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Abstract We designed two sets of oligonucleotide 
primers to amplify the immunoglobulin heavy- and 
light-chain variable-region genes from genomic DNA 
by polymerase chain reaction (PCR). The genomic 
DNA was extracted from hybridoma BDI-1 cells, 
which secreted a monoclonal antibody (mAb) against 
human bladder carcinoma. The primers contained 
special restriction sites that allowed the variable-region 
genes to be easily cloned for sequencing and expression. 
The recombinants were sequenced by Sanger's method. 
It was proved that the full lengths of the Vn and 
VK genes were 366 and 324 bp, respectively. Compared 
with other published sequences, the Vn gene was 
a member of mouse heavy-chain Vn subgroup II and 
originated from the rearrangement of Vn, Dsp2.2 and 
JH4. The VK gene was VK subgroup IV and from VK and 
JK4. The VH and VK genes was inserted expression 
vector pWAI80. By inducement, the ScFv antibodies 
were expressed and secreted from Escherichia coli. 
Binding activities against the bladder carcinoma cells 
were detected. We suggest that ScFv antibody recog- 
nized the antigen specifically. 
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Introduction 

Bladder carcinoma is the commonest urological malig- 
nancy in China. It is frequency multifocal, and has a 
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high recurrence rate even following apparently succes- 
sful treatment with standard measures, such as ultimate 
radical cystectomy, chemotherapy and radio- 
therapy [13]. For the early detection and treatment of 
bladder carcinoma, one new modality worth consider- 
ing is the use of monoclonal antibodies (mAbs) [1]. 
During the last decade we have produced and used 
mAbs for immunoimaging and immunotherapy 
[18-20]. In clinical practice, we have found several 
problems with mAbs. One major problem associated 
with their repeated use is the production of human 
antimouse antibodies (HAMAs), which may combine 
with the administered mAbs to reduce the effective dose 
able to reach the tumor site and in some cases produce 
allergic reactions in patients [18]. Ideally, human anti- 
bodies would be used. However, these have been 
proven difficult to make by the conventional method 
[6, 8, 15]. 

Recently, protein engineering has been used to con- 
vert mouse mAb into "human" mAb by joining the 
entire immunoglobulin variable (V) domains from 
mouse to human constant (C) domains [11] or by trans- 
planting the complementarity-determining regions 
(CDRs) of the mouse mAbs into human antibodies 
[12]. One of these advances has been the development 
of recombinant single-chain antigen-binding proteins 
[11]. These are composed of a variable light-chain 
amino acid (VL, VK or V./) sequence of an immuno- 
globulin tethered to a variable heavy-chain (Vn) se- 
quence by a designed peptide that links the carboxyl 
terminus of the VL to the amino terminus of the VH or 
vice versa. ScFv (Single-chain Fv) antibodies are ex- 
pected to have several advantages in clinical applica- 
tion, one of which is that the ScFv antibody is much 
smaller than the original mAb, being therefore less 
immunogenic and may penetrate the microcirculation 
surrounding the solid tumor; it is also easily produced 
in E. coli [2, 4, 5, 17]. In this paper, we report on the 
construction and expression of ScFv antibody against 
bladder carcinoma. 
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Material and methods 

Production and characterization of mAb 

BDI-1 is a murine hybridoma established by ourselves, which pro- 
duces a mAb (yl/K) against bladder carcinoma. It was generated by 
the immunization of BALB/c mice with BIU-87 bladder carcinoma 
ceil line, which was established in 1987 in our laboratory. Indirect 
immunofluorescence assay and ABC enzyme-linked immunoabsor- 
bent assay (ELISA) immunohistochemical staining demonstrated 
that the BDI-1 mAb had a strong binding reaction with bladder 
carcinoma tissue, BIU-87 and E-J bladder carcinoma cell line, but 
that there was no reaction with normal bladder tissue, other human 
normal tissue and most fetal tissues, mAb BDI-1 recognizes a 114- 
kDa glycoprotein. Its detailed generation, characterization and reac- 
tivation have been described elsewhere [10]. 

