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A murine monoclonal antibody HAb27 specific for

human hepatocarcinoma has been developed for radio-

immunolocalization in animal models. The isotype of this

antibody was IgG1, K. In the present study, we used a set

o f oligonucleotide primers to amplify the cDNA of mouse

immunoglobulin heavy and light chain variable region

genes by the polymerase chain reaction. Sequence analysis

o f the heavy variable region indicated that the Vn region

was highly homologous to the plasmacytoma cell line

MOPC21 gene, and closely related to germline genes of

the VHIII family. The Ju region was encoded by the JH3

gene. For the light chain, the VK segment of the antibody

showed the highest homology to the germline VKOxl gene,

and the Js: region was JK5.
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Clinical appl icat ions of monoclonal antibodies
(MAbs) in cancer management include both diagnos t ic
and therapeutic modal i t ies . Thei r in vivo applicat ion
is l imi ted because in mos t cases human MAbs of the
desired specif ici ty are diff icul t to prepare. Most
avai lable MAbs are derived from mouse hybr idomas,
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and the i r inherent immunogenic i ty in pat ients
precludes the i r long term adminis t ra t ion] A new
generation of MAbs for human therapy is being
produced by recombinant DNA technology. T h e s e
MAbs are either chimeric2'3 or ful ly humanized,4'5 and
the i r expression in a variety of sys tems promise to be
extremely impor tant . One of these advances has been
the development of recombinant single-chain antigen-
binding prote ins , also termed single-chain Fvs, have
recently been constructed and expressed in
Escherichia coli and, us ing a variety of l inkers , have
been reported to have Ka values approximately one
third to one seventh that of the Fab fragmentY A
reduction in the size of the immunoglobul in molecule
has been proposed as a mean of increasing tumor
penetrat ion, rapid clearance from the blood pool , and
decreasing the human anti-murine ant ibody ( H A M A )
response.

Murine HAb27 possesses high specif ici ty for
h u m a n hepatocarcinoma in establ ished cell lines and
biopsy t i ssues .8 It is min imal ly reactive wi th normal
t i s sues , making it a logical candidate for clinical use.
Radiolabel led HAb27-IgG has been successfully to
image human hepatocarcinomas in nude mice. Here
we report the molecular cloning and expression of the
variable region gene for the HAb27 ant ibody, and the
sequence information along with the sequence analysis



is described.

MATERIALS AND METHODS

Hybridoma Cell Line

The hybr idoma cell l ine HAb27 used in this
s tudy produced an IgGl-kappa ant ibody. Detai ls
regarding the generation and characterization o f this
hybr idoma cell line has been described) Cel l s were
grown in RPMI 1640 medium supplemented with
10% fetal bovine serum and 4raM L-glutamine.
Cel l s were maintained at 37 °C in a humidif ied
atmosphere wi th 5% CO2.

Preparation of RNA And Complementary DNA

Cultured hybr idoma cells (up to 106/experiment )
were washed twice in s te r i le phosphate-buffered sal ine
( P B S ) and suspended in 500 ~tl of guanidinium
isothiocyanate solution. Total cytoplasmic RNA was
purif ied by two extraction wi th chloroform/isoamyl
(49:1 v/v), precipi tat ing at -20 °C by the addi t ion of
1/10 vol. o f 3M sodium acetate pH 4.8 and 2.5 vo l s . of
ethanol and then collected by centrifugation for 20
minutes at 4 °C, washed in 70% v/v ethanol , and
resuspended in 50 gl of die thyl pyrocarbonate (DEPC)
-treated distilled w a t e r before storage at -20 °C.
F i r s t strand complementary DNA (cDNA) was
synthesized at 42 °C for 1 hr in a 20 gl reaction
vo lume with oligo-(dr)ls pr iming . This reaction
mixture contained: 8 g l of total RNA, 2 ~tl of ot igo-
(dT)ls primer, 4 lal of dNTP mix, 2 lal of 10x firs t
strand buffer, 1 lal RNasin , 1g l of reverse transcriptase
(Boerhinger Mannheim, Germany), 2 ~tl DEPC-treated
distilled water.

PCR Amplifications

For amplif icat ion wi th a thermostable DNA
polymerase, a 50 I,tl of reaction mixture containing 5
~tl of 10x reaction buffer, 4 ~tl of dNTP mix and 40
pmol of each primer (VHBACK 5'GAATTCATGCA-
GGTGCAGCTGTTGGAGTCTGG3'; VaFOR5'GT-
CGACTATGAGGAGACGGTGACCAGGGTGC C3 ';
Vvd:OR5'GTCGACTAACGTTTGATCTCCAGCTT-
GGTC3'). 0.5 p,1 (2U) Taq DNA polymerase (Boer-
hinger Mannheim, Germany), 2 lal o f the cDNA and
35 ~tl distilled water. Fol lowing the addi t ion of 50 gl

mineral oil, reaction were subjected to 35 temperature
cycles compris ing 94 °C for 50 seconds, 55 °C for
60 seconds and 72 °C for 60 seconds, wi th an
additional extension step of 10 minutes after the last
cycle. Amplif icat ion products were assessed by
electrophoretic separation of 8 lal a l iquots in 1.5%
agarose gels and visual izat ion of e th id ium bromide
stained bands under ultraviolet illumination. The
remaining 42 ~tl of P C R reaction products were
extracted wi th phenol/chloroform. Fol lowed by
ethanol precipitation. The samples were taken up in 20
lal of distilled water and stored at -20 °C.

