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SUMMARY

An efficient and rapid procedure for the humanization of murine monoclonal antibodies (MumADb) is described. It
consists of site-directed mutagenesis (SDM) to transfer the murine complementarity-determining regions (MuCDR)
onto human framework regions (HuFR), followed by polymerase chain reaction (PCR) of the SDM product. Using
SDM/PCR, rapid and correct humanization of MumAb heavy chains is clearly demonstrated. Compared to current
protocols this method considerably reduces the time and labour required to generate humanized mAb.

To test large numbers of HumAb for immunotherapy,
a simple and efficient method for humanizing MumAbD is
required. Both SDM (Riechmann et al., 1988) and PCR
(Lewis and Crowe, 1991) have been used separately to
humanize MumAb. However, these procedures have
either very low efficiency, or are time consuming.
Described here is a new efficient humanization method,
which consists of SDM followed by PCR of the SDM
product (see Fig. 1). The effectiveness of the SDM/PCR
humanization procedure is demonstrated by humanizing
the Vi; domain of MumADb (40-40) (Hudson et al., 1987)
and DX48 (Lewis and Crowe, 1991). These two MumAb
are specific for the hapten digoxin.

The DNA fragment (HindIII-BamHI) coding for the
heavy chain variable domain (HuVyp) from the human-

Correspondence to: Dr. J.S. Sandhu, Samuel Lunenfeld Research
Institute, Mount Sinai Hospital, 600 University Avenue, Toronto,
Ontario M5G 1X5, Canada. Tel. (1-416) 586-8251; Fax (1-416)
586-1570.

*On request, the author will supply detailed experimental evidence for
the conclusions reached in this Brief Note.

Abbreviations: CDR, complementarity-determinining region(s); Ab,
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ized mAb Huy, (specific for the hapten nitrophenactyl)
was removed from the plasmid pSV,, HuVy-HulgG
(provided by Dr. Neuberger, Cambridge, UK), and
cloned into the corresponding sites in M13mpl8,
to produce the construct MI13mpl8HuVy,. The
M13mpl8HuVye ss DNA was used as the template for
the SDM. The oligos used for the SDM coded for
MumAb DX48 or (40-40) V,; CDRs, and HuVye FRs.
The SDM reactions were done using the modified
method of Taylor et al. (1985). During each SDM either
MuCDRY, or MuCDR! and -2, or MuCDRI1, -2 and -3
were transferred onto HuVy, FRs. A portion (80%, v/v)
of the SDM DNA was used to transform competent E.
coli cells (TG1). The resulting colonies were screened with
[**P]oligos coding for (mAb (40-40) or DX48) Vg,
MuCDR1 (Sambrook et al., 1989). The number of bacte-
rial colonies positive for Vi; MuCDR1 for mAb (40-40)
or DX48 are shown in Table I. Plasmid DNA from 10
MuCDR1-positive colonies was prepared, and the Vi
domains were sequenced (Sanger et al., 1977; the results
are shown in Table I). PCR of the SDM DNA (20%, v/v)
was done using primers designed to generate the Vi
domains of the HumAb (40-40) or DX48. The PCR DNA
was digested with PstI + BstEIl and an aliquot (10%, v/v)
was inserted between the corresponding restriction sites
in the expression plasmid pVHD1.3-VKD1.3tagl (pro-
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Fig. 1. The SDM/PCR humanization procedure. The oligos (I, II and
I11) coding for the MuCDRs and HuFRs were annealed to the HuVy,
ss DNA. Step A: second ss synthesis was done with phage T4 DNA
polymerase using [a->>S]dCTP in the presence of phage T4 DNA ligase
to generate the mutant heteroduplex DNA. Step B: the first ss does not
have the [a->*S]dCTP and, therefore, can be nicked with Neil and
digested with exonuclease IIl. The first ss was repolymerised with E.
coli DNA polymerase 1, and the two DNA ends were ligated with phage
T4 DNA ligase. Step C depicts the annealing of the PCR primers 1 and
2, to the double-stranded DNA generated by the SDM reactions. In
Step D, DNA suitable for cloning into a plasmid expression vector was
produced by PCR.

DNA was transformed into E. coli DHS, and the resulting
colonies were screened using [*?PJoligos coding for
{mAb (40-40) or DX48) V,; MuCDRI. The number of
MuCDRI1-positive clones for mAb (40-40) or DX4§
are shown in Tablel. Plasmid DNA from ten
MuCDR1-positive colonics was made, and the Vy
domains were sequenced (see Table I). Most of SDM
DNA (80%, v/v), but only a small portion of PCR DNA
(2% (v/v) of the original SDM DNA) was used to trans-
form E. coli. The number of V; MuCDRI1-positive colo-
nies obtained for mAb (40-40) and DX48 is higher by the
SDM/PCR protocol compared to SDM procedure alone.
For example, using SDM to graft the three Vi MuCDRs
of mAb (40-40) onto HuFRs, no MuCDR 1-positive colo-
nies were detected. However, using SDM/PCR, 30
MuCDR1-positive colonies were detected, and 10 had the
correct Vy nt sequence. These data clearly demonstrates
the advantage of PCR amplification of the low copy
number of the SDM DNA coding for the humanised Vy.
The data in Table I show that as the number of MuCDRs
transferred in a single SDM or SDM/PCR increases (from
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TABLE

E. coli colonies generated by the SDM and SDM/PCR humanization
procedure

Number of MuCDRs transferred onto HuFRs in

each SDM?
1 1and 2 1.2 and 3
Heavy chain {40-40)"
SDM 100 (80%) 50 (60%) 0 (0%)
SDM/PCR 210 (90%) 100 (70%) 30 (30%)
Heavy chain (DX48)°
SDM 150 (70%]) 65 (50%) 4 (25%)
SDM/PCR 360 (70%) 190 (60%) 55 (30%)

Aliquot (80%, v/v) of the DNA from each SDM was used to transform
E. coli TG1. The remaining 20% (v/v) of the SDM DNA was used for
PCR. Aliquot (10%, v/v) of the PCR DNA was used for ligation and
transformation of E. coli DHS. The number of colonies positive for
mAb {40-40) or DX48 Vy; MuCDRI1 obtained by SDM and SDM/PCR
are shown. The Vy domain of 10 muCDRI-positive colonies from each
SDM and SDM/PCR was sequenced and the percentage of colonies
with the correct DNA sequence are shown in bracket.

2In each SDM or SDM/PCR either MuCDRs 1, 0or 1,2 or 1, 2, 3 were
transferred onto HuFRs.

*Heavy chain of the antidigoxin mAb 40-40.

“Heavy chain of the antidigoxin mAb DX48.

9Plasmid DNA was available from only four colonies, and one colony
had the correct Vy nt sequence.

1 to 3) the number of colonies positive for mAb 40-40 or
DX48 MuCDRI1 with the correct nt sequence decreases.

After humanization of DX48 and (40-40) heavy chain
by SDM and SDM/PCR, the Vi of MuCDR1-positive
colonies was sequenced. The sequence data showed that
for both SDM and SDM/PCR humanization protocols,
the number of sequence errors in the humanized (40-40)
and DX48 V,; DNA was similar. Therefore, the PCR step,
does not significantly increase the number of sequence
errors in the humanized Vy DNA.
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