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Abstract

AIM: To generate soluble single chain variable
fragments (ScFv) of monoclonal antibody MC3
recognizing colorectal and gastric carcinomas.

METHODS: mRNA was isolated from the hybridoma cell
line producing MC3 and the DNAs encoding variable
domains of heavy and light chains (VH and VL) of the
antibody were amplified separately by RT-PCR and
assembled into ScFv DNA with a linker DNA.The ScFv
DNA was ligated into the phagemid vector pCANTABSE
and the ligated sample was transformed into £.col/i
TG1.The transformed cells were infected with M13KO7
helper phage to yield recombinant phages. After two
rounds of panning with gastric carcinoma cell line AGS
highly expressing MC3-binding antigen, the phage
clones displaying ScFv fragments of the antibody were
selected by ELISA. 4 phage clones showing strong signal
in ELISA were used to infect £.co/iHB2151 to express
soluble ScFvs. The soluble ScFvs were identified by Dot
blot and Western blot, and their antigen-binding activity
was assayed by ELISA. The VH and VL DNAs of the ScFv
DNA derived from phage clone 19 were sequenced.

RESULTS: The VH,VL and ScFv DNAs were about 340 bp,
320 bp and 750 bp respectively. After two rounds of
panning to the recombinant phages, 18 antigen-
positive phage clones were selected from 30 preselected
phage clones by ELISA. All the soluble ScFvs derived
from the 4 out of the 18 antigen-positive phage clones
were about M.32000 and concentrated in periplasmatic
space under the given culture condition. The soluble
ScFvs could bind the antigen, and they shared the same
binding site with MC3. The sequences of the VH and VL
DNAs of the MC3 ScFv showed that the variable antibody
genes belonged to the IgG1 subgroup, k-type.

CONCLUSION: The soluble ScFv of MC3 is successfully
produced, which not only provides a possible novel
targeting vehicle for /in vivo and in vitro study on
associated cancers, but also offers the anuibody a
stable genetic source.
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INTRODUCTION

Progressin the use of murine monoclona antibodies (McAbs) for the
in vivo study on diagnosis and treatment of human tumorsis limited
by anumber of factors, including poor penetration of theintact antibody
moleculeinto the tumors, their inability to reach the tumor in sufficient
quantities without significant toxicity to normal tissue, and the
development of ahuman anti-mouse antibody response to theinjected
McADb*®. One possible way to alter the pharmacology of antibody is
viathe use of smaller molecular weight antibody fragment called ScFv.
ScFv molecules offer several advantages as carriers for the selective
delivery of radionuclides and toxins to tumors, including rapid blood
clearance, low kidney upteke, small size suitable for rapid penetration
through tumor tissue and lesspossibility of developing antimouse antibody
response’®8l, Colorectal and gastric carcinomas are frequent causes of
death of the cancers of digestive system. MC3 isa specific monoclonal
antibody directed against colorectal and gastric carcinomas?®®, which
has a potential use for in vivo diagnosis and therapy of the
corresponding carcinomas. In order to overcome the disadvantages of
the intact McAb applied in vivo and to offer the antibody a stable
genetic source, soluble ScFv of MC3 was generated by advanced
recombinant phage antibody technique, which may provide a novel
tumor-targeting vehiclefor in vivo study on the diagnosisand treatment
of colorectal and gastric carcinomas.

MATERIALS AND METHODS

Materials

The hybridoma cell line producing McAb MC3 (isotype IgG1,K) was
generated by the Institute of Digestive Disease,Xijing Hospital ,Fourth
Military Medical University, Xi’an, China?. Mouse ScFv DNA
construction kit, phage-displayed ScFv expression and detection kits,
anti-E tag antibody and pCANTABS Sequencing Primer Set were
purchased from Pharmacia, Sweden. mRNA isolation kit, Tag DNA
polymerase, T4 DNA ligase, Sfiland Notlrestriction enzymes were
bought from Promega,USA. Thegastric carcinomacell lineAGShighly
expressing MC3-binding antigen was from ATCC, USA.Horseradish
peroxidase (HRP)-label ed goat anti-mouse | gG wasfrom Sino-American
Biotechnology Company, China.