Nucleotide Sequencing of PCR-amplified V~ and
VK Gene

The P C R products were digested wi th EcoRl
and Sall and ligated into the sequencing vector
M13mplS /mpl9 . The l iga t ion reaction was used to
transfect the competent E. coli JM109 cel ls , us ing the
calcium chloride method and recombinant M13
plaques were used to prepare ssDNA for sequencing.9
Dideoxynucleotide chain terminat ion sequencing was
carried out us ing the SEQUENASE T7 DNA poly-
merase according to the manufacturer 's protocol
(United States Biochemical Corp.). The sequences
were analysed by the computer program and compared
with GenBank data.

RESULTS

PCR Amplifications

Figure 1 shows the V~ RT-PCR products
obtained from the hybr idoma cell l ine (approx. 430
bp). For the V~ gene of HAb27, the amplif ied DNA
was seen as a major band of the expected size (330 bp ,
Figure 2). The products from the reactions were
analyzed by 1.5% agarose gel electrophoresis , which
showed that only one detectable cDNA species was
present in each reaction. Moreover, the cDNA
fragments produced in these reactions were of the
appropriate size for the respective Ig V~ and V~:.

Nucleotide And Amino Acid Sequences of
Immunoglobulin Variable Regions

The P C R products from each reaction were
digested wi th EcoRI and Sa i l , l igated into MI 3mp18/



Fig. 1. Amplified cDNA from heavy chain variable

region of hybridoma HAb27. The sample ( 5 V1 ) was
checked on 1,5% agarose gels and stained with ethidimn
bromide. Lane A: Amplified heavy chain DNA. Lane B:
pGEM7zf (+)/HaellI fragment as marker.

utilizes the VHIII f a m i l y genes . C o m p a r i s o n the VH

segment of H A b 2 7 with the known germl ine genes i n
data bank indicated that the VH gene of HAb27 h a d

the highest h o m o l o g y to m o u s e p l a s m a c y t o m a M O P C -
21 gene.1° The JH segment w a s encoded by JH3.
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Fig. 2. Amplification of the light chain gene of the
mouse hybridoma HAb27. The PCR product was run o n a
1.5% agarose gel. Marker sizes are given in bp.

m p l 9 and sequenced. Figure 3 a and 3 b s h o w that
nucleot ide and amino acid sequences of the immuno-
g l o b u l i n heavy and l ight c h a i n v a r i b l e regions of
HAb27 . The results o f this analysis conf irmed that
we had se lec t ive ly ampl i f i ed , c loned the heavy and
l ight c h a i n V-regions of a n I g gene, s ince the sequen-

ces obtained a h i g h degree of h o m o l o g y to previous
publ ished I g V-regions i n GenBank. Identification of

the H A b 2 7 heavy c h a i n V - r e g i o n sequence a s a y
c h a i n w a s confirmed by the characteristic invariant
C y s residues at 2 3 aa and 9 7 aa. The VH segment
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Fig. 3. (a) Nucleotide sequence and the deduce amino
acid sequence of HAb27 antibody Vu and (b) V~:. The

complementarity determining regions (CDRs) are underlined.

A n a l y s i s o f complete l i gh t c h a i n V a r i a b l e r e g i o n
nucleot ide sequence showed characteristic • c h a i n
invariant C y s residues at 2 3 aa and 8 7 aa. Searching
of the nucleot ide and infered amino acid sequence of



VK fragment in EMBL database revealed that it was
maximum homology with ~ light chain from murine
germling VK O x l gene. 11 The JK segment o f HAb27

was encoded by JK5.

D I S C U S S I O N

The sequencing and cloning o f immunoglobulin

variable region g e n e s is the first and often rate-
limiting step in making genetic engineering antibodies.
W e here devised a simple and rapid way o f cloning
these g e n e s via the PCR. By making a systematic
comparison o f identified nucleotide sequences at the

5 ' ends o f both VH and V~ genes that are relatively
conserved, we are able to dis ign primers for P C R
amplification b a s e d on these sequences and to include

restriction sites for forced cloning. In general, the
clones c o u l d be screened directly by sequencing, with
almost all o f the recombinants carrying the correct
inserts. From the m o u s e hybridoma, we succeeded in

preparing R N A and amplified cDNA that can be
sequenced. Errors in the amplified V, and V~ g e n e s

were readily identified by sequencing clones from two

independent amplifications. W e observed no nucleo-
tide discrepancies on comparing three pairs o f about
300 nucleotides. G i v e n our choice o f priming sites, it

is not possible to determine the exact sequence at both
ends o f the variable genes, a s it is dictated by the
primers. However, to some extent , we can reconstruct
the sequence in these regions. HAb27 was heavy

chain JH3 and light chain J~c5, assuming no somatic
mutation. Analysis o f the V-region sequence revealed
that the V, and V~ g e n e s o f H a b 2 7 is related to the

MOPC-21 gene and the germline V , O x l gene with
80% and 85% identity in the nucleotide sequence,
respectively. The major amino acid residue changes
are in the C D R 3 , an important feature o f the "affinity

advantage" by the somatic mutation process driven by
antigen. 12,13
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