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Evaluation of the safety of innovative drugs against viruses and infectious agents

Tetsu Kobayashi, Keisuke Yusa, Nana Kawasaki®

Recently, several novel cellular therapy products and biclogical drugs are being developed to treat
various previously untreatable diseases. One of the most important issues regarding these innovations
is how to ensure safety over infectious agents, including viruses and prions, in the earliest treatments
with these products. The object of this study is a risk assessmient of cases of human infectious with the
agents and to present a sample risk management plan based on a collaboration among the National In-

stitute of Health Sciences, universities, marketing authorization holders, and scientific societies. There
are three subjects of study: (1) the viral safety of cellular therapy products, {2) the viral safety of
biological drugs, and {3) the safety of prions. In this report, we describe the objects of the study, the

project members, the study plan outline, and the ongoing plans. The results of the viral risk identifica-

tion and the risk analysis of cellular therapy products will also be described, based on a review of the

literature and case reports obtained during the first year of this project.

Keywords: virus safety, cellular therapy product, infectious agents
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Bimolecular fluorescence complementation (BiFC) and western blot analysis demonstrated that CCR5
exists as constitutive homo-oligomers, which was further enhanced by its antagonists such as maraviroc
(MVC) and TAK-779. Staining by monoclonal antibodies recognizing different epitopes of CCR5 revealed
that CCR5 oligomer was structurally different from the monomer. To determine which forms of CCR5 are
well recognized by CCR5-using HIV-1 for the entry, BiFC-positive and -negative cell fractions in CD4-
positive 293T cells were collected by fluorescent-activated cell sorter, and infected with luciferase-

Keywords: reporter HIV-1 pseudotyped with CCR5-using Envs including R5 and R5X4. R5 and dual-R5 HIV-1
HIV-1 substantially infected BiFC-negative fraction rather than BiFC-positive fraction, indicating the preferential
;ﬁ)}fomer recognition of monomeric CCR5 by R5 and dual-R5 Envs. Although CCRS5 antagonists enhanced

oligomerization of CCR5, MVC-resistant HIV-1 was found to still recognize both MVC-bound and
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igomerization -unbound forms of monomeric CCR5, suggesting the constrained use of monomeric CCR5 by R5 HIV-1.

Bimolecular fluorescence complementation
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Introduction

Interaction of the outer envelope (Env) glycoprotein gp120 of
human immunodeficiency virus type-1 (HIV-1) with CD4 and one
of the coreceptors (either CCR5 or CXCR4) is essential for the entry
of HIV-1 (reviewed in (Wilen et al, 2012)). Viruses that exclusively
use CCR5 (R5 HIV-1) are transmission variants, and predominant
throughout the course of infection. On the other hand, viruses that
use CXCR4 emerge at late stage of infection, and are thought to be
associated with CD4 depletion and disease progression in half of
HIV-1-infected individuals (Connor et al, 1897; Scarlatti et al,
1897). Most of CXCR4-using viruses still use CCR5 (R5X4 HIV-1)
while several variants exclusively use CXCR4 (X4 HIV-1).

Previous studies have shown that natural ligands such as
macrophage inflammatory protein (MIP)-1a (CCL3), MIP-1p
(CCL4), and RANTES (regulated on activation, normal T-cell
expressed and secreted; CCL5) were able to inhibit R5 HIV-1
replication by steric hindrance or internalization of CCR5
(Alkhatib et al, 1897; Cocchi et al, 1985; Oberlin et al, 1996;
Scarlatti et al,, 1897). The antagonists of CCR5, such as TAK-779 and
maraviroc (MVC), also interact with hydrophobic pocket of CCR5
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formed by the transmembrane helices, and induce conformational
changes in CCR5, thereby blocking entry of R5 HIV-1 (Dragic et al,,
2000; Kondru et al, 2008; Maeda et al, 2006; Nishikawa et al,
2005; Seibert et al,, 2006; Tsamis et al,, 2003). The dimerization of
CCR5 induced by anti-CCR5 mAb CCR5-02 was also reported to
prevent the entry of R5 HIV-1 (Vila-Coro et al, 2000), suggesting
the possible impact of dimerization or oligomerization of CCR5 on
HIV-1 susceptibility. Although CCR5 was reported to exist as
homo-oligomers without natural ligands (Benkirane et al, 1997;
El-Asmar et al, 2005; Hammad et al, 2010; Issafras et al, 2002;
Mellado et al, 2001; Sohy et al, 2009), it still remains to be
determined whether oligomeric forms of CCR5 are structurally
different from the monomeric forms, and affect entry efficiency of
R5 HIV-1. It is also unknown whether CCR5 antagonists affect the
oligomerization status of CCR5, whereas the CCR5 natural ligands
have been shown to induce the dimerization of CCR5 (Chelli and
Alizon, 2002; Hernanz-Falcon et al,, 2004; Rodriguez-Frade et al,,
1999: Vila-Coro et al, 2000). To address these issues, bimolecular
fluorescence complementation (BiFC) assay was applied to detect
homo-oligomeric forms of CCR5. Principally, BiFC assay is a
non-invasive fluorescent-based technique that allows detection
of protein-protein interactions in living cells (reviewed in
(Kerppola, 2008)). BiFC assay is based on the association between
two non-fluorescent fragments of a fluorescent protein when they
are brought in proximity to each other by interaction between



