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ABSTRACT

On the basis of anti-TROP2 Fab antibody, this study seek to construct a eukaryotic expression system of hu—
man anti-TROP2 antibody IgG, and to analyze the inhibition function of human anti-TROP2 antibody IgG in the
cell proliferation of pancreatic cancer. The heavy and light chain genes of anti—-TROP2 antibody were amplified
respectively to establish the recombinant expression vector of human anti-TROP2 antibody IgG, named pWS—
anti-TROP2. The human anti-TROP2 antibody IgG was obtained through transfecting the plasmids into the CHO
dhfr” cell line, selecting the monoclonal cell strains with high amounts of antibody expression by MTX screen—
ing and applying Protein G affinity in purification. The identification and immunologic activity of human anti—
TROP2 antibody IgG were researched by Western blot, SDS-PAGE, ELISA, immunofluorescence assay and
flow cytometry method (FCM). MTT assay was conducted to analyze the inhibition effect of human anti-TROP2
antibody IgG on BxPC3 cell proliferation. The human anti-TROP2 antibody IgG eukaryotic expression system
was established successfully to express human anti—-TROP2 antibody IgG, in which the molecular weight of heavy
chain and light chain were consistent with expectation, and it could specifically combine with TROP2 protein, the
antibody titer reaching 1:6,400. The MTT assay results indicated that human anti-TROP2 antibody IgG had a sig—
nificant effect on inhibiting the proliferation of BxPC3 cell, and the inhibition function can be gradually increased
with improved antibody dose and prolonged time. In the study, the human anti—-TROP2 antibody IgG eukaryotic
expression system was constructed successfully, the antibody could specifically bind to TROP2 protein on the
surface of pancreatic cancer cells, and it is shown to have a significant inhibitory action in pancreatic cancer cell
proliferation.
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INTRODUCTION tation and abnormal expression of many gen.es
Some research reported that the high expression of

trophoblast cell-surface antigen 2 (TROP2) is re—
lated to the occurrence and development of pancreatic
cancer. TROP2 gene is located in 1p32 area without
intron gene, and encode the protein which contains
323 amino acids and molecular weight is 35.7 kDa"”".

Pancreatic cancer is both a highly malignant and
a common tumor, its pathogenesis involves the mu—
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and epithelial carcinoma. The research shows that
TROP2 is closely correlated with the invasion of many
kinds of tumors, and is able to promote the invasion
and metastasis of tumor cells'®. Therefore, TROP2
may become a new marker for tumor prognosis, and
a potential target in tumor targeted therapy' ™. In this
light, the study of anti TROP2 antibody has very im—
portant clinical significance. While the anti-TROP2
antibody obtained from prokaryotic expression system
has many disadvantages, e.g. the biological activity of
its expression product is relatively low, the antibody
fragments are likely to produce toxic effects on the
host cells, and so on. In addition, studies found that
small molecule antibodies (such as the Fab antibody)
have many shortcomings including short retention
time, easy cleaning, and so on. Therefore based on the
anti—-TROP2 Fab antibody made in our laboratory, this
study established a human anti-TROP2 antibody IgG
recombinant expression vector, transfected the plasmid
into CHO dhfr cells, expressed a human anti-TROP2
antibody IgG, and observed the specific binding activ—
ity with TROP2 protein on the pancreatic cancer cell
surface and the inhibitory effect on the proliferation of
pancreatic cancer cells, hopefully laying the founda—
tion for the targeted therapy of pancreatic cancer” ™.

MATERIALS AND METHODS

Materials

Chinese hamster ovary cell lines CHO dhfr, pan—
creatic cancer cell line BXPC 3 and the eukaryotic
expression system of pWS—2 were maintained in the
Key Laboratory of Antibody Technique of the Min—
istry of Health, Nanjing Medical University, Nanjing,
China. Ham’s F12 nutrient medium (F12), Dulbecco’s
modified Eagle’s medium (DMEM) and fetal bovine
serum (FBS) were supplied by Gibco (USA). E.coli.

