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Abstract
AIM:To study the feasibility of panning and screening
phage-displaying recombinant single-chain variable
fragment (ScFv) of anti-tumor monoclonal antibodies
for fixed whole cells as the carriers of mAb-binding
antigens.

METHODS: The recombinant phage displaying libraries
for anti-colorectal tumor mAb MC3Ab, MC5Ab and
anti-gastric tumor mAb MGD1 was constructed.
Panning and screening were carried out by means of
modified fixation of colorectal and gastric tumor cells
expressed the mAb-binding antigens. Concordance of
binding specificity to tumor cells between phage
clones and parent antibodies was analyzed. The
phage of positive clones was identified with
competitive ELISA, and infected by E.coli HB2151 to
express soluble ScFv.

RESULTS:The ratio of positive clones to MC3-ScF-MC5-
ScFv and MGD1-ScFv were 60 %, 24 % and 30 %. MC3-
ScFv had Mr 32 000 confirmed by Western blot. The
specificity to antigen had no difference between 4
positive recombinant phage antibodies and MC3Ab.

CONCLUSION:The modified process of fixing whole
tumor cells is efficient, convenient and feasible to pan
and screen the phage–displaying ScFv of anti-tumor
monoclonal antibodies.
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INTRODUCTION
Tumor specific or associated antibodies in vivo diagnosis and
treatment in tumor patients have been sought recently[1-4]. Most
tumor-specific or tumor-associated antibodies have been
obtained by the approach to immunizing animals with tumor
cells, which inevitably cause allergic reaction against animal
antibodies[5,6]. To miniaturize animal antibodies is an efficient
way to decrease the rejection and allergy reaction. Gene

engineering methods, especially phage display(PD), have great
advantages[7-9]. It is the best way that purified tumor antigens
(TA) were coated to capture recombinant antibodies in phage
antibody library[10-12]. Unfortunately, many TA corresponding
to tumor specific antibodies have not yet been isolated and
purified, even not yet identified[13,14]. It hinders the production
of miniaturizing tumor-specific antibodies specific to un-
isolated TA. It was speculated that the whole tumor cells which
expressed TA might have been considered for replacement of
TA. However, It was reported that the panning and screening
of PD was non-specific by means of replacing TA with whole
tumor cells[8]. This could be attributed to the much lower
antigen density and much complicated antigens. Nevertheless,
significant progress on the methods has been made, allowing
the utilization of PD using whole tumor cells[15,16]. But this
utilization is just limited to screen new unknown recombinant
antibodies. In this study, we modified the fixing conditions of
whole cells for panning and screening phage libraries
constructed for the unique monoclonal antibodies such as anti-
colon cancer MC3, MC5mAb and anti-gastric cancer MGD1
mAb [13,17-21], and cell ELISA for screening ScFv clone. The
results were satisfactory.

MATERIALS AND METHODS

Cell lines
Gastric tumor cell lines[2, 10] KATO-III, AGS, MKN-45, GC803,
SGC7901, colorectal tumor cell lines W480, HT-29, CoCa-2,
and human fibroblast cells were grown in RPMI 1640 or
DMEM supplemented with 100 mL·L-1 new born bovine serum
(NBS). All cell lines were grown adherently  except KATO-III.

Construction of phage ScFv libraries
mRNA was isolated from the corresponding antibodies
hybridoma cells. VH and VL cDNA were amplified with RT-
PCR and linked with ScFv by linker DNA to form ScFc DNA,
which then were inserted into plasmid  PCANBSE. Plasmid
DNA was transformed into E.coli strain TG1. ScFv-phage was
induced by superinfection with helper phage M13KO7.

Cells fixation
The fixed cells were used for libraries panning and as antigens
of cell ELISA. Methods reported by Ridgway et al[8] were used
with the following modifications. Fixation of suspending cells:
the cells were washed with PBS, resuspended, and transferred
to 96-well enzyme-labeled plates at (4-5)×105 cells/well. The
volume of cell suspension was no less than 300 µl each well.
Otherwise, the cells would be distributed unevenly during
centrifugation. The plates were centrifuged for 12 min at 1
200 r·min-1, and the supernatants were discarded immediately
without disturbing the pellets. The plates were allowed to dry
at 37  for 15-20 min. Into each well, 2.5 g·L-1 glutaraldehyde
prepared with 60 µl of 0.1 mol·L-1 PBS was added. Twelve
min later, the fixative solution was discarded. The cells were
washed 5 times by PBS. The plates were blocked with 100
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g·L-1 skimmed milk powder overnight at 4 . Coating of
suspending cells for library panning: the cells were plated into
6-well plates at( 1-1.5)×107 cells/well. The cell suspension
volume was no less than 7mL in each well. The rest procedures
were as described above. Fixation of adherent cells: the cells
were plated into 96-well plates at 0.2×104 cells/well. The cells
were allowed to incubate 48-72 h. When the cells were 80 %
confluent, the medium was removed. The plates were washed
twice with prewarmed PBS and dried at 37  for 20 min. The
cells were fixed for 8 min as described above.

