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Abstract

A new study published in Nature Neuroscience demonstrated that Fc effector function is essential for amyloid aggregate clearance during lecanemab

treatment, a recently FDA-approved therapy for Alzheimer's disease. These findings underscore the requirement for intact Fc-mediated activity to achieve

therapeutic efficacy. In addition, single-cell RNA sequencing identified microglia transcriptomic changes that are unique to lecanemab treatment and

extend beyond previously characterized microglial activation signatures. Together with a retrospective review of anti-amyloid antibody development and

related mechanisms, this commentary provides important insights into new directions for the design of next-generation therapies for Alzheimer's disease.
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Background

In the last two years, two anti-amyloid-f (Af) monoclonal anti-
bodies (lecanemab and donanemab, commercially as Lequmbi and
Kisunla) have been approved by the FDA for the treatment of
Alzheimer's disease (AD), following aducanumab!'2l, Clinical success
soon demonstrated anti-Af immunotherapy as one of the most
effective treatments to slow AD progression for now. Although
the Ap-tau-neurodegeneration cascade hypothesis still cannot fully
explain AD disease pathogenesis3], the clinical benefits from these
antibodies showed that amyloid removal can successfully slow
down cognitive decline in patients with AD. These results further
highlight the necessity to include AS PET imaging in diagnostic
criteria to identify appropriate candidates before the treatment*5l,
To date, progress in this area has involved a large amount of
research into what Af species are actually the therapeutic targets;
early failures to target monomers led to later successes with specific
aggregates or plaque-associated AB®7l. However, it turns out that
the cellular and molecular mechanisms behind how anti-Af anti-
bodies remove amyloid aggregates are much more complicated
than we thought, where multiple biological processes are just
revealed in a tangled system (Fig. 1a).

Revisiting amyloid clearance: antibody-
dependent cellular phagocytosis
(ADCP) or antibody binding

In parallel with efforts to define the optimal antigenic species,
many studies have focused on the role of Fc effector functions(&-1%
and the potential modulations of distinct phagocytes in antibody-
mediated aggregate clearancel''-'4, It may appear counterintuitive
that the field debated whether anti-amyloid antibodies require Fc
effector functions to remove amyloid aggregates in the brain for
more than two decades!'>'6l, Unlike antibodies targeting antigens
on living cells, antibodies targeting extracellular proteins or aggre-
gates does not exclusively function through ADCP (Fig. 1b). Anti-
body binding to Af aggregates can directly destabilize and
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disassemble pre-formed aggregates or fibrils'7l. Fc-effector-defi-
cient antibodies could also disrupt Af aggregation without engag-
ing with Fc receptors, and trigger detrimental proinflammatory
signaling!'8. For example, crenezumab (an higG4 antibody) was
specifically designed to neutralize toxic AS aggregates through
direct binding, largely independent from Fc receptor-mediated
responses due to its higG4 backbonel?l, However, unfortunately,
crenezumab ultimately failed in clinical trials because of insufficient
amyloid removal in patientsi29, This negative result, in turn, indi-
cates the importance of Fc effector functions for high efficacy of
anti-Af monoclonal antibody therapies.

On the other hand, if the primary therapeutic effect of anti-Af
monoclonal antibodies depends on ADCP, it remains unclear which
phagocytic cell plays the major role, including the peripheral
myeloid cells, perivascular macrophages, and parenchymal
microglial'’-4,  Because anti-A8 antibodies are administered
systemically and Af antigens are present from cerebrospinal fluid
(CSF) to plasma, some studies suggested that myeloid cells outside
the brain may facilitate amyloid clearance during treatment!'.12]
(Fig. 1c). Recent discoveries of the roles of the meningeal lymphatic
system further highlight the complexity of brain-periphery commu-
nication in both spontaneous Af clearance and aducanumab-
mediated amyloid removal(2'l, These findings are particularly signifi-
cant for the field to consider how antibody-based strategies could
apply to other neurodegenerative diseases. Because if the peri-
pheral system contributes largely to the therapeutic effect, it
remains uncertain for other pathological protein aggregates such as
tau tangles, a-synuclein, and TDP-43, as therapeutic targets, given
the differences in their distributions between plasma and CSF
during the disease progression.