XL1-Blue, 0.25% trypsin EDTA, 100 X penicillin/
streptomycin (double—antibody) were purchased from
Invitrogen (USA). Rabbit—anti-human IgG was purchased
from Boster Biological Technology Co., Ltd., (China),
HRP labeled anti—-human Fab, HT and MTX were pur—
chased from Sigma (Japan), recombinant human TROP2
protein was purchased from R&D (USA), and the restric—
tion enzymes Nhe 1 ,Miu 1 ,Not 1 , EcoR 1 and T4
DNA ligase were supplied by NEB (USA), TMB was
supplied by Pierce (USA), DNA Marker was obtained
from TaKaRa (Japan), DNA transfection reagent was
supplied by Roche(Switzerland), and 0.22 pm filter (30 k)
were purchased from Millipore (USA), Protein G (5
mL) affinity column was obtained from GE(USA),
and plasmid purification kit and DNA gel extraction
kit were purchased from QIAGEN (Germany), cell
culture bottle and 96 microtitor plate were purchased
from Corning (USA).

Establishment of the eukaryotic expression
system of human anti—-TROP2 antibody IgG

The light chain gene fragment was amplified by us—
ing the laboratory constructed anti-TROP2 Fab anti—
body gene as the template. Fd gene fragment was am—
plified by using the anti-TROP2 Fab gene as above,
and the stable region gene fragment of CH2—CH3 was
amplified from the pT—CH23 plasmid. The restriction
enzymes EcoR 1 and Nor | were used in Fd gene
fragment and CH2-CH3 gene fragment, then they
were linked by T4 ligase and the plasmid was added
to the competent cells of E.coli. XL1-Blue. Positive
colonies were selected to undergo PCR to obtain the
right recombinant vector plasmid. The heavy chain
gene was amplified from the plasmid with right gene
sequences of Fd and CH2-CH3 gene fragments by
using overlap PCR. All primer sequences were shown
in Table 1.

Table 1 The sequences of primers used in PCR

Target genes Primers

Forward: 5'-GCTAGCGCCGCCACCATGGACATGCGGGTTCCAGCCCAGCTTCTCGGACTTCTGCTGTT-

Light chain gene

GTGGCTGCGCGGAGCACGGTGCGAGCTCCAGATGACCCAG-3"

Reverse: 5'~ACGCGTCTAACACTCTCCCCTGTTGAAGCTC-3"

Forward: 5'-GAATTCGCCGCCACCATGGAGTTCGGACTCAGTTGGCTGTTCCTGGTGGCCATCCTGAAG

Fd gene fragment

GGTGTGCAGTGTCAGGTGCAGCTGGTGGAG-3"

Reverse: 5'-GGGCACGGTGGGCATGTGTGAGTTTTGTCACAAGATTTGGGC-3"

Forward: 5'~-GCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCC-3"
Reverse: 5'-GCGGCCGCTCATTTACCCGGAGACAGGG-3~

CH2-CH3 gene fragment

Forward: 5'~-GAATTCGCCGCCACCATGGAGTTCGGACTCAGTTGGCTGTTCCTGGTGGCCATCCTGAA-
GGGTGTGCAGTGTCAGGTGCAGCTGGTGGAG-3"
Reverse: 5'-GCGGCCGCTCATTTACCCGGAGACAGGG-3~

Heavy chain gene amplified
by overlap PCR
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The light chain gene fragment was cloned into the
expression vector pWS—-2, which introduced the re—
striction enzymes Nhe | and Miu | , they were linked
by T4 ligase and the plasmid was added to the com—
petent cells of E.coli. XL1-Blue. Positive colonies
were selected to undergo PCR to obtain the right recombinant
vector, known as pWS—-L. The heavy chain gene fragment
was cloned into the recombinant vector pWS-L, which in—
troduced the restriction enzymes Not | and EcoR I . They
were linked by T4 ligase and the plasmid was added
to the competent cells of E.coli. XLL1-Blue. The posi—
tive colonies were again selected to undergo PCR to
obtain the right recombinant vector, which was the
recombinant expression vector of human anti-TROP2
antibody IgG, labled as pWS—anti-TROP2.