Detection of intracellular peroxidase
The fixed cells were divided into 2 groups. Cells in one group
were treated with 3 mL·L-1 H2O2 prepared with methanol and
washed 3 times with PBS. The plates were blocked with 50
g·L-1 skimmed milk powder overnight at 4  (or 37  for
2h). Cells in another group were treated with blocking solution
directly. After the blocking solution was removed, the plates
were washed 3 times with PBS containing 0.5 g·L-1Tween20,
and OPD substrate(50 µl/ well ) was added to develop color.
thirty min later, the color development was terminated with 2
mol·L-1 sulfuric acid. A490 were read. The well without
substrate was designed as background control. Negative control
and blank control were also designed.

Panning of phage libraries
The TG1 recombinant phage antibodies and soluble ScFv
secreted by E.coli HB2151 were obtained according to the kit
instructions (Pharmacia Biotech) [7]. Wash the 6 well plate
coated with tumor cells three times with PBS, empty it
completely after each wash. Fill the plate completely with
blocking buffer to block any remaining sites on the plate
surface. Incubate at room temperature for 1 h. Wash the flask
three times with PBS, and empty it completely after each wash.
Prepare 14 mL of blocking buffer containing 1 mL·L-1

thimerosal or 100 mL·L-1 sodium azide as a preservative. Dilute
the 16 mL of PEG-precipitated recombinant phage with 14
mL of blocking buffer and incubate at room temperature for
10-15 min. Add 20 mL of the diluted recombinant phage to
the plate and incubate for 2 h at 37 . Wash the plate 20 times
with PBS and 20 times with PBS containing 10 mL·L-1 Tween
20. Empty the plate completely each time. To isolate colonies
for small-scale rescue, reinfect E. coli TG1 cells with bound
phage directly in the panning vessel and plate the reinfected
cells. Subsequent rounds of panning are to be performed. Add
the entire 10 mL of log-phase TG1 cells to the flask or panning
vessel. Incubate with shaking at 37  for 1 h. Transfer the
entire 10 mL from the panning vessel into a sterile 50 mL
disposable polypropylene centrifuge tube. To the cell
suspension, add ampicillin to 0.1 g· L-1, and glucose to a final
concentration of 200 g· L-1. Also add 4 10 10 pfu of M13KO7
volume of stock to add = 4 10 13 pfu ÷ M13KO7 pfu/L. Incubate
the culture for 1 h at 37  with shaking. Sediment the cells by
centrifugation and complete the rescue. The selection produre
was repeated 4 times before isolated clones were tested by
ELISA.

Cell ELISA
Detection of parent antibodies activity[22,23]: cellular endogenous
peroxidase activity was rather low, so treatment of cells with
H2O2 was unnecessary. The procedures were as follows. mAb
were added to the blocked wells (50 µl/well). The plates stood
for 1h at 37 . The cells were washed 5 times by PBST. fifty

L horseradish peroxidase (HRP) conjugated sheep anti-mice
IgG was added to each blocked well. The plates stood for 1h

at 37 . Cells were washed 5 times with PBST. OPD substrate
(50 µl/well) was added to develop color. Ten to twenty min
later, A490 was read. Normal mice IgG and PBS served as
negative and blank controls respectively.
      Screening of recombinant phage antibodies or recombinant
soluble ScFv clones: recombinant phage antibodies (M13KO7
as negative control ) or soluble antibodies bearing anti-E-tag
label protein displayed on phage served as the first antibody.
Incubation condition was set as 2h at room temperature, gently
shaking at 120 r·min-1 with cradle. Correspondently, rabbit anti-
M13-HRP polyclonal antibody (1:5 000, Pharmacia) or mouse
anti-E-tag IgG (1:1000, Pharmacia) were chosen as the second
antibody, for the latter sheep anti-mouse IgG HRP, should be
used. The rest procedures were as described above.
      Concordance of the specificity to tumor cells between the
positive recombinant phage clones and parent mAb: the
blocked cells were coated as described above (including tumor
cells or normal cells expressing antigen highly, lowly and
blankly). Pairs of ScFv and parent antibodies were added to
all cell plates respectively. A values for each well were read
by the same method. Correlation coefficient was obtained
through correlation analysis[24-26].

