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The original research proposal aimed to investigate the impact of induced
trained immunity in aged HSCs and its role in CHIP pathogenesis.

To understand how human HSCs modulates the functions of its progeny populations in immune training
in a relevant physiological condition, the generation of a humanized mouse model with robust
engraftment of human HSCs that populated bone marrow, blood, and organs like the spleen. Xenograft
tumor development in this model confirms CHIP compatibility, revealing significant human myeloid
cell infiltration, key in transmitting trained immune responses from HSCs. Therefore,
the focus shifted towards elucidating the role of human myeloid cells, particularly macrophages
derived from CD34+ HSCs, within this context. Current research aims to induce trained immunity in
macrophages via immune modulatory treatments in aged-humanized mice, reflecting human aging. This is

expected to provide deeper insights into immune training mechanisms.
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1. WHFERAE S PO

Hematopoietic stem cells (HSCs) serve as a continuous source of immune cells
throughout life. Initially, the idea of immune memory was primarily associated with the
adaptive immune response. However, there has been a recent shift in focus towards
recognizing the "memory" capabilities of innate immune cells, such as monocytes,
macrophages, dendritic cells, and NK cells. When these cells are stimulated by external
or internal factors, they exhibit increased responsiveness to subsequent challenges - a
phenomenon referred to as trained immunity. This immune imprinting, which operates
independently of lymphocytes, involves epigenetic, metabolic, and transcriptional
adaptations in both innate immune cells and their precursor HSCs in the bone marrow.
Consequently, upon encountering specific microbial or inflammatory stimuli, these cells
and their progeny demonstrate faster and stronger responses to subsequent challenges,
leading to broader immune responses, both antigen-specific and non-specific. Moreover,
accumulating evidence suggests that the altered transcriptional state in HSCs can be
inherited by their progeny, contributing to trained immunity.

Aging is one of the most powerful independent risk factors for the development of
various hematological malignancies including clonal hematopoiesis of indeterminate
potential (CHIP), and its prevalence unanimously increases with age, with rapid
accumulation to >10% of people after age 65. The accumulation of DNA mutations in
myeloid related genes within HSCs with aging and the mutant HSC “clone” gradually
becomes dominant and overtakes the bone marrow and blood system called clonal
hematopoiesis of indeterminate potential (CHIP). Inflammation is another risk potential
for CHIP mutation. Dysregulated inflammation confers a selective advantage to the clone
and play a key role in perpetuating a cycle of inflammation and clonal expansion acquire
aberrant functions of the various gene (TET2, DNMT3A, etc.). Recently, several large
genomic studies have identified germ-line mutation in addition to somatic mutation as
SNPs (single nucleotide polymorphism) as a key regulator for CHIP progression. Hence,
the understanding of trained innate cells mediated immune effects in aging and age-
related comorbidities (CHIP) will help us to control, and/or slow-down the aging and

CHIP development.

2. WIEORR
The main purpose of this research was to (1) elucidate the molecular mechanism by

which HSC conveys immune training to its progeny populations especially in the aging

process and CHIP pathogenesis. To unravel the complex links between CHIP,



inflammation, and aging, we need to configure specific candidate molecule(s) to disrupt
this vicious cycle. The triad of interconnection between programmed innate immune
training, aging, and CHIP mutation will help us to define (2) specific candidate
molecule(s) to confer potential interventions.
3. WEDTIE

This research project involves the development of a specialized humanized mouse
model, where severely immunodeficient mice were engrafted with human hematopoietic
stem cells (CD34+ HSCs) derived from human umbilical cord blood. This model aims to
closely replicate the human immune system within mice for advanced immunological

studies. Human immune cells differentiation and distribution as well tumor

microenvironment was analyzed by flow-cytometry.

4. WHIERCR
(1) Establishment of humanized mouse model:

The immunodeficient mice were successfully engrafted with CD34+ HSCs. This
process involves transplanting human stem cells into the mice, allowing the development
of a human-like immune system within these animals.

e Human Immune cells differentiation: post-engraftment, the human stem cells

differentiated into various immune cells, including both innate (natural killer cells,
macrophages, and dendritic cells) and adaptive immune cells (T cells, B-cells).

e Migration and distribution: The human immune cells not only populated the bone

marrow but also migrated to peripheral blood and other organs such as the spleen,
indicating robust engraftment and functionality.

e Xenograft Tumor Development and CHIP Compatibility:

Tumor microenvironment analysis:

The model was used to study the development of xenograft tumors, including
both hematological and solid tumors. I observed significant infiltration of human
myeloid cells within the tumor microenvironment, suggesting that the
humanized model can be used to study cancer-immune system interactions and

CHIP (Clonal Hematopoiesis of Indeterminate Potential) compatibility.

(2) Induction of trained immunity:
e Role of Myeloid cells:
Myeloid cells, derived from the engrafted CD34+ HSCs, were identified as

key players in transmitting trained immune responses. Trained immunity refers
to the phenomenon where the innate immune system retains a memory of past

infections and responds more robustly to subsequent challenges.



e Macrophage focus:

The research shifted focus to understanding the role of macrophages, a type of
myeloid cell, in trained immunity. Macrophages derived from CD34+ HSCs
were studied to elucidate their role in immune responses.

e Immune modulatory Treatment:

Current investigations involve inducing trained immunity in these macrophages
using immune modulatory agents such as B-glucan. These treatments are
administered to CD34+ HSCs in aged-humanized mice to mimic conditions
reflective of human aging. B-glucan is known to enhance the immune response

by acting on various immune cells, including macrophages.

This research project establishes a specialized humanized mouse model via CD34+
HSC transplantation, replicating the human immune system for advanced studies.
Successful engraftment and differentiation of human immune cells were observed,
indicating robust functionality. Analysis of xenograft tumors revealed significant
infiltration of human myeloid cells, facilitating the study of cancer-immune interactions
and CHIP compatibility. Research now centers on inducing trained immunity in CD34+

HSC-derived macrophages using p-glucan in aged-humanized mice to mimic human

aging.
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