Expression and purification of human anti-
TROP2 antibody IgG

Optimization of transfection conditions for
eukaryotic cells

pEGFP-C3 plasmid was transfected into CHO dhfr~
cells with different ratios of pEGFP-C3 plasmid(ug)
and Lipofectamine 2000 (pL), the fluorescence in—
tensity was observed under the microscope to select
the suitable ratio when fluorescence intensity was the
strongest.

Establishment and selection of the monoclonal
cell lines with the highest expression

The pWS—anti-TROP2 plasmid was transfected
into CHO dhfr™ cells in equimolar amounts in 6—well
plates using Lipofectamine 2000 reagent in suitable
ratio. Methotrexate (MTX) was added after 24 h with
ranged concentration for selecting the positive cell
lines. Surviving cells from the MTX treatment were
plated in 96—well plates for selecting the monoclonal
cell strains. After two weeks, the positive cell lines
were harvested and cultured, supernatants were ob—
tained to detect the expression of human anti—-TROP2
antibody IgG, and the monoclonal strains with higher
expression were obtained.

Purification of human anti-TROPZ2 antibody IgG

A large amount of these higher expressed mono—
clonal strains were cultured. When the cell density
reached 70%~80% in the culture bottle, serum free
medium was applied to the culturing cells until all
cells died. Then supernatants were collected by cen—
trifugation, 0.22 pum needle type filter was used to
filter out impurities and bacteria, and Protein G HP
affinity chromatography column was applied to pu—
rifying supernatants to obtain purified human anti—
TROP2 antibody IgG.

Identification and the immunological func-
tion of human anti—-TROP2 antibody IgG

Identtification of human anti-TROPZ2 antibody IgG

SDS-PAGE and Western blot assay were con—
ducted to analyze the molecular weight of human
anti—-TROP2 antibody IgG. Purified antibody was
used as antigen, while HRP labeled anti—human
Fab was used as antibody. Enzyme—-linked immuno
sorbent assay(ELISA) was used to analyze the anti—
body titer of human anti-TROP2 antibody IgG. The
recombinant human TROP2 protein was coated in
ELISA plate after the sealing of 5% milk powder and
rabbit anti human IgG. The purified antibody with a
ranged concentration was used as the first antibody,
and supernatant from CHO dhfr™ cells without trans—
fection was used as the negative control, then HRP
labeled anti-human Fab was added as the second
antibody.

Immunological function of human anti-
TROPZ antibody IgG

The immunological function of human anti-TROP2
antibody IgG was analyzed by flow cytometry and
immunofluorescence with BXxPC3 and NIH3T3 cell
lines. The purified antibody was used as the first an—
tibody, then FITC labeled goat—anti-human IgG was
added as the second antibody, and in immunofluores—
cence, rhodamine labeled anti-human Fab was added
as the second antibody.

Inhibition effect of human anti-TROP2 anti—
body IgG on pancreatic cancer cell proliferation

The inhibition effect of human anti-TROP2 anti—
body IgG in pancreatic cancer cell was analyzed by
cell proliferation assay with BXPC3 and NIH3T3 cell
lines. BxPC3 cells and NIH3T3 cells were seeded
at 1X10" cells/well in 96—well plates (four replica
wells per data point), purified antibody with ranged
concentration was added as the first antibody, rabbit—
anti-human IgG were taken as the negative control,
after 48 h, 20 phL MTT(5 mg/mL) was added, after 4 h,
supernatant was removed and 200 pL. 10%DMSO
was added, the inhibition rate was obtained by
multimode reader with the detection wavelength
of 490 nm. The inhibition rate = (1-OD value of
the experimental group / OD value of the control
group) X 100%.

Statistical analysis

Quantitative results were shown as mean*SD.
Single—factor variance analysis was adopted for the
inhibitory effect of human anti-TROP2 antibody IgG
in different cells, and linear correlation analysis was
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used to analyze the correlation between the antibody
concentration and the growth inhibition of target cell.
P<0.05 was considered significant.