Competitive ELISA
The aim was to screen positive clones with high affinity[27-29].
The cells were coated as described previously. ScFv-phage
supernatants or recombinant soluble ScFv (50 µl/well) were
added to plates after co-incubation with 1/4 volume of 200
g·L-1 skimmed milk powder for 15min. The plates stood for
1hr at 37 . Twenty-five µl corresponding mAb was added
to each well. After standing for 1h at 37 , the plates were
washed. Fifty µl HRP conjugated sheep anti-mouse IgG were
added to each well. After standing for 1 h at 37 , the plates
were washed 5 times with PBST. 50 µl OPD substrate were
added to each well to develop color. A490 were read 10-20
min later. M13KO7 served as negative control. Inhibition rate
(%)=1-(A490 for experimental well/A490 for control well)
100%.

Western blot
Routine methods were applied[30-33].

Statistical methods
The data were analyzed with SPSS software package.

RESULTS
Detection of parent antibody activity with cell ELISA
The least dilution for MC3mAb was 25 mg·L-1, for MC5mAb
was 50 mg·L-1, and for MGD1mAb was 12.5mg·L-1. A490 were
all more than 0.600, indicating that the mAb used in the
experiment were active.

Construction of the ScFv antibody libraries
The VH, VL and ScFv DNAs were about 340, 320 and 750 bp
respectively(Figures 1,2).

Panning of phage libraries with coated cells
When suspending cells were plated, if the cell suspensions
adding to each well were not enough (<5 mL) or the cell number
in each well was too many (>2×107 cells/well), the cells would
be  distributed unevenly during centrifugation. In 4 outer wells,
the cells were found to be distributed in a half-moon shape,
which was inconvenient for next fixation and panning steps.
To avoid the above problems, we added no less than 7 mL cell
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suspensions to each well with (1-1.5)×107 cells/well, and
speeded centrifugation to 1 200 r·min-1 gradually. The TG1
containing recombinant phage recovered after 4 rounds of
panning were plated on SOB-AG (A: ampicillin ,G: glucose).
After 14 h, dense clones were observed.

Screening of recombinant phage antibodies or recombinant
soluble clones with cell ELISA
Sixty clones were selected randomly from each panned library.
The positive clones, whose A490 were over 0.300 (positive
control ), were counted. The ratio of positive clones were
obtained. Soluble expression of E.coli. HB2151 was carried
out using the positive clones. Its positive rate was determined
by cell ELISA and Western blot. The result is shown in Table 1.

Concordance of binding specificity of phage library and
parent antibody to tumor cells
Taking MC3-ScFv clone19 as example, the binding specificity
of ScFv and parent antibody MC3 to AGS, SW480, SGC7901
fibroblasts were analyzed as shown in Table 2. A490 of parent
antibodies were set as Y axis, and that of ScFv as X axis.
Correlation analysis revealed r =0.991,P<0.01, primarily
indicating the concordance of binding specificity of MC3-ScFv
clone 19 and parent antibody to tumor cells. Other clones of
MC3-ScFv displayed similar characteristics to MC3-ScFv
clone 19.

Table 1  Ratio of positive recombinant phage antibody clone
and soluble ScFv

          Recombinant phage antibodies              Soluble ScFv

         Ratio of positive    Ratio of competitive    Ratio of positive    Ratio of competitive
                     clone (%)         clone (%)         clone (%)                 clone (%)

MC3 ScFv 60 8 30 8

MC5 ScFv 24 6 18 4

MGD1 ScFv 30 4 10 4

Table 2   Concordance for MC3-ScFv-19 and it’s parental mAb
specificity to cells

Cell lines MC3-ScFv 19 MC3 Ab

AGS 1.403±0.132 0.929±0.187

SW480 0.921±0.201 0.647±0.132

SGC7901 0.257±0.045 0.259±0.078

Fibroblast 0.325±0.106 0.297±0.056

Screening of positive ScFv clones with competitive ELISA
Inhibition rate over 30 % was put as criteria[8]. Positive clones
from all libraries were obtained as shown in Table 1. As an
example ,inhibition rates of 4 positive recombinant phage MC3
antibodies were 56.2 %, 53.6 %, 49.7% and 46.7 %. And
inhibition rates of their soluble ScFvs were 41.5 %, 36.9 %,
33.7 % and 21.6 % respectively.

Western blot
Soluble products expressed by E.coli. HB2151 were all about
Mr 32 000, consistent with the expected molecule weight of
soluble ScFv. The result is shown in Figure 3.