Preparation of the phage-displayed ScFv

Total RNA was extracted from guani dine thiocyanate homogenates
from 5x10¢ M C3-producing hybridoma cellg?°, and the mRNA
was isolated from the total RNA using mRNA isolation system
according to the protocal supplied by the manufacturer. Subsequently
the phage-displayed ScFvs were generated using the Mouse ScFv
DNA construction kit and ScFv expression kit?:-2. The purified
mRNA was transcribed into cDNA using random primers, and the
VH and VL DNAswere separately amplified through PCR program 1
(30 cycles: 94°C x1min, 55°Cx2min, 72°C x2min). Gel-purified
VH and VL DNAswere mixed with linker primers at an equimolar
ratio and assembled inuo ScFv DNA in fill-in reaction, designed
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program 2 (7 cycles: 94°Cx1min, 63°Cx4min). In a second
PCR reaction (same as program 1), the ScFv DNA was amplified
and provided with a Sfil site at the 5'end and a Notl site at the
3’end. After digestion with restriction enzymes Sfil and Notl, the
ScFv DNA was ligated into the phagemid vector pPCANTABSE, and
the ligated sample was transformed into competent E. coli TG1 cells
to express phage-displayed ScFv. The transformants were grown in
2xY T medium containing ampicillinand glucose (2xY T-AG medium)
up to an ODew=0.5. Bacteria were infected with M13KO7 helper
phage for 1 h at 37°C with shaking. The cells were sedimented by
centrifugation, and the supernatant was carefully removed and
discarded. The pellet was gently resuspended in 2xY T medium
containing ampicillin and kanamycin (2xY T-AK medium) and
incubated overnight at 37°C with shaking.The supernatant containing
the recombinant phages was harvested by centrifugation and the phages
were precipitated with PEG8000 and NaCl and resuspended in 2xY T
medium, filtered through a 0.45im filter and store at 4°C.

Panning to select for antigen-positive phage-displayed ScFvs
Recombinant phage expressing the MC3 ScFv were selected by
panningi?>27. The AGS cells highly expressing M C3-binding antigen
were grown as an attached monolayer in 25-cm? flasks until almost
confluent, washed with PBS, and fixed with 0.25% glutaral dehyde for
8min at room temperature(RT). The fixed cells were washed with
PBS and blocked with 50g/L nonfat dry milk in PBSfor 2h at RT. The
cells were washed 3 times with PBS and the PEG-precipitated
recombinant phages diluted 8:7 with 100g/L nonfat dry milk in PBS
containing 0.1g/L sodium azide were added to the fixed cells. The
culture flask was shaken gently for 2h at 37°C and the cells were
washed 20 times with PBS and 20 times with PBS containing 0.1%
Tween20 (PBST). Log phase E. coli TG1 cells were incubated with
bound phages for 1h at 37°C with shaking. Ampicillin, glucose and
M13KO7 were added to the bacterial suspension, and the culture was
incubated for 1h at 37°C with shaking. Subsequently, preparation of
PEG-precipitated recombinant phage was completed as above, and
the second round of panning was performed as described for the first
panning step. After the second round of panning, the reinfected TG1
bacteriawere plated on SOBAG plates and grown overnight at 30°C,
and single colonies were grown in 2xY T-AG medium overnight at
30°C with shaking. 40uL of the saturated culture of single clone was
infected with 400uL of M13KO7 helper phage in 2xY T-AG medium
for 2h at 37°C with shaking. Cells were pelleted by centrifugation,
resuspended in 400uL of 2xY T-AK medium and grown overnight at
37°C with shaking. After centrifugation, phage supernatants were
harvested and screened by ELISA.

Detection of phage-displayed MC3 ScFv by ELISA

Phage supernatants obtained from single recombinant cell cloneswere
screened for binding to the AGS cells by ELISA®26238 The AGS
cellswere grown in 96-well plates, fixed and blocked as described in
the panning step. Phage supernatants obtained from single recombinant
cell clones were diluted 4:1 with 20g/L nonfat dry milk in PBS and
incubated for 10min at RT, then added to the cell-grown wells (100uL/
well) and shaken gently for 1.5h at RT. The cellswere washed 6 times
with PBST, and the bound phages were detected by incubation for 1
hr at RT with 1:5000 diluted HRP-labeled mouse McAb directed
against major coat protein(gene 8 protein) of M13(100uL/well).
Plateswerewashed 6 times, ABTS substrate was added and incubated
for 40mininthedark at RT with shaking, and the A value was measured
at 405 nm(Ages). M13KO7 helper phage served as a negative
control, and the phage antibodieswere regarded as antigen-positivewhen
Ay Was at least 2xhigher compared to the negative control.