RESULTS

Construction of the eukaryotic expression
system of human anti—-TROP2 antibody IgG

The light chain gene fragment was amplified with
the specific primers. Through SDS-PAGE, the mo-
lecular weight of the products were verified to be
about 750 bp (Fig. 1A, a), and the gene sequences
were verified to be correct. The Fd gene fragment and
CH2-CH3 gene fragment were amplified with the
specific primers. Through SDS—PAGE, the molecular
weight of the products were verified to be about 650
bp (Fig. 1A, b). The products after the double diges—

A (a) (b) M

2,000 bp
1,000 bp
750 bp > 750bp 750 bp
500 bp
250 bp
100 bp

tion (EcoR I and Not | ) were transformed into E.coli.
XL1-Blue—competent cells. Finally, we obtained
plasmids containing Fd gene fragment and CH2—CH3
gene fragment. The gene sequences were verified as
correct. The heavy chain gene was amplified by over—
lap PCR and the molecular weight of the products
were verified to be about 1,300 bp (Fig. 14, c).

The light chain gene was cloned into the pWS—
2 vector, which introduced the restriction enzymes
Nhe 1 and Mlu 1 , and the recombinant vector was
transformed into the competent cells of E.coli. XL1-
Blue. Finally, the plasmids containing TROP2 gene,
labeled pWS—-L plasmid, were obtained, and the
gene sequences were verified to be correct. Then the
heavy chain gene was cloned into the pWS-L vec—
tor, which introduced the restriction enzymes Not |
and EcoR | , and the recombinant vector was trans—

2 (c) M 1

<650 bp 2,500 bp>

1,000 bp— <1,300bp

Fig. 1 Construction of the eukaryotic expression system of human anti—-TROP2 antibody IgG. A: The PCR products of the estab—

lishment of the eukaryotic expression system of human anti-TROP2 antibody IgG. (a) the light chain gene fragment was amplified by PCR, M: DL
2000 Marker, 1: the light chain gene fragment; (b) the Fd and CH2—CH3 gene fragment were amplified by PCR, M: DL 2000 Marker, 1: CH2-CH3 gene
fragment, 2: Fd gene fragment; (c) the heavy chain gene fragment was amplified by PCR, M: DL 15000 Marker, 1: the heavy chain gene fragment. B:
Optimization of cell transfection conditions. (a)—(d): the ratios of pEGFP-C3 plasmid ( 1 g) and Lipofectamine 2000 ( 1 L) were 1:1, 1:2, 1:3 and 1:4.

formed into the competent cells of E.coli. XL1-Blue.
Finally, we obtained plasmids containing TROP2 gene
and heavy chain gene, labeled pWS—anti—-TROP2
plasmid, and the gene sequences were verified correct.

Expression and purification of human anti-
TROP2 antibody IgG

The optimization of transfection conditions for
eukaryotic cells

pEGFP-C3 plasmid was transfected into CHO
dhfr™ cells with different ratios of pEGFP-C3
plasmid(pg) and Lipofectamine 2000 (nL), fluores—
cence intensity was observed under the microscope.
The results showed that the highest transfection ef-
ficiency was obtained when the volume ratio of

pEGFP-C3(ng) plasmid and Lipofectamine 2000(uL)
was 1:1 (Fig.1B).

The establishment and selection of the mono—
clonal cell lines with the highest expression

pWS-anti-TROP2 plasmid was transfected into
CHO dhfr cells and MTX in the selected concentra—
tion was added after 24 h for selecting the positive cell
lines. After two weeks, supernatant of the positive cell
lines was obtained to detect the expression of human
anti—-TROP2 antibody IgG, and the monoclonal strains
with higher expression were harvested.

Purification of human anti-TROPZ2 antibody IgG
A large amount of supernatant were obtained, puri—
fied human anti-TROP2 antibody IgG was collected
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though Protein G affinity column(5 mL), and the pro—
tein concentration was 4 mg/mL.

