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Monoclonal antibody production using transgenic mice expressing the human immunoglobulin (Ig)
gene has become the standard technique for the screening of candidate antibodies for medical use. However,
the requirements for the production of functional antibodies and antibodies against specific antigens
are increasingly difficult to achieve. Thus, increased technological advances in transgenic mice, some
of which have already been generated, are expected to improve antibody production. If the Tc technology
using NAC vectors can be applied to the production of fully humanized antibodies using non—mouse rodents,
it is expected to be a breakthrough platform technology to obtain desired antibodies against higher
numbers of antigens with a higher probability than using the currently available methods. The aim of
this study is to generate rats expressing fully human antibodies by transferring the human Ig heavy
and light chains (k and 1) using the NAC vector and by knocking out the endogenous rat Ig genes for
monoclonal antibody production as medical use

During 2016. April and 2017.March, we performed the research as following steps

(1) Homologous recombination—based chromosome modification in DT40 cells and human Ig genes cloning
to novel artificial chromosome vector.

1. The hChr2-NAC in CHO cells was transferred to CHO cells containing the modified human chromosome
14 (CHO (hChr14-cen)), via MMCT. PCR and FISH analyses confirmed that hChr2-NAC was actually transferred
into CHO (hChrl4-cen) cells. IgH region on the modified human chromosome 14 was cloned into the hChr2-NAC
by inducing recombinase expression in CHO (hChrl4—cen) carrying the hChr2-NAC and resultant clone was
designated as CHO(IgH/ k -NAC). PCR and FISH analyses showed that both Igk and IgH region were loaded
on the NAC by translocation—based cloning as expected

2. In DT40 cells harboring a human chromosome 22 ((DT40 (hChr22)), a recombination site was inserted
upstream of IgA region by homologous recombination using targeting vector, IgA —-cen. PCR and FISH
analyses revealed that the recombination site was inserted to desired region on human chromosome 22
(DT40 (hChr22-cen) ).

3. In DT40 (hChr22-cen) cells, a recombination site was inserted downstream of Ig A region by homologous
recombination using targeting vector, Ig A —tel. PCR and FISH analyses confirmed that desired
modification was successfully performed (DT40 (hChr22-cen-tel)).

4. Modified human chromosome 22, hChr22-cen—tel, was transferred into CHO cells carrying the NAC vector
via MMCT. PCR and FISH results revealed that hChr22-cen—tel was successfully transferred into CHO cells
containing the NAC.

(2) Establishment of rat ES cells carrying human Ig genes and generation of rats with human Ig genes.
Constructed Igl/ k -NAC vector was transferred into rat ES cells via MMCT. PCR and FISH analyses confirmed
that the IgH/ k -NAC was actually maintained in rat ES cells. Next, rat ES cells carrying the IgH/
k —NAC were injected into rat blastocysts. Injected blastocysts were transferred into pseudopregnant
females and chimeric rats were obtained

(3) Construction of vectors for disruption of rat Ig genes and knock—out (KO) of rat Ig genes

F1 hetero rats were crossed and obtained homo F2 and F3 rats were confirmed by genotyping for each
strain establishment. Each homo KO rat strain was further analyzed to confirm gene disruption.

(4) Confirmation of B cell deficiency and functional restoration

FACS and ELISA analyses were performed using each homo KO rat strain. Results confirmed the functional
KO in each rat Ig gene KO strains. In 4 of 9 IgH-1 KO strains, 3 of 6 Igk KO strains, 1 of 1 IgA

KO strain and 2 of 2 IgH-2 KO strains, Ig genes were functionally disrupted.
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