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Abstract

The high failure rate of Alzheimer's disease (AD) drugs highlights the limitation of traditional single-target therapies for a disease with a heterogenous
pathology. A recent study published in Cell by Li et al. pioneers a paradigm shift towards cell-type-directed combination therapy. By integrating snRNA-seq
and real-world data, they repurposed letrozole and irinotecan and demonstrated that this combination effectively reverses multifaceted AD pathologies in

mice.
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Traditionally, research on Alzheimer's disease (AD) has largely
focused on neurons and proteins like A and Taul'Z, akin to pre-
serving only the tallest trees while neglecting the underlying forest
structure. Regrettably, the failure rate for AD drugs over recent
decades has been as high as 98%, presenting a significant
challengel®.. Recent studies have revealed that glial cells, such as
microglia, astrocytes, and oligodendrocytes, play crucial roles in the
pathogenesis of AD, involving processes like neuroinflammation,
metabolic impairment, and demyelination*31. This underscores the
need to view the brain not as a collection of isolated components,
but as a "rainforest": an intricate ecosystem where each cell type
contributes to its overall health and function, and therapeutic
success depends on holistic restoration rather than isolated inter-
ventions. Given the pathological and genetic heterogeneity of AD,
the traditional "single gene-single target-single drug" therapeutic
paradigm, which focuses on a single disease feature or tissue-level
pathology, is no longer adequate. This is especially true in the
context of the global drug discovery landscape, which is facing the
challenges of Eroom's Law and target depletionl®7l. Against this
backdrop, the study by Li et al., published in Cell, holds significance
far beyond the proposal of a specific combination therapy (letrozole
and irinotecan)l. It stands as a robust practice of shifting the
research paradigm from monotherapy to combinatorial drugs, and
from a single target to a targetome.

This study established a closed-loop research pathway integrat-
ing computation and clinical experiments, enabling cell-type-
directed combination therapy. The authors integrated publicly avail-
able data from three independent studies into a single-nucleus RNA
sequencing (snRNA-seq) dataset, which allowed them to identify
differentially expressed genes (DEGs) in six major brain cell types,
namely excitatory neurons, inhibitory neurons, microglia, astrocytes,
oligodendrocytes, and oligodendrocyte precursor cells (OPCs), com-
paring AD patients with controls. Using the CMap database for drug
repositioning screening, they matched AD signature genes with
drug-induced gene expression profiles, predicting 25 candidate
drugs capable of reversing these cell-type-specific AD signatures.
Subsequently, the authors innovatively leveraged large-scale real-
world electronic medical record (EMR) databases, finding that the
use of letrozole and irinotecan among the candidates was
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associated with a significantly reduced risk of an AD diagnosis in
older adults, providing clinical correlative support for their potential
protective effects.

On the basis of computational and clinical evidence, the authors
proposed a combination therapy strategy using letrozole and irino-
tecan. Their analysis suggested this drug pair could target five cell
types in AD, as shown in Table 1. After defining the therapeutic
strategy, they applied it to an AD mouse model. The combination
significantly improved the mice's short-term and long-term spatial
memory and ameliorated multiple pathologies, including AS depo-
sits, hyperphosphorylated tau (p-tau) accumulation, gliosis, and
neuronal loss. The therapeutic effect was consistently superior to
that of either drug alone. The snRNA-seq analysis of the hippocampi
of the mice confirmed that the combination treatment promoted
neuroprotective functional pathways in a cell-type-specific manner,
and effectively reversed multiple cell-type-specific transcriptional
signatures of AD.

The study by Li et al. heralds a paradigm shift in drug discovery!sl.
It successfully integrated big data analysis, real-world evidence, and
animal experimental models, strongly demonstrating the signifi-
cant potential of cell-type-directed combination therapy for treat-
ing complex diseases like AD. Although highly promising, the study
still leaves several questions to be addressed. For instance, the
authors noted that the CMap database is built on cancer cell data,
which might not accurately reflect brain tissues' characteristics. Fur-
thermore, the animal experiments revealed sex-specific differences
in the outcomes, whereas the analysis of the UC-wide EMR did not,
highlighting the complexity of extrapolating animal findings to real-
world patients. The remarkable efficacy of the letrozole-irinotecan
combination in animal models also raises the question of whether
the underlying mechanism is true drug synergism or merely an addi-
tion effect. The precise molecular mechanisms involved require
further elucidation.

Looking ahead, the artificial intelligence (Al) era provides power-
ful tools for drug development. Establishing cell-type-specific
databases (e.g., for brain cells), integrating multi-omics data with
real-world evidence, and ultimately building more sophisticated Al
predictive models can transform the success of this study from an
isolated case into a replicable research paradigm. This offers a
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Table 1. Rationale for the combination of letrozole and irinotecan.

AD combination drug therapy

Drug Original use Mechanism Target cells in AD*
Letrozole Breast cancer Aromatase inhibitor Neurons (excitatory/inhibitory)
Irinotecan Colorectal cancer, pancreatic cancer Topoisomerase inhibitor Glial cells (astrocytes, microglia, OPCs)

* This assignment is based on computational predictions from the CMap database in the study by Li et al., where each drug's transcriptomic profile significantly reversed

the disease-associated signatures in the respective cell types'®!.

reference research idea for many other complex diseases lacking
effective treatments. It is hoped that with technological advance-
ments, such models will not only be limited to repurposing existing
drugs but could also autonomously design novel drug molecules.
Coupledwithpopulation-effectivestrategies,thiscouldfurthertranslate
into precise combination therapies tailored to individual patient
specifics, truly paving humanity's way into the era of precision
medicinel®! and, in doing so, restoring the vibrant diversity of the
brain's own rainforest.
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