Identification and the immunological func-
tion of human anti—-TROP2 antibody IgG

Identification of human anti-TROPZ2 antibody IgG
Human anti—-TROP2 antibody IgG was analyzed
by SDS-PAGE and Western blot. The results showed
target strips at 55 kDa and 28 kDa (Fig. 24). The an—
tibody titer detection results demonstrated that human
anti-TROP2 antibody IgG could specifically combine
with TROP2 antigen in 1:6,400 dilution (Fig. 2B).

Immunological function of human anti-
TROP2 antibody IgG

The results of flow cytometry showed that the
binding rate of NIH3T3 cells and human anti-TROP2
antibody IgG was 2.27%, and the binding rate of
BxPC3 cells and human anti-TROP2 antibody IgG
was 85.99% (Fig. 2C).

The results of immunofluorescence detection dem—
onstrated that human anti-TROP2 antibody IgG was
located on the cell membrane of BXPC3 cells (green
fluorescence), while there was no green fluorescence
on NIH3T3 cells. DAPI was located on the nucleus
(blue fluorescence) (Fig. 2D).

Inhibition effect of human anti-TROP2 anti-
body IgG on pancreatic cancer cell proliferation

MTT results showed that when the dilution of hu—
man anti-TROP2 antibody IgG were 1:5, 1:10, 1:20,
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1:40 and 1:80, the inhibition rates of the antibody to
BxPC3 cells were 75.81%+6.76%, 50.38% *+3.95%,
41.41%=*2.29%, 27.35%*+3.36% and 15.29%*2.64%
respectively, while the inhibition rates of the antibody
to NIH3T3 cells were 6.14%*+1.47%, 5.97%+1.35%,
3.14%+0.98%, 2.75%+1.15% and 5.50%+1.98%
(Fig. 3A). The inhibition rates of human anti—-TROP2
antibody IgG to BxPC3 cells and NIH3T3 cells were
analyzed by one—way ANOVA, the results showed
that the inhibitory effect on BXPC3 cells decreased
with the increased dilution, and there was basically
no inhibitory effect on NIH3T3 cells, which indicated
that human anti-TROP2 antibody IgG had an obvious
inhibitory effect on the growth and proliferation of
BxPC3 cells, however, it basically had no inhibitory
effect on NIH3T3 cells, the differences were statisti—
cally significant (P<0.05).

The results of the correlation analysis of antibody
concentration and inhibition rates demonstrated that R
was equal to 0.9691 on BxPC3 cells, and R* was equal
to 0.1921 on NIH3T3 cells (Fig. 3B), which indicated
that there was a dose dependent relationship between
antibody concentration and inhibition rates of BxPC3
cells, while having no relationship between antibody
concentration and inhibition rates of NIH3T3 cells.

DISCUSSION

At present, there are many expression systems ap—
plied to express antibodies and antibody fragments,
including the prokaryotic expression system (yeast,
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Fig.2 Identification and the immunological function of human anti-TROP2 antibody IgG. A: SDS—-PAGE analysis and Western

blot analysis of purified antibody. (a) purified antibodies were detected by SDS—PAGE; (b) purified antibodies were detected by Western blot; M:

marker, 1: antibody electrophoresis band. B: Analysis of antibody titer of human anti-TROP2 IgG antibody. P < 0.05. C: Fluorescence—activated cell