Lane 1: 100bp DNA ladder (100-1 000 bp); lane 2, 4,6: VL DNA;
lane 3,5,7: VH DNA;
lane 8: VH DNA marker(2.7 kb, 350 bp)
Figure 1  VH and VL DNA amplified by RT-PCR

Lane 1: 100bp DNA ladder (100-1 000 bp); lane 2, 3,4,5: MC5,
MC3, MGD1, MGD1 ScFv DNA;
lane 6 ScFv DNA marker (2.7 kb, 750 bp)
Figure 2  ScFv  DNA amplified by RT-PCR

1,2,4,5: Four posotive clones of MC3 ScFv, 3: Low molecular
weight marker(14.4, 20.1, 31.0, 43.0, 66.2, 97.4)KD
Figure 3  Western bloting of soluble MC3-ScFv clones

DISCUSSION
Phage display (PD) has many advantages in preparing
minimized mouse and man antibodies. But the operation has
met great difficulties due to severe conditions. The most
difficult to satisfy is  purified antigen, which is necessary for
library panning and clone screening[32-35]. Recently, whole cells
have been used in PD to obtain tumor-associated or tumor-specific
antibodies. The results are encouraging. Kupsch et al[32] obtained
human melanoma specific antibody by panning of a phage
library using melanoma cells as negative screening, peripheral
mononuclear cells as negative screening. Ridgway et al[8]

cloned a human anti-CD55 ScFv by subtractive panning of a
phage library using tumor and nontumor cells. In their studies,
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they panned the known libraries to obtain new tumor specific
ScFv, so most possible integrity of tumor antigen should have
been retained, so they used live cells in panning and cell ELISA.
However, the procedures were complicated, and the specialized
equipments were required. Particularly, only tumor-associated
membrane antigens could be obtained, as for intracellular
antigens, the method was powerless[36-38]. The defects could be
avoided by using fixed cells. But fixation procedures could
destroy antigens partially, resulting in loss of some information.
In the present report, we have studied the amenability of fixed
cells to phage panning in PD technique.
      Since development of mAb technique in the 1980s, many
tumor specific or associated mAb have been cloned. However,
most tumor antigens have not been identified and purified,
and most mouse mAb had great molecular weight, and
heterogeneity, which limited the application[39-42]. So, it is
necessary to minimize some specific mAb. We constructed
recombinant phage displaying libraries for anti-colorectal
tumor mAb MC3Ab, MC5Ab and anti-gastric tumor mAb
MGD1. Panning was carried out using fixed coated colorectal
and gastric tumor cell lines. The positive recombinant phage
clones were screened by means of cell ELISA. The
concordance of the specificity to tumor cells with parent mAb
was analyzed. The affinity of positive clones with tumor
antigens was detected with competitive ELISA. The molecules
and product amounts were determined by Western blot. All
results suggested that fixed cells could be used to panning
tumor-associated mouse ScFv using PD.
      However, only the following conditions were satisfactory,
it successful manipulation was confirmed. Activity of antigen
should not be influenced during cell fixation procedures[43-45].
If the structure of antigen determinant cluster were changed
during the fixation procedures, the fixation procedures should
be modified or the fixative should be changed. We got
satisfactory results using coating cells and cell ELISA with
the following modifications. Cell lines highly expressing target
antigens were used. Adherently or half-adherently grown cells
were used because they easily plated and distributed evenly
after plating. Fixation with glutaraldehyde could be half
shortened. Cell lines highly expressing endogenous peroxidase
were excluded to avoid destruction of lipoprotein antigens
caused by methanol and H2O2 blocking[46-48]. So previous
detection of endogeneous peroxidase activity of cell lines is
very important; Fixation condition with glutaraldehyde should
be modified. Kupsch et al[32] recommended that the cells should
be fixed with glutaraldehyde at concentration of 5 g·L-1 for 30
min in cell ELISA. But we found that the results were more
satisfactory with glutaraldehyde at concentration of 2.5 g·L-1

for 12 min for suspending cells and for 9min for adherent cells.
Other precise conditions, such as centrifugation condition of
suspending cells, drying prior to fixation, should also be paid
great attention to[49,50]. Application limits: Firstly, fixed cells
could be applied to minimization and gene engineering of
known mouse mAb. The phage libraries were constructed by
using hybridoma. Panning of phage libraries and screening of
positive clones were feasible theoretically and practically by
using cell lines which strongly expressed these mAb-binding
antigens. Secondly, fixed cells might be also applied to panning
of large human, mouse phage libraries to obtain unknown
tumor specific antibodies. Although fixation procedures might
destroy antigens partially so as to lose some information,
application of live cells also had disadvantages, such as
unfeasibility of screening of intracellular antigens. In present
study, gastric tumor specific antigen corresponding to MDG1-
ScFv did belong to intracellular antigens, which further
indicating the amenability of the fixed cells.
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