Summary of the findings

To address the questions above, Albertini et al.l22l published a
brief study using a human microglia (iMGL) xenograft mouse model
together with a lecanemab human immunoglobulin G1 (IgG1)
variant engineered to abolish Fc-mediated effector functions
(lecanemab LALA-PG). Using advanced omics techniques including
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Fig. 1 The conceptual schemes of biological processes involved in the anti-Af monoclonal antibody treatments. This figure was created by
biorender.com. (a) Scheme of how anti-Af monoclonal antibody therapy interplays with pathological processes regarding the distribution and species of
Ap aggregates. Five crucial pathways for improving AS removal were highlighted with text. The blue dash arrow indicates the mAb diffusion into the CNS
system. The brown solid arrow shows the efflux of A aggregates from CNS to the peripheral system. Two dashed boxes highlight the antibody-involved
biological processes presented in (b) and (c). (b) Scheme of two independent mechanisms to reduce Af aggregation in the parenchyma. The dashed box
shows the microglial ADCP induced by anti-Af antibody, which is associated with the transcriptomic changes discussed in (d). (c) Scheme of how
peripheral anti-Af mAb induced ADCP alters the passive efflux of Af aggregates from CNS to the peripheral blood circulation through the blood-brain-
barrier. The green arrows indicate the decreased concentration gradient of Af aggregates in the blood stream. (d) The conceptual UMAP of lecanemab-
induced microglial responses. Solid arrows indicate the transcriptomic trajectory in response to pathology of neurodegenerative diseases defined by
previous literature. Dashed arrows show presumable trajectory among different terminal microglial signatures. The dashed oval highlights the theoretical
population of phagocytic microglia. Representative genes upregulated in the lecanemab-induced microglial signature are highlighted in red.

single-cell RNA sequencing (scRNAseq) and spatial transcriptomics,
the authors showed that lecanemab induces distinct transcriptomic
changes, driving human microglia toward upregulation of lyso-
somal and phagosomal pathways, as well as MHC-Il and
interferon(IFN)-associated signatures. Importantly, the comparison
with the LALA-PG variant demonstrates that Fc effector function is
required for efficient amyloid clearance during lecanemab treat-
ment. Furthermore, by the recently reported FIRE mouse model
(Csf1rAFIRE/AFIRE) Jacking CNS myeloid cells (both parenchymal
microglia and perivascular macrophages), Albertini et al?Z. demon-
strated that CNS-resident microglia can play a predominant role in
lecanemab-mediated amyloid removal in vivo, with minimal contri-
bution from peripheral mouse myeloid cells in this system. In line
with the reduced amyloid pathology, lecanemab treatment also
partially protects against amyloid-induced synaptic loss and neu-
ronal dystrophy. Finally, although lecanemab treatment did not
alter microglial signatures of individual clusters, it was evident that
microglia localized near amyloid plaques constantly upregulate
Spp1 in treated animals. Recombinant human osteopontin (OPN,
encoded by SppT) treatment further improved amyloid aggregate
clearance by H9-derived microglia in brain slice cultures in vitro.
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Advancing our understanding of
microglial transcriptomic states

Since the scRNAseq era, pathological microglial responses and
disease-associated transcriptomic states have been comprehen-
sively characterized across a range of neurodegenerative
disorders(2324, Human and mouse microglia signatures are never
identical because of both species divergence and technical variabi-
lity, but shared microglial gene expression patterns occur, which
indicates a conserved transcriptional regulation that underlie com-
mon activation and response pathways such as disease-associated
microglia (DAM) signaturel2323, However, it remains unresolved
whether the DAM response is uniformly protective or varies across
different stages of Alzheimer's disease pathology2°l. Even less is
known about the physiological and pathological roles of other
shared microglial signatures, including IFN- and MHC-ll-associated
responses. However, the clinical effectiveness of lecanemab and
donanemab supports that a distinct, functionally protective micro-
glial transcriptomic state through the FcRy-dependent phagocy-
tosis signaling exists, which may be partially overlapped with DAM-
related features observed across neurodegenerative diseases.

Chen Targetome 2026, 2(1): e004


https://www.biorender.com

Anti-Af mAb therapies for Alzheimer's disease

In the original study, the transcriptomic data demonstrates that
lecanemab treatment with an intact Fc domain can activate phago-
some-related gene programs in microglia around amyloid plaques.
Importantly, the differentially expressed genes (DEGs) in the
lecanemab treatment are distinct from the ones in the LALA-PG-
treated group when comparing plaque-associated microglia to
plaque-distant microglia, indicating a treatment-specific transcrip-
tional response. Although the comparative framework in the origi-
nal analysis may appear somewhat complex and the identified DEG
sets may partially reflect intrinsic spatial differences (close to plaque
vs. distant from plaque) rather than pure treatment effects
(lecanemab vs LALA-PG), this observation nevertheless represents a
key insight of the study: anti-Af antibody appears to induce a
specific phagocytic process rather than simply amplifying all exist-
ing, spontaneous reactive states (Fig. 1d).