Expression of soluble MC3 ScFv

Log-phase E. coli HB2151 cells wereinfected separately with phage
clones12, 19, 23 and 30(which previously showed strong signal in
phage ELISA, clone 19 showed the strongest signal) for 30min at 37
‘C with shaking and the infected cellswere plated on SOBAG plates
containing 100mg/L of nalidixic acid. Single colonieswere grownin
5mL of SB-AG medium overnight at 30°C with shaking and diluted
with 50mL of fresh SB-AG medium for further incubation for 1h at
30°C with shaking. After centrifugation, the sedimented cells were
resuspended in 50mL freshly prepared SB-Al(l:IPTG, 1mmol/L)
and incubated for 5h at 30°C with shaking to induce the expression
of soluble ScFv. Bacterial culture was divided into two separate
centrifuge tubes and centrifuged and supernatants (extracellular
fraction) were stored at -20°C until use. One of the two cell pellets
was resuspended in 0.5mL of ice-cold 1xTES (0.2mol/L Tris-HCI,
pH8.0, 0.5mmol/L EDTA, 0.5mol/L sucrose) followed by adding
0.75mL of 1/5xTES. After incubation for 30min on ice, the
supernatant containing the periplasmatic fraction was centrifugated
and stored at -20°C . Whole-cell extract was prepared by resuspending
the second pellet in 0.5mL PBS and boiling for 5 min following
centrifugation.

Detection of soluble ScFv by Dot blot

Extracellular fraction and its concentrate precipitated by ice-cold
200g/L trichloroacetic acid (TCA)(to 1/5 of the original volume),
periplasmatic extract diluted 1:4 with PBS, and whole-cell extracts
were spotted onto the nitrocellulose membrane separately (2uL/
spot). The membrane was blocked for 2h at RT with PBS containing
100g/L nonfat dry milk(blocking buffer, BB)followed by incubation
for 1h at RT with anti-E tag antibody (directed against the E tag-
peptide fused to the VL region of the ScFv) diluted to a final
concentration of 8mg/L with an equal volume mixture of PBS and
BB containing 0.05% Tween20 (PBS/BBT). After being washed
once with PBS containing 0.05% Tween20 and 4 times with PBS
and followed by a 5min soak in PBS, the membrane was incubated
for 1h at RT with HRP-labeled goat anti-mouse 1gG diluted 1:150
with PBS/BBT,and washed as above and developed using
diaminobenzidine (DAB) substrate.

Detection of soluble ScFv by Western blot

Routine method was applied® . Periplasmatic extract diluted 1:4
with PBS and TCA-concentrated extracellular fraction were loaded
into the wells (10uL/well) of 120g/L SDS polyacrylamide gels and
followed by electrophoresis, and the fractionated proteins were then
transferred onto a nitrocellulose membrane. The membrane was
blocked and developed as discribed in Dot blot.

ELISA for assay of the reactivity with antigen of soluble ScFv

The AGS cells were grown in 96-well plates, fixed and blocked as
described in phage ELISA followed by incubation with 50uL of
periplasmatic and extracellular fraction for 1 at RT. After washed 6
times with PBST, anti-E tag antibody diluted 1:1000 with PBS/BBT
was added (50pl/well) and incubated as above. The plate was washed
and 50pL of HRP-labeled goat anti-mouse 1gG diluted 1:1000 with
PBS/BBT was added and incubated as above. After being washed,
ABTS substrate was added and Ass was measured. PBS was as a
negative control, and the ScFv was considered as a binder when the
EL1SA responsewasat least 2xhigher compared to the negative control.

ELISA for assay of the competition of soluble ScFv with MC3 in
antigen-binding
It was done as described in references®*¢*®. The AGS cells were
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grown in 96-well plates, fixed and blocked as described in phage
ELISA followed by incubation with 50uL of periplasmatic fraction for
1h at RT, with PBS as a negative control. After washed 6 times with
PBST, MC3 was added to the plate (50uL/well) at afinal concentration
of 20mg/L, and incubated for 1h at RT. After washed as above, HRP-
labeled goat anti-mouse 1gG diluted 1:1000 was added (50uL/well) and
incubated and washed as above. Then TMB substrate was added and
Auso Was measured. Binding of MC3 with the cellswas inhibited by the
soluble ScFv, which was described astheinhibition rate: Inhibition rate
(%)=1-(Auso Of the tested sample/Aus, of the control) x100%.