Extraction of genomic DNA from hybridoma cells [14] 

Hybridoma cell pellets were resuspended in a small volume of 
phosphate-buffered solution (PBS) and lysed in a volume of 0.5% 
sodium dodecyl sulfate (SDS), 100 mM NaC1, 100 mM TRIS-HC1 
(pH 8.0) and t00 mM ethylenediaminetetraacetate (EDTA) (pH 8.0), 
to give approximately 5 x 107 cells/ml. Protein was then digested 
first using RNase A at a concentration of 0.1 mg/ml for 1 h at 37 ~ 
and followed by proteinase K at 0.25 mg/ml overnight at 55 ~ Next 
day the viscous solution was poured into a collodion bag and 
dialyzed 3 times against 4 L 10 mM TRIS-HC1 (pH 8.0) and 20 mM 
EDTA (pH 8.0) until the OD27o of the dialysate was less than 0.05. 
The absorbance of the DNA was measured at 260 nm and 280 nm. 

PCR amplification 

PCR amplification was performed for both immunoglobulin heavy- 
and light-chain variable-region genes using DNA as template. We 
designed two sets of PCR primer for the mouse variable-region 
genes by computer analyses of published sequences of antibody 
gene. The primers for amplification incorporated restriction endo- 
nuclease sites for forced cloning. PCR was performed according to 
the standard protocols using Taq thermostable DNA polymerase, 
30 cycles by denaturation for 1 min at 94 ~ annealing for 1 min at 
55 ~ and extension for 2 min at 72 ~ PCR products were visuali- 
zed on an 8% polyacrylamide gel stained with ethidium bromide. 

Cloning and sequencing 

Amplified DNA was ligated into a sequencing vector pUC19 
predigested with the blunt end restriction endonuclease HinCII. 
Ligation was transformed into the fresh competent cells DH5~. 
Transformants containing insert were identified by white clone (plus 
insert) versus blue clone (minus insert). To ensure that white colony 
contained immunoglobulin variable region the plasmids were then 
digested with XbaI and EcoRI (VK), XhoI and SpeI (VH). If the 
plasmids contained an insert, they were subjected to DNA sequence 
analysis to further ensure that the inserts were anti-bladder carci- 
noma immunoglobulin variable-region genes. Double-stranded se- 
quencing was performed using the T? sequencing Kit (Phamacia). 

Construction and expression of single-chain Fv antibody 

The PCR products in pUC19 were digested with XhoI/SpeI (VH) and 
EcoRI/XbaI (Vc) and ligated with the vector pWAI80 (Fig. 1). The 
ligation product was transformed into E. coil XLl-blue and screened 
the recombinant with Amp. The recombinants carrying VH and 
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Fig. 1 Schematic drawing of the expression vector pWAI80. For 
antibody expression the vector contains a pelB signal sequence 
which directs ScFv and is released into the bacterial periplasm and 
suspernatant 

Vc were identified by enzyme digestion. For the expression of ScFv, 
a single colony of recombinant was inoculated into 30 ml Super Broth 
[3% Bacto Trypton, 2% Bacto Yeast Extract, 1% (N-2-morpho- 
lino)propane sulfonic acid (MOPS), pH 7.0] containing 20mM 
MgC12 and 0.05 mg/ml Amp, grown at 37 ~ for 6 h (OD600 = 0.2) 
and induced by adding isopropyl thiogalactoside (IPTG) to the final 
concentration of 1 mM and continued to incubate overnight at 30 ~ 
The cells were recovered by centrifugation for 15 min at 1500 g. The 
cell pellet was resuspended in 1 ml PBS (0.8% NaC1, 0.02% KC1, 
0.144% Na2HPO4, 0.024% KH2PO4, pH 7.4) and lysed by freezing 
in a dry ice-ethanol bath for 5 min followed by thawing at 37 ~ in 
a water bath. This process was repeated 4 times. Pellet cell debris 
was centrifuged at 8000 g in an Eppendorf centrifuge. The super- 
natant was transfered to a fresh tube and used for ELISA. 

Analysis of antigen-binding activities by ELISA 

Four groups were used: (1) positive control: added BDI-1 only, 
(2) negative control: added noninduced lysate (NIL) only, 
(3) NIL + BDI-1 and (4) Lysate + BDI-1. The bladder carcinoma 
cells (BIU-87 or E - J, 106 cell/ml), 0.1 ml/well, were added to the 
wells of the ELISA plate, three wells/group. The supernatants were 
discarded after being centrifuged for 10 min at 400 g. The cells were 
washed twice with PBS. The fixing solution (0.5% glutaraldehyde), 
0.1 ml/well, was pipetted for 3 min at room temperature and then 
discarded. The blocking solution (3% bovine serum albumin), 
0.2 ml/wetl, was added and incubated for 3 h at 37 ~ In this step, 
different solution was added to each group (PBS, noninduced lysate, 
lysate) and incubated for 1 h at 37 ~ After washing the secondary 
antibody was added and incubated as above. Finally, added the third 
antibody (peroxidase-sheep anti-mouse IgG conjugate) and incubated 
for 0.5 h at 37 ~ washed, and then added substrate. The different 
OD values were shown on the Bio-Rad EIA Reader at 492 nm. 

