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AbstractAbstractAbstractAbstractAbstract

AIM: To identify the scFv antibody fragments specific for
hepatocellular carcinoma by biopanning from a large human
naive scFv phage display library.

METHODS: A large human naive scFv phage library was
used to search for the specific targets by biopanning with
the hepatocellular carcinoma cell line HepG2 for the positive-
selecting and the normal liver cell line L02 for the counter-
selecting. After three rounds of biopanning, individual scFv
phages binding selectively to HepG2 cells were picked
out. PCR was carried out for identification of the clones
containing scFv gene sequence. The specific scFv phages
were selected by ELISA and flow cytometry. DNA sequences
of positive clones were analyzed by using Applied Biosystem
Automated DNA sequencers 3 730. The expression proteins
of the specific scFv antibody fragments in E.coli HB2151
were purified by the affinity chromatography and detected
by SDS-PAGE, Western blot and ELISA. The biological
effect of the soluble antibody fragments on the HepG2 cells
was investigated by observing the cell proliferation.

RESULTS: Two different positive clones were obtained
and the functional variable sequences were identified.
Their DNA sequences of the scFv antibody fragments were
submitted to GenBank (accession nos: AY686498 and
AY686499). The soluble scFv antibody fragments were
successfully expressed in E.coli HB2151. The relative
molecular mass of the expression products was about 36 ku,
according to its predicted Mr value. The two soluble scFv
antibody fragments also had specific binding activity and
obvious growth inhibition properties to HepG2 cells.

CONCLUSION: The phage library biopanning permits
identification of specific antibody fragments for hepatocellular

carcinoma and affords experiment evidence for its
immunotherapy study.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Hepatocellular carcinoma is the third leading cause of cancer
deaths in the world and the prognosis of patients remains
poor. Immunotherapeutic strategies against cancer have been
developed during the last 20 years. In this respect, mouse
monoclonal antibodies against tumor marks have been used
for tumor targeting and imaging[1]. The use of murine
monoclonal antibodies for therapy in humans has limitations
because of the human anti-mouse antibody response. Moreover,
whole antibodies are large molecules and have poor tumor
penetration. Several advances made during the past years
will probably facilitate the development of therapeutic
antibodies[2]. Indeed, a chimeric anti-CD20[3] antibody and
a humanized anti-HER2[4] antibody have been approved by
FDA for the treatment of  non-Hodgkins lymphoma and
metastatic breast cancer respectively. These successes indicate
that immunotherapeutic modalities are effective[5]. On the
other hand, the antibody-mediated tumor immunotherapy
has become critical parts of biotherapy and is used for the
diagnosis of cancer and metastasis, fine staging, and decisions
regarding therapeutic approaches[6]. So, it is urgent to obtain
new humanized antibody specific for tumor targeting, and
it is the same state in the therapy of hepatocellular carcinoma[7].
Phage libraries displaying antibody fragments provide the
fastest route to obtain human antibody fragments[8]. The advent
of antibody fragment display on phage and the development
of large (>6×109 clones) phage display libraries[9,10] offer a
potential way of detecting new targets by biopanning using
tumor cells and counter-selecting using non-tumor cells[11-13].
Significant progress has been made using this method to
screen the antibodies against cell surface antigens[14-17]. Targeting
with scFv antibody fragments may overcome some of the
limitations of murine monoclonal antibodies, and provide
greater targeting specificity[18-20]. Here, we report the selection
of scFv antibodies binding specifically to HepG2 cells by



using L02 as counter-selecting cells biopanning from a large
human naive scFv phage library (Griffin. 1 library)[21].

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Materials
The human naive scFv library (Griffin. 1 library) used in this
study was a generous gift from Professor Winter, University
of Cambridge, UK. E.coli TG1 (suppressor strain for propagation
of phage particles), E.coli HB2151 (non-suppressor strain
for expression of antibody fragments) and helper phage
M13K07 were purchased from Pharmacia-Biotech. Mouse
anti-M13 antibody was from Amersham. Goat anti-mouse
IgG conjugated HRP was provided by Kirkegaard Perry
Laboratories. Goat anti-mouse IgG conjugated with FITC was
obtained from Zhongsheng, Beijing. 9E10 antibody, Ni-NTA,
FACS were purchased from Santa Cruz Biotechnology,
Qiagen, and BD, respectively.