DNA Sequencing

The phagemid derived from phage antibody clone 19 was used for
DNA sequencing of VH and VL DNAs of the ScFv DNA, based on
the dideoxy method, with the primers taken from the pPCANTABS
Sequencing Primer Set.

RESULTS

Cloning of MC3 ScFv DNA and Screening of phage-dispalyed
ScFv

The amplified VH, VL and ScFv DNAs were about 340 bp, 320 bp
and 750 bp respectively. After two rounds of panning to the
recombinant phages, 18 antigen-positive phage clones were selected
from 30 preselected phage clones by ELISA. 4 out of the 18 clones
(clones 12, 19, 23 and 30), which showed strong signal (clone 19
showed the strongest signal), were selected for expression of soluble
MC3 ScFv in E. coli HB2151.

Identification of soluble MC3 ScFv
After expression of soluble ScFv in E. coli HB2151, extracellular,
periplasmatic, and whole-cell fractions were checked for the presence
and reactivity of ScFv by Dot blot, Western blot and ELISA. In aDot
blot, no visible signal was achieved for the whole-cell extracts, and
only weak signal was shown for the extracellular extracts, while a
strong signal for periplasmatic and TCA-precipitated extracellular
extracts. Based on the results in the Dot blot, Western blot analysis
was performed only with periplasmatic and TCA-precipitated
extracellular extracts, and ELISA for reactivity of soluble ScFv with
antigen was performed only with periplasmatic and extracellular
fractions. Western blot showed that in both periplasmatic and TCA-
precipitated extracellular extracts, a distinct band of M,32000, lying
within the expected molecular weight range of soluble ScFv, was
visualized, and the periplasmatic fractions showed stronger reactivity
in comparison to the TCA-precipitated extracellular extracts (Figure
1 and Figure 2). The results displayed in Dot blot and Western blot
indicated that most of soluble ScFv was secreted into the periplasm
under the given culture condition.

ELISA showed that MC3 ScFv secreted into the periplasm could

VH DNA of MC3 ScFv (336 bp)

react with AGS cells expressing MC3-binding antigen at ahigh level,
whereas no significant binding signal was obtained in extracellular
extracts. The periplasmatic fraction containing soluble ScFv derived
from the phage clone 19 showed the strongest signal in ELISA.
Based on the above result in ELISA, the competition ELISA was
performed only with periplasmatic fraction, and the result showed
that all the soluble ScFv-containing periplasmatic extracts derived
from the clones 12, 19, 23 and 30 could inhibit the binding of MC3
with its corresponding antigen, and the inhibition rates were 36.9%,
41.2%, 31.9% and 33.8% respectively, which indicated that the soluble
ScFvs shared the same antigen binding site with McAb MC3.
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Figure 1 Detection of soluble MC3 ScFv in periplasmatic extract by West-
ern blot. Lanes 1-4: periplasmatic extracts derived from phage clones 12,
19, 23 and 30 respectively, diluted 1:4 with PBS; Lane 5: low molecular
weight protein marker.
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Figure 2 Detection of soluble MC3 ScFv in TCA-precipitated extracellular
fraction by Western blot. Lane 1: low molecular weight protein marker;
Lane 2-5: TCA-precipitated extracellular fractions (to 1/5 of the original
volume) derived from the phage clones 12, 19, 23 and 30 respectively.

DNA Sequence analysis

The phagemid derived from clone 19 was used for DNA sequencing,
and the result showed that the VH and VL DNAs of MC3 ScFv DNA
were 336 bp and 312 bp respectively, and they were identified as
variable antibody genes belonging to the IgG1 subgroup, K-type. The
detail sequence of the VH and VL DNAs were listed as follows.

5-ATGGCCCAGG TGAAGCTGCA GCAGTCAGGA CCTGAACTGA AGAAGCCTGG AGAGACAGTC AGGATCTCCT
GCAAGGCTTC TGGATATACC TTCACAACTG CTGGAATGCA GTGGGTGCAA AAGATGCCAG GAAAGGGTTT
GAAGTGGATT GGCTGGATAA ACACCCACTC TGGAGTGCCA AAGTATGCAG AAGAGTTCAA GGGACGCTTT
GCCTTCTCTT TGGAAACCTC TGCCAGCACT GCATATTTAC AGATAAGCAA CCTCAAAAAT GAGGACACGG
CTACGTATTT CTGTATGAGA TGGGATTACG ACGGGGGGTT TGCTTACTGG GGCCAA-3'

VL DNA of MC3 ScFv (312 bp)