Results 

Specificity of mAb 

In order to prove the specificity of mAb, the bladder 
tumor cells were detected by indirect immunofluores- 



cence. Second, immunohistochemical staining (avidin- 
biotin peroxidase method) of bladder carcinoma tissue 
demonstrated the extraluminar presence of the BDI-1 
epitope. Third, radioimmunoscintigraphy of nude mice 
bearing bladder carcinoma cell xenografts and patients 
was conducted. Overall results showed both a high 
sensitivity and specificity of immmunoimaging for both 
the primer and recurrent tumor (Fig. 1). 
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The major PCR products obtained after ethidium bro- 
mide staining are shown in Fig. 2. Their sizes are about 
340 and 380 bp. Amplified DNA fragments encoding 
variable regions were selected by size in agarose and 
subcloned in pUC19 vector, thus allowing sequencing 
of both strands of the fragments. 

PCR products 

Total DNA was isolated from hybridoma cells. 
O D 2 6 o / O D 2 8  o was 1.9. Primers employed in this study 
were as follows: 

VL back: 5' CCTCTAGAGAAATTGTTCTCACCCA-  
GTCTCC 3' XbaI 

VL forward: 5' CCGAATTCTTTTAGTTCCAACTTT-  
GTC C C C G 3' EcoRI 

VH back: 5' G G C T C G A G C A G G T G C A G C T G G T G -  
G A G T C T G G  3' XhoI 

Vn forward: 5' G G A C T A G T T G A G G A G A C G G T G A -  
C T G A G G T T C  3' SpeI 

Fig. 3 PAGE (8%) of PCR 
products, a Length of molecular 
weight marker is 2645, 1605, 
1198, 676, 517, 460, 396, 350 bp. 
b Amplified VK gene by PCR. 
c Amplified Vn gene by PCR 

Fig. 2a-d Specificity of mAb against bladder carcinoma, a Tumor 
cells detected by indirect immunofluorescence, b immunohis- 
tochemical staining of bladder carcinoma tissue, c radioim- 
munoimaging of nude mice bearing bladder carcinoma cell xeno- 
grafts at 48, 72, 120 h, d human primary bladder tumor detected by 
immunoscintigraphy after instillation with 131I-mAb 
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Fig. 4 Nucleotide sequence and 
deduced amino acid sequence of 
VH gene of BDI-1.CDRs are 
underlined 

Q V Q L V E S G A E L V K P G A 
CAG GTG CAG CTG GTG GAG TCT GGG GCA GAA CTT GTG 7~hG CCA GGG GCC 

S V K L S C T A S G F N I K D T 
TCA GTC AAG TTG TCC TGC ACA GCT TCT GGC TTC AAC ATT AAA GAC ACC 

CDRI 
F I H W V K Q R P E Q G L E W I 

TTT ATA CAC TGG GTG AAG CAG AGG CCT GAA CAG GGC CTG GAG TGG ATT 

G R I D P A D G N V K Y D P K F 
GGA AGG ATT GAT CCT GCG GAT GGT AAT GTT AAA TAT GAC CCG AAG TTC 

CDR2 
Q G K A T I T A D T S S N T A Y 

CAG GGC AAG GCC ACT ATA ACA GCG GAC ACA TCC TCC AAC ACA GCC TAC 

L Q L S S L T S E D T A V Y Y C 
CTG CAG CTC AGC AGC CTG ACA TCT GAG GAC ACT GCC GTC TAT TAC TGT 

A R S G S T V I D Y Y V M D Y W 
GCT AGA TCG GGC TCT ACG GTA ATA GAT TAC TAT GTT ATG GAC TAC TGG 

CD~f 
G Q G T S V T V S S 

GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA 

Fig. 5 Nucleotide sequence and 
deduced amino acid sequence of 
V~ gene of BDI-1. CDRs are 
underlined 

