of HCC79 inde-
pendent of the bound phage, we pre-
pared the HCC79 and TSST-1 fusion
protein with a Gly-Gly-Ser linker (12T).
In the fusion protein, TSST-1 may serve
as a binding detection tag and functions
as an antitumor molecule to allow testing
of the targeting effects of HCC?79 in vitro
and in vivo for its high potency to acti-
vate human T lymphocytes. 12T was ex-
pressed in bacterial cells, mostly as a sol-
uble form, and was detected by Western
blot procedures. The soluble protein in
supernatant was purified by CM-
Sepharose FF and analyzed by SDS-
PAGE (Figure 3A). the purification pro-
cess rendered a 90% pure fusion protein
product.

We then examined the binding po-
tential of 12T to SMMC-7721 hepatoma
cells using cell-ELISA. scFv 25-TSST-1
is a fusion molecule produced in our
laboratory that binds SMMC-7721 with
high specificity and affinity (unpub-
lished data). As shown in Figure 3B,
the 12T protein bound to the SMMC-
7721 cells with a binding capacity
equivalent to that of scFv25-TSST-1,
whereas TSST-1 demonstrated a low
binding affinity for these cells. As
shown in Figure 3C, 12T bound to the
hepatoma cell SMMC-7721 with high
affinity, but bound to the other tumor
cells (BGC-823, KB, and normal liver
cell HL-02) with poor affinity. This
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Figure 3. Characterization of the 12T fusion protein. (A) Purification of the 12T fusion pro-
tein. 12T was expressed in E. coli DH5a. cells and analyzed by SDS-PAGE electrophoresis.
Coomassie blue stain. Lanes 1-9 represent SDS-PAGE analysis of fusion protein expression.
1, 2: Total lysates of induced E. coli; 3: flowthrough of loaded proteins after purification;
4: proteins before purification; 5-9: various elutions of the 12T protein after purification.

M indicates low molecular marker (Amersham). (B) Binding assay of 12T, scFv25-TSST-1
(DT), or TSST-1 alone to hepatoma cells under different concentrations (same starting
concentration 3 uM, 5x serial dilution). (C) Binding assay of 12T fo SMMC-7721, BGC823,
KB versus normal liver cells by cell-ELISA assays under different concentrations (same start-
ing concentration 3 uM, 5x serial dilution). The data are the means of friplicate samples,
and the error bars indicate standard deviation.

finding demonstrated that HCC79 may
target HCC specifically, with high
affinity and good specificity despite its
low molecular weight (1.5 kDa).

12T Inhibits the Proliferation of
Hepatoma Cells In Vitro and In Vivo
It is well known that the SAg TSST-1
can activate human T lymphocytes to kill
hepatoma cells. Additionally, the 12T fu-
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Figure 4. 12T fusion protein inhibits tumor growth in vitro and in vivo. (A) Cytotoxic effects
on the hepatoma cell line SMMC-7721 by 12T and TSST-1 in vitro. SMMC-7721 cells were
incubated with human T cells, with either 12T or native TSST-1, which were diluted at the
same starting concentration (10 nM) before the surviving fumor cells were measured by
MTS assays. Effector:target ratio is 8:1. The data are the means of triplicate samples, and
the error bars indicate standard deviation. (B) Cytotoxic effects of 12T on SMMC-7721
cells with different effector:target ratios. These were diluted at the same starting concen-
fration (10 nM) before the surviving fumor cells were measured by MTS assays. The data
are the means of triplicate samples, and the error bars indicate standard deviation. (C)
12T inhibits tumor growth in vivo. The tumor nodules were isolated and weighed after in-
jecting different doses of 12T, TSST-1 alone, or a control. The inhibition rate of the experi-
mental group was calculated versus the control. The data are the mean + SD of 8 indi-
vidual mice.

sion protein can bind to hepatoma cells
specifically. Thus, we tested whether the
HCC?79 peptide targets the TSST-1 SAg.
Interestingly, our results showed that the
effect of 12T on tumor inhibition was
much stronger than that of native TSST-1
alone. As shown in Figure 4A, at an effec-
tor:target ratio of 8:1, the cytotoxic activ-

ity of 12T began at a concentration as low
as 32 pM, whereas the native TSST-1
showed only minor cytotoxic activity at
the same concentration. The protein con-
centrations of 12T and TSST-1 at which
the tumor growth was inhibited by 50%
(IC,,) were 0.014 pM and 34.5 nM, respec-
tively (Figure 4A). Considering the fact
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that HCC79 alone did not exert any
tumor growth inhibition effect under the
same conditions (data not shown), we hy-
pothesize that this peptide may enhance
the cytotoxic activity of TSST-1 in vitro by
facilitating the targeting of tumor cells
(Figure 4A). Our results also suggested
that 12T inhibited hepatoma cell prolifer-
ation by activating a T-cell response (Fig-
ure 4B), possibly because of the higher ef-
fector:target ratio, which may enhance
better tumor inhibitory effect.