5-GCTTCTTTGG CTGTGTCTCT AGGGCAGAGG GCCACCATCT CCTGCAGAGC CAGCGAAAGT GTTGATAATA
TTGGCATTAG TTTTATGAAC TGGTTCCAGC AGAAACCAGG ACAGCCACCC AAACTCCTCA TCTATGCTGC
ATCCAAGCAA GGATCCGGGG TCCCTGCCAG GTTTACTGGC AGTGGGTCTG GGACAGATTT CAGCCTCAAC
ATATATCCTA TGGAGGAGGA TGATCCTGCA GTGTATTTCT GTCACCAAAG TAAGGAGGTT CCTTACACGT

TCGGAGGGGG GACCAAGCTG GAAATAAAAC GG-3’
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DISCUSSION

Recent progress in antibody engineering have been directed toward
the expression of antibody fragments in bacterial and phage display
systems, leading to increase of various applicationsin biology, clinical
diagnosis and therapy.The power of the phage display system to
express antibody fragments offers several advantages over hybridoma
technology, allowing quick, economical production and generation of
antibodieswithincreasing affinity and specificity by mimicking affinity
maturation in the normal immune system, and offering the antibody a
stable genetic source which can be easily manipul ated®>*4. Antibody
fragments showed less possibility of developing anti-antibody
response in comparison to the intact antibodies when applied in vivo.
In this study, the ScFv of murine McAb MC3 directed against
colorectal and gastric carcinomas was successfully produced by
advanced phage antibody technology, which offered it the above
advantages of the engineering antibody. MC3 ScFv was displayed on
the surface of M13 phage as a fusion protein with gene III protein
(g3p) and additionally expressed in a soluble form secreted in the
bacterial periplasm. Both expression formsretained their reactivity to
the antigen. Because of the advantage of MC3 ScFv compared to the
intact MC3 for in vivo diagnosis and therapy of the associated
carcinomas, we have focused on the production of soluble ScFv.

A critical step in cloning of the ScFv DNA was the assembly of
VH and VL DNAswith linker DNA. The linker primers consist of
two 93-base oligonucleotides which are complementary to each other
and have homology with the 3'end of the VH gene and the 5’ end of the
VL gene. 24 bases on either end of the linkers are complementary to
the ends of the VH and the VL. The central 45 bases of the linkers
encode the flexible (Gly>4Ser)2-3 linker which joinsthe VH and the
VL to form a ScFv fragment. In the assembly and fill-in reactions, an
exact quantification of purified VH and VL products and linker DNA
was very essential. Even dlight deviations of the equimolar ratio VH:
VL:linker lead to either no visible ScFv product or to the formation of
VH-linker or VL-linker dimers, apparently 450bp in size.

McAb MC3 was prepared by immunizing mice with human
colorectal carcinomacells, butimmunohistochemical detectionindicated
that the M C3-binding antigen was highly expressed in both colorectal
and gastric carcinomas'®. Because no purified antigen was available
so far, the recombinant phages were selected in a panning reaction
with AGS cells highly expressing MC3-binding antigen. After two
rounds of panning, 18 antigen-positive phage clones were selected by
ELISA, and 4 clones showing strong signal were used to express
soluble ScFv. Clone 19, which showed the strongest signal in ELISA,
was used for DNA sequencing and identified as variable antibody
genes belonging to the IgG1 subgroup, K-type.

TheE. coli strain HB2151 was used to express soluble MC3 ScFv
because in this strain the amber stop codon interposed between the E-
tag sequence and g3p gene prevented the expression of a ScFv-g3p
fusion protein. The soluble ScFv is secreted into the periplasm viathe
03p leader sequence, whereit isfolded in its native form. Dot blot,
Western blot, and EL1SA verified that soluble ScFv was concentrated
in periplasmatic fraction under the given culture condition. Location
of functional ScFv in the periplasm is preferred for large-scale
preparation because of smaller volume in comparison to the
extracellular fraction. The soluble ScFv-containing extracts (such as
periplasmatic fraction) may be used directly for someimmunoassays.
Alternatively, the soluble ScFv may be purified from E. coli proteins
if the components of the bacterial extract interfere with the
immunoassay or/and when the ScFv isfor in vivo use. In conclusion,
the preparation of soluble ScFv of MC3 may provide a promising
targeting vehicle for in vitro and potential in vivo imaging and
therapeutic applicationsto colorectal and gastric carcinomas, and also
offer the antibody a stable genetic source.
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