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Generation and structure-based design of functional human antibodies that bind to the extracellular

domains of membrane proteins
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(1) Technological advancement in producing antibodies that bind to conformational epitopes in the
extracellular domain (ECD) of drug target membrane proteins

So far, our group have used liposome ELISA as a key technology in the search for antibodies against conformational
epitopes in membrane proteins. However, in reconstitution of membrane proteins in liposomes, their orientation
cannot be controlled. Therefore, in liposome ELISA, antibodies to both extracellular and intracellular domains are
obtained. To complement this weakness, we have established a new method, baculovirus-targeted ELISA (BV-
ELISA), in which antibodies that specifically recognize ECD of membrane proteins. Furthermore, we have
established human antibody-producing trans-chromosomic mice (TC-mAb mice) that stably maintain a mouse-
derived, engineered chromosome containing the entire human Ig heavy and kappa chain loci in a mouse Ig-
knockout background. The TC-mAb mice offer a valuable platform for obtaining fully human therapeutic
antibodies.

(2) Examples of generating functional antibodies that recognize conformational epitopes of ECD in
therapeutic target membrane proteins

1) Antibodies against human membrane protein A, which is involved in metastasis and malignant
transformation of colon cancer cells

Membrane protein A is known to be a candidate factor involved in metastasis and malignant transformation
progression. To investigate function of the membrane protein A in the cancer microenvironment, we generated
several strains of monoclonal antibodies against the membrane protein A that recognize the conformational
epitopes in its ECD. The effects of the administration of these antibodies on in vivo cancer transplantation and
metastasis experiments were examined, and it was observed that cancer metastasis was significantly increased when
the YN5848 strain antibody IgG was administered. The results of histological analysis of metastases collected from
liver tumor lesions showed marked fibrosis. The relative ratio of metastatic area to the total liver area was
significantly greater after treatment with the antibody, leading to the conclusion that these antibodies are functional
antibodies that promote colorectal cancer metastasis. Furthermore, in vitro growth experiments of cancer organoid
cells showed that migratory pseudopodia-like projection structures appeared significantly more frequently in the
cells only when they were cultured with the antibodies. Although endogenous growth factors also induce
morphological changes in cells at low frequencies, there is no other report of highly efficient artificial induction of
invasive morphological changes involving cytoskeletal regulation by the administration of artificial antibodies. The
antibody is likely to be a valuable tool in elucidating the mechanisms of colorectal cancer metastasis and malignant
transformation.

2) Antibodies against the hepatitis B virus infection receptor NTCP

Around 250 million people are infected with hepatitis B virus (HBV) worldwide, and 15 million may also carry the
satellite virus hepatitis D virus (HDV), which confers even greater risk of severe liver disease. The HBV receptor
has been identified as sodium taurocholate co-transporting polypeptide (NTCP), which interacts directly with the
first 48 amino acid residues of the N-myristoylated N-terminal preS1 domain of the viral large protein. Despite the
pressing need for therapeutic agents to counter HBV, the structure of NTCP remains unsolved. The use of

antibodies in cryo-electron microscopy (cryo-EM) as fiducial markers is especially efficient in structure



determination of smaller membrane proteins (< 50kDa). We have generated antibodies that recognize
conformational epitopes in ECD of NTCP and solve the structure by antibody-aided cryo-EM. Comparison of our
structure with those of related proteins indicates a common mechanism of bile acid transport, but the NTCP
structure displays an additional pocket formed by residues that are known to interact with preS1, presenting new

opportunities for structure-based drug design (Asami et al., Nature, 2022; Park et al., Nature, 2022).