To determine the inhibitory effect of
12T on tumor growth in vivo, we estab-
lished an animal tumor model by inject-
ing H22 tumor cells into Balb/c mice. 12T
and TSST-1 were administered, and
tumor growth was evaluated by assessing
tumor weights. Our results showed that
12T inhibited tumor growth effectively
compared to TSST-1 alone (Figure 4C). At
a 5-fold lower dosage (0.4 nM per mouse),
the 12T protein inhibited tumor growth at
a greater level than TSST-1 alone (2 nM
per mouse) in vivo. Additionally, the 12T
fusion protein displayed a lower toxicity
compared with TSST-1. Two mice died at
the medium dosage level in the TSST-
1-treated group, whereas no mortality oc-
curred in the 12T-treated groups, even at
a dosage 5 times higher. These results in-
dicate that 12T effectively inhibits tumor
growth (Figure 4C).

DISCUSSION

The selective delivery of drugs to
tumor cells provides an ideal approach
to enhance therapeutic efficacy and mini-
mize adverse side effects. To establish ef-
ficient and reliable therapeutic drug de-
livery into cancer cells, a number of
delivery agents have been investigated in
recent years (16). Among these, applying
cell-targeting peptides has emerged as
the most valuable nonimmunogenic ap-
proach (11). In the present study, we suc-
cessfully used a cell-based selection sys-
tem to isolate cell-targeting peptides and
constructed a target drug molecule for
HCC by fusing the peptide to TSST-1.

The hepatoma cell line SMMC-7721
serves as the panning cell in our system,
in which we isolated a novel peptide,



HCC79-(KSLSRHDHIHHH)), that binds
specifically to HCC cells. Surprisingly,
this peptide can compete with a specific
hepatoma cell membrane receptor anti-
body, HAb25, to bind to the hepatoma
cells. Therefore, this peptide may recog-
nize the same site as HAb25, which im-
plicates its high targeting specificity. Our
cell invasion assay indicates that HCC79
can significantly reduce the invasion of
SMMC-7721 cells. Along with its binding
capability and specificity toward the
human hepatoma cell line, the peptide
HCC79 demonstrates binding affinity to-
ward murine HCC tumor H22. A biotin-
labeled HCC79 was shown to bind to
H22 cells by flow cytometry analysis, but
a biotin-labeled unrelated 12-mer peptide
cannot bind to H22 cells (Ning baoan, un-
published observations). This suggests
that the peptide might interact with the
conserved cell surface antigens that exist
in both human and murine tumor cell
lines. Thus we can use the mouse H22
model in experiments to evaluate the tar-
geting efficacy of HCC79. The membrane
receptor for HCC79 in the hepatoma cell
remains unclear, however. Research in
this area is ongoing, geared toward un-
derstanding the molecular mechanism of
peptide-induced tumor suppression.

We produced a 12mer cell-targeting
peptide fused with TSST-1 (12T) and
evaluated its efficacy as a cancer
cell-targeting drug. The fusion protein
has some unique features, enabling
ready detection using an anti-TSST-1
antibody, and possessing a low molecu-
lar weight and a strong immune-
activating capability among the SAg
family. Thus, 12T is an ideal effector for
targeted anticancer therapy. These fea-
tures allowed us to study the targeting
effects of 12T in vitro and in vivo.

Our findings suggest that the peptide
HCC79 has a high HCC cell-targeting ca-
pability, similar to that of the engineered
antibody HAb25. Moreover, its molecu-
lar size is much smaller than that of
HAD25. The fusion protein provides a
better targeting and tumor inhibitory ef-
fect, both in vitro and in vivo, than TSST-
1 alone. Furthermore, the fusion protein

exhibits an improved therapeutic efficacy

and reduced toxicity in animal models.

These results suggest that the fusion pro-
tein is a promising agent for the targeted
therapy of HCC.

In summary, the peptide that we iden-

tified by screening the phage libraries on

HCC cells may be useful agent for target-
ing HCC. The isolated peptide fused to
TSST-1 can bind specifically to hepatoma

cells, suppress tumor invasion, and in-

hibit tumor invasion growth in vitro and

in vivo. The results suggest that this pep-

tide and its derivative have properties

that merit further evaluation for treat-

ment of human tumor diseases.
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