Methods
Cell culture The hepatocellular carcinoma cell line HepG2
and liver cell line L02 were incubated in RPMI 1640
supplemented with 100 mL/L FBS at 37  with 50 mL/L
CO2.
Screening of  scFv phages from phage library using

whole cells  An aliquot containing 1×1012 cfu from a large
human scFv phage library was added to 1×106 L02 cells
and mixed gently for 30 min at room temperature (RT).
The phage-containing supernatant was used to resuspend a
fresh pellet of 1×106 L02 cells and incubated for 30 min at
RT, followed by pelleting the cells. Then, the resultant
subtracted phage supernatant was incubated with 5×106

HepG2 cells for 1 h at RT with gentle mixing. The cell-
bound phages were eluted with 0.5 mL of PBS containing
100 mmol/L citric acid (pH 2.2) for 10 min and neutralized
with 0.5 mL of  1.0 mol/L Tris-HCl (pH 7.5). E.coli TG1
was infected with the eluted phages and plated on 2×TY
agar containing 1% glucose and 100 µg/mL ampicillin. The
resultant colonies were propagated and used to prepare
phages. Biopanning was performed in triplicate using 1×1012

cfu.
FCM for polyclonal scFv phages The polyclonal scFv
phages were blocked with 6% BSA in PBS. The blocked
scFv-phage supernatants were added to parallel plates
containing 1×105 HepG2 cells (1 h, 4 , gentle agitation).
The cells were washed twice and centrifuged. Pellets were
then resuspended in 100 µL of mouse anti-M13 antibody
and incubated for 20 min at 4 . After being washed twice,
the cells were resuspended in 100 µL of goat anti-mouse
IgG conjugated with FITC and incubated for 20 min at 4 .
After being washed thrice, the cells were analyzed by flow
cytometry.
ELISA and FCM for monoclonal scFv phages E.coli

TG1 was infected with the third round scFv phages and
plated on 2×TY agar to obtain the monoclonal bacteria.
PCR was carried out for identifying clones containing the
scFv gene sequence. The clones containing scFv gene sequence
were infected with helper phage to prepare monoclonal scFv
phages. The ELISA for monoclonal scFv phages was performed
as the FCM for polyclonal scFv phages described above.

After being washed the cells were resuspended in 100 µL
of goat anti-mouse IgG conjugated with HRP instead of
goat anti-mouse IgG conjugated with FITC, then incubated
for 20 min at 4 . Cell pellets were resuspended in 100 µL
of TMB reagents. The ELISA plates were read (A405-A630)
and data were analyzed using a spreadsheet program
(Microsoft Excel). Monoclonal scFv phages binding to
HepG2 cells specifically were prepared for FCM.
Sequencing and analyzing of scFv DNA The positive
monoclonal bacteria were isolated and sent to BoYa Shanghai
Company for sequencing of DNA. The results of sequencing
were Blast in GenBank and analyzed using IMGT/V-Quest
software.
IMAC purification of soluble scFv antibody fragments

Bacterial clones were cultured in 1 L of 2×TY, 100 µg/mL
ampicillin, 0.1% glucose and induced with 1 mmol/L final
concentration of IPTG for 20 h at 30 . The scFv antibody
fragments were harvested from the periplasm and purified
by IMAC of  pentahistidine tag fused to the scFv fragments.
The samples were dialyzed in PBS, filtered, concentrated
and stored at 4  in about 1 mg/mL PBS.
Western blot Five micrograms of  purified scFv antibody
fragments was run on a 10% SDS-PAGE gel and transferred
onto nitro-cellulose. Filters were blocked for 1 h at RT in
10% Marvel/PBS. The scFv antibody fragments were
detected with the murine monoclonal antibody 9E10 followed
by anti-mouse IgG horseradish peroxidase conjugate.
Horseradish peroxidase was visualized with diaminobenzidine
tablets in the presence of cobalt ions.
Cell ELISA for purified soluble scFv antibody fragments

L02, HepG2, Hela, MCF-7 and K562 cell lines were selected
for cell ELISA to identify the specificity of the purified
soluble scFv antibody fragments binding to HepG2. The
method of cell ELISA was the same as the monoclonal
scFv-phage ELISA described above. The purified SLH04
or SLH10 was used as the first antibody, and antibody 9E10
was used as the second antibody.
Test of  HepG2 cell proliferation A total of  104 HepG2 cells
were cultured in a 24-well cell culture plate. Two wells were incubated
with 500 µL of purified soluble scFv antibody fragments, SLH04
or SLH10. One well was incubated with 500 µL unrelated
antibody, the other well was not treated with any antibody.
Cells were cultured for a week and counted everyday.

RESULRESULRESULRESULRESULTSTSTSTSTS

Recovery rate of scFv-phage biopanning
An aliquot containing 1×1012 cfu scFv phage was selected
on the HepG2 and L02 cell lines. The recovery rate of
the third round biopanning was close to that of the second
round indicating that positive clones were fully enriched
(Table 1).

Table 1  Recovery rate of phage in each round of biopanning

Round Input phage (cfu)         Eluted phage (cfu)          Recall rate (%)

1            1×1012 1.9×106      1.9×10-6

2            1×1012 1.2×107      1.2×10-5

3            1×1012 1.5×107      1.5×10-5

The recovery rate = eluted phage titer/input phage titer.
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Selection of scFv phages
The selected and amplified polyclonal scFv phages were
tested by FCM (Figure 1). The result also showed that
positive clones were enriched well.