In line with this interpretation, a recent study examining micro-
glial responses to aducanumab treatment in mice reported a similar
activation pattern associated with ADCP27), including upregulation
of MHC-lI-related genes (e.g., Cd74, H2-Ab1, H2-Aa) and interferon-
responsive genes (e.g., Ifit2, Ifit3, Ifitm3). Notably, aducanumab treat-
ment did not induce a significant increase in Spp1 expression in that
study; instead, Spp7 upregulation was primarily associated with
age-associated changes in their model. In our own previous work,
administration of an inhibitory anti-LILRB4 antibody lacking Fc effec-
tor function similarly induced a transcriptional change characte-
rized by increased Cd74 and Apoe expression in highly phagocytic
microglial28],

Together, these studies suggest a microglial activation state that
could be favorable for amyloid clearance and highly expressed
genes such as Apoe, Cd68, Cd74, and MHC-II genes. Of note, these
transcriptomic shifts may not be exclusively driven by Fc domain
engagement. Instead, they reflect broader changes in microglial
activation induced by the treatments. Lecanemab, however, may
trigger additional responses, such as Spp1 upregulation, beyond
the shared MHC-Il and IFN-related responses. Having said that, the
overall transcriptomic differences between lecanemab-treated and
control groups remain subtle, and antibody treatment does not
induce large-scale shifts of microglial states. Whether this apparent
subtlety reflects a biological phenomenon or technical limitations of
current single-cell-based techniques remains an open question for
future studies.

Moreover, it is particularly interesting that current anti-Af mono-
clonal antibody therapies demonstrate greater efficacy in early-
stage patients!?l. One hypothesis is that late-stage pathology with
extensive amyloid deposition and tauopathy already induces
microglial overactivation or functional exhaustion prior to antibody
administration(293%, This idea is also supported by findings from
multiple anti-TREM2 studies, including the lesson from the Alector
clinical trial, in which additional TREM2 stimulation appeared inef-
fective, likely because amyloid-driven, TREM2-dependent signaling
was already maximally engagedB'-331, An alternative hypothesis is
that additional inflammatory, immune, and degenerative stimuli
(such as lymphocyte infiltration, tau aggregates, and myelin debris)
at late stages of AD will overwhelm the microglial signaling. At
this stage, these signals, together with modifiers such as APOE
genotype, may dominate microglial state transitions and over-
shadow ADCP-associated responses, thereby diminishing the thera-
peutic impact of amyloid removalB34-361, A third hypothesis is that
amyloid clearance could only slow downstream pathological
cascades without reversing pre-occurred neuronal damage, such as
irreversible tau-mediated neurodegeneration. Following this con-
cept, therapeutic developments should aim at promoting neuronal
regeneration, rather than further enhancing amyloid removal, which
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may offer greater benefit in advanced AD stages37:38], Investigating
these aspects will require a systematic, stage-dependent characteri-
zation of microglial activation states across treatment timepoints
and pathological contexts, which are crucial for advancing our
understanding of microglial biology and optimizing therapeutic
strategies for neurodegenerative diseases.

Limitations of the current study

Several limitations exist in the current study, which warrant
consideration. First, the lecanemab treatment merely led to subopti-
mal amyloid clearance in this study, and the effect was variable
across experiments, as illustrated by the representative images. This
raises concerns about the consistency of antibody effectiveness
within their experimental system. Given the well-documented
lecanemab studies in other rodent models and human patients, one
may raise concerns regarding the intrinsic limitations of the chimeric
transplantation approach: xenografted human microglia may adopt
atypical transcriptional states due to the interaction between
human-intrinsic programs and the murine brain environment, which
cannot be translated into either human or mouse microglial
responses!39].

Second, although Spp7 upregulation was consistently observed
across multiple lecanemab treatment experiments and supported
by in vitro data in this study, it remains unclear whether Spp1 is
involved in functional phagocytosis in vivo. The spatial association
between Spp1 expression and lecanemab-FcR engagement alone is
insufficient to demonstrate its function. The inclusion of additional
genetic approaches, such as OPN (SppT) loss-of-function or over-
expression models, would have strengthened the causal link
between Spp1 and improvement of ADCP of amyloid aggregates.

Moreover, FcR-dependent immune activation should not be
conflated with FcR-dependent phagocytosisi®l. Downstream signal-
ing of FcR engagement can broadly reshape immune transcrip-
tional programs. Within the scope of the original study, many of the
DEGs may be indirectly regulated by FcR signaling rather than
directly involved in amyloid clearance, such as driving parallel
immune responses like IFN-associated responses.