E I V L T Q S P 
GAA ATT GTT CTC ACC CAG TCT CCA 

E R V T M T C T 
GAA CGG GTC ACC ATG ACC TGC ACT 

Y L H W Y Q Q K 
TAC TTG CAC TGG TAC CAG CAG AAG 

I Y S T S N L A 
ATT TAT AGC ACT TCC AAC CTG GCT 

CDR2 
G S G S G T S Y 

GGC AGT GGG TCT GC~ ACC TCT TAC 

A E D A A T Y Y 
GCT GAA GAT GCT GCC ACT TAT TAC 

F T F G S G T K 
TTC ACG TTC GGC TCG GGG ACA AAG 

A I M S A S L G 
GCA ATC ATG TCT GCA TCT CTA GGG 

A S S S I S S T 
GCC AGC TCA AGT ATA AGT TCC ACT 

CDRI 
P G S S P K L W 

CCA GGA TCC TCC CCC AAA CTC TGG 

S G V P T R F S 
TCT GGA GTC CCA ACT CGC TTC AGT 

S L T I S S M E 
TCT CTC ACA ATC AGC AGC ATG GAG 

C H Q Y H R S P 
TGC CAC CAG TAT CAT CGT TCC CCA 

CDR3 
L E L K 

TTG GAA CTA AAA 

Sequence analysis of variable regions 

As shown in Figs. 3 and 4, a full length of the Vn gene 
was 366 bp and coded for 122 amino acids. The V~: re- 
gion was 324 bp and 108 amino acids. They have been 
cloned successfully. Compared with other published 
sequences [71, the VH gene is a member of the mouse 
heavy-chain Vn subgroup I and originates from re- 
arrangement of Vm Dsp2.0 and JH4- The VK gene was 
VK subgroup IV and originated from VK and JK4. In 
addition, for proving the identity between the PCR 
products from genomic DNA and cDNA, cDNA was 
prepared (cDNA Synthesis Kit, Boehringer Mannheim) 
by reverse transcription from RNA (RNA isolation, 
Gibco BRL Kit) of the BDI-1 hybridoma cells, and 
amplified by the PCR procedure described above. 
The results showed that the sequence of PCR products 
of cDNA was the same as that of genomic DNA by 
sequencing. 

Immunological activity assay 

Because the ScFv an t ibody  lacks the Fc fragment,  the 
ant igen-binding activity cannot  be detected by usual 
ELISA,  so we used the " immunologica l  compet ing  
inhibit ion" me thod  1-3, 91. The result (Table 1) showed 
that  the lysate of induced clone 3 could inhibit 83% of 
the ant igen-binding activity of original m A b  BDI-1,  

Table 1 Immunologicai competing inhibition (NIL noninduced ly- 
sate). Inhibition% = (ODn -- OD~)/ODn x 100% (n: NIL + BDI-1, 
I: Lysate + BDI-1) 

Groups 0D492 Inhibition (%) 

BDI-1 (positive control) 0.862 
NIL (negative control) 0.000 
NIL + BDI-1 0.715 
Lysate + BDI-1 0.121 83 
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and that the ScFv antibody in lysate could bind specifi- 
cally to the epitope of bladder carcinoma cells. 

Discussion 

PCR is now widely used for cloning genes. Generallly, 
many laboratories use cDNA reverse-transcribed from 
RNA as template for PCR amplification. In this study 
we amplified variable-region genes from total DNA 
extracted with hybridoma cells by PCR technology. 
Because the immunoglobulin genes of hybridoma cells 
were rearranged, the VH and VK genes did not contain 
introns and could be amplified from total DNA dir- 
ectly. We consider that this method is feasible without 
RNA Isolation Kits and the cDNA Synthesis. Ward et 
al. [16] drew similar conclusions. By sequencing and by 
the fact that the sequences were consisted with the 
sequences of PCR product from cCNA it was proved 
that the VH and VK genes of mAb against bladder 
carcinoma were successfully amplified from total DNA 
of hybridoma BDI-1. The pWAI80 vector constructed 
by ourselves has multiple cloning sites for VH and 
VK genes and a linker between the genes, so the ex- 
pressed product would be a single-chain Fv antibody. 
As the result of competing inhibition by ELISA, the 
ScFv antibody was specifically bound to the epitope of 
bladder carcinoma cells. The vector mainly secreted 
antibody into the periplasmic space of bacteria, al- 
though it contains the pelB signal sequence. Only 
a small quantity of ScFv protein was secreted into the 
medium, which was not enough to be detected by 
sodium dodecyl sulfate-polyacrylamide gel electro- 
phoresis (SDS-PAGE). The above results lead us to 
believe that the ScFv antibody against bladder carcinoma 
was successfully constructed and expressed. We expect 
that the antibody will be used for immunodiagnosis and 
immunotherapy of urological tumors as soon as possible. 
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