Figure 1  Result of polyclonal scFv phages by FCM (from left to right: purple
-negative; green-1st round; red-2nd round; blue-3rd round).

After E.coli TG1 was infected with scFv phages of the
third round and plated on 2×TY agar, 31 clones were
isolated. PCR was carried out for identification of the clones
combined with scFv gene sequence. Twelve positive clones
were isolated to prepare monoclonal scFv phages. By ELISA,
three scFv phages showed obviously higher binding activity
in HepG2 cells according to the data of A405-A630 (Figure2).
By FCM, clones 4, 10 and 25 showed more extensive
activity in HepG2 cells (Figure 3).

Figure 2  ELISA for monoclonal scFv phages.

Sequence of scFv DNA
The results of sequencing and Blast showed that clones 4
and 10 had homologous sequence of human immunoglobulin

in GenBank. The scFv DNA sequences were analyzed by
IMGT/V-Quest software and submitted to GenBank (accession
nos: AY686498 and AY686499). The region of  CDR3 of
VH was absent in clone 25 and the terminator codon was
found in its open reading frame.

Result of IMAC purification
The scFv antibody fragments were harvested from the periplasm
of 1 L E.coli HB2151 infected with positive phage SLH04 or
SLH10 and the scFv antibody eluted effectively in PBS with
40 or 60 mmol/L imidazole by IMAC purification (Figure 4).
SLH10 had the same result as SLH04 (data not shown).

Figure 4  SLH04 scFv antibody fragments eluted with different concentrations
of imidazole. Lane 1: periplasm before eluting; lane 2: protein marker; lane 3, 4,
5, 6, 7, 8, 9, 10: elution washings at different imidazole concentrations, 200,
150, 100, 80, 60, 40, 20, 10 mmol/L, respectively.

Results of Western blot
Five micrograms of purified scFv antibody fragments was
run on a 10% SDS-PAGE gel and transferred to nitro-cellulose
and detected with the antibody 9E10 (Figure 5).

Figure 5  Western blot of purified scFv antibodies SLH10 and SLH04. Lane 1:
protein marker; lane 2: purified scFv antibody SLH10; lane 3: purified scFv
antibody SLH04; lane 4: the induced bacterial periplasmic of HB2151; lane 5:
induced bacterial periplasm of HB2151 with pHEN2 vector.

Figure 3  FCM for monoclonal scFv phages.
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ELISA, seven of them showed no diversity binding to the
two kinds of cells, two of them bound more extensively to
L02 cells, three of them showed more extensive binding to
HepG2 cells. The three clones were identified as the final
positive clones at the end of biopanning. By sequencing
and analyzing these three scFv DNA sequences, two clones
were discovered having the right full open reading frame;
the terminator codon was found in the open reading frame
of clone 25 and its region of CDR3 of VH was absent and
mutated. Probably this is why the affinity of binding to
HepG2 showed no more specificity than the two other
positive scFv antibody fragments. Blast in GenBank indicates
that heavy chain of the scFv-04 belongs to IGHV2 family
and its light chain belongs to Vκ2 family, while the heavy
chain of the scFv-10 belongs to IGHV1 family and its light
chain belongs to Vλ3 family. Our data indicate that most
soluble scFv antibody fragments are expressed in periplasm
of the positive E.coli HB2151, few of them can be detected
in bacterial supernatant. Therefore, we cannot obtain more
soluble scFv antibodies purified from bacterial supernatant
by IMAC as described previously[28]. By cell ELISA the two
soluble scFv antibody fragments showed higher ability to
bind to HepG2 cells than to other cell lines, suggesting that
scFv antibodies can bind to living HepG2 cells specifically.
Furthermore, our data demonstrate that the two soluble
scFv antibody fragments have growth inhibitory effects when
cultured with HepG2 cells. Some antibodies have such
biological effects on target cells because they are able to
mimic the receptor-ligand interaction by triggering specific
intracellular cascades of reactions, which eventually lead to
biological signals such as inhibition of cell growth. In this
regard, anti-transferrin receptor monoclonal antibody has
the above characteristics[29,30]. However, the fact that the
transferrin receptor is expressed in most cell types makes
these antibodies less interesting for cancer therapy. According
to our results, the two scFv antibody fragments binding
specifically to HepG2 cells can be used as target molecules
in the treatment of hepatocellular carcinoma. Antibody phage
biopanning method offers a potential application in the
identification of human antibodies suitable for antitumor
therapy[31]. In summary, large human naive scFv antibody phage
library is a useful tool for the selection of antibodies against
antigens. The ability of the human scFv antibody fragments
to bind to HepG2 cell surfaces will allow them to become a
diagnostic and therapeutic reagent of HCC.
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