sorter annlysis: the combination of human anti-TROP2 IgG antibody with BxPC3 and NIH3T3 cell lines. P < 0.05. D: Immunofluorescence assay,
the combination of human anti-TROP2 IgG antibody with BxPC3, NIH3T3 cell lines.
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anti—-TROP2 IgG antibody on proliferation ability of BXPC3 and NITH3T3 cell lines. P < 0.05. B: The correlation analysis between the dilutability of
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bacteria, etc.) and eukaryotic expression system
(mammalian cells, etc.), and each has its advantages
and disadvantages. Bacteria are the most mature low
cost expression platform, and it is often used in the
production of antibody fragments. In contrast, the
eukaryotic expression cell has a more complete set of
system on synthesis, assembly and secretion of pro—
tein components. Compared with other expression
systems, there are many advantages in the eukaryotic
expression system, for example, the system has many
post—translational modification options including the
reliable processing of folding antibodies, right con—
nection of glycosylation, amidation, and disulfide
bonding, correct assembly of subunits, and so on, thus
the generated antibody molecules are able to form in—
terchain disulfide bonds as with natural protein'' ™"
The related studies found that small molecule an—
tibody (such as Fab antibody) has many advantages
such as weak immunogenicity, small molecular weight
and easy delivery to tumor tissues, however, it also
has many shortcomings such as short retention time,
easy cleaning, and so on. Therefore, some laboratories
devoted themselves to the study of the whole mo—
lecular antibody, whose advantages include; @ fewer
mouse derived components, which reduces immuno—
logical rejection; @) high affinity and good stability;
® the humanized antibody can activate the comple—
ment system and the biological function mediated by
Fc receptor, which has a lethal effect on target cells;
@ the antibody has long half-life in vivo, the half—
life of the humanized antibody can reach up to several
days, sometimes even close to 21 d, because the Fc
segment is able to specifically bind to the Fc receptor
(FcRn) on human vascular endothelial cells, so that
the antibody can not only resist quick degradation, but
can also be released into the blood at any time. There—
fore, on the basis of that human anti—-TROP2 Fab

antibody which had been developed in our laboratory,
the authors manufactured and analyzed the human
anti-TROP2 antibody IgG.

This experiment successfully constructed the eu—
karyotic expression system of human anti—-TROP2
antibody IgG and obtained pure antibodies. The re—
sults showed that the molecule weight of heavy chain
and light chain were 55 kDa and 28 kDa. The result
of ELISA showed human anti-TROP2 antibody IgG
could specifically combine with TROP2 antigen in
1:6,400 dilution, which indicated that the combina—
tion of human anti-TROP2 antibody IgG and TROP2
protein has high specificity and high titer. The result
of flow cytometry and immunofluorescence showed
that human anti-TROP2 antibody IgG can specifically
recognize the TROP2 protein, and the MTT assay re—
sults indicated that human anti-TROP2 antibody IgG
could inhibit the growth and proliferation of BxPC3
cells obviously. In addition, the results indicated that
the inhibition ratio obviously improved with increased
antibody concentration. In summary, the results of this
study suggest that the human anti—-TROP2 antibody
IgG eukaryotic expression system be successfully
constructed and human anti-TROP2 antibody IgG be
correctly expressed, and the antibody can significantly
inhibit the growth and proliferation of pancreatic can—
cer cells. Therefore, the human anti-TROP2 antibody
IgG has good application prospects in the targeted
therapy of pancreatic cancer.

The dihydrofolate reductase (DHFR) system is cur—
rently the most commonly used mammalian expres—
sion system, which adopted Chinese hamster ovary
cell line (CHO cell line) with DHFR defect. These
cells cannot synthesize tetrahydrofolate, but DHFR is
essential in the biosynthesis of purine, so these cells
can grow only on the medium with thymidine, glycine
and purine. The vector containing the DHFR gene and
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antibody gene were transfected into the CHO cell line,
and then the CHO cell line was grown in the medium
without the above additive. This kind of DHFR func—
tion can be inhibited by MTX (belonging to folic acid
analogs). The anti MTX cell lines can be selected by
continuously improving the concentration of MTX. In
this way a large amount of the DHFR gene can be am—
plified while at the same time, the antibody gene can
also be amplified, thus increasing antibody expression.
It is generally recognized that, compared with Fab,
IgG has a higher affinity, better stability, and is able
to activate the complement system and the biological
function mediated by the Fc receptor. Therefore, CHO
dhfr™ cells were applied to express human anti—-TROP2
antibody IgG, obtaining the whole molecular antibody,
which was more similar to the molecular conforma-
tion of natural antibodies. On the other hand, the hu—
man anti-TROP2 antibody IgG contained Fc segment,
which was able to bind with Protein G in high affinity,
and could be purified by the Protein G affinity col-
umn, the method being less complex, achieving both
heightened efficiency and purity.
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