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Studying human immunology and immunopathology in
humanized mice transplanted with human lymphoid

tissues and immune cells
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he major bottleneck of understanding human immunology and

immunopathology is the lack of relevant animal models. A
robust small animal model for hypothesis testing and mechanistic
research on human immunology is needed and should meet the fol-
lowing criteria. First, it has well-studied hematolymphoid organs and
target cells which are human. Second, human immune pathology
including infection diseases can be modeled in vivo. Third, it is gen-
etically inbred and can be manipulated via immunological, genetic
and pharmacological means. The immunodeficient mouse trans-
planted with human immune organs and cells is the obvious candid-
ate. A number of human—-mouse chimeric models were developed in
the late 1980s, but with only limited success, due to a lack of significant
human immune responses in the SCID-hu Thy/Liv mouse" or select-
ive engraftment of xeno-reactive human T cells in the hu-PBL-SCID
mouse.>*

New mouse models with functional human immune organs and
cells have recently been developed, after the introduction of the
IL2Ry (or yc) mutation into Nod-SCID or Rag mutant mice. Nod-
SCID mice with a mutant yc gene (NOG or NSG) have been reported
to efficiently engraft human immune cells after transplantation of
human CD34 % hematopoietic stem cells. The NOG, NSG and Balb/
CRag2-yc double knockout mice all lack T, B lymphocytes and natural
killer cells, and serve as better hosts for engraftment of human cells/
tissues.””” Remarkably, long-term human T-cell development occurs
efficiently in the mouse thymus, and functional human T, B, natural
killer and dendritic cells (both mDC and pDC) are readily detected in
lymphoid tissues such as bone marrow, thymus, spleen, lymph nodes
and peripheral blood. Human T cells developed in the humanized
mouse are tolerated to both human and mouse antigens, indicating
efficient negative selection by both murine and human APC.
Importantly, de novo human B- and T-cell responses are elicited in
the humanized mouse by standard immunization (human TT-specific
IgG induction) or infection with the human tumor virus EBV (expan-
sion of Epstein—Barr virus-specific CD8 T cells). These Epstein—Barr
virus-reactive T cells respond to Epstein—Barr virus antigens in a
human MHC-dependent fashion, suggesting some human T cells
are positively selected by human MHC. In addition, cotransplantation
of human hematopoietic stem cells in Nod-SCID-hu Thy/Liv mice
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also significantly improves engraftment of human immune cells in
the peripheral lymphoid organs, including human T cells whose func-
tion depends on human HLA.>’

In this special issue, Dr Ito summarizes the history of the recent
advancement in humanized mouse models. As the pioneer of the NOG
mouse model, Dr Ito presents an update of the humanized mouse
models in general and the NOG mouse models in particular. In addi-
tion, Dr Ito introduces novel improved NOG mice expressing human
cytokines as transgenes, including recent progress in his group that is
not published yet. In another review article, Drake et al. summarize
their effort to improve the human immune engraftment and functions
by expanding human CD34 " hematopoietic stem/progenitor cells, by
lentiviral transduction of hematopoietic stem/progenitor cells, and by
transient transfection of human cytokines in humanized NSG mice.

In the last few years, such humanized mice have been successfully
employed to investigate some of the most critical questions in human
immunology. In the review article by Brehm and Shultz, they summa-
rize the history and current status of humanized mouse models for
studying human allograft rejection in humanized mice, and discussed
the application of these humanized mouse models in human transplant
biology. Dr Hu and Dr Yang review the history and current status of
humanized mouse models cotransplanted with human hematopoietic
stem/progenitor cells and human thymus tissues, and discuss the
potential use of these humanized mice in translational biomedical
research. Finally, Zhang and Su review the recent advancement of
immunopathogenic insights of HIV-1 infection using humanized
mouse models. They summarize the history of humanized mice and
recent improved models. In addition, they provide an update on recent
findings regarding how HIV-1 interacts with human regulatory T cells
and pDC in humanized mice and how to define the role of human
immune effector cells in HIV-1 infection and pathogenesis in vivo.

In summary, the current humanized mouse models have already
enabled us to study human immunology and immune pathogenesis in
an unprecedented fashion. Human immune development and func-
tion in various lymphoid organs in vivo can be investigated in these
humanized mouse models. In addition, human immune diseases,
including human pathogen infections (HIV-1), tissue/cell graft rejec-
tion and graft vs. host diseases, have been extensively studied in these
models. The recent improvement with human cytokines will further
enable us to study improved human immune development and
pathogenic immune responses in humanized mice.'® In addition,
humanization of human immune cells and other human tissues will
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enable a wide range of human pathogens and human diseases to be
investigated in vivo. For example, the recent co-engraftment of human
immune cells and human liver cells in the immunodeficient mouse
enables investigation of hepatitis C virus infection, human immune
responses and human liver diseases.!! Other tissues, such as human
brain, lung and gut, will also be possible to be cotransplanted with
human hematopoietic stem cells. It will also be feasible to generate
humanized mouse models with human tissue stem cells derived from
human embryonic stem or induced pluripotent stem cells.
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