Finally, an limitation of the human-mouse chimeric model is its
requirement for inhibiting the adaptive immune system to enable
the transplantation of human iMGL. Given increasing evidence for T
cell infiltration and adaptive immune involvement in neurodegener-
ative diseasesl*640], this constraint prevents assessment of the
complex interplay between ADCP and antibody-dependent cellular
cytotoxicity that may occur simultaneously in patients receiving
lecanemab. Using new models to study these processes will be an
important direction for future studies.

Future drug development

The demonstration on the Fc effector function of anti-Af mono-
clonal antibody therapies gives important directions for the next
generation of antibody engineering. Different from the work on
infectious diseases that usually focuses on Fc modifications to
expand plasma half-life'], the major challenge in monoclonal anti-
body development for CNS diseases stands on limited blood-brain-
barrier permeability*Z. Pharmaceutical companies like Roche and
Denali Therapeutics made pioneering progress introducing new
brain delivery methods by fusing the Fc domain with transferrin
domain to induce transferrin receptor-mediated transcytosisi344],
while more research groups are actively exploring alternative
transcytosis pathways, such as CD98hcl*>4%l. However, whether such
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Fc modifications would change Fc effector functions remains unin-
vestigated and will require future studies. Moreover, the brain
microenvironment in AD and other neurodegenerative diseases
differs fundamentally from that of the peripheral immune system,
particularly with the restricted repertoire of Fc receptors expressed by
CNS-resident cellsl“748l, In addition, the expression and functions of
neuronal Fc receptors remain a puzzle and should not be over-
looked when designing Fc-engineering strategies for enhancing
ADCP of amyloid aggregates[“%59., Collectively, these highlight criti-
cal aspects for future research in optimizing antibody-based thera-
pies for neurodegenerative diseases.

On the other hand, Spp1, widely recognized as a marker of extra-
cellular matrix remodeling, was first identified in 2017 as a core DAM
marker in plaque-associated microglia regulated by TREM2[2%], Since
then, Spp1+ microglia have been discovered across multiple neuro-
degenerative diseases>'-53], as well as in developmental stages
when activated microglia facilitate synaptic pruning®#>5.. Beyond
the CNS microglia, Spp1 upregulation is also associated with periph-
eral inflammation, fibrosis, and cancer suppression*6-58], where it
can indirectly influence myeloid cell activation and adhesion to
extracellular matrices. Although direct administration or overexpres-
sion of SppT may yield limited effects to improve microglia phagocy-
tosis, the findings in the lecanemab study suggests that combina-
tion strategies, such as cocktail therapies or fusion proteins with
anti-amyloid antibodies, could potentially further boost amyloid
clearance. Given the shared upregulation of SppT across different
neurodegenerative diseases, targeting this pathway may offer
broader therapeutic applicability than antigen-specific antibodies
alone. At the same time, other microglial gene signatures revealed
by those antibody treatments warrant further consideration. Small-
molecules or alternative approaches to induce similarly high phago-
cytic microglial states may be a promising direction for developing
therapies that require efficient removal of extracellular junk, includ-
ing AD, multiple sclerosis, and traumatic brain injury.

Ethical statements
Not applicable.

Author contributions

The author confirms sole responsibility for the following: concep-
tion and design, data collection, analysis and interpretation of
results, and manuscript preparation.

Data availability
Data sharing not applicable to this article as no datasets were
generated or analyzed during the current commentary.

Conflict of interest

The author declares that there is no conflict of interest.

Dates

Received 7 January 2026; Revised 20 January 2026; Accepted 23
January 2026; Published online 9 February 2026
References

[11 van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen C, et al. 2023.
Lecanemab in early Alzheimer's disease. New England Journal of
Medicine 388:9-21

Page 4 of 5

[2]

[3]
[4]

[5]

[6]

[7

(8l

[9]

[10

(111

2]

[13]

14

[15

[16]

171

[18]

[19

[20]

[21]

[22

Anti-Af mAb therapies for Alzheimer's disease

Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, et al. 2023.
Donanemab in early symptomatic Alzheimer disease: the TRAIL-
BLAZER-ALZ 2 randomized clinical trial. JAMA 330:512-527

Long JM, Holtzman DM. 2019. Alzheimer disease: an update on patho-
biology and treatment strategies. Cell 179:312-339

DeTure MA, Dickson DW. 2019. The neuropathological diagnosis of
Alzheimer's disease. Molecular Neurodegeneration 14:32

Leuzy A, Bollack A, Pellegrino D, Teunissen CE, La Joie R, et al. 2025.
Considerations in the clinical use of amyloid PET and CSF biomarkers
for Alzheimer's disease. Alzheimer's & Dementia 21:€14528

van Dyck CH. 2018. Anti-amyloid-3 monoclonal antibodies for
Alzheimer's disease: pitfalls and promise. Biological Psychiatry
83:311-319

Perneczky R, Jessen F, Grimmer T, Levin J, Fl6el A, et al. 2023. Anti-
amyloid antibody therapies in Alzheimer's disease. Brain 146:842—-849
Lu LL, Suscovich TJ, Fortune SM, Alter G. 2018. Beyond binding: anti-
body effector functions in infectious diseases. Nature Reviews Immuno-
logy 18:46—61

Weber F, Bohrmann B, Niewoehner J, Fischer JAA, Rueger P, et al. 2018.
Brain shuttle antibody for Alzheimer's disease with attenuated periph-
eral effector function due to an inverted binding mode. Cell Reports
22:149-162

Bohrmann B, Baumann K, Benz J, Gerber F, Huber W, et al. 2012.
Gantenerumab: a novel human anti-Af antibody demonstrates
sustained cerebral amyloid-f binding and elicits cell-mediated removal
of human amyloid-g. Journal of Alzheimer's Disease 28:49—69

Chen SH, Tian DY, Shen YY, Cheng Y, Fan DY, et al. 2020. Amyloid-beta
uptake by blood monocytes is reduced with ageing and Alzheimer's
disease. Translational Psychiatry 10:423

Huang X, Fowler C, Li Y, Li QX, Sun J, et al. 2024. Clearance and trans-
port of amyloid f by peripheral monocytes correlate with Alzheimer's
disease progression. Nature Communications 15:7998

Morgan D. 2009. The role of microglia in antibody-mediated clearance
of amyloid-beta from the brain. CNS & Neurological Disorders Drug
Targets 8:7-15

Wilcock DM, DiCarlo G, Henderson D, Jackson J, Clarke K, et al. 2003.
Intracranially administered anti-Ap antibodies reduce B-amyloid depo-
sition by mechanisms both independent of and associated with
microglial activation. The Journal of Neuroscience 23:3745-3751

Bacskai BJ, Kajdasz ST, McLellan ME, Games D, Seubert P, et al. 2002.
Non-Fc-mediated mechanisms are involved in clearance of amyloid-f
in vivo by immunotherapy. The Journal of Neuroscience 22:7873—-7878
Das P, Howard V, Loosbrock N, Dickson D, Murphy MP, et al. 2003.
Amyloid-f# immunization effectively reduces amyloid deposition in
FcRy™~ knock-out mice. The Journal of Neuroscience 23:8532—8538
Solomon B, Koppel R, Frankel D, Hanan-Aharon E. 1997. Disaggrega-
tion of Alzheimer S-amyloid by site-directed mAb. Proceedings of
the National Academy of Sciences of the United States of America
94:4109-4112

Sun XY, Yu XL, Zhu J, Li LJ, Zhang L, et al. 2023. Fc effector of anti-Af
antibody induces synapse loss and cognitive deficits in Alzheimer's
disease-like mouse model. Signal Transduction and Targeted Therapy
8:30

Bouter Y, Noguerola JSL, Tucholla P, Crespi GAN, Parker MW, et al. 2015.
Abeta targets of the biosimilar antibodies of Bapineuzumab,
Crenezumab, Solanezumab in comparison to an antibody against N-
truncated Abeta in sporadic Alzheimer disease cases and mouse
models. Acta Neuropathologica 130:713-729

Cummings JL, Cohen S, van Dyck CH, Brody M, Curtis C, et al. 2018.
ABBY: a phase 2 randomized trial of crenezumab in mild to moderate
Alzheimer disease. Neurology 90:e1889—e1897

Da Mesquita S, Papadopoulos Z, Dykstra T, Brase L, Farias FG, et al.
2021. Meningeal lymphatics affect microglia responses and anti-AS
immunotherapy. Nature 593:255-260

Albertini G, Zielonka M, Cuypers ML, Snellinx A, Xu C, et al. 2026. The
Alzheimer's therapeutic Lecanemab attenuates AS pathology by
inducing an amyloid-clearing program in microglia. Nature Neuro-
science 29:100-110

Chen Targetome 2026, 2(1): e004


https://doi.org/10.1056/nejmoa2212948
https://doi.org/10.1056/nejmoa2212948
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1016/j.cell.2019.09.001
https://doi.org/10.1186/s13024-019-0333-5
https://doi.org/10.1002/alz.14528
https://doi.org/10.1016/j.biopsych.2017.08.010
https://doi.org/10.1093/brain/awad005
https://doi.org/10.1038/nri.2017.106
https://doi.org/10.1038/nri.2017.106
https://doi.org/10.1038/nri.2017.106
https://doi.org/10.1016/j.celrep.2017.12.019
https://doi.org/10.3233/JAD-2011-110977
https://doi.org/10.1038/s41398-020-01113-9
https://doi.org/10.1038/s41467-024-52396-1
https://doi.org/10.2174/187152709787601821
https://doi.org/10.2174/187152709787601821
https://doi.org/10.1523/JNEUROSCI.23-09-03745.2003
https://doi.org/10.1523/jneurosci.22-18-07873.2002
https://doi.org/10.1523/jneurosci.23-24-08532.2003
https://doi.org/10.1073/pnas.94.8.4109
https://doi.org/10.1073/pnas.94.8.4109
https://doi.org/10.1038/s41392-022-01273-8
https://doi.org/10.1007/s00401-015-1489-x
https://doi.org/10.1212/wnl.0000000000005550
https://doi.org/10.1038/s41586-021-03489-0
https://doi.org/10.1038/s41593-025-02125-8
https://doi.org/10.1038/s41593-025-02125-8
https://doi.org/10.1038/s41593-025-02125-8

Anti-Af mAb therapies for Alzheimer's disease

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39

[40]

[41

Chen Y, Colonna M. 2021. Microglia in Alzheimer's disease at single-cell
level. Are there common patterns in humans and mice? The Journal of
Experimental Medicine 218:€20202717

Paolicelli RC, Sierra A, Stevens B, Tremblay ME, Aguzzi A, et al. 2022.
Microglia states and nomenclature: a field at its crossroads. Neuron
110:3458-3483

Keren-Shaul H, Spinrad A, Weiner A, Matcovitch-Natan O, Dvir-Sztern-
feld R, et al. 2017. A unique microglia type associated with restricting
development of Alzheimer's disease. Cell 169:1276—1290.e17

Gao C, Jiang J, Tan Y, Chen S. 2023. Microglia in neurodegenerative
diseases: mechanism and potential therapeutic targets. Signal Trans-
duction and Targeted Therapy 8:359

Cadiz MP, Gibson KA, Todd KT, Nascari DG, Massa N, et al. 2024.
Aducanumab anti-amyloid immunotherapy induces sustained
microglial and immune alterations. Journal of Experimental Medicine
221:220231363

Hou J, Chen Y, Cai Z, Heo GS, Yuede CM, et al. 2024. Antibody-medi-
ated targeting of human microglial leukocyte Ig-like receptor B4 atten-
uates amyloid pathology in a mouse model. Science Translational
Medicine 16:eadj9052

Millet A, Ledo JH, Tavazoie SF. 2024. An exhausted-like microglial
population accumulates in aged and APOE4 genotype Alzheimer's
brains. Immunity 57:153-170.e6

de Weerd L, Hummel S, Mller SA, Paris I, Sandmann T, et al. 2025. Early
intervention anti-Af immunotherapy attenuates microglial activation
without inducing exhaustion at residual plaques. Molecular Neurode-
generation 20:92

Wang S, Mustafa M, Yuede CM, Salazar SV, Kong P, et al. 2020. Anti-
human TREM2 induces microglia proliferation and reduces pathology
in an Alzheimer's disease model. Journal of Experimental Medicine
217:20200785

Wang S, Sudan R, Peng V, Zhou Y, Du S, et al. 2022. TREM2 drives
microglia response to amyloid-f via SYK-dependent and-independent
pathways. Cell 185:4153-4169.e19

Long H, Simmons A, Mayorga A, Burgess B, Nguyen T, et al. 2024.
Preclinical and first-in-human evaluation of AL002, a novel TREM2
agonistic antibody for Alzheimer's disease. Alzheimer's Research &
Therapy 16:235

Gratuze M, Schlachetzki JCM, D'Oliveira Albanus R, Jain N, Novotny B, et
al. 2023. TREM2-independent microgliosis promotes tau-mediated
neurodegeneration in the presence of ApoE4. Neuron 111:202-219.e7
Shi Y, Yamada K, Liddelow SA, Smith ST, Zhao L, et al. 2017. ApoE4
markedly exacerbates tau-mediated neurodegeneration in a mouse
model of tauopathy. Nature 549:523-527

Chen X, Firulyova M, Manis M, Herz J, Smirnov |, et al. 2023. Microglia-
mediated T cell infiltration drives neurodegeneration in tauopathy.
Nature 615:668-677

Arthur-Farraj P, Loreto A. 2025. Targeting SARM1: from inhibition for
neuroprotection to activation for neuroablation. Trends in Pharmaco-
logical Sciences 46:1105-1116

Wang L, Liu Q, Li S, Wang N, Chen Y, et al. 2025. SARM1 senses dsDNA
to promote NAD* degradation and cell death. Cell 188:7137-7154.e21
Mancuso R, Fattorelli N, Martinez-Muriana A, Davis E, Wolfs L, et al.
2024. Xenografted human microglia display diverse transcriptomic
states in response to Alzheimer's disease-related amyloid-f pathology.
Nature Neuroscience 27:886—900

Gate D, Saligrama N, Leventhal O, Yang AC, Unger MS, et al. 2020. Clo-
nally expanded CD8 T cells patrol the cerebrospinal fluid in Alzheimer's
disease. Nature 577:399-404

Foss S, Sakya SA, Aguinagalde L, Lustig M, Shaughnessy J, et al. 2024.
Human IgG Fc-engineering for enhanced plasma half-life, mucosal

Chen Targetome 2026, 2(1): €004

[42]

[43]

[44

[45]

[46]

[47]

[48]

[49

[50

[51]

[562

[63]

[54

[55]

[56]

[57]

[58

Targetome

distribution and killing of cancer cells and bacteria. Nature Communica-
tions 15:2007

Wu D, Chen Q, Chen X, Han F, Chen Z, et al. 2023. The blood-brain
barrier: structure, regulation and drug delivery. Signal Transduction and
Targeted Therapy 8:217

Simonneau C, Duschmalé M, Gavrilov A, Brandenberg N, Hoehnel S, et
al. 2021. Investigating receptor-mediated antibody transcytosis using
blood-brain barrier organoid arrays. Fluids and Barriers of the CNS 18:43
Pizzo ME, Plowey ED, Khoury N, Kwan W, Abettan J, et al. 2025. Trans-
ferrin receptor-targeted anti-amyloid antibody enhances brain deli-
very and mitigates ARIA. Science 389:eads3204

Chew KS, Wells RC, Moshkforoush A, Chan D, Lechtenberg KJ, et al.
2023. CD98hc is a target for brain delivery of biotherapeutics. Nature
Communications 14:5053

Khoury N, Pizzo ME, Discenza CB, Joy D, Tatarakis D, et al. 2025. Fc-engi-
neered large molecules targeting blood-brain barrier transferrin recep-
tor and CD98hc have distinct central nervous system and peripheral
biodistribution. Nature Communications 16:1822

Okun E, Mattson MP, Arumugam TV. 2010. Involvement of Fc receptors
in disorders of the central nervous system. Neuromolecular Medicine
12:164-178

Fuller JP, Stavenhagen JB, Teeling JL. 2014. New roles for Fc receptors
in neurodegeneration-the impact on Immunotherapy for Alzheimer's
Disease. Frontiers in Neuroscience 8:235

van der Kleij H, Charles N, Karimi K, Mao YK, Foster J, et al. 2010.
Evidence for neuronal expression of functional Fc (Epsilon and gamma)
receptors. The Journal of Allergy and Clinical Immunology 125:757-760
Stamou M, Grodzki AC, van Oostrum M, Wollscheid B, Lein PJ. 2018. Fc
gamma receptors are expressed in the developing rat brain and acti-
vate downstream signaling molecules upon cross-linking with immune
complex. Journal of Neuroinflammation 15:7

Lan Y, Zhang X, Liu S, Guo C, Jin Y, et al. 2024. Fate mapping of Spp1
expression reveals age-dependent plasticity of disease-associated
microglia-like cells after brain injury. Immunity 57:349-363.e9

De Schepper S, Ge JZ, Crowley G, Ferreira LSS, Garceau D, et al. 2023.
Perivascular cells induce microglial phagocytic states and synaptic
engulfment via SPP1 in mouse models of Alzheimer's disease. Nature
Neuroscience 26:406—415

Jauregui C, Blanco-Luquin |, Macias M, Roldan M, Caballero C, et al.
2023. Exploring the disease-associated microglia state in amyotrophic
lateral sclerosis. Biomedicines 11:2994

Staszewski O, Hagemeyer N. 2019. Unique microglia expression profile
in developing white matter. BVC Research Notes 12:367

Li Q, Cheng Z, Zhou L, Darmanis S, Neff NF, et al. 2019. Developmental
heterogeneity of microglia and brain myeloid cells revealed by deep
single-cell RNA sequencing. Neuron 101:207-223.e10

Bill R, Wirapati P, Messemaker M, Roh W, Zitti B, et al. 2023. CXCL9: SPP1
macrophage polarity identifies a network of cellular programs that
control human cancers. Science 381:515-524

Han H, Ge X, Komakula SSB, Desert R, Das S, et al. 2023. Macrophage-
derived osteopontin (SPP1) protects from nonalcoholic steatohepatitis.
Gastroenterology 165:201-217

Morse C, Tabib T, Sembrat J, Buschur KL, Bittar HT, et al. 2019. Prolife-
rating SPP1/MERTK-expressing macrophages in idiopathic pulmonary
fibrosis. European Respiratory Journal 54:1802441

Copyright: © 2026 by the author(s). Published by
Maximum Academic Press on behalf of China

Pharmaceutical University. This article is an open access article
distributed under Creative Commons Attribution License (CC BY 4.0),
visit https://creativecommons.org/licenses/by/4.0/.

Page 5 of 5


https://doi.org/10.1084/jem.20202717
https://doi.org/10.1084/jem.20202717
https://doi.org/10.1016/j.neuron.2022.10.020
https://doi.org/10.1016/j.cell.2017.05.018
https://doi.org/10.1038/s41392-023-01588-0
https://doi.org/10.1038/s41392-023-01588-0
https://doi.org/10.1038/s41392-023-01588-0
https://doi.org/10.1084/jem.20231363
https://doi.org/10.1126/scitranslmed.adj9052
https://doi.org/10.1126/scitranslmed.adj9052
https://doi.org/10.1016/j.immuni.2023.12.001
https://doi.org/10.1186/s13024-025-00878-1
https://doi.org/10.1186/s13024-025-00878-1
https://doi.org/10.1186/s13024-025-00878-1
https://doi.org/10.1084/jem.20200785
https://doi.org/10.1016/j.cell.2022.09.033
https://doi.org/10.1186/s13195-024-01599-1
https://doi.org/10.1186/s13195-024-01599-1
https://doi.org/10.1016/j.neuron.2022.10.022
https://doi.org/10.1038/nature24016
https://doi.org/10.1038/s41586-023-05788-0
https://doi.org/10.1016/j.tips.2025.09.003
https://doi.org/10.1016/j.tips.2025.09.003
https://doi.org/10.1016/j.tips.2025.09.003
https://doi.org/10.1016/j.cell.2025.09.026
https://doi.org/10.1038/s41593-024-01600-y
https://doi.org/10.1038/s41586-019-1895-7
https://doi.org/10.1038/s41467-024-46321-9
https://doi.org/10.1038/s41467-024-46321-9
https://doi.org/10.1038/s41467-024-46321-9
https://doi.org/10.1038/s41392-023-01481-w
https://doi.org/10.1038/s41392-023-01481-w
https://doi.org/10.1186/s12987-021-00276-x
https://doi.org/10.1126/science.ads3204
https://doi.org/10.1038/s41467-023-40681-4
https://doi.org/10.1038/s41467-023-40681-4
https://doi.org/10.1038/s41467-025-57108-x
https://doi.org/10.1007/s12017-009-8099-5
https://doi.org/10.3389/fnins.2014.00235
https://doi.org/10.1016/j.jaci.2009.10.054
https://doi.org/10.1186/s12974-017-1050-z
https://doi.org/10.1016/j.immuni.2024.01.008
https://doi.org/10.1038/s41593-023-01257-z
https://doi.org/10.1038/s41593-023-01257-z
https://doi.org/10.3390/biomedicines11112994
https://doi.org/10.1186/s13104-019-4410-1
https://doi.org/10.1016/j.neuron.2018.12.006
https://doi.org/10.1126/science.ade2292
https://doi.org/10.1053/j.gastro.2023.03.228
https://doi.org/10.1183/13993003.02441-2018
https://creativecommons.org/licenses/by/4.0/

	Background
	Revisiting amyloid clearance: antibody-dependent cellular phagocytosis (ADCP) or antibody binding
	Summary of the findings
	Advancing our understanding of microglial transcriptomic states
	Limitations of the current study
	Future drug development
	Ethical statements
	Author contributions
	Data availability
	Conflict